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Abstract 

 

Title of Dissertation: Determining the Neural Correlates of Burning Mouth Syndrome 

 

Janell S. Payano Sosa, Doctor of Philosophy, 2020 

 

Dissertation Directed by: David A. Seminowicz, Associate Professor, Department of 

Neural and Pain Sciences  

 

In the United States, nearly 1 million people suffer from burning mouth syndrome 

(BMS), a chronic orofacial pain condition that is largely unrecognized by the medical 

community and predominantly affects post- and peri-menopausal women. Relatively little 

in-depth research is available on the condition, and patients often give up seeking treat-

ment. The pain in BMS arises spontaneously (i.e. in the absence of stimuli), but the 

mechanisms of this spontaneous pain is unclear, and there is limited research on structur-

al and functional brain changes that may occur in a BMS sufferer.  

The goal of this dissertation was to investigate the central nervous system mecha-

nisms of pain experienced in BMS. We collected: 8-day diaries, morning and afternoon 

quantitative sensory testing of both orofacial and forearm regions; afternoon structural 

and functional MRIs, and questionnaires from 27 BMS patients and 33 healthy post-

menopausal women. Our hypotheses that, compared to healthy participants BMS patients 

have: higher pain sensitivity, especially in orofacial regions during the afternoon; lower 

grey matter volume and higher functional connectivity in nociceptive pathways associat-

ed with noxious heat during rest and evoked thermal pain, even after accounting for anxi-

ety, were not supported. Instead, we found a time-of-day-dependent effect during warm 

detection and cold detection of face and forearm; lower grey matter volume of the dorso-

lateral prefrontal cortex (DLPFC), and higher grey matter volume of the inferior temporal 



 

 

 

gyrus and parabrachial nucleus (PBN); lower PBN connectivity with the DLPFC and 

primary somatosensory cortex (S1); higher connectivity of the right lateral hypothalamus 

(LH) with posterior insula during  warm condition; connectivity of right medial hypothal-

amus and LH to left DLPFC and right PBN to bilateral S1 not associated with anxiety in 

BMS compared to healthy participants. Altogether, BMS showed abnormal responses to 

innocuous stimuli. This was supported by fMRI data, where connectivity differences 

were mostly present during innocuous stimulation. These altered sensory and brain re-

sponses could reflect heightened anticipation of thermal stimuli (both pain-specific and 

non-pain specific) associated  with disruption of communication between regions associ-

ated with negative affect of  pain (insula), attention modulation of pain (left DLPFC), 

somatosensation (S1), and thermoregulation (LH and PBN). 
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Chapter 1: Background: What is Burning Mouth Syndrome? 

What is Burning Mouth Syndrome? 

 In the United States womenôs health education about menopause, post-

menopause, and the prevalence of chronic pain in older women is lacking and is typically 

only acquired upon a doctorôs visit once symptoms arise (Ghazanfarpour et al., 2015; Sis 

Çelik et al., 2017; Marlatt et al., 2018; Zhang et al., 2019). One such chronic pain condi-

tion that occurs mainly in post-menopausal women, and deserves attention, is Burning 

Mouth Syndrome (BMS) (Grushka, 1987; Lipton et al., 1993; Bergdahl & Bergdahl, 

2007; Albuquerque et al. 2006; Rivinius, 2009; Dahiya et al. 2013). In BMS, orofacial 

areas such as the tongue, palate, and inner lips are affected with a burning, scalding sen-

sation that arises spontaneously and does not cease in the lifespan of the individual 

(Nagler et al., 2004; Dahiya et al., 2013; Aravindhan et al., 2014). BMS pain is typically 

moderate to severe, with average pain intensity rated at 7 on a 0 to 10 scale, 10 being the 

worst pain imaginable (Barker & Savage, 2005; Abetz & Savage, 2009; Mogil et al., 

2012; Khan et al., 2014). However, relatively little research is available on this condition.  

Diagnostic criteria vary due to the lack of understanding of what causes BMS, and 

diversity of clinical presentations yielding different diagnostic criteria for BMS by vari-

ous researchers (Ariyawardana et al., 2019; Bender, 2018; Merskey & Bogduk, 1994). As 

stated by Ariyawardana et al, ñthe International Headache society classifies the diagnostic 

criteria as ñoral pain fulfilling  criteria that recurring daily for >2 hr/day for >3 months 

and pain has both burning quality and felt superficially in the oral mucosa; oral mucosa is 

of normal appearance and clinical examination including sensory testing is normalò 

(IHS, 2018), whereas the International Association for the Study of Pain (2016) states the 

https://onlinelibrary.wiley.com/doi/full/10.1111/odi.13067#odi13067-bib-0006
https://onlinelibrary.wiley.com/doi/full/10.1111/odi.13067#odi13067-bib-0044
https://onlinelibrary.wiley.com/doi/full/10.1111/odi.13067#odi13067-bib-0030
https://onlinelibrary.wiley.com/doi/full/10.1111/odi.13067#odi13067-bib-0027
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ñburning sensation is usually daily,ò with no mention of monthly duration (Ariyawardana 

et al., 2019). As a result of these differences, investigators and medical providers have 

little guidance in determining appropriate diagnostic criteria (Ariyawardana et al., 2019). 

Therefore, BMS patients often give up seeking treatment after encountering several 

health providers assuring them there is nothing physically wrong with them (Burning 

Mouth Syndrome, 2008; Scala et al., 2003; Marino et al., 2010; Maltsman-Tseikhin et al., 

2007). 

BMS is characterized by burning pain despite a clinically normal oral mucosa 

(Grushka et al, 1987; Lamey, 1996). Prevalence of BMS reported in the general popula-

tion ranges from 0.7 to 4.6 percent (Danhauer et al., 2002, Scala et al., 2003, Gremeau-

Richard et al., 2004; Barker & Savage, 2005) and it is mainly found in postmenopausal 

women (Grushka et al, 1987; Lipton et al, 1993; Bergdahl & Bergdahl, 2007; Albuquer-

que et al, 2006; Rivinius et al, 2009; Dahiya et al, 2013).  

BMS is diagnosed via exclusion meaning that conditions in which oral burning 

symptoms occur as a consequence of identifiable pathologies are not classified as BMS. 

However, sometimes a distinction is made between primary and secondary BMS. Prima-

ry BMS is has no identifiable underlying medical problem, and some theories of primary 

BMS include that it is caused by damage to the nerves that control pain and taste (Mott et 

al, 1993; Snyder & Bartoshuk, 2016; Jääskeläinen, 2012; Grushka et al, 2003). Secondary 

BMS is not BMS by definition because it is caused by an underlying medical problem 

and often treating the underlying medical problem can relieve the symptoms of BMS 

(Ariyawardana et al., 2019). Common causes of secondary BMS include: hormonal 

changes (such as menopause or thyroid disease), metabolic disorders such as diabetes, 
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allergies to dental products, dental materials (usually metals), or foods, dry mouth, which 

can be caused by disorders (such as Sjºgrenôs syndrome) and treatments (such as certain 

drugs and radiation therapy), medications such as those that reduce blood pressure, nutri-

tional deficiencies such as a low level of vitamin B12 or iron, oral infections such as a 

yeast infection, acid reflux (Sun et al., 2013; Teruel & Patel, 2019; Jimson et al., 2015; 

Minor and Epstein, 2011). 

