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Abstract: Burning mouth syndrome (BMS) is a chronic idiopathic orofacial pain disorder, character-
ized by persistent burning sensations and pain without clear pathological causes. Recent research
suggests that small fiber neuropathy (SFN) may play a significant role in the neuropathic pain and
sensory disturbances associated with BMS. Following PRISMA guidelines, this systematic review
aims to evaluate and synthesize current evidence supporting SFN’s involvement in BMS. The protocol
is registered in PROSPERO (CRD42024555839). The results show eight studies reported reductions in
nerve fiber density in tongue biopsies (ranging from 30% to 60%), along with morphological changes
indicative of small fiber damage. Additionally, an increase in TRPV1-positive, NGF-positive, and
P2X3-positive fibers, overexpression of Nav1.7, and slight underexpression of Nav1.9 mRNA were
observed in BMS patients. Quantitative Sensory Testing in seven studies revealed sensory abnor-
malities such as reduced cool detection and cold pain thresholds. Blink reflex and corneal confocal
microscopy also indicated peripheral and central small fiber damage, along with increased artemin
mRNA expression. The evidence strongly supports SEN as a key factor in the pathophysiology of
BMS, particularly due to reductions in nerve fiber density and altered sensory thresholds. However,
variability across studies highlights the need for larger, standardized research to establish causal
relationships and guide therapeutic strategies.
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1. Introduction

Burning mouth syndrome (BMS) is an idiopathic, chronic orofacial pain disorder
affecting the oral cavity, characterized by a persistent burning sensation and pain, lasting
for more than three months, without any local or systemic pathological changes [1]. This
condition significantly impacts patients” daily lives, often leading to difficulties in eating,
speaking, and sleeping, which can severely diminish their quality of life [2].

Historically, BMS has been referred to by various terms, such as stomatodynia, stom-
atopyrosis, glossodynia, and oral dysesthesia [3]. The condition typically presents bilat-
erally, aligning with the trigeminal nerve distribution. Patients with BMS often report a
variety of symptoms, including burning, itching, tingling, intraoral foreign body sensation,
xerostomia, dysgeusia, globus pharyngeus, and subjective changes in tongue morphol-
ogy [4]. These symptoms often lead to referrals to multiple medical specialties [4,5] and
are commonly associated with mood disorders, sleep disturbances, and cognitive impair-
ments [6,7], further exacerbating the negative impact on patients’ quality of life [2,8,9].
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The prevalence of BMS varies significantly, ranging from 1.73% in the general pop-
ulation to 7.72% in clinical settings; in Europe, the prevalence is estimated to be between
5.58% and 6.46% [10]. The disorder is notably more common among postmenopausal
women [4-6], with a female-to-male ratio of 3:1 [10]. This variability in prevalence may
be due to the lack of standardized diagnostic criteria and the unclear neurophysiological
mechanisms underlying BMS symptoms [11].

BMS is recognized as a multifactorial neuropathic disease, and its precise etiology
remains elusive. However, emerging evidence indicates a dual involvement of central
and peripheral pathways; specifically, a strong association with small fiber neuropathy
(SFN) [12-17].

SEN primarily affects small-diameter sensory fibers, specifically the thinly myeli-
nated A9 fibers and unmyelinated C fibers [18], leading to chronic neuropathic pain and
autonomic dysfunction [19-21]. These fibers are essential for pain and temperature per-
ception [22,23]. Ad fibers, which are myelinated and transmit signals rapidly, respond to
non-inflammatory painful stimuli and cold temperatures [24,25]. In contrast, the slower,
unmyelinated C fibers react to inflammatory substances and intense stimuli that cause tis-
sue damage [24]. Together, these fibers play a critical role in nociception, thermoreception,
and the regulation of autonomic functions [22].

SFN prevalence ranges from 53 per 100,000 people to 2.4%, with higher rates in older
adults [26,27]. Common causes of SFN include metabolic diseases like diabetes, genetic
disorders, autoimmune diseases, and chronic infections, though many cases remain id-
iopathic [18,28-30]. SEN often presents diagnostic and therapeutic challenges due to its
varied etiology and the difficulty in detecting small fiber function through standard elec-
trophysiological tests. This damage leads to neuropathic and burning pain, allodynia,
paresthesia, tingling, and loss of pinprick and thermal sensation, as well as various auto-
nomic symptoms [19-21] like abnormal sweating, episodic flushing, or gastroparesis [18].

In primary SEN, distinguishing genetic forms from idiopathic forms is essential. Ap-
proximately half of SFN cases are idiopathic, with no identifiable cause [31-34]. Mutations
in voltage-gated sodium channel genes (SCN9A, SCN10A, SCN11A, and SCN2B) have been
linked to inherited SEN [35-37], while autoimmune, inflammatory, infectious diseases, alco-
hol toxicity, drugs, and metabolic disorders are common causes of acquired SEN [18,30,33].
SEN assessment methods include quantitative sensory tests (QST) and biopsies, which
measure the function of Ad and C fibers [38,39].

Recent research and advancements in diagnostic methodologies have indicated that
SFN might play a significant role in BMS, contributing to its neuropathic pain characteris-
tics. Techniques such as skin biopsies for intraepithelial nerve fiber density measurement,
along with neurophysiologic methods, have proven highly effective in detecting subclin-
ical abnormalities in patients with BMS. These techniques show a marked reduction in
intraepithelial nerve fibers, implicating SFN in the condition’s pathophysiology [16,40].

This systematic review aims to critically examine the literature on the relationship
between BMS and SFN. The objective is to synthesize existing evidence, identify knowledge
gaps, and provide insights into the pathophysiological links and clinical implications of this
association. By rigorously evaluating the available studies, this review seeks to enhance
understanding of the interplay between SFN and BMS, thereby improving diagnostic and
therapeutic approaches for patients affected by these debilitating conditions.

2. Methods
2.1. Protocol Registration

This systematic review has been registered in PROSPERO, the International Prospec-
tive Register of Systematic Reviews (registration number CRD42024555839). This regis-
tration ensures transparency and adherence to predefined methodological standards as
outlined by the Center for Reviews and Dissemination at the University of York.
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2.2. Eligibility Criteria
The research question was developed using the PICOS framework:

Population (P): Patients diagnosed with burning mouth syndrome (BMS).
Intervention (I): Diagnostic tests indicative of SEN

Comparator (C): Control groups including healthy patients referred for dental man-
agement without BMS or healthy subjects without BMS.

Outcome (O): Detection of SEN.

Study Design (S): Clinical studies focusing on the relationship between BMS and SFN.

2.3. Literature Search Strategy

A comprehensive and systematic literature search was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [41]. The search was performed across multiple databases—PubMed, Scopus, and
Web of Science—on 18 June 2024, without any restrictions on publication year to ensure an
exhaustive review of the available literature.

To identify relevant studies, the following Medical Subject Headings (MeSH) and

v

keywords were used: “burning mouth syndrome”, “burning tongue”, “oral burning”,

i /i /i /i A7

“glossalgia”, “glossodynia”, “glossopyrosis”, “stomatodynia”, “stomatopyrosis”, “sore
mouth”, “sore tongue”, “oral dysesthesia”, “BMS”, and “small fiber neuropathy”. For the
Web of Science database, additional filters were applied, including “MeSH terms” and
“search within results”, to refine the search outcomes.

Additionally, manual searches of the reference lists from the retrieved articles were
conducted to identify any other potentially eligible studies that might have been missed in

the database searches.

2.4. Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: (1) focused on the clinical as-
sociation between BMS and SFN, (2) were published in peer-reviewed journals, (3) included
control groups for comparison, and (4) were written in English. Studies were excluded if
they were reviews, case reports, or conference papers, or did not specifically assess SFN
in BMS patients. We also performed a rigorous screening of studies to ensure relevance
to the research question, and objective studies were excluded for the following reasons:
(1) reviews, case reports, conference papers, letters to the editor, expert opinions, or com-
ments; (2) studies published in languages other than English; (3) studies lacking control or
comparison groups; and (4) studies that did not specifically assess SEN in patients with
BMS. In addition, studies were excluded if they failed to meet the inclusion criteria after
full-text evaluation, ensuring objectivity and relevance.

To minimize bias in the screening process, multiple reviewers independently evaluated
the abstracts and full texts, with any discrepancies resolved through consensus discussions.
A detailed flow diagram (see Supplementary Materials) was provided to clearly show the
selection and exclusion process, adding transparency to the methodology.

2.5. Study Selection Process

To ensure rigor in the selection process, duplicate studies were first removed. Subse-
quently, the titles and abstracts of the remaining articles were independently screened for
eligibility by two reviewers (MK, DA). Any discrepancies in their decisions were resolved
through consultation with a third reviewer (NN). For the articles deemed potentially rel-
evant, full-text reviews were conducted independently by two reviewers (MK, EP), who
were blinded to each other’s decisions. Disagreements during this stage were adjudicated
by a third reviewer (MM) using a structured decision process documented in Microsoft
Excel 2023 (Redmond, WA, USA).

A detailed flow diagram, along with a comprehensive summary of excluded studies
and the reasons for their exclusion, is provided in the Supplementary Document (see
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Supplementary Materials). This information serves to clearly illustrate the selection and
exclusion process, ensuring transparency and rigor in our methodology.

2.6. Data Extraction

Following the identification of eligible studies, relevant data were meticulously ex-
tracted from each article. The extracted data were categorized as follows:

Study-related data: Including the first author, study design, sample size, and partici-
pants” age in both BMS and control groups.

Study characteristics: Detailing the type of diagnostic test used, site of application,
and specific methodological approaches.

Outcome-related data: Focusing on relevant outcomes and the implications for SFN.

A designated individual oversaw the data management process, using a structured
data extraction table created in Microsoft Excel to systematically record and organize
information across a comprehensive range of domains.

Due to significant heterogeneity among the included studies, a meta-analysis was not
conducted, and data synthesis was based on the type of test used to assess SFN involvement.

2.7. Quality Assessment

The quality of the included studies was assessed using the NIH Quality Assessment Tool
for case-control studies [42]. The overall risk of bias ranged from 25% to 67%, with common
issues such as lack of sample size justification, inadequate blinding, and unclear control
group selection. This indicates that while the studies provide valuable insights, the moderate
level of bias necessitates cautious interpretation of the results, particularly for studies like
Grushka et al. [43] and Domaneschi et al. [44], which showed higher risks of bias.

Two reviewers (MK, EV), blinded to each other’s assessments, independently per-
formed the evaluation. Disagreements in quality ratings were resolved by a third reviewer
(NN), ensuring consistency and objectivity.

3. Results and Discussion

The initial search process identified 62 records from the following databases: PubMed,
Scopus, and Web of Science. After removing 15 duplicates and 15 records considering the
exclusion criteria, 32 unique records remained for screening. These records were screened
based on their titles and abstracts, resulting in the exclusion of four articles that did not
meet the inclusion criteria. This left 28 full-text articles for detailed assessment. During the
full-text review, 16 articles were excluded for reasons such as being review articles, lacking
a control group, or not focusing on SFN in BMS. Additionally, eight relevant articles were
identified through a manual search of reference lists from the retrieved articles. After the
full screening and review process, a total of 20 studies met the criteria and were included
in the qualitative synthesis (Table 1). These studies were rigorously selected to ensure
their relevance and methodological robustness, as depicted in the PRISMA flow diagram
(Figure 1).

Table 2 presents a comprehensive summary of the participant characteristics and
the diagnostic tests utilized across the 20 included studies [16,17,40,43-59], all of which
were prospective with control groups. Across all studies, a total of 409 BMS patients
were included while the control groups comprised a total of 309 participants, matched
appropriately in size to the BMS cohorts. The studies varied in sample size, with the
number of BMS participants ranging from 5 to 45, and control groups were appropriately
matched in size to the BMS cohorts, ensuring reliable comparisons. The mean age of
participants typically fell within the middle-aged to elderly range, with most studies
reporting mean ages between 50 and 70 years, which aligns with the demographic most
affected by BMS [10].
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Table 1. Quality assessment of the included studies.

—_ 5
w _ = = % R I~ 5 2 = B = =
S EEEIgREERESESE QB R g
5 @ &£ b n 2 8 £ 2 4 & = BB 1B S o Z ® o ]
) =] = = = — = =
TZE§RSRERSAISEITR A S
" s & > 3 o4 > ¢ > 4 g =4 & g 05 3 08 SIS .
$ 8 J % % %" 2% S & 2 3 g 03 £ o0v S5 2
s g £ 8 % % s o8 ¥ OO L g Tog BT
= 2 ¢ € 2 E P 2 § S % § o ¥ X oE o5 B o2 &
¢ £ & 2 E g g 2 5§ %= E £ 5 £ : E E Z £ §
= = ] = = r g
5 2 = 5 = 2 A Y s & 5 £ 5 & O §
Criteria
1. Was the research question or objective in this paper clearly stated and appropriate? y y y Yy Yy Yy Yy Yy Yy y y Yy Yy Yy Yy y
2. Was the study population clearly specified and defined? n y y
3. Did the authors include a sample size justification? n n n n n n n n n
4. Were controls selected or recruited from the same or similar population that gave rise to the cases (including
the same timeframe)? ey y oy vy ¥y y ooy yoyoyoy vy oy oy yy
5. Were the definitions, inclusion and exclusion criteria, algorithms, or processes used to identify or select cases or n od
and controls valid, reliable, and implemented consistently across all study participants? yoy yoy oy v y y y y y y y y y y ¥
6. Were the cases clearly defined and differentiated from controls? nnr 'y y y y y y y vy y vy vy y vy 'y 'y vy v Yy ¥
7. If less than 100 percent of eligible cases and/or controls were selected for the study, were the cases and/or
- n n n n n n n n n n n n N n Nn N n n n n
controls randomly selected from those eligible?
8. Was there use of concurrent controls? y 'y y y y y Yy y n y y y y y Yy Yy Yy y Yy Y
9. Were the investigators able to confirm that the exposure/risk occurred prior to the development of the
condition or event that defined a participant as a case? yyyyyyy vy y y y y y y y yy y yy
10. Were the measures of exposure/risk clearly defined, valid, reliable, and implemented consistently n
(including the same time period) across all study participants? y y vy vy y vy y vy y y y vy y vy vy y y vy y
11. Were the assessors of exposure/risk blinded to the case or control status of participants? n n n n n n n n n n n n Nn n n n n n n n
12. Were key potential confounding variables measured and adjusted statistically in the analyses? If matching
) . - . . ) na na na na na ha na Na Na nha Na Na ha nNna Na Na na na na na
was used, did the investigators account for matching during the study analysis?
Quality f £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ f £ f
Risk of bias % 67 34 34 50 34 34 34 34 67 34 34 34 34 34 34 34 34 25 34 34

y: yes; n: no; nr: not reported; na: not applicable; cd: cannot determine f: fair. Quality is rated as good (<25% risk of bias), fair (26-74% risk of bias), and poor (>75% risk of bias).
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Identification of studies via databases and registers

Identification of studies via
other methods

e
S Records identified from: Records removed before screening. i
] PubMed (n=17) Duplicate records removed (n =15) Records identified from:
= Scopus (n=14) Records removed for exclusion criteria Citation searching (n=8)
T Web of Science (n=31) (n=15)
3
J,
(Co,
Records screened o
(Title+ Abstract) (n=32) —| Records excluded (n=4)
o J’ Reports sought for retrieval Reports not
z Reports sought for retrieval R?DODRS not retrieved (n=8) o ref[pievgd n=0)
g (n=28) *| (n=0)
: |
v
Reports assessed for eligibility Reports excluded”
(n=28) ™| Conference paper (n=3) Reports assessed for
Review (n=11) eligibility (n=8)
Without control group (n=2)
——
E Studies included in review
E] (n=12)
E Reports of included studies
= (n=20)

Figure 1. Prisma (2021) flow diagram of the systematic review process. The diagram shows the
number of records identified from various databases (PubMed, Scopus, Web of Science) and citation
searches, and illustrates how studies were screened, assessed for eligibility, and excluded based on
predefined criteria. A total of 32 records were screened, leading to 12 studies being included in the
final review, along with 20 reports of included studies. Exclusion reasons include conference papers,
reviews, and studies without control groups.

Table 2. Characteristics of the 20 full-text studies; number and age of participants, and conducted tests.

Author Number of Participants (Women) Mean Age (Range) Test
BMS: 40 (NA)
Grushka etal. 1987 [43] Control—no oral burning: 23 (NA) NA QST
Svensson et al. 1993 [45] 211\(/:152233 ((2212)) gg 82:23 QST
BMS:20 (20 52 (43-64
Tto et al., 2002 [46] HC: 20 ((20)) 49 235_59) QST
Lauria et al., 2005 [16] Ell\é[% 1(21\1%) NA Biopsy
. BMS: 10 (5) 62 (48-82) .
Yilmaz etal., 2007 [17] Control—patients attending for wisdom 40 (16-79) Biopsy
tooth removal: 10 (4)
BMS: 9 (6) 62.4 (NA)/ .
Beneng etal, 2010 [47] Control—patients attending for wisdom 40.8 (NA) Biopsy
tooth removal: 10 (4) ’
BMS: 7 (5 62 (48-82 .
Beneng et al., 2010 [48] HC: 10 §4; 40 216—79; Biopsy
Just et al., 2010 [49] 51%82;?21(2; g% Ejﬂ:zg Capsaicin Strips
BMS: 38 (33) 65.6 (NA)
Penza et al., 2010 [50] Pain in the tip syndrome: 13 (11) 62 (NA) Biopsy
HC: 9 (NA) NA (NA)
Kaplan et al., 2011 [51] 3%54?(181?) NA QST
BMS: 33 (27 61.5 (41-82
Mendak et al., 2012 [52] HC: 30 (2(2) ) 60.5 242—83; BR
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Table 2. Cont.

Author Number of Participants (Women) Mean Age (Range) Test
Borsani et al., 2014 [53] II?II\C/{888(8(§3 ) 67.5 (54-85) Biopsy
BMS: 25 (17) 49.5 (NA)
Mo et al., 2015 [54] HC: 19 (NA) 47.7 (NA) QST
. BMS: 9 (9) 71.6 (58-80) Artemin
Shinoda et al., 2015 [55] HC: 9 (5) 75.0 (51-85) mRNA expression
BMS: 10 (10) 67.9 (60-77.5) QST
HC: 10 (10) 67.4 (58.4-75.9) ’
Puhakka et al., 2016 [40] Cadaver control: 13 (13) 64.5 (55.0-72.0) o
Cadaver control with diabetes: 6 (6) 68.8 (59.0-78.0) psy
. BMS: 22 (14 57.8 (29-83
Yilmaz et al., 2016 [56] HC: 17 (1(1) ) 46.88( (30_7)9) QST
Hartmann et al., 2017 [57] EII\éSBS(é;D gég 8;:28; QST
O’ Neil et al., 2018 [58] %“é[slzé)w ) o 82:23 ccm
BMS: 45 (43) 63.8 (45-82) QST
Kolkka et al., 2019 [59] HC: 32 (30) 64.8 (48-84) BR
. BMS: 12 (12 61.4 (48-71 .
Domaneschi et al., 2023 [46] Control ((he;lth borders of benign ( ) Biopsy
y & 63.4 (48-80)

tongue lesion): 5 (4)

Abbreviations: BMS: burning mouth syndrome; BR: blink reflex; HC: healthy control; QST: quantitative sensory
testing; CCM: corneal confocal microscopy; NA: not available.