A further classification within BMS is often made based on the temporal pattern of 

symptoms: BMS type I and BMS type II . BMS type I patients experience little to no pain 

in the morning and as the day progresses there pain increases peaking in the afternoon 

(Lamey, 1996; Abetz & Savage, 2009). BMS type II  patients wake up with pain and ex-

perience consistently the same amount of pain throughout the day (Lamey, 1996; Abetz 

& Savage, 2009). This study will  focus on BMS type I because it provides two states: a 

pain-free morning state and a painful afternoon state, which can be useful in determining 

mechanisms of BMS. 

How is BMS diagnosed? 

An important factor in BMS is location of perceived pain. Most BMS patients 

commonly report burning pain located at the tip and anterior two-thirds of the tongue 

(Nagler et al., 2004; Dahiya et al., 2013; Aravindhan et al., 2014).  While the mechanisms 

of BMS are unclear, a diagnosis of exclusion via clinical examination of the oral mucosa 

is used to rule out local and systemic causes such as bacterial, viral, and fungal infections, 

allergic reactions, vitamin deficiency, or temporomandibular disorder (Brufau-Redondo 

et al., 2008; Aravindhan et al., 2014).  

Current  treatments 
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Topical medications are commonly prescribed to help manage BMS. These in-

clude rinses of saline, tabasco sauce, or benzydamine hydrochloride; and topical creams 

such as clonazepam and capsaicin (Kuten-Shorrer et al., 2017; Aravindhan et al, 2014). 

Topical treatments for BMS provide short term relief and systemic treatments provide 

mixed results of long term relief (Martin et al., 2011; Lopez-Dôalessandro et al., 2011; 

Aravindhan et al, 2014;  Kuten-Shorrer et al., 2017; Fischoff et al., 2018).  

The biggest limitation with using these topical treatments is that patients have to 

use them multiple times a day to experience relief for a short window of time (Kuten-

Shorrer et al., 2017; Aravindhan et al, 2014). Therefore, topical medications can be 

paired with systemic medications such as antidepressants, anxyolytics, antiepileptics, and 

anticonvulsants (Martin et al., 2011, Fischoff & Spivakovsky, 2018), which are often 

used to treat neuropathic pain conditions (Finnerup et al, 2015), to extend the relief win-

dow. These systemic medications include gabapentin, alpha lipoic acid, oral clonazepam, 

and selective serotonin reuptake inhibitors (SSRIs) (Lopez-Dôalessandro & Escovich, 

2011; Fischoff & Spivakovsky, 2018; Aravindhan et al, 2014). However, a major draw-

back of these medications are the side effects, which can include dry mouth, insomnia, 

skin rashes, headaches, memory loss, joint and muscle pain, depression, anxiety, and ad-

diction (Shem et al., 2018; Faryar et al., 2019; Sobieraj et al., 2019). Efficacy of these 

treatments in BMS pain reduction are inconsistent and only seem to work for a small sub-

set of patients (Harvard Health,  2018; Scala et al., 2003; Marino et al., 2010; Maltsman-

Tseikhin et al., 2007; Aravindhan et al., 2014). Insight of the role of the central nervous 

system on pain processing can direct the improvement of current pain management 

treatments in BMS.  
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Similarities between BMS and other chronic pain syndromes 

 The characteristic of pain in the absence of a noxious stimulus found in BMS is 

also a definition used for centralized pain syndromes which occur due to changes in the 

central nervous system that increase peripheral input in the absence of stimuli (Eller-

Smith et al, 2018). Like BMS, several centralized pain syndromes are considered idio-

pathic in nature (Diatchenko et al, 2006). These include classical trigeminal neuralgia, 

temporomandibular joint disorder, fibromyalgia, and migraine to name a few (Eller-

Smith et al, 2018; Maarbjerg et al, 2017).  

 Trigeminal neuralgia is the closest in presentation of symptoms to BMS.  In tri-

geminal neuralgia patients experience recurrent intense electric-shock-like piercing or 

stabbing pain in the orofacial region (Maarbjerg et al, 2017; Renton, 2020). Similar to 

BMS it is idiopathic in nature, although researchers believe that dental work, or accidents 

to the orofacial region can precipitate the onset of symptoms (Renton, 2020). However, in 

contrast with BMS, we know that the cause of the pain arises from irritation to the tri-

geminal nerve triggered by talking, chewing, or any light touch to the orofacial region 

(Maarbjerg et al, 2017). 

Unlike BMS, temporomandibular disorder (TMD) is not only characterized by 

jaw pain but also by difficulty moving the jaw muscles (Slade et al, 2013 & 2016). Addi-

tionally, the cause for TMD although unclear point towards potential injury to the orofa-

cial region due to clenching, grinding of the teeth, or physical trauma to the orofacial re-

gion (Gauer & Semidey, 2015; Ohrbach & Dworkin, 2016). It is also known to be associ-

ated with comorbidities such as migraine, chronic headaches, fibromyalgia, depression, 

and anxiety (Costa et al, 2017; Nazeri et al, 2018). 
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 Fibromyalgia is characterized by widespread pain that arises spontaneously in any 

region of the body but that presents regularly in no specific pattern after its onset 

(Understanding Fibromyalgia, 2008). It is known to be associated with comorbidities 

such as irritable bowel syndrome, migraines, rheumatoid arthritis and systemic lupus 

erythematosus, hypothyroidism, depression, and anxiety (Understanding Fibromyalgia, 

2008). Like BMS, what causes the onset of fibromyalgia is not known. However, the 

major difference is that BMS specifically presents in the mouth. It would be beneficial to 

determine what brain regions could trigger such differentiation in which region of the 

body pain is experienced.  

Aside from the poor quality of life, with centralized pain syndromes patients often re-

port more than one pain syndrome. Such comorbidities include migraines, chronic head-

aches, and increased risk for other conditions such as anxiety, depression, insomnia, fa-

tigue (Nicholson & Verma, 2004). Combined, all of these implicate the hypothalamic-

pituitary-adrenal axis which is involved in the stress response of an individual and thus 

we will  explore the involvement of the hypothalamus in subsequent chapters (Eller-Smith 

et al, 2018). 

Review of literature   

  The mandibular branch of the trigeminal nerve is the site that would directly af-

fect the mucous membrane of the mouth and the tip and anterior two-thirds of the tongue 

(Nagler et al., 2004; Benninger et al., 2013; Dahiya et al., 2013; Aravindhan et al., 2014; 

Van der Cruyssen &  Politis, 2018). Sensory afferents from the mandibular branch relay 

pain and temperature stimuli to the trigeminal ganglion to the medulla oblongata in the 

brainstem and secondary neurons relay the signal to the ventromedial thalamus (Kim et 
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al, 1986, Bushnell et al., 1993). Several studies have assessed molecular components and 

epithelial aspects of the tongue in BMS. Jääskeläinen et al used electrophysiological ex-

amination of the trigemino-facial system to test whether BMS is a neuropathic pain con-

dition (Jääskeläinen et al., 1997). Blink reflex and jaw reflex of 11 BMS patients and 10 

healthy participants were assessed to test motor function of the trigeminal nerve and a 

needle-EMG examination of the facial and masticatory muscles was performed in the pa-

tients with abnormalities in the BR recordings (Jääskeläinen et al., 1997). BMS patients 

had normal jaw reflexes, normal blink reflex latencies, and normal EMG results (Jä-

äskeläinen et al., 1997). BMS patients had higher stimulus thresholds for the tactile com-

ponents and non-nociceptive components of the blink reflex when compared with healthy 

participants (Jääskeläinen et al., 1997). They concluded that the blink reflex abnormali-

ties were related to longer disease duration (Jääskeläinen et al., 1997). Another study, by 

Gao et al, stimulated the tongue using electroneuromyography to measure trigemi-

nal somatosensory evoked potentials of 22 BMS patients with pain, 10 BMS patients with 

numbness and 6 healthy participants (Gao et al., 2000). They found that pain thresholds 

were lower in the BMS with pain group when compared to healthy participants. They al-

so found that the BMS with numbness group had higher pain thresholds, longer latencies 

and later spike potentials when compared to healthy participants. They concluded that 

thereôs higher nerve sensitivity in BMS with pain group and partial or complete nerve 

blockage in the BMS with numbness group.  In addition, Lauria et al used 3mm biopsies 

of the tip of the tongue of 12 BMS patients (Lauria et al., 2005). They performed im-

munohistochemical and confocal microscope co-localization analysis of markers for 

pathological differences such as density of epithelial nerve fibers, cytoplasmatic, cyto-
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skeletric, Schwann cell, and myelin in BMS patients compared to 9 healthy participants 

(Lauria et al., 2005). The density of epithelial nerve fibers was quantified (Lauria et al., 

2005). They found that BMS patients had lower density of epithelial nerve fibers and epi-

thelial and subpapillary morphological changes associated with axonal degeneration 

(Lauria et al., 2005). They concluded that trigeminal small-fiber neuropathy causes burn-

ing mouth syndrome (Lauria et al., 2005). A supporting publication by Yilmaz et al. 

compared baseline and post-topical capsaicin score and tongue biopsies to further under-

stand BMS (Yilmaz et al., 2007). They used 10 BMS patients and 10 Healthy participants 

and found that there were less nerve fibers penetrating the tongue epithelium, more 

TRPV1 positive fibers, more NGF fibers, and a significant correlation between baseline 

score and the pain score after capsaicin exposure in BMS (Yilmaz et al., 2007). They 

concluded that BMS is a trigeminal small fiber neuropathy and that TRPV1 and NGF 

blockers may be a potential treatment for BMS (Yilmaz et al., 2007). In contrast, Eliav et 

al. analyzed electric taste (electrogustatometry test), electric detection threshold (using a 

neurometer), and density of fungiform papillae in 22 BMS patients and 14 secondary 

BMS patients (Eliav et al., 2007). Electrical taste threshold is associated with chorda 

tympani nerve function and electrical detection thresholds are associated with trigeminal 

nerve function. They found that BMS patients had higher taste detection thresholds but 

no difference in fungiform papillae density when compared to 20 healthy participants and 

secondary BMS (Eliav et al., 2007). They concluded that chorda tympani nerve hypo-

function plays a role in BMS pathophysiology (Eliav et al., 2007). Nasri-Heir et al. re-

peated this test with 25 BMS patients and 20 Healthy participants and had the same 

methods, findings, and conclusions (Nasri-Heir et al., 2011). However, they added analy-
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sis of fungiform papillae density using a digital camera. They found no differences in 

fungiform paipillae density between BMS patients and healthy participants (Nasri-Heir et 

al., 2011). A differing opinion from Wandeur et al. assessed oral epithelial cells of 20 

BMS patients via oral smears using liquid-based exfoliative cytology (Wandeur et al., 

2011). They found morphologically normal epithelial cells in both BMS and healthy par-

ticipants (Wandeur et al., 2011). However, there were more nucleated cells, less cyto-

plasmic area, and bigger nucleus to cytoplasm ratio in BMS patients (Wandeur et al., 

2011). They concluded that epithelial atrophy contributes to oral discomfort in BMS 

(Wandeur et al., 2011).  Similarly, a follow up study by Sardella et al. used 5mm biopsies 

of the anterior or lateral part of the tongue of 10 BMS and 9 Healthy participants to ex-

amine keratinocytes of the oral mucosa involved in forming tight junctions with the 

nerves of the tongue (Sardella et al., 2012). They did not find any changes to oral bi-

omarkers of basal and suprabasal keratinocyte differentiation and adhesion, and no apop-

tosis in the tissue sampled (Sardella et al., 2012). Instead, they found more labelling of 

keratinocyte marker in spinous keratinocyte cytoplasm which they explain is induced in 

response to injury (Sardella et al., 2012). In addition, Camacho-Alonso et al. analyzed the 

number of fungiform papillae in 19mm
2
 area of the anterior tip of the tongue of 20 BMS 

participants using a camera (Camacho-Alonso et al., 2012). The group found no differ-

ences in fungiform density in BMS when compared to 20 healthy participants (Camacho-

Alonso et al., 2012). However, they found the BMS patients had higher fungiform papil-

lae density than their 20 dry mouth (xerostomia) patients (Camacho-Alonso et al., 2012). 

Taken together, there is evidence of abnormal sensory processing in BMS, but results of 
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orofacial nerve and epithelial changes due to BMS are very mixed, likely owing to small 

sample sizes. 

Quantitative Sensory Testing Burning Mouth Syndrome 

The specificity of BMS symptoms leads to the assumption that pain and tempera-

ture sensory afferents of the rest of body are left intact given that the signaling pathway is 

slightly different from the body. In contrast to orofacial pain signaling, sensory afferents 

from the upper extremities such as the forearms project their pain and temperature signals 

from the musculocutaneous nerve to the cervical segments C5 and C6 of the spinal cord 

where secondary neurons project to the ventroposteriolateral thalamus (Besleaga et al., 

2010; Al-Chalabi & Gupta, 2019). However, the claim that BMS is neuropathic gives the 

assumption that only the mouth is affected by the syndrome, and not the rest of the body 

(Albuquerque et al., 2006; Khan et al., 2014; Watanabe et al., 2018; Kolkka et al., 2019; 

Immamura et al., 2019). Sensory function can be determined psychophysically using 

quantitative sensory testing (QST). This non-invasive method can be used in any part of 

the body. QST of the orofacial region of BMS patients compared to healthy participants 

has been compared in several studies. Grushka et al. tested tactile, two-point discrimina-

tion, thermal change detection, heat pain thresholds, warmth scaling, and heat pain toler-

ance and found no differences between groups except for lower pain tolerance of the 

tongue in BMS when compared to healthy participants (Grushka et al., 1987).  They con-

cluded that BMS pathophysiology is due to specific changes in their peripheral or central 

sensory functions (Grushka et al., 1987). However, Kaplan et al. found no significant dif-

ferences in thermal and pain thresholds of BMS when compared to healthy participants 