The studies employed a variety of diagnostic techniques to assess different aspects of
SEN involvement in BMS. QST was used in seven studies [43,45,46,51,54-57] to measure
sensory thresholds related to small fiber function. Biopsies were conducted in another
seven studies [16,17,46—48,50,53] to evaluate nerve fiber density and structural changes
in the tissues affected by BMS. Additionally, blink reflex (BR) assessments were utilized
in one study [52] to assess the integrity of nerve pathways and reflexive responses, while
corneal confocal microscopy (CCM) was applied in one study [58] to examine the corneal
nerve fibers, reflecting potential systemic small fiber damage. Capsaicin testing was used
in one study [49] to assess peripheral nerve sensitivity by applying capsaicin to the tongue
and measuring the response, and Artemin mRNA expression analysis was used in one
study [55] to explore molecular changes in the expression of artemin, a factor involved in
nerve growth and function. Furthermore, two studies employed multiple techniques: one
combined QST, BR, and biopsy [40] and another used both QST and BR [59] to provide a
more comprehensive assessment.

Table 3 highlights the findings from studies that utilized QST to assess SFN in patients
with BMS. Most of the studies (7 out of 9) [43,45,46,54,56,57,59] provided evidence sup-
porting the involvement of SFN in BMS, characterized by sensory abnormalities such as
increased thermal thresholds, decreased heat pain tolerance, and signs of peripheral nerve
fiber degeneration.

Grushka et al. [43] and Svensson et al. [45] reported significantly lower heat pain toler-
ance in BMS patients compared to controls, despite similar thermal detection thresholds,
suggesting altered pain processing, potentially linked to A fiber dysfunction.
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Table 3. Studies using QST for SFN assessment.

Author Test Site Relevant Outcomes SFN Implication Comments
No significant differences in thermal
No sienifi . . change detection thresholds between
o significant difference in BMS patients and controls
the thermal change detection P
QST: . threshold between BMS . .
Grushka et al. 1987 [43] Thermal stimuli between iljongue tip, lower and controls. Lower heat pain tolerance in BMS
oo ip mucosa X patients, suggesting that while Ad and
34-46 °Cin 2 °C steps Heat pain tolerance " L
Lo . C fibers may respond similarly to
significantly lower in BMS :
. temperature changes, there might be an
than in controls : . A
abnormal pain processing, particularly
involving A fibers
Significantly increased
. . sensory across various oral
QST: Tongue tip, lower lip and facial sites in Increased sensory thresholds and
= . . . mucosa, buccal mucosa, . decrease of heat pain tolerance suggest
Svensson et al. 1993 [45] Brief argon laser stimulation . BMS patients . . .
anterior part of Lk potential degeneration of peripheral
(2.15 W, 200 ms) Significantly decreased heat .
hard palate ; . nerve fibers
pain tolerance at tongue tip in
BMS patients
QST: Higher thermal pain
Th . | stimuli bet thresholds (apex and left and Higher thermal pain thresholds may
Ito et al., 2002 [46] O—Segr:l(a} i/[l:}l:a;ifarveen Tongue right margins of the tongue) in  indicate peripheral
stimulaéion BMS patients compared neurophysiological dysfunction
to controls
The lack of difference in WDT, CDT,
QST: No differences in WDT and HPT, and CPT suggests that SEN may

Kaplan et al., 2011 [51]

Thermal stimuli between
8-50°C

Middle anterior dorsal
tongue surface

CDT, HPT and CPT between
BMS and healthy controls

not be a defining feature of BMS
highlighting the potential variability in
the condition

Mo et al., 2015 [54]

QST:
Thermal stimuli between
0-50 °C

Tip of the tongue; lower
lip mucosa

Significantly lower CDT and
CPT in BMS

Significantly higher

HPT in BMS

Localized loss of thermal function
supports the hypothesis that BMS could
be a neuropathic pain condition with
the involvement of peripheral and/or
central pain mechanisms

QST:

Lingual nerve

Significantly higher CDT
in BMS

Peripheral neuropathy in BMS might
not be confined to small fiber systems

Puhakka et al., 2016 [40] ;I“gf;(;rgaéstlmuh between distribution, bilateral No significant changes in alone, potentially involving other nerve
WDT and HPT fibers or central mechanisms as well
. Significantly lower CDT, WDT, . . . .
QST: Anterior two-thirds of and CPT in BMS This pattern suggests impairments in

Yilmaz et al., 2016 [56]

Thermal stimuli between
0-50 °C

the tongue

No significant differences in
HPT in BMS

ion channels within A$ and C fiber
nerve endings

QST: L .
. . Significant higher CDT and

Hartmann et al., 2017 [57] Thermgl Left and right side WDT Small fiber loss and impaired function

Stimuli between of tongue s

o Significant lower CPT

5-50°C

QST: Lingual nerve Neuropathic pain condition due to
Kolkka et al., 2019 [59] Thermal stimuli between 5 Higher WDT and CDT in BMS ~ SenrabT e P

10-55°C

distribution, bilateral

Abbreviations: BMS: burning mouth syndrome; SEN: small fiber neuropathy; QST: quantitative sensory testing;
WDT: warm detection threshold; CDT: cool detection threshold; HPT: heat pain threshold; CPT: cold pain

threshold.

Similarly, Ito et al. [46] observed elevated thermal pain thresholds in various regions
of the tongue, further indicating peripheral nerve dysfunction.

Mo et al. [54] provided evidence for SEN involvement by showing significantly lower
cold detection thresholds (CDT) and cold pain thresholds (CPT), along with higher heat
pain thresholds (HPT), consistent with thermal sensory loss typical of SFN.

Yilmaz et al. [56] also found significantly lower CDT, warm detection thresholds
(WDT), and CPT, suggesting ion channel impairments in A and C fiber nerve endings.

Hartmann et al. [57] and Kolkka et al. [59] reported sensory abnormalities, with Hart-
mann et al. [57] identifying higher CDT and WDT, and lower CPT, while Kolkka et al. [59]
found elevated WDT and CDT.

In contrast, Kaplan et al. [51] found no significant differences in WDT, CDT, HPT, or
CPT between BMS patients and controls. Puhakka et al. [40] also reported mixed results,
with significantly higher CDT but no corresponding changes in WDT or HPT.

Table 4 summarizes the findings from 8 studies [16,17,40,46—48,50,53] that utilized biop-
sies to assess SFN in patients with BMS. Six out of eight biopsy studies [16,17,40,47,50,56]
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reported significant reductions in intraepithelial nerve fiber density in patients with BMS,
providing strong evidence for the involvement of SFN in its pathophysiology.

Lauria et al. [16] observed a 40% decrease in nerve fiber density in BMS patients,
alongside morphological changes suggestive of trigeminal SFN. Similarly, Yilmaz et al. [56]
found a notable reduction in intraepithelial nerve fibers, combined with increased levels of
TRPV1-positive and nerve growth factor (NGF) fibers, which correlated with pain severity.
Beneng et al. [47] identified increased P2X3-positive fibers and reduced neurofilament-
staining fibers in the tongue mucosa of BMS patients, further supporting SFN involvement.

Table 4. Studies conducting a biopsy for SFN assessment.

Author Test Site Relevant Outcomes SFN Implication Comments
Significantly lower density of epithelial
Lateral aspect of the anterior and sub-papillary nerve fibers (40%) in ~ Trigeminal small fiber sensory neuropathy
Lauria et al., 2005 [16] Biopsy two-thir dspof the toneue BMS patients compared to controls The morphological changes suggest
& Diffuse morphological changes in axonal degeneration.
epithelial and sub-papillary nerve fibers
Significantly reduced nerve fibers
penetrating the epithelium in BMS
patients
Significantly increased TRPV1-positive  increased NGF levels
Yilmaz et al., 2007 [17] Biopsy Tongue fibers and NGF fibers in BMS patients Up-regulation of TRPV1 and Nav1.8
Significant correlation between the nociceptor fibers suggest SFN
baseline pain score and TRPV1 and
NGEF fibers, a trend toward increases of
Nav1.8 fibers
P2X3 receptors are expressed
Tongue (dorsal lingual Significantly increased P2X3 positive predominantly in small sensory neurons,
Beneng et al., 2010 [47] Bions mucosa, fibers in BMS patients which implies that the involvement of
& v psy lateral to the midline in the Reduced neurofilament-staining fibers these receptors in BMS could be part of
anterior third) in BMS patients the neuropathic pain mechanism,
corroborating the presence of SFN
Right or left dorsal lingual E;f/ela;eii Zﬁztﬂgi:ﬂsgg;ls ?grgsﬁ(}; the The increased expression of Nav1.7 could
B ) . mucosa lateral to the midline ) o Y contribute to the heightened pain
eneng et al., 2010 [48] Biopsy . - . tongue, although this increase was not e : .
in the anterior third of 0 O sensitivity and the burning sensations
the tonee statistically significant between BMS cuewesting SEN
& and control 88 &
Significant decrease in the density of e 1
Penza et al., 2010 [50] Biopsy fmterolateral aspect gf the ne%rve fibers in the tongue mucostz of This f1nd1'ng further strengthens the
ongue, close to the tip BMS pati hypothesis of SEN
patients
. The overexpression of TRPV1 contributes
B . . Anterolateral aspect of the Increased expression of TRPV1 to alteration of nerve fiber activity and to
orsani et al., 2014 [53] Biopsy ¢ 1 . throughout the full thickness of the . : P
ongue close to the tip R X the burning pain characteristic of BMS.
epithelium in BMS patients Thi . .
is again points towards SEN
Significant decrease in intraepithelial
nerve fiber density in BMS patients
Dorsal mucosa of the anterior compared to controls This finding suggests that BMS is
Puhakka et al., 2016 [40] Biopsy third of the tongue Although the nerve fiber density was associated with pure peripheral small
& also lower in BMS patients compared to  fiber damage, characteristic of SEN
diabetic cadaver controls, this difference
did not reach statistical significance.
The lack of statistically significant
differences in Nav1.7 expression might
suggest that while this channel plays a
Not statistically significant role in the sensory processing
overexpression in Navl.7 mRNA abnormalities seen in BMS, it may not be
(3.13-fold change) the dominant factor in all patients
Domaneschi et al., 2023 [46] Biopsy Tongue dorsum Slight underexpression of Nav1.9 Reduced expression of Nav1.9 might

mRNA (0.45-fold change)
Absence of detectable Nav1.8
expression

contribute to the altered pain perception
and heightened sensitivity. This suggests
that the nociceptive pathways in BMS
might be dysregulated, leading to both
hyposensitivity and hypersensitivity to
sensory stimuli, characteristic of SFN.