(Kaplan et al., 2011). They concluded that BMS is not a true small nerve neuropathy 
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(Kaplan et al., 2011). In contrast, Mo et al. found that on the tongue cold detection was 

lower, warmth detection was higher, and heat pain threshold was higher in BMS when 

compared to healthy participants (Mo et al. 2015). There were also no differences in pres-

sure pain thresholds between groups (Mo et al. 2015). They concluded that there was a 

loss of thermal function and no loss of mechanical function in BMS (Mo et al. 2015). On 

the other hand, Watanabe et al. found higher mechanical detection thresholds in the 

tongue of BMS patients with longer disease duration when compared to healthy partici-

pants (Watanabe et al. 2018). They concluded mechanical loss of function in BMS is re-

lated to disease duration (Watanabe et al. 2018). In contrast, Yang et al. 2019 showed 

mixed somatosensory abnormalities in BMS with thermal and mechanical loss or gain of 

function of the tongue represented by lower or higher cold detection threshold, warmth 

detection threshold, thermal sensory limen, paradoxical heat sensation, cold pain thresh-

old, heat pain threshold, mechanical pain threshold, wind-up ratio, and pressure pain 

threshold when compared to healthy participants (Yang et al. 2019). They concluded that 

there is impaired nociceptive processing in BMS (Yang et al. 2019). Thus, although one 

might expect BMS to display altered thermal pain responses, previous studies have 

shown conflicting results. QST of other body regions, such as leg and arm extremities, 

were found to also yield conflicting results with some reporting higher (Honda et al., 

2019), lower (Watanabe et al., 2018), and even equal (Yang et al., 2019) heat pain 

thresholds in BMS patients compared to healthy participants. 

Imaging Burning Mouth Syndrome 

With non-invasive imaging techniques such as functional magnetic resonance im-

aging (fMRI),  we can investigate the structure and function of the brain. Imaging studies 
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have shown that chronic pain can lead to anatomical and functional changes of the brain 

regions associated with the limbic, sensory, and cognitive systems. Most commonly acti-

vated regions during noxious stimulation include the primary somatosensory cortex (S1), 

secondary somatosensory cortex (S2), anterior cingulate cortex (ACC), insula, prefrontal 

cortex (PFC), thalamus, and cerebellum (Li, 2018; Kim & Kim, 2016).  

Other regions have also been associated with pain perception and chronic pain 

conditions. For example, the dorsolateral prefrontal cortex (DLPFC) is known to be asso-

ciated with attention, working memory (Siddiqui et al., 2008). However, in fibromyalgia 

and trigeminal neuralgia, the DLPFC is smaller in structure when compared to healthy 

participants (Lorenz et al., 2003; Freund et al., 2009; Seminowicz & Moayedi, 2017). 

Additionally, when stimulated using a technique called transcranial stimulation the 

DLPFC induces analgesia in acute and chronic pain patients (Fierro et al, 2010; Lefau-

cheur et al, 2014; Umezaki et al, 2016; Moisset et al, 2016; Nardone et al, 2017; De Mar-

tino et al, 2019; Seminowicz et al, 2018). Another region called the inferior temporal gy-

rus (ITG) is involved in language, semantic memory processing, visual perception, and 

multimodal sensory integration (Straube et al, 2011; Willens et al, 2007, 2009; Zhao et al, 

2018). It has also been found to be smaller in structure in trigeminal neuralgia patients; 

the smaller the structure the higher the pain intensity and the longer the duration of tri-

geminal neuralgia (Wang et al, 2017). The parabrachial nucleus (PBN) is involved in the 

relay of taste and temperature information to the brain but has also been implicated in 

neuropathic pain (Scott & Small, 2009; Palmiter, 2018; Nakamura, 2018; Chiang, et al, 

2019; Asano et al, 2019; Huang et al, 2019; Uddin et al., 2018; Kato et al, 2018; Willis  & 

Westlund, 1997; Bester et al., 1995). It has been shown to be involved in neuroendocrine 
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adaptations of noxious events as well as increase in activity during heat pain stimulation 

(Bester et al., 1995; Stroman et al., 2018). Thus, we should not discount regions outside 

of the pain matrix to potentially be involved in BMS because they could indicate aspects 

of the pathophysiology that could differentiate it from other chronic pain conditions. 

Therefore, we will  explore the entire brain in our analysis of BMS patients to ensure we 

have all the information needed to understand the syndrome. 

In order to determine the brain mechanisms of BMS, several studies have turned 

to neuroimaging such as Positron Emission Tomography (PET) and functional Magnetic 

Resonance Imaging (fMRI) to find answers. PET is an invasive neuroimaging technique 

in which a radioactive substance is injected into an individual and used to visualize and 

measure the metabolism of a given molecule in the cells within body tissues (Fraioli et al, 

2014). Jääskeläinen et al. used positron emission tomography (PET) on 10 BMS patients 

to determine the role of the dopaminergic system in BMS (Jääskeläinen et al., 2001). 

They analyzed the presynaptic uptake of 6-[18]Fluorodopa (FDOPA) to measure striatal 

dopaminergic function (Jääskeläinen et al., 2001). They found that in the putamen of 

BMS patients there was lower striatal FDOPA uptake indicating lower inhibition of do-

paminergic pathway and the involvement of the nigrostriatal dopaminergic system in pain 

(Jääskeläinen et al., 2001).  A follow up study by Hagelberg et al. used PET imaging to 

look at dopamine receptors D1 and D2 ratio and binding in the striatum (Hagelberg et al., 

2003). They found more D2 receptor binding and uptake in the putamen and lower 

D1/D2 ratio (Hagelberg et al., 2003). They concluded that BMS patients have a decline in 

endogenous dopamine levels in the putamen (Hagelberg et al., 2003). The caveat of PET 
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imaging is that it exposes the patient and the medical staff to radiation (Lakhanpal et al 

2018). 

Unlike PET, fMRI  is non-invasive and does not expose the patient or the medical 

staff to radiation. Instead of a radioactive label, fMRI  takes advantage of the paramagnet-

ic properties of deoxygenated hemoglobin in the blood (Buxton, 2013; Glover, 2011). 

More specifically, with fMRI we can measure signals called the Blood Oxygenation Lev-

el Dependent signal or BOLD activity which measures the metabolic demands of active 

neurons (Buxton, 2013; Glover, 2011). During increased neural activity there is an in-

crease in cerebral blood flow which in turn creates a change in the ratio of oxygenated to 

deoxygenated hemoglobin in the blood of the regions being used at rest or during a cer-

tain task (Buxton, 2013; Glover, 2011). Thus, by tracking this ratio we can indirectly 

measure neuronal activity (Buxton, 2013; Glover, 2011). Albuquerque et al used func-

tional MRI to look at BOLD activity after trigeminal nerve exposure to noxious heat in 8 

BMS patients (Albuquerque et al., 2006). They found that BMS patients had more activi-

ty in the right anterior cingulate cortex and bilateral precuneus but less activity in the bi-

lateral thalamus, right middle frontal gyrus, right pre-central gyrus, left lingual gyrus, and 

cerebellum (Albuquerque et al., 2006). They concluded that BMS had similar activation 

patterns as other neuropathic conditions and that hypoactivity of the brain is characteristic 

of BMS pathophysiology (Albuquerque et al., 2006). Khan et al. compared grey matter 

volume between 9 BMS patients and 9 healthy controls using voxel based morphometry 

(Khan et al., 2014). The study reported that compared to healthy controls, BMS patients 

had lower GMV in the medial prefrontal cortex an area known for decision making, short 

term memory, working memory, social cognition, executive control (Bechara et al, 1994; 
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Ridderinkhof et al., 2004; Seamans et al., 1995). The study also reported that in healthy 

participants, BMS patients had higher GMV in the hippocampus an area known for long-

term memory, spatial navigation, and learning (OôKeefe, 1990; Ayoub et al, 2019; Addis, 

2011; Fanselow & Dong, 2010). They concluded that medial prefrontal cortex and hippo-

campus are associated with depression in BMS (Khan et al., 2014; OôKeefe, 1990). Addi-

tionally, Shinozaki et al. showed that repeated pain stimulation to the lower lip was asso-

ciated with habituation of brain activity of the cingulate cortex with pain intensity being 

correlated with brain hypo-activity in BMS patients when compared to healthy controls 

(Shinozaki et al. 2016). Overall, it has been reported that BMS patients have hypoactivity 

of brain areas such as the thalamus, precuneus, primary somatosensory cortex, and cingu-

late cortex during pain tasks (Costa et al, 2007; Kohashi et al, 2020; Shinozaki et al, 

2016; Yoshino et al, 2017; Albuquerque et al, 2006). 