Abbreviations: BMS: burning mouth syndrome; SFN: small fiber neuropathy; TRPV1: Transient Receptor Potential
Vanilloid 1; NGF: Nerve Growth Factor; Nav1.7: sodium channel Nav1.7; Nav1.8: sodium channel Nav1.8; Nav1.9:
sodium channel Nav1.9.

However, in a subsequent study, Beneng et al. [48] observed only a trend toward an
increase in Nav1.7 immunoreactive fibers in BMS, but this was not statistically significant,
suggesting some ambiguity in the role of these voltage-gated sodium channels.
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Penza et al. [50] and Borsani et al. [53] also documented significant reductions in nerve
fiber density, while Puhakka et al. [40] confirmed lower intraepithelial nerve fiber density
compared to controls, consistent with small fiber damage.

Domaneschi et al. [46] found no significant differences in the expression of Nav1.7 or
Nav1.9 channels in BMS patients, although their data suggested potential dysregulation of
these sodium channels.

Table 5 summarizes the findings from three studies that utilized BR assessments to
SEN in patients with BMS. All three studies [40,52,59] consistently revealed evidence of
SEN, either as a focal issue or as part of a broader neuropathic process involving both
peripheral and central mechanisms.

Table 5. Studies using BR for SFN assessment.

Author

Test Site Relevant Outcomes SFN Implication Comments

Significant differences in BR
parameters in BMS patients,
including prolonged
latencies and irregularities.

These findings are consistent

Unilateral stimulation with SFN, indicating mild

Mendak et al., 2012 [52] BR . . . sensory and autonomic small
of lip corner These findings are consistent . " .
. Lo . fiber involvement with
with SEN, indicating mild . .
. concomitant central disorders.
sensory and autonomic small
fiber involvement.
Longer BR latencies within
the lingual nerve distribution =~ Some degree of small fiber
Lingual nerve in BMS patients compared to  involvement but highlights
Puhakka et al., 2016 [40] BR distribution, bilateral controls, although these the variability in SEN
differences did not reach presentation within BMS.
statistical significance.
The findings are suggestive
Negative neurophysiological  of Ad fiber dysfunction
signs in BMS patients, even supporting
though there was no SFN.
Kolkka et al., 2019 [59] BR Bilaterally lingual statistically significant The absence of significant BR

nerve distribution prolongation of latencies or
other typical abnormalities in
BR parameters when

compared to controls.

abnormalities in the majority
of patients indicates that
BMS might involve a more
complex or varied
pathophysiological process

Abbreviations: BMS: burning mouth syndrome; BR: blink reflex; SEN: small fiber neuropathy.

Mendak et al. [52] reported significant differences in BR parameters, including pro-
longed latencies and frequent irregularities, which indicate mild sensory and autonomic
small fiber neuropathy with potential central nervous system involvement.

Puhakka et al. [40] observed longer BR latencies in BMS patients compared to healthy
controls, although the changes were not statistically significant compared to healthy con-
trols, suggesting the presence of peripheral small fiber damage that may not be isolated
to the small fiber system alone. Similarly, Kolkka et al. [59] found increased stimulation
thresholds and decreased neurophysiological function of Ad fibers in BMS patients, fur-
ther supporting the involvement of SEN in BMS. However, the results were not always
statistically significant, highlighting some variability in BR responses.

Table 6 presents findings from three studies that employed unique methodologies
to assess SFN in patients with BMS. Just et al. [49] conducted a study using capsaicin-
impregnated filter-paper strips applied to the dorsal anterior tongue, which revealed
that BMS patients exhibited higher pain thresholds and elevated sensation-related thresh-
olds, indicating impaired small fiber function. Shinoda et al. [55] investigated artemin
mRNA expression in the tongue mucosa epithelial cells and found a significant increase
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in BMS patients, suggesting enhanced activity of heat-sensitive nerve fibers. Additionally,
O’Neill et al. [58] used CCM to detect corneal small fiber damage in BMS patients. Their
findings showed reduced corneal nerve fiber density and length, as well as an increased
number of Langerhans cells, further indicating corneal small fiber damage.

Table 6. Studies using capsaicin, artemin mRNA expression, and corneal confocal microscopy for
SFN assessment.

Author Test Site Relevant Outcomes SFN Implication
Comments
Capsaicin- Higher pain and perception Peripheral trigeminal
Just et al., 2010 [49] impregnated Dorsal anterior tongue  thresholds in BMS patients sensitivity; impaired small

filter-paper strips

compared to controls

fiber function.

Shinoda et al., 2015 [55]

Artemin mRNA
expression; scraping
mucosa

Tongue

Significantly higher artemin
mRNA expression in the tongue of
BMS patients

Increased sensitivity of
heat-responsive fibers
mediated by GFRa3
signaling, which could
serve as a biomarker

for SFN

O’ Neill et al., 2018 [58]

Significantly lower corneal nerve
fiber density and corneal nerve
fiber length in BMS patients
compared with controls
Significantly higher number of
Langerhans cells in BMS patients
compared with controls

Corneal small fiber
damage suggesting a
systemic involvement of
SFN in BMS

Central corneal
sub-basal
nerve plexus

Abbreviations: BMS: burning mouth syndrome; SEN: small fiber neuropathy; CCM: corneal confocal microscopy;
GFRa3: Glial Cell Line-Derived Neurotrophic Factor Receptor Alpha 3. mRNA: Messenger Ribonucleic Acid.

The results of this systematic review provide compelling evidence supporting the
involvement of SEN in the pathogenesis of BMS. The comprehensive analysis of 20 clin-
ical studies [16,17,40,43-59], including a total of 409 BMS patients and 309 controls has
revealed consistent patterns of sensory dysfunction, nerve fiber density reduction, and
morphological changes in BMS patients that are indicative of SFN. Diagnostic methods
such as QST, biopsies, and BR assessments were commonly employed. The participant
demographic predominantly fell within the middle-aged to elderly range (50 to 70 years),
aligning with the population most affected by BMS [10] and enhancing the generalizability
of the findings.

The moderate risk of bias in many studies suggests that the findings, though indicative,
should be interpreted with caution. Common issues, such as inadequate sample size justifi-
cation, inadequate blinding, and unclear control group selection, were especially notable in
studies with higher bias scores. While most studies clearly stated their objectives, defined
populations, and included appropriate controls, key limitations persisted. These included
a lack of random selection or blinded assessors, and in some cases, vague population
definitions, as observed in Grushka et al. [43]. Although many studies recruited control
groups from comparable populations—thus minimizing confounding variables—some,
like Ito et al. [46], did not clearly report control group selection, raising concerns about
selection bias. Despite these shortcomings, the majority of studies met basic inclusion
criteria and were rated as “fair” quality.

3.1. QST and Sensory Dysfunction in BMS

The results from the majority of QST studies [43,45,46,54,56,57,59] strongly indicate
that SFN plays a significant role in BMS, as evidenced by altered thermal thresholds,
reduced heat pain tolerance, and signs of peripheral nerve fiber degeneration. The ob-
servation of both increased and decreased CDT and WDT suggests that BMS patients
may experience either hypersensitivity or hyposensitivity to thermal stimuli, implicating
dysfunction in both A and C fibers. This is consistent with previous findings, such as the
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meta-analysis by Madariaga et al. [60], which reported thermal threshold alterations in
38.5% of the studies reviewed.

The pattern of sensory abnormalities observed in BMS aligns with findings in other
SFN-related conditions, such as diabetic neuropathy, fibromyalgia, and idiopathic small
fiber neuropathy (ISEN) [61], where patients often present with increased thermal detection
thresholds and reduced pain sensitivity.

However, the variability in QST results suggests that SFN may not be present in all
BMS patients. Kaplan et al. [51], for example, found no significant differences in CDT or
WDT between patients and controls, indicating that SEN might not be the only underlying
mechanism in BMS.

Additionally, the mixed outcomes reported by Puhakka et al. [40], where only CDT
was elevated, suggest that SEN in BMS may not consistently affect all sensory modalities.
This variability might also point to the involvement of central neuropathic mechanisms,
such as conditions like fibromyalgia, where central sensitization plays a key role [16,62].
Therefore, BMS should be regarded as a heterogeneous condition, with SFN being a central
component in some patients but not in others.

3.2. Nerve Fiber Density and Morphological Changes

The results from six of eight biopsy studies [16,17,40,47,50,56] strongly suggest that
SEN plays a critical role in BMS, as evidenced by the significant reduction in intraepithelial
nerve fiber density. This reduction parallels findings in other SFN-related conditions,
such as diabetic neuropathy and ISEN [63,64], which are characterized by similar sensory
disturbances. The loss of small nerve fibers in BMS likely contributes to the burning pain
and sensory abnormalities reported by patients, indicating disrupted sensory signaling
and altered pain and temperature perception.

Further supporting these findings, Yilmaz et al. [56] and Beneng et al. [47] identified
increased expression of TRPV1 and P2X3 receptors, nociceptive markers commonly asso-
ciated with pain and temperature regulation. TRPV1, known for its role in detecting and
regulating body temperature and pain, is often upregulated in chronic pain conditions.

Although nerve fiber loss is characteristic of SEN, the upregulation of P2X3 receptors
likely occurs in the remaining or regenerating fibers. This phenomenon is consistent with
compensatory mechanisms observed in other neuropathic conditions, where surviving
neurons increase receptor expression in response to nerve damage. This upregulation
may enhance the sensitivity to pain stimuli despite the overall reduction in small sensory
neurons, thereby contributing to the persistent burning sensations experienced by BMS
patients [65].

While Domaneschi et al. [46] did not find statistically significant differences in the
expression of Nav1.7 or Nav1.9 sodium channels in BMS patients, other studies suggest a
potential involvement of these channels in the pathogenesis of neuropathic pain. Nav1.7, in
particular, has been implicated in various neuropathic pain disorders, such as erythromelal-
gia and SEN [66,67], where overexpression can heighten pain perception. Therefore, even
in the absence of significant expression changes, the role of these channels in abnormal
pain signaling should not be ruled out. Further studies are needed to explore the precise
contribution of sodium channels in BMS pathophysiology.

Overall, these findings align with broader SFN literature, where nerve fiber loss and
receptor upregulation are common features. The patterns observed in BMS—nociceptor
upregulation and small fiber loss—mirror those seen in conditions such as fibromyalgia
and diabetic neuropathy [62,63], suggesting a shared mechanism underlying chronic pain
and sensory disturbances.

3.3. Blink Reflex and Other Diagnostic Techniques

The BR assessments provided valuable insights into the pathology of BMS, revealing
evidence of SEN in most studies [40,52,59], with prolonged latencies and irregularities sug-
gesting peripheral small fiber damage and potential central nervous system involvement.
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Mendak et al. [52] reported significant differences in BR parameters, such as prolonged
latencies and frequent irregularities, indicative of mild sensory and autonomic small fiber
neuropathy with potential central nervous system involvement. These findings align with
other SFN-related conditions, including trigeminal neuralgia and idiopathic facial pain,
where similar BR abnormalities suggest the involvement of small-diameter fibers [68].

However, the variability in BR findings, as seen in studies by Puhakka et al. [40]
and Kolkka et al. [59], suggests that SEN in BMS may not uniformly affect all sensory
modalities. This inconsistency in results, also observed in ISEN [69], reflects the complexity
and heterogeneity of SFN presentation in BMS. The lack of significant BR differences in
some cases may indicate that BR testing, while useful, lacks the sensitivity to detect all
forms of SEN, or that the condition affects different nerve fibers at different stages.

Additionally, Kolkka et al. [59] identified negative neurophysiological signs indicative
of decreased AS fiber function, further supporting the presence of peripheral small fiber
damage and a neuropathic pain condition due to focal SFN. Notably, the study found
that benzodiazepines or other central nervous system-affecting drugs did not influence
stimulation thresholds in BMS patients, suggesting that the neuropathic pain and SFN
in BMS may be more localized to peripheral pathways rather than being significantly
modulated by central interventions.

The absence of significant BR abnormalities in most BMS patients compared to controls
implies that BMS may involve more complex or variable pathophysiological mechanisms
than can be detected through BR testing alone. This finding is consistent with broader SEN
literature [70,71], where diagnostic tools like BR often yield variable results depending on
the specific fibers affected and the extent of nerve involvement. For instance, in conditions
like ISFN and trigeminal neuralgia [72], BR abnormalities are not universally observed,
suggesting that the utility of BR may be limited to specific subtypes of SFN or stages of
disease progression. These findings support the hypothesis that BMS involves focal SEN,
like patterns observed in conditions such as diabetic neuropathy [63], where BR testing has
revealed dysfunctions related to small fiber damage. The variability in BR responses across
different studies and stimulation sites underscores the complex and multifactorial nature
of SEN in BMS, suggesting that a combination of peripheral and central mechanisms may
be involved.

In conclusion, while BR assessments contribute valuable insights into the involvement
of SEN in BMS, their diagnostic utility may be limited by variability in sensitivity and speci-
ficity across different patient populations and stages of disease. BR testing should therefore
be used as a complementary tool within a broader diagnostic framework, considering the
diverse clinical presentations and underlying mechanisms of SFN in BMS.

3.4. Other Diagnostic Technigues

Recent advances in diagnostic methodologies, such as capsaicin-impregnated strips,
artemin mRNA expression analysis, and CCM, have reinforced the potential link between
BMS and SEN. These techniques offer a multifaceted approach to understanding the
underlying neuropathic processes, emphasizing the role of small fiber dysfunction in the
altered sensory perceptions experienced by BMS patients.

The study by Just et al. [49] found higher pain thresholds and reduced sensation-
related thresholds in BMS patients, suggesting impaired small fiber function in the pe-
ripheral trigeminal system. Capsaicin, which activates TRPV1 receptors on small sensory
fibers, particularly C-fibers and Ad-fibers [73], revealed desensitization or dysfunction of
these fibers, leading to altered pain perception. This supports the hypothesis that BMS is
associated with peripheral trigeminal sensitivity issues, implicating SEN as a contributing
factor in the altered sensory experiences of BMS patients.

Shinoda et al. [55] demonstrated increased artemin mRNA expression in the tongues of
BMS patients, suggesting a molecular mechanism contributing to the hypersensitivity and
pain observed in BMS. Artemin, a member of the glial cell line-derived neurotrophic factor
(GDNF) family, supports the survival and function of small-diameter sensory neurons,
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particularly C-fibers, by binding to the GDNF family receptor o3 (GFR«3) [74,75]. The
upregulation of artemin could enhance GFR«3 signaling, leading to the recruitment and
sensitization of heat-sensitive fibers, contributing to heightened pain sensitivity indicating
an underlying neuropathic process affecting small fibers. These findings align with research
by Elitt et al., who demonstrated that in transgenic mice overexpressing artemin in skin
keratinocytes, there was a corresponding increase in TRPV1 expression in dorsal root
ganglion neurons, linking artemin-GFR«&3 signaling to increased nociceptive responses [76].
Furthermore, Shinoda et al.’s study found that a mouse model of BMS exhibited increased
artemin protein expression in the keratinized epithelium of the tongue, indicating a direct
role of artemin in the neuropathic pain mechanisms associated with BMS. Notably, when
anti-artemin neutralizing antibodies were administered in the tongues of these mice, there
was a reversal of heat hyperalgesia and a reduction in the number of TRPV1-positive and
GFRa3-positive trigeminal neurons. These results suggest that artemin may serve as a
potential biomarker for SEN in BMS, reflecting its pivotal role in the pathogenesis of this
condition [55].

O’NeEeill et al. [58] utilized CCM to examine the corneal sub-basal nerve plexus in
BMS patients, revealing significantly lower corneal nerve fiber density and length, along
with an increased number of Langerhans cells. The reduction in nerve fiber density and
length indicates small fiber damage, while the rise in Langerhans cells, which are antigen-
presenting cells [77], may reflect an inflammatory process contributing to the neuropathy:.
These findings reinforce the hypothesis that BMS involves small fiber damage not just
in the oral cavity but also in other regions like the cornea, suggesting a more systemic
involvement of small fibers.

These findings align with other studies on SFN-related pathologies. For instance, Quat-
trini et al. [78] found similar reductions in nerve fiber density in diabetic neuropathy using
CCM, with corneal nerve fiber length and density serving as predictors of disease severity
and progression in chronic idiopathic axonal neuropathy [70]. Additionally, hereditary
sensory and autonomic neuropathies have been diagnosed early using CCM and capsaicin
testing, enabling earlier intervention [70]. Increased artemin levels have also been linked to
heightened pain sensitivity and inflammation in conditions like rheumatoid arthritis [71].

The use of different diagnostic modalities—such as capsaicin testing, artemin mRNA
expression, and corneal confocal microscopy—provides complementary evidence support-
ing this hypothesis of SFN in BMS. These techniques highlight different aspects of small
fiber dysfunction, from altered pain thresholds to molecular changes and structural damage,
offering a more comprehensive understanding of the neuropathic components of BMS.
Furthermore, the utility of these methods in other neuropathic conditions underscores their
broader relevance and potential for improving diagnostic accuracy and patient outcomes
across various SFN-related pathologies.

The combination of capsaicin testing, artemin mRNA expression, and CCM provides
complementary evidence supporting SFN as a key factor in BMS. These techniques high-
light various aspects of small fiber dysfunction, ranging from altered pain thresholds to
molecular changes and structural damage, offering a more comprehensive understanding
of the neuropathic components of BMS. Furthermore, their successful use in other neuro-
pathic conditions underscores their broader relevance and potential to enhance diagnostic
accuracy and treatment outcomes for SFN-related pathologies.

The management of SFN in BMS remains a significant challenge in oral medicine, as
it involves addressing both neuropathic pain and underlying nerve dysfunction. Phar-
macological interventions, such as anticonvulsants (e.g., gabapentin, pregabalin), tricyclic
antidepressants, and topical agents like capsaicin, are frequently employed due to their
demonstrated efficacy in alleviating neuropathic pain, particularly in the context of pe-
ripheral neuropathy [79]. These treatments may offer comparable benefits in BMS by
modulating nerve hyperexcitability and reducing the pain signals typically associated
with SEN.
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Topical treatments, such as clonazepam, have gained attention for their ability to
desensitize TRPV1 receptors, which are implicated in the burning sensations experienced
by BMS patients. Studies suggest that individuals with BMS exhibit elevated TRPV1
expression, making TRPV1 receptor modulation a promising therapeutic target [17]. In
addition to existing treatments, emerging pharmacotherapies like sodium channel blockers
are being explored due to their capacity to alleviate pain by targeting the hyperexcitability
of damaged peripheral nerves, as demonstrated in various neuropathic conditions [80].