Overview of dissertation 

In summary, many theories have developed with regards to BMS pathophysiolo-

gy. Some researchers believe that there is abnormal interaction between the sensory func-

tions of facial and trigeminal nerves in BMS. Others have found sensory dysfunction as-

sociated with trigeminal neuropathy. Additionally some found hypofunction of the do-

paminergic pathway in BMS. Overall, there is consensus that BMS is a neuropathic pain 

condition and it seems that both the peripheral and the central nervous systems are affect-

ed in BMS. 

Non-invasive testing techniques such as quantitative sensory testing or functional 

neuroimaging can direct our current approaches of BMS pain management. Several neu-

roimaging studies have shown that the brain undergoes structural and functional plasticity 
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in chronic pain (Khan et al., 2014; Aravindhan et al., 2014; Davis, 2011; Kuner &  Flor, 

2016; Mansour et al, 2014; Li, 2018; Kim & Kim, 2016). Fortunately, emerging data 

suggest that these brain changes can be reversible after successful pain treatment (Zhang 

et al, 2020; Kucyi & Davis, 2016; McCarberg & Peppin, 2019; Zaniboni et al, 2018; Li  et 

al, 2014). However, current knowledge about what structural and functional changes may 

occur in the brain of a BMS sufferer is very limited. Measuring BOLD activity in BMS 

allows us to determine what locations of the brain are activated during a task (Lindquist, 

2015). We can then construct a map of the brain regions associated with certain tasks 

(Lindquist, 2015). However, out of 10 neuroimaging studies in BMS, 4 of them looked at 

brain activations and only 2 looked at functional brain connectivity (Costa et al, 2007; 

Kohashi et al, 2020; Tan et al, 2019; Lee et al, 2019; Wada et al, 2017; Sinding et al, 

2016; Khan et al, 2014; Shinozaki et al, 2016; Yoshino et al, 2017; Albuquerque et al, 

2006). A gap in the field is the lack of knowledge of how these brain regions interact with 

each other. If we are able to determine these relationship patterns we can better address 

potential mechanisms of BMS pathophysiology. We can non-invasively investigate the 

cross-talk between brain regions using functional connectivity in order to make state-

ments about the relationships among brain regions by analyzing the synchronized neu-

ronal activity of two or more brain regions affected in BMS (Fukunaga et al., 2008; Liu, 

2013; Gay et al, 2014; Lindquist, 2015; Tak et al., 2015).  

The overall goal of this dissertation project was to investigate how BMS affects 

pain-related central nervous system (CNS) mechanisms by using quantitative sensory 

testing of the orofacial region and the body as well as by neuroimaging of structure and 

functional connectivity of the brain. Therefore, we aimed to capture whether BMS suffer-
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ers process face and body pain differently from healthy people as well as determine 

whether differences in functional connectivity are associated with anxiety. Each subse-

quent chapter is part of an aim that offers new information with regards to how BMS pa-

tients react to thermal and noxious stimuli or lack thereof.  

Specific Aims of Dissertation 

Aim 1: Determine how ongoing orofacial pain affects acute pain in BMS 

 The literature shows mixed results in terms of QST. We believe that this variation 

in findings is due to the lack of consideration of timing of pain in BMS as the day 

progresses. It is possible that the intensity of BMS pain at the time of testing could be the 

main culprit. Therefore, we obtained morning (pain-free state) and afternoon (pain-full 

state) QST data from our BMS type I patients to compare to healthy participants. We 

hypothesized that, compared to healthy participants, BMS patients have higher pain 

sensitivity, especially in orofacial regions during the afternoon. 

Predicted results, interpretations:  We predict that arm and face HPTs will  be lower in 

the patient group than in the healthy group. This would suggest that BMS affects acute 

temperature pain perception of the body. Furthermore, we predict that PPTs will  not be 

different between patient and healthy control groups. Otherwise, this would suggest that 

BMS also affects acute mechanoreceptor signaling and further testing is necessary. We 

also predict that BMS patients have higher pain ratings at all temperatures when com-

pared to healthy controls. This would suggest that BMS decreases thermal somatosensory 

perception of the body. This could support that the typically non-painful oral temperature 

is perceived as painful in BMS but further orofacial testing is necessary. All  these differ-

ences are expected to be more prominent when BMS patients are tested in the afternoon 
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compared to morning. Healthy controls are not expected to show a difference between 

morning and afternoon testing sessions. Chapter 2 is an overview of the results of quanti-

tative sensory testing of the orofacial region and the forearm to understand whether BMS 

participants react differently than healthy participants. 

Aim 2: Determine how BMS affects grey matter volume and resting functional 

connectivity of brain  regions in nociceptive pathways 

Because chronic pain is known to alter structure and function of the brain, we 

believe that BMS will  also alter the brain. To ensure we obtain all the information 

possible we examined the entire brain structure with the expectation that regions found to 

be different in structure will  in turn also change how the brain communicates between 

regions. Thus we followed up by using those structurally different brain regions to 

examine functional changes in the brain. We hypothesized that there would be lower grey 

matter volume in nociceptive pathways associated with noxious heat mediation such as 

the anterior cingulate, insula, SII, and thalamus in BMS compared to healthy 

participants. We also hypothesized that BMS individuals would have higher resting state 

functional connectivity of the regions found to be structurally different in BMS (from 

previous hypothesis) to regions involved in pain processing such as the cingulate cortex, 

periaqueductal grey, S1, insula and thalamic nuclei.  

Predicted results and interpretations:  We predict that the BMS group will  have low 

brain volume in regions associated with pain circuitry in our VBM analyses. We also 

predict that the BMS group will  have higher brain connectivity explain to insula, cingu-

late cortex, S1, thalamic nuclei. Chapter 3 shows the structural abnormalities found in our 
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BMS sample and chapter 4 shows the brain representation of pain in BMS while at rest 

when no stimulation is given. 

Aim 3: To determine how BMS affects functional connectivity of brain  in response 

to evoked pain  

We wanted to explore how the BMS brain behaves during evoked pain. We 

believe that since chronic pain creates functional changes in the brain, BMS will  change 

how the brain communicates during evoked pain. Therefore, we hypothesized that BMS 

individuals would have higher brain functional connectivity between the structurally 

different regions from aim 2 to regions involved in pain processing such as the cingulate 

cortex, periaqueductal grey, S1, insula and thalamic nuclei during thermal pain exposure 

to the forearm.  