However, considering the heterogeneity of BMS presentations and underlying mech-
anisms, individualized treatment plans that integrate both pharmacological and non-
pharmacological strategies are essential for optimizing patient outcomes. This is particu-
larly relevant when managing peripheral neuropathy within BMS, as personalized care
models allow for more targeted interventions, improving the efficacy of treatment across
different patient profiles. In the context of a systematic review, understanding the breadth
of pharmacological and non-pharmacological treatments, alongside their effectiveness in
treating SFN-related neuropathy within BMS, is crucial for synthesizing current evidence
and guiding future research directions.

3.5. Limitations

This systematic review has several limitations that should be acknowledged. First,
despite the comprehensive nature of the literature search, the review only included studies
published in English and indexed in specific databases, potentially missing relevant studies
published in other languages or not indexed in these databases. This language and database
limitation could introduce selection bias and affect the comprehensiveness of the findings.
Second, the studies included in this review involved a relatively small number of BMS
patients, with the total sample size across all studies being limited. This small sample
size creates a low statistical power for detecting significant differences and limits the
generalizability of the findings. Additionally, the heterogeneity in study designs, patient
populations, and diagnostic methodologies, particularly in the use of QST protocols, may
contribute to the variability in results observed across studies. This heterogeneity also
prevented the performance of a meta-analysis, which could have provided a more robust
quantitative synthesis of the data. Third, the risk of bias in the included studies ranged
from 25% to 67%, indicating that many studies had methodological limitations, such as the
lack of sample size justification, random selection, or blinding of assessors. These factors
introduce potential biases that could influence the reliability of the findings.

4. Conclusions

The collective evidence strongly indicates that SFN plays a significant role in the
pathophysiology of BMS, though it is unlikely to be the sole contributor. The variabil-
ity in findings across studies highlights the heterogeneous nature of BMS, suggesting it
may represent a spectrum of conditions with diverse underlying causes, rather than a
single, uniform disorder. Factors such as differences in study design, patient populations,
diagnostic criteria, and methodologies likely contribute to this variability, complicating
our understanding of BMS and indicating the involvement of multiple mechanisms, both
peripheral and central.

Notably, robust data from biopsies and molecular analyses have identified peripheral
nerve alterations, including the increased expression of nociceptive markers such as TRPV1,
P2X3, and Nav1.7, which suggest ongoing peripheral sensitization. These findings align
BMS with other neuropathic pain conditions characterized by dysregulated ion channels
and receptor overexpression. However, the interplay between peripheral and central
mechanisms adds further complexity to the diagnosis and treatment of BMS, highlighting
the need for more sophisticated diagnostic approaches.

While evidence supports the role of SEN in BMS, establishing definitive causality
requires longitudinal studies. The predominance of cross-sectional research limits our
ability to determine temporal relationships between SEN and BMS onset. Future research
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should aim to address these gaps by employing systematically designed studies with
larger, more diverse patient populations, standardized diagnostic criteria, and advanced
molecular techniques.

Understanding the role of SEN in BMS opens promising avenues for therapeutic
intervention, particularly through treatments targeting small fiber function and neuropathic
pathways. By advancing our knowledge of both peripheral and central neural contributions
to BMS, we can pave the way for more effective, targeted therapies that may reduce the
reliance on broad-spectrum pain management medications and their associated side effects.

Future research should focus on systematically designed studies that include larger,
more diverse patient populations, standardized diagnostic criteria, and advanced molecular
techniques to confirm SFN’s role and explore additional neuropathic pathways. A deeper
understanding of peripheral and/or central neural implications in BMS pathophysiology
could lead to more targeted therapeutic approaches, potentially avoiding the side effects
associated with commonly prescribed pain management medications.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ijms252111442/s1.

Author Contributions: Conceptualization, M.K. and D.A.; methodology, M.K. and E.C.; software,
E.V,; validation, M.G., EC. and M.D.M.; formal analysis, M.K; investigation, N.N.; resources, M.K.;
data curation, D.A.; writing—original draft preparation, M.K.; writing—review and editing, D.A.
and F.C,; visualization, M.D.M.; supervision, N.N.; project administration, E.V. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This systematic review exclusively involved the analysis of
previously published data, with no direct involvement of human participants. Consequently, ethics
committee approval was not required.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that supports the findings of this study are available from the
corresponding author, D.A., upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  ICOP. International Classification of Orofacial Pain, 1st edition (ICOP). Cephalalgia 2020, 40, 129-221. [CrossRef] [PubMed]

2. Adamo, D.; Pecoraro, G.; Fortuna, G.; Amato, M.; Marenzi, G.; Aria, M.; Mignogna, M.D. Assessment of oral health-related
quality of life, measured by OHIP-14 and GOHALI, and psychological profiling in burning mouth syndrome: A case-control
clinical study. J. Oral Rehabil. 2020, 47, 42-52. [CrossRef] [PubMed]

3. Aravindhan, R.; Vidyalakshmi, S.; Kumar, M.S.; Satheesh, C.; Balasubramanium, A.M.; Prasad, V.S. Burning mouth syndrome: A
review on its diagnostic and therapeutic approach. J. Pharm. Bioallied Sci. 2014, 6 (Suppl. S1), S21-525. [CrossRef] [PubMed]

4. Adamo, D; Calabria, E.; Canfora, F.; Coppola, N.; Pecoraro, G.; D"Aniello, L.; Aria, M.; Mignogna, M.D.; Leuci, S. Burning mouth
syndrome: Analysis of diagnostic delay in 500 patients. Oral Dis. 2023, 30, 1543-1554. [CrossRef] [PubMed]

5. Freilich, ].E.; Kuten-Shorrer, M.; Treister, N.S.; Woo, S.B.; Villa, A. Burning mouth syndrome: A diagnostic challenge. Oral Surg.
Oral Med. Oral Pathol. Oral Radiol. 2020, 129, 120-124. [CrossRef] [PubMed]

6. Canfora, F; Calabria, E.; Cuocolo, R.; Ugga, L.; Buono, G.; Marenzi, G.; Gasparro, R.; Pecoraro, G.; Aria, M.; D’Aniello, L.; et al.
Burning Fog: Cognitive Impairment in Burning Mouth Syndrome. Front. Aging Neurosci. 2021, 13, 727417. [CrossRef] [PubMed]
[PubMed Central]

7. Dugan, C.; Popescu, B.O.; Tovaru, S.; Parlatescu, I.; Musat, I.A.; Dobre, M.; Ribigan, A.C.; Milanesi, E. Neuropsychological
assessment of Romanian burning mouth syndrome patients: Stress, depression, sleep disturbance, and verbal fluency impairments.
Front. Psychol. 2023, 14, 1176147. [CrossRef] [PubMed] [PubMed Central]

8. Canfora, F; Calabria, E.; Pecoraro, G.; DAniello, L.; Aria, M.; Marenzi, G.; Sammartino, P.; Mignogna, M.D.; Adamo, D. The use of
self-report questionnaires in an analysis of the multidimensional aspects of pain and a correlation with the psychological profile
and quality of life in patients with burning mouth syndrome: A case-control study. ]. Oral Rehabil. 2022, 49, 890-914. [CrossRef]
[PubMed] [PubMed Central]

9. Jedel, E,; Elfstrom, M.L.; Hagglin, C. Differences in personality, perceived stress and physical activity in women with burning
mouth syndrome compared to controls. Scand. J. Pain 2020, 21, 183-190. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/ijms252111442/s1
https://www.mdpi.com/article/10.3390/ijms252111442/s1
https://doi.org/10.1177/0333102419893823
https://www.ncbi.nlm.nih.gov/pubmed/32103673
https://doi.org/10.1111/joor.12864
https://www.ncbi.nlm.nih.gov/pubmed/31332814
https://doi.org/10.4103/0975-7406.137255
https://www.ncbi.nlm.nih.gov/pubmed/25210377
https://doi.org/10.1111/odi.14553
https://www.ncbi.nlm.nih.gov/pubmed/36825392
https://doi.org/10.1016/j.oooo.2019.09.015
https://www.ncbi.nlm.nih.gov/pubmed/31678041
https://doi.org/10.3389/fnagi.2021.727417
https://www.ncbi.nlm.nih.gov/pubmed/34475821
https://www.ncbi.nlm.nih.gov/pmc/PMC8406777
https://doi.org/10.3389/fpsyg.2023.1176147
https://www.ncbi.nlm.nih.gov/pubmed/37255508
https://www.ncbi.nlm.nih.gov/pmc/PMC10225505
https://doi.org/10.1111/joor.13343
https://www.ncbi.nlm.nih.gov/pubmed/35611463
https://www.ncbi.nlm.nih.gov/pmc/PMC9544557
https://doi.org/10.1515/sjpain-2020-0110
https://www.ncbi.nlm.nih.gov/pubmed/33108343

Int. J. Mol. Sci. 2024, 25, 11442 17 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.
29.
30.
31.
32.

33.

34.

35.

36.

37.