Predicted results and interpretations:  We predict that the BMS group will  have higher 

brain connectivity in brain regions activated during noxious heat such as cingulate, insu-

la, and SI and will  have high connectivity with the lateral nucleus of the hypothalamus. 

Chapter 5 shows the brain representation of evoked thermal pain in BMS.  

Aim 4: To determine how anxiety affects BMS individuals during pain. 

Because BMS patients tend to also have high anxiety we want to explore whether 

our results from our previous aims are related to anxiety. We hypothesize that high 

anxiety healthy participants will  have higher resting state connectivity between the 

structurally different regions from aim 2 to regions associated with negative affect such 

as the amygdala and insula compared to no anxiety healthy participants. We further 

hypothesize that BMS patients will  have higher functional connectivity between pain 
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circuitry regionsðsuch as S1, cingulate cortex, periaqueductal grey, and thalamusð

compared to high-anxiety healthy participants. 

Predicted results and interpretations:  We predict that high anxiety healthy participants 

will  have higher functional connectivity between the hypothalamus and the cingulate cor-

tex, thalamus, and periaqueductal grey in the high anxiety vs no anxiety healthy partici-

pant comparison. We also predict that both high anxiety participants and BMS partici-

pants have higher functional connectivity between the hypothalamus and the insula, 

amygdala, and areas associated with negative affect. Chapter 6 shows our results of the 

brain representations of anxiety in relation to BMS at rest. 

Broader impact of Dissertation 

This study was the first time extensive quantitative sensory testing (QST) was 

obtained from BMS participants alongside functional Magnetic Resonance Imaging 

(fMRI) data collection. This proposal will  also provide evidence of how BMS influences 

structural and functional brain changes in BMS patients. Additionally, this proposal 

would inform how BMS influences pain perception. Furthermore, being able to separate 

the pain experience from anxiety driven brain alterations will  be useful in further 

understanding the signaling pathways that take place in BMS and other chronic pain 

diseases heavily influenced by anxiety. Chapter 7 closes with future directions and ties 

together the broader picture of the results from each previous chapter. 
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Chapter 2: Quantitative Sensory Testing of BMS 

Introduction  

 Burning Mouth Syndrome (BMS) is a chronic orofacial pain condition that 

mainly affects post-menopausal women (Grushka, 1987; Lipton et al., 1993; Bergdahl & 

Bergdahl, 2007; Albuquerque et al. 2006; Rivinius, 2009; Dahiya et al. 2013). The most 

prevalent symptom of BMS is burning pain in the oral mucosa including the palate, 

inside lip, and the tip and anterior two-thirds of the tongue (Lamey, 1996; Abetz & 

Savage, 2009). However, the affected area of the oral mucosa is clinically normal 

(Lamey, 1996; Abetz & Savage, 2009). Therefore, in the absence of clear pathology in 

the oral mucosa, central mechanisms have been suggested to, at least in part, explain the 

spontaneous burning pain of BMS and the presence of pain in other body regions 

(Cheung & Trudgill, 2015; Jääskeläinen & Woda, 2017; Lee et al, 2019).   

 Somatosensory functions in people affected by BMS can be determined 

psychophysically using quantitative sensory testing (QST) (Madariaga, Tanaka, & 

Ernberg, 2020). Previous QST studies have reported mixed results with some reporting 

BMS patients have increased sensitivity of the orofacial region to thermal stimuli relative 

to healthy participants (table 1) (Grushka et al., 1987; Kaplan et al., 2011; Mo et al. 2015; 

Yang et al. 2019; Honda et al., 2019; Watanabe et al. 2019) yet lower sensitivity of the 

orofacial region to thermal stimuli compared to healthy participants in other studies 

(Madariaga, Tanaka, & Ernberg, 2020). However, QST studies outside the orofacial 

region in BMS patients, such as leg and arm extremities, report mixed results, including 

higher (Honda et al., 2019), lower (Watanabe et al., 2019), and non-differing (Yang et al., 

2019) heat pain thresholds compared to healthy participants.  
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 These conflicting extra-trigeminal QST findings could be due to the cyclical 

nature of spontaneous pain in BMS (Cheung & Trudgill, 2015). Therefore, we focus on 

BMS type I because patients experience little to no pain in the morning and as the day 

progresses their pain increases peaking in the afternoon (Lamey, 1996; Abetz & Savage, 

2009). Thus, if spontaneous pain is related to changes in sensitization, we would expect 

different QST results at different times of the day in BMS type I. However, this temporal 

evaluation of somatosensory responses in BMS type I remains unknown.  

 In the current study, we examined psychophysical responses to thermal and 

pressure stimuli on the face and forearm in the morning and afternoon in BMS type I 

patients and healthy participants to address how time of day affects somatosensory 

responses in BMS type I. We also collected pain diaries from BMS patients across eight 

days to illustrate the cyclical nature of pain in this BMS sample. We hypothesized that 

Table 1: Literature review findings. 
ŷ
BMS higher than healthy BMS. 

Ź
lower than healthy. 

ï
no difference between groups. 
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compared to healthy participants, BMS patients have higher pain sensitivity, specific to 

the orofacial regions, during the afternoon. 

Methods 

Overview of data collection 

All research procedures were granted approval by the Institutional Review Board 

of the University of Maryland, Baltimore. Three groups were used for analysis. 

BMS participants were asked to complete a two-day experimental session com-

prised of 3 days of pain diaries followed by test day 1, and test day 2 culminating with 3 

more days of pain diaries. We required visit 2 to be within 9 days after visit 1. An option 

of a one-day experimental session was offered in order to reduce scheduling conflicts and 

increase enrollment. The one-day experimental session comprised of 3 days of pain dia-

ries followed by test day 1, and culminating with 4 more days of pain diaries. 

Participants 

Recruitment criteria 

BMS patients were recruited following diagnosis at the Oral Medicine Program at 

the University of Maryland School of Dentistry (led by TFM), where complete dental and 

oral health examinations were performed. A working diagnosis of BMS was based on a 

chief complaint of pain or burning in the oral mucosa and/or tongue and exclusion of oth-

er known causes of oral burninglike pain. If BMS patients were taking topical medica-

tions or in the transition of weaning off a systemic medication, to start a new one, we 

asked them to come in when they had completely weaned off of the medications and 

would test them prior to their transition into a new medication regimen.  
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Additionally, all healthy controls were recruited through campuswide flyer ad-

vertisement and were free of any chronic pain conditions, psychiatric illness, local oral or 

systemic disease, and salivary dysfunction.  

Exclusion criteria for all studies: subjects unable or refusing to sign consent for 

any part of the testing; any chronic pain conditions; claustrophobia; pacemaker; weight 

over 300 lbs; daily regimen of opiates; excessive alcohol use as measured on the AUDIT 

(Saunders et al., 1993); on hormone replacement therapy within the last 30 days. For 

BMS cohorts, if participants were on a systemic medication regimen they were excluded.  

Enrollment  

Informed consent was obtained from each participant according to the Declaration 

of Helsinki. Altogether, we enrolled 51 total post- or peri- menopausal female partici-

pants: 18 BMS patients and 33 healthy controls (table 2).  