Wu, S.; Zhang, W.; Yan, J.; Noma, N.; Young, A.; Yan, Z. Worldwide prevalence estimates of burning mouth syndrome: A
systematic review and meta-analysis. Oral Dis. 2022, 28, 1431-1440. [CrossRef] [PubMed]

Tait, R.C.; Ferguson, M.; Herndon, C.M. Chronic Orofacial Pain: Burning Mouth Syndrome and Other Neuropathic Disorders. J.
Pain. Manag. Med. 2017, 3, 120. [CrossRef] [PubMed] [PubMed Central]

Jaaskeldinen, S.K. Pathophysiology of primary burning mouth syndrome. Clin. Neurophysiol. 2012, 123, 71-77. [CrossRef]
[PubMed]

Kolkka-Palomaa, M.; Jddskeldinen, S.K.; Laine, M. A.; Teerijoki-Oksa, T.; Sandell, M.; Forssell, H. Pathophysiology of primary
burning mouth syndrome with special focus on taste dysfunction: A review. Oral Dis. 2015, 21, 937-948. [CrossRef] [PubMed]
Adamo, D.; Canfora, F,; Calabria, E.; Coppola, N.; Leuci, S.; Pecoraro, G.; Cuocolo, R.; Ugga, L.; D’Aniello, L.; Aria, M.; et al.
White matter hyperintensities in Burning Mouth Syndrome assessed according to the Age-Related White Matter Changes scale.
Front. Aging Neurosci. 2022, 14, 923720. [CrossRef] [PubMed] [PubMed Central]

Hagelberg, N.; Forssell, H.; Rinne, J.O.; Scheinin, H.; Taiminen, T.; Aalto, S.; Luutonen, S.; Nagren, K ; Jadskeldinen, S. Striatal
dopamine D1 and D2 receptors in burning mouth syndrome. Pain 2003, 101, 149-154. [CrossRef] [PubMed]

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. [CrossRef] [PubMed]

Yilmaz, Z.; Renton, T.; Yiangou, Y.; Zakrzewska, J.; Chessell, L.P; Bountra, C.; Anand, P. Burning mouth syndrome as a trigeminal
small fibre neuropathy: Increased heat and capsaicin receptor TRPV1 in nerve fibres correlates with pain score. J. Clin. Neurosci.
2007, 14, 864-871. [CrossRef] [PubMed]

Sene, D. Small fiber neuropathy: Diagnosis, causes, and treatment. Jt. Bone Spine 2018, 85, 553-559. [CrossRef] [PubMed]
Terkelsen, A.].; Karlsson, P,; Lauria, G.; Freeman, R.; Finnerup, N.B.; Jensen, T.S. The diagnostic challenge of small fibre neuropathy:
Clinical presentations, evaluations, and causes. Lancet Neurol. 2017, 16, 934-944. [CrossRef]

Oaklander, A.L.; Nolano, M. Scientific Advances in and Clinical Approaches to Small-Fiber Polyneuropathy: A Review. JAMA
Neurol. 2019, 76, 1240-1251, Erratum in JAMA Neurol. 2019, 76, 1520. [CrossRef] [PubMed] [PubMed Central]

Sopacua, M.; Hoeijmakers, ].G.J.; Merkies, 1.S.].; Lauria, G.; Waxman, S.G.; Faber, C.G. Small-fiber neuropathy: Expanding the
clinical pain universe. J. Peripher. Nerv. Syst. 2019, 24, 19-33. [CrossRef] [PubMed]

Themistocleous, A.C.; Ramirez, ].D.; Serra, J.; Bennett, D.L. The clinical approach to small fibre neuropathy and painful
channelopathy. Pract. Neurol. 2014, 14, 368-379. [CrossRef] [PubMed] [PubMed Central]

Hovaguimian, A.; Gibbons, C.H. Diagnosis and treatment of pain in small-fiber neuropathy. Curr. Pain. Headache Rep. 2011, 15,
193-200. [CrossRef] [PubMed] [PubMed Central]

Hensel, H.; Boman, K.K. Afferent impulses in cutaneous sensory nerves in human subjects. J. Neurophysiol. 1960, 23, 564-578.
[CrossRef] [PubMed]

Politei, ].M.; Durand, C.; Schenone, A.B. Small Fiber Neuropathy in Fabry Disease: A Review of Pathophysiology and Treatment.
J. Inborn Errors Metab. Screen. 2019, 4, e160002. [CrossRef]

Johnson, S.A.; Shouman, K.; Shelly, S.; Sandroni, P,; Berini, S.E.; Dyck, P].B.; Hoffman, E.M.; Mandrekar, J.; Niu, Z.; Lamb, C.J.;
et al. Small Fiber Neuropathy Incidence, Prevalence, Longitudinal Impairments, and Disability. Neurology 2021, 97, e2236—-e2247.
[CrossRef] [PubMed] [PubMed Central]

Merkies, L.S.; Faber, C.G.; Lauria, G. Advances in diagnostics and outcome measures in peripheral neuropathies. Neurosci. Lett.
2015, 596, 3-13. [CrossRef] [PubMed]

Fink, E.; Oaklander, A.L. Small-fiber neuropathy: Answering the burning questions. Sci. Aging Knowl. Environ. 2006, 2006, pe7.
[CrossRef]

Lacomis, D. Small-fiber neuropathy. Muscle Nerve Off. |. Am. Assoc. Electrodiagn. Med. 2002, 26, 173-188. [CrossRef]

Cazzato, D.; Lauria, G. Small fibre neuropathy. Curr. Opin. Neurol. 2017, 30, 490-499. [CrossRef] [PubMed]

Devigili, G.; Cazzato, D.; Lauria, G. Clinical diagnosis and management of small fiber neuropathy: An update on best practice.
Expert. Rev. Neurother. 2020, 20, 967-980. [CrossRef] [PubMed]

Bitzi, L.M.; Lehnick, D.; Wilder-Smith, E.P. Small fiber neuropathy: Swiss cohort characterization. Muscle Nerve 2021, 64, 293-300.
[CrossRef] [PubMed] [PubMed Central]

De Greef, B.T.A.; Hoeijmakers, ].G.].; Gorissen-Brouwers, C.M.L.; Geerts, M.; Faber, C.G.; Merkies, 1.S.]. Associated conditions in
small fiber neuropathy—A large cohort study and review of the literature. Eur. J. Neurol. 2018, 25, 348-355. [CrossRef] [PubMed]
[PubMed Central]

Peters, M.].; Bakkers, M.; Merkies, 1.S.; Hoeijmakers, J.G.; van Raak, E.P.; Faber, C.G. Incidence and prevalence of small-fiber
neuropathy: A survey in the Netherlands. Neurology 2013, 81, 1356-1360. [CrossRef] [PubMed]

Alsaloum, M.; Labau, J.I.R,; Sosniak, D.; Zhao, P.; Almomani, R.; Gerrits, M.; Hoeijmakers, ].G.J.; Lauria, G.; Faber, C.G.; Waxman,
S5.G.; et al. A novel gain-of-function sodium channel 32 subunit mutation in idiopathic small fiber neuropathy. J. Neurophysiol.
2021, 126, 827-839. [CrossRef] [PubMed] [PubMed Central]

Faber, C.G,; Lauria, G.; Merkies, LS.].; Cheng, X.; Han, C.; Ahn, H.S,; Persson, A K.; Hoeijmakers, ].G.].; Gerrits, M.M.; Pierro, T.;
et al. Gain-of-function Nav1.8 mutations in painful neuropathy. Proc. Natl. Acad. Sci. USA 2012, 109, 19444-19449. [CrossRef]
Huang, J.; Han, C.; Estacion, M.; Vasylyev, D.; Hoeijmakers, ].G.; Gerrits, M.M.; Tyrrell, L.; Lauria, G.; Faber, C.G.; Dib-Hajj, S.D.;
et al. Gain-of-function mutations in sodium channel Na(v)1.9 in painful neuropathy. Brain 2014, 137 Pt 6, 1627-1642. [CrossRef]
[PubMed]


https://doi.org/10.1111/odi.13868
https://www.ncbi.nlm.nih.gov/pubmed/33818878
https://doi.org/10.35248/2684-1320.17.3.120
https://www.ncbi.nlm.nih.gov/pubmed/28638895
https://www.ncbi.nlm.nih.gov/pmc/PMC5475277
https://doi.org/10.1016/j.clinph.2011.07.054
https://www.ncbi.nlm.nih.gov/pubmed/22030140
https://doi.org/10.1111/odi.12345
https://www.ncbi.nlm.nih.gov/pubmed/25962669
https://doi.org/10.3389/fnagi.2022.923720
https://www.ncbi.nlm.nih.gov/pubmed/36118686
https://www.ncbi.nlm.nih.gov/pmc/PMC9475000
https://doi.org/10.1016/S0304-3959(02)00323-8
https://www.ncbi.nlm.nih.gov/pubmed/12507709
https://doi.org/10.1016/j.pain.2005.03.028
https://www.ncbi.nlm.nih.gov/pubmed/15911160
https://doi.org/10.1016/j.jocn.2006.09.002
https://www.ncbi.nlm.nih.gov/pubmed/17582772
https://doi.org/10.1016/j.jbspin.2017.11.002
https://www.ncbi.nlm.nih.gov/pubmed/29154979
https://doi.org/10.1016/S1474-4422(17)30329-0
https://doi.org/10.1001/jamaneurol.2019.2917
https://www.ncbi.nlm.nih.gov/pubmed/31498378
https://www.ncbi.nlm.nih.gov/pmc/PMC10021074
https://doi.org/10.1111/jns.12298
https://www.ncbi.nlm.nih.gov/pubmed/30569495
https://doi.org/10.1136/practneurol-2013-000758
https://www.ncbi.nlm.nih.gov/pubmed/24778270
https://www.ncbi.nlm.nih.gov/pmc/PMC4251302
https://doi.org/10.1007/s11916-011-0181-7
https://www.ncbi.nlm.nih.gov/pubmed/21286866
https://www.ncbi.nlm.nih.gov/pmc/PMC3086960
https://doi.org/10.1152/jn.1960.23.5.564
https://www.ncbi.nlm.nih.gov/pubmed/13713454
https://doi.org/10.1177/2326409816661351
https://doi.org/10.1212/WNL.0000000000012894
https://www.ncbi.nlm.nih.gov/pubmed/34706972
https://www.ncbi.nlm.nih.gov/pmc/PMC8641968
https://doi.org/10.1016/j.neulet.2015.02.038
https://www.ncbi.nlm.nih.gov/pubmed/25703220
https://doi.org/10.1126/sageke.2006.6.pe7
https://doi.org/10.1002/mus.10181
https://doi.org/10.1097/WCO.0000000000000472
https://www.ncbi.nlm.nih.gov/pubmed/28665811
https://doi.org/10.1080/14737175.2020.1794825
https://www.ncbi.nlm.nih.gov/pubmed/32654574
https://doi.org/10.1002/mus.27340
https://www.ncbi.nlm.nih.gov/pubmed/34075618
https://www.ncbi.nlm.nih.gov/pmc/PMC8453953
https://doi.org/10.1111/ene.13508
https://www.ncbi.nlm.nih.gov/pubmed/29112785
https://www.ncbi.nlm.nih.gov/pmc/PMC5814938
https://doi.org/10.1212/WNL.0b013e3182a8236e
https://www.ncbi.nlm.nih.gov/pubmed/23997150
https://doi.org/10.1152/jn.00184.2021
https://www.ncbi.nlm.nih.gov/pubmed/34320850
https://www.ncbi.nlm.nih.gov/pmc/PMC8461825
https://doi.org/10.1073/pnas.1216080109
https://doi.org/10.1093/brain/awu079
https://www.ncbi.nlm.nih.gov/pubmed/24776970

Int. J. Mol. Sci. 2024, 25, 11442 18 of 19

38.