The healthy control group consisted of data from three separate studies: healthy 

control group 1 (n=11) was enrolled in the current protocol with the BMS patients; 

healthy control group 2 (n=10) was obtained from a previous study from our laboratory 

with identical methods for some of the QST procedures; and healthy participant group 3 

Table 2: number of participants and ages.  
s.d.

standard deviation. 
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(n=12) was concurrently run study in our laboratory with identical methods for some of 

the QST procedures.  

BMS and control group 1 volunteers presented themselves for a two-day or a one-

day experimental session. For the two-day experimental session, we randomized whether 

a participant would experience a morning (AM) or an afternoon (PM) QST session on the 

first day and on the second day participants were assigned the opposite time of day 

(AM/PM) for QST testing. For example, if a participant was given afternoon QST on the 

first day, they would have QST in the morning of the second day. For participants who 

could not commit to two testing days we offered a one-day experimental session, where 

we randomized whether a participant would experience a morning or an afternoon QST 

session. 

Diaries 

BMS patients were given an 8-day paper diary to track their oral burning pain in-

tensity and unpleasantness. For the two day visit, they completed the diaries for 3 con-

secutive days prior to the laboratory visit, during the two day visit, and for 3 consecutive 

days after the visit. For the one day visit, they completed the diaries for 3 consecutive 

days prior to the laboratory visit, during the one day visit, and for 4 consecutive days af-

ter the visit. Participants were asked to rate their burning pain intensity on a scale of 0-10, 

with 0 meaning ónoneô and 10 meaning óas bad as you can imageô and unpleasantness on 

a scale of 0-10, with 0 meaning ónot bothersomeô and 10 meaning óextremely bother-

someô, at 5 different time-points: wakeup, 10am, 2pm, 6pm and bedtime each day. 

Thermal testing 
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Thermal heat and cold stimuli were delivered to the forearm and face via a 27mm 

in diameter Medoc Pathway CHEPS Peltier thermode with a heating rate of 70°C/sec and 

a cooling rate of 40°C/sec (Pain & Sensory Evaluation System, Medoc Advanced Medi-

cal Systems Ltd., Ramat Yishai, Israel). Four thermal tests where administered: three 

tests on the forearm (temperature threshold, ñlevelsò, and ñratingsò (not reported here), 

testing) and one test on the face (temperature threshold testing). The thermode was repo-

sitioned along the forearm and cheek after each stimulus to avoid temporal summation. 

Forearm temperature threshold testing 

 Participants received a warmth detection threshold (WDT) test, where the tem-

perature increased from a baseline temperature of 32°C at a rate of 1°C/sec until mouse 

click. Then, they received a cool detection threshold (CDT) test, where the temperature 

decreased from 32°C at a rate of 1°C/sec until mouse click. In both WDT and CDT, par-

ticipants were asked to click the mouse when they first detected a change in temperature. 

We then tested heat pain threshold (HPT), where temperature increased from 32°C at a 

rate of 1.5°C/sec until mouse click. Participants were asked to press the mouse as soon as 

the temperature first became painful. WDT, CDT, and HPT were each performed three 

times and were calculated as the average temperature across the three trials.  

Face Temperature threshold testing 

Following the forearm temperature threshold testing procedures, participants re-

ceived WDT, CDT, and HPT tests with temperature stimuli presented three times for 

each test as explained above; however this time the thermode was placed on the left 

cheek. The temperature increased (WDT, HPT) or decreased (CDT) from a baseline tem-

perature of 32°C at a rate of 1°C/second until mouse click when they first detected a 
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change in temperature (WDT, CDT) and as soon as the temperature first became painful 

(HPT). WDT, CDT, and HPT were each performed three times and were calculated as 

the average temperature across the three trials.  

Forearm levels testing 

Subsequently, a ñlevelsò test was administered to the forearm where participants 

received a series of heat stimuli delivered in ascending order of target temperatures: 35°, 

35°, 39°, 41°, 43°, 45°, 47°, and 49°C. We varied the ramp rates to each target tempera-

ture in order to maintain the same ramp time of 1.6 seconds with each heat stimulus, from 

the baseline temperature of 32°C. Target temperatures were sustained for 6 seconds, so 

the total heat stimulus duration including ramps was 9.2 seconds. A 20 second inter-

stimulus interval between target temperatures allowed the participant to input their rating 

for the presented target temperature. Participants rated pain intensity on a numerical rat-

ing scale (NRS) of 0 (no pain) to 10 (extremely intense pain) and pain unpleasantness on 

an NRS of 0 (not bothersome) to 10 (extremely bothersome pain). 

Subsequently, we averaged the first pain intensity and unpleasantness ratings of the 

first two temperature exposures (35°C and 35°C) to obtain a single value for 35°C and 

leaving us with 7 total temperature exposures in the morning and afternoon (14 

temperatures total). Next, we  created a pain intensity Total comparison comprised of the 

AM and PM pain intensity ratings averaged together to obtain a single value per tempera-

ture (7 values total) per group (BMS vs healthy) (see statistical analyses section for more 

details). The same procedure was followed to create a pain unpleasantness Total compar-

ison per group (BMS vs healthy).We also created an AM comparison, the 7 temperature 

stimulations in the AM are averaged together to get a single value per temperature (7 val-
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ues total) per group (BMS vs healthy). The same procedure was followed to create a PM 

comparison per group (BMS vs healthy). Additionally, the same procedure was followed 

to create an AM comparison and PM comparison pain unpleasantness rating per group 

(BMS vs healthy).  

Pressure pain threshold testing 

Bilateral pressure pain thresholds (PPT) were obtained using a Wagner Force Dial 

tm FDK 20 /FDN Series Push Pull Force Gage pressure algometer (20 lb x .25 lb; 10 kg x 

100 gr). Participants received pressure stimuli at four locations of the body: left thumbs, 

elbows, temporalis, and masseter muscles (repeated three times in that sequential order) 

and then right thumbs, elbows, temporalis, and masseter muscles (repeated three times in 

the listed sequential order). Participants were asked to raise a hand when the pressure first 

became painful and the pressure at that instant was recorded in kilograms. 

As explained above, participants were presented with pressure a total of 6 times 

(three times on the left and three times on the right side of the face (temporalis and mas-

seter) and extremities (thumbnail and elbow)). Subsequently, we created a PPT Total 

comparison comprised of the AM and PM 12 pressure exposures (left and right tem-

poralis) averaged together for each group (BMS vs healthy). We created a PPT AM com-

parison the six AM pressure exposures (left and right temporalis) averaged for each 

group (BMS vs healthy). The same procedure was followed for the PM comparison. Ad-

ditionally, we created a PPT AM vs PM comparison using the six PPT AM averages and 

six PPT PM averages for each group (BMS vs healthy). 

Statistical Analysis 
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For each type of QST, the following four comparisons were performed (table 3 and 

table 4): 1. Total comparison: Mann-Whitney U test between groups (healthy vs BMS) of 

the average of both time points (AM and PM). For these analyses, all participants in the 

BMS and healthy groups were included, whether they had data from AM alone, PM 

alone, or both AM and PM, in which case an average was taken. 2. AM comparison: 

Mann-Whitney U test between group analyses of data taken from each subject at the AM 

time point. 3. PM comparison: Mann-Whitney U test between group analyses of data tak-

en from each subject at the PM time point. 4. AM vs PM comparison: Wilcoxon signed-

rank test within group analyses of AM and PM time points within BMS and healthy 

groups. We also performed an area under the curve (AUC) with respect to ground analy-

sis of pain intensity and unpleasantness ratings for the levels test. AUC was calculated 

according to the literature following the same grouping as listed above (Pruessner et al, 

Table 3: number of participants in each test and comparison. *represents exceptions 

where number of participants was lower by one participant than stated in table due to 

missing data: at * AM levels intensity had an n=17 BMS at 47°C and at 49°C; at * AM 

Levels unpleasantness had an n=14 healthy and an n=16 BMS at 47°C; and an n=17 

BMS at 45°C and 49°C. 
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2003).  Because of the small sample size in each group non-parametric tests were per-

formed. Additionally, separate models were run due to the variation in sample size in 

each group. 

Diaries: Mean, median, and range of BMS pain intensity ratings were reported for 

each of the 8 days. A Friedman test was used to compare average pain intensity for 5 time 

points in a day across 8 days, followed by a Dunnôs post-hoc test for multiple compari-

sons. No diaries were collected from healthy participants as ratings of burning mouth 

pain and unpleasantness were presumably zero and therefore no comparisons were made 

for healthy participants.  

Results  

Demographics 

All participants were peri- or post-menopausal women. BMS participants had an 

age range of 47 to 74 years (mean 61, SD ± 6). Seventy-seven percent of BMS partici-

pants were Caucasian, six percent African American, six percent Asian, and eleven per-

cent mixed race.  Healthy participants had an age range of 43 to 73 years (mean 56, SD ± 

8). Seventy-nine percent of healthy participants were Caucasian, seventeen percent Afri-

can American, and four percent Asian.  

Table 4: comparisons and the statistical tests used 
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Diaries 

Pain intensity ratings of BMS patients were significantly higher as the day pro-

gressed from wake to bedtime (p<0.0001) (Figure 1). Post-hoc analyses revealed pain 

intensity ratings increased from baseline by 3.3 at 2pm (p=0.0268), 3.6 at 6pm (p<0.001) 

and bedtime (p=0.0003) compared to wake time. In addition, there were no significant 

differences in pain intensity ratings across each individual time point and the 8 days of 

diary recordings; for example, there was no significant difference in pain rating of wake 

time across the 8 days, no significant difference at 9am across 8 days, and so on.  

Thermal testing in BMS versus healthy participants 

Warmth detection thresholds  

Face: In the Total comparison, BMS patients had significantly lower WDTs than 

healthy participants by 2.2°C (p=0.0494) (figure 2). There were no significant differences 
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Figure 1: Pain intensity ratings of BMS patients across 8 days. The box spans the in-

terquartile range, whiskers represent the full range, horizontal line within each box 

mark the median, and the + represents the mean. *p=0.02, ***p=0.0003, and 

****p<0.0001 compared to wake. NRS: numerical rating scale. 
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in the AM comparison, PM comparison, or AM vs PM comparison within or between 

groups (figure 3). 

Forearm: In the Total comparison, BMS patients had significantly higher WDTs 

compared to healthy participants by 0.8°C (p=0.0172) (figure 2). In the AM comparison, 

BMS patients had significantly higher WDTs compared to healthy participants by 1.3°C 

(p=0.0113). There were no differences in the PM comparison or in the AM vs PM com-

parison.   

Cold detection thresholds 

Face: BMS patients had no significant differences in CDT compared to healthy 

participants in the Total comparison (figure 2). There were no significant differences in 

AM comparison, PM comparison, or AM vs PM comparison within or between groups 

(figure 3). 

Figure 2: Total comparison of temperature detection and pain threshold in BMS pa-

tients compared to healthy participants. WDT, CDT, HPT are shown consecutively in 

order of exposure to the face (top) and forearm (bottom). *p<0.05 and **p<0.005.  
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Forearm: In the Total comparison, BMS patients had significantly lower CDTs 

compared to healthy participants by 2°C (p=0.0021) (figure 2). In the AM comparison, 

BMS patients had significantly lower CDTs compared to healthy participants by 1.9°C 

(p=0.0096). In the PM comparison, BMS patients had significantly lower CDTs com-

pared to healthy participants by 1.7°C (p=0.0397). In the AM vs PM comparison, there 

were no differences within groups (figure 3).   

Heat pain thresholds  

Face: BMS patients had no significant difference in HPT compared to healthy 

participants in the Total comparison (figure 2). There were no significant differences in 

AM comparison, PM comparison, or AM vs PM comparison within or between groups 

(figure 3). 

 Forearm: BMS patients had no significant difference in HPT compared to healthy 

Figure 3: Morning versus afternoon temperature detection and pain threshold in BMS 

patients and healthy participants. Face (top) and forearm (bottom) measures. 
*
p<0.05, 

**
p<0.005. 
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participants in the Total comparison (figure 2). In the AM comparison, PM comparison, 

or AM vs PM comparison, there were no significant differences within or between groups 

(figure 3). 

 ñLevelsò forearm pain testing BMS versus healthy participants  

In the Total comparison, BMS participants had significantly higher pain intensity 

at 35°C by 2.583 pain ratings (p=0.0006), 39°C by 1.583 pain ratings (p=0.0386), 41°C 

by 1.417 pain ratings (p=0.0412), 43°C by 3 pain ratings (p=0.0167), 45°C by 2 pain rat-

Figure 4: Total comparison of ñlevelsò forearm responses in BMS patients relative to 

healthy participants. Averaged intensity (left) and unpleasantness (right) responses per 

temperature and the respective standard deviation. The boxplot (bottom) shows the 

overall effect of healthy and BMS patients on pain intensity and unpleasantness as 

AUC. *p<0.05. ***p=0.0006. 
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ings (p=0.0146), 47°C by 2.75 pain ratings (p=0.0201) (figure 4). There were no differ-

ences in the AUC for pain intensity or unpleasantness Total comparison.  

In the PM comparison, BMS participants had significantly higher pain intensity 

ratings at 35°C by 1.75 pain ratings (p=0.0206). There were no significant differences in 

the AM comparison nor in the AM vs PM comparison. There were no differences in 

AUC for AM comparison, PM comparison, or Am vs PM comparison.  

In addition, BMS had significantly higher pain unpleasantness ratings at 35°C by 

0.583 pain ratings (p=0.0112) in the Total comparison. In the unpleasantness AUC AM 

Figure 5: Morning versus afternoon ñlevelsò forearm responses in BMS patients and 

healthy participants. Averaged intensity (left) and unpleasantness (right) responses per 

temperature in the morning (AM)  and afternoon (PM) and the standard deviation. The 

boxplot (bottom) shows the overall effect of healthy and BMS patients on pain inten-

sity and unpleasantness as AUC.*p<0.05.  
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vs PM comparison, there were no significant differences in between groups (figure 5).  

Pressure testing in BMS versus healthy participants  

In the Total comparison, BMS patients had no significant differences in PPTs 

compared to healthy participants (figure 6). In the AM vs PM comparison, BMS patients 

had significantly lower PPTs of the masseter in the afternoon by 0.34kg (W=79, 

p=0.0413) (figure 7). There were no significant differences in PPT AM comparison, PM 

comparison between groups. 

Discussion 

Figure 6: Total comparison of pressure pain thresholds for face (top) and extremity 

(bottom) of BMS patients and healthy participants. 