39.

40.

41.

42.

43.
44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Dyck, PJ.; O’brien, P.C. Quantitative sensation testing in small-diameter sensory fiber neuropathy. Muscle Nerve 2002, 26, 595-596.
[CrossRef]

Loseth, S.; Nebuchennykh, M.; Brokstad, R.T.; Lindal, S.; Mellgren, S.I. Cutaneous nerve biopsy in patients with symptoms of
small fiber neuropathy: A retrospective study. Scand. |. Pain 2024, 24, 20230071. [CrossRef]

Puhakka, A.; Forssell, H.; Soinila, S.; Virtanen, A.; Royttd, M.; Laine, M.; Tenovuo, O.; Teerijoki-Oksa, T.; Jadskeldinen, S.K.
Peripheral nervous system involvement in primary burning mouth syndrome—Results of a pilot study. Oral Dis. 2016, 22,
338-344. [CrossRef] [PubMed]

Page, M.].; McKenzie, ].E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef] [PubMed]

NIH Quality Assessment Tool of Case Control Studies. Available online: https://www.nhlbi.nih.gov/health-topics/study-
quality-assessment-tools (accessed on 20 June 2024).

Grushka, M. Clinical features of burning mouth syndrome. Oral Surg. Oral Med. Oral Pathol. 1987, 63, 30-36. [CrossRef] [PubMed]
Domaneschi, C.; Carvalho, V.J.G.; Marotta, B.M.; Sugaya, N.N.; Nunes, ED.; Gallo, C.B. Voltage-gated sodium channels gene
expression in Burning Mouth Syndrome: A case-control study. Braz. Oral Res. 2023, 37, e005. [CrossRef] [PubMed]

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. [CrossRef] [PubMed]

Ito, M.; Kurita, K.; Ito, T.; Arao, M. Pain threshold and pain recovery after experimental stimulation in patients with burning
mouth syndrome. Psychiatry Clin. Neurosci. 2002, 56, 161-168. [CrossRef] [PubMed]

Beneng, K.; Yilmaz, Z.; Yiangou, Y.; McParland, H.; Anand, P.; Renton, T. Sensory purinergic receptor P2X3 is elevated in burning
mouth syndrome. Int. J. Oral Maxillofac. Surg. 2010, 39, 815-819. [CrossRef] [PubMed]

Beneng, K.; Renton, T.; Yilmaz, Z.; Yiangou, Y.; Anand, P. Sodium channel Nay 1.7 immunoreactivity in painful human dental
pulp and burning mouth syndrome. BMC Neurosci. 2010, 11, 71. [CrossRef] [PubMed] [PubMed Central]

Just, T.; Pau, H.W,; Steiner, S.; Hummel, T. Assessment of oral trigeminal sensitivity in humans. Eur. Arch. Otorhinolaryngol. 2007,
264, 545. [CrossRef]

Penza, P.; Majorana, A.; Lombardi, R.; Camozzi, F.; Bonadeo, S.; Sapelli, P.; Lauria, G. “Burning tongue” and “burning tip”: The
diagnostic challenge of the burning mouth syndrome. Clin. J. Pain 2010, 26, 528-532. [CrossRef] [PubMed]

Kaplan, I; Levin, T.; Papoiu, A.D.; Patel, N.; Patel, T.; Calderon, S.; Littner, M.; McGlone, F.; Yosipovitch, G. Thermal sensory and
pain thresholds in the tongue and chin change with age, but are not altered in burning mouth syndrome. Skin. Res. Technol. 2011,
17,196-200. [CrossRef] [PubMed]

Mendak-Zidtko, M.; Konopka, T.; Bogucki, Z.A. Evaluation of select neurophysiological, clinical and psychological tests for
burning mouth syndrome. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2012, 114, 325-332. [CrossRef] [PubMed]

Borsani, E.; Majorana, A.; Cocchi, M.A.; Conti, G.; Bonadeo, S.; Padovani, A.; Lauria, G.; Bardellini, E.; Rezzani, R.; Rodella, L.F.
Epithelial expression of vanilloid and cannabinoid receptors: A potential role in burning mouth syndrome pathogenesis. Histol.
Histopathol. 2014, 29, 523-533. [CrossRef] [PubMed]

Mo, X.; Zhang, J.; Fan, Y.; Svensson, P.; Wang, K. Thermal and mechanical quantitative sensory testing in Chinese patients with
burning mouth syndrome—A probable neuropathic pain condition? J. Headache Pain 2015, 16, 84. [CrossRef] [PubMed] [PubMed
Central]

Shinoda, M.; Takeda, M.; Honda, K.; Maruno, M.; Katagiri, A.; Satoh-Kuriwada, S.; Shoji, N.; Tsuchiya, M.; Iwata, K. Involvement
of peripheral artemin signaling in tongue pain: Possible mechanism in burning mouth syndrome. Pain 2015, 156, 2528-2537.
[CrossRef] [PubMed]

Yilmaz, Z.; Egbuniwe, O.; Renton, T. The Detection of Small-Fiber Neuropathies in Burning Mouth Syndrome and Iatrogenic
Lingual Nerve Injuries: Use of Quantitative Sensory Testing. J. Oral Facial Pain. Headache 2016, 30, 87-98. [CrossRef] [PubMed]
Hartmann, A.; Seeberger, R.; Bittner, M.; Rolke, R.; Welte-Jzyk, C.; Daubldnder, M. Profiling intraoral neuropathic disturbances
following lingual nerve injury and in burning mouth syndrome. BMC Oral Health 2017, 17, 68. [CrossRef] [PubMed] [PubMed
Central]

O’Neill, F.; Marshall, A.; Ferdousi, M.; Malik, R.A. Corneal Confocal Microscopy Detects Small-Fiber Neuropathy in Burning
Mouth Syndrome: A Cross-Sectional Study. J. Oral Facial Pain. Headache 2019, 33, 337-341. [CrossRef] [PubMed]

Kolkka, M.; Forssell, H.; Virtanen, A.; Puhakka, A.; Pesonen, U.; Jddskeldinen, S.K. Neurophysiology and genetics of burning
mouth syndrome. Eur. J. Pain 2019, 23, 1153-1161. [CrossRef] [PubMed]

Madariaga, V.I; Tanaka, H.; Ernberg, M. Psychophysical characterisation of burning mouth syndrome—A systematic review and
meta-analysis. ]. Oral Rehabil. 2020, 47, 1590-1605. [CrossRef] [PubMed]

Haroutounian, S.; Todorovic, M.S.; Leinders, M.; Campagnolo, M.; Gewandter, ].S.; Dworkin, R.H.; Freeman, R. Diagnostic criteria
for idiopathic small fiber neuropathy: A systematic review. Muscle Nerve 2021, 63, 170-177. [CrossRef] [PubMed]

Farhad, K; Oaklander, A.L. Fibromyalgia and small-fiber polyneuropathy: What’s in a name? Muscle Nerve 2018, 58, 611-613.
[CrossRef] [PubMed]

Davalos, L; Stino, A.; Smith, A.G. Diagnostic techniques for diabetic peripheral neuropathy. Diabet. Neuropathy Adv. Pathophysiol.
Clin. Manag. 2023, 21, 93-112.


https://doi.org/10.1002/mus.10255
https://doi.org/10.1515/sjpain-2023-0071
https://doi.org/10.1111/odi.12454
https://www.ncbi.nlm.nih.gov/pubmed/26847146
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1016/0030-4220(87)90336-7
https://www.ncbi.nlm.nih.gov/pubmed/3468464
https://doi.org/10.1590/1807-3107bor-2023.vol37.0005
https://www.ncbi.nlm.nih.gov/pubmed/36700589
https://doi.org/10.1097/00002508-199309000-00009
https://www.ncbi.nlm.nih.gov/pubmed/8219522
https://doi.org/10.1046/j.1440-1819.2002.00950.x
https://www.ncbi.nlm.nih.gov/pubmed/11952919
https://doi.org/10.1016/j.ijom.2010.03.013
https://www.ncbi.nlm.nih.gov/pubmed/20418063
https://doi.org/10.1186/1471-2202-11-71
https://www.ncbi.nlm.nih.gov/pubmed/20529324
https://www.ncbi.nlm.nih.gov/pmc/PMC2890014
https://doi.org/10.1007/s00405-006-0218-4
https://doi.org/10.1097/AJP.0b013e3181e15b83
https://www.ncbi.nlm.nih.gov/pubmed/20551728
https://doi.org/10.1111/j.1600-0846.2010.00483.x
https://www.ncbi.nlm.nih.gov/pubmed/21251086
https://doi.org/10.1016/j.oooo.2012.04.004
https://www.ncbi.nlm.nih.gov/pubmed/22862972
https://doi.org/10.14670/HH-29.10.523
https://www.ncbi.nlm.nih.gov/pubmed/24190005
https://doi.org/10.1186/s10194-015-0565-x
https://www.ncbi.nlm.nih.gov/pubmed/26399417
https://www.ncbi.nlm.nih.gov/pmc/PMC4580671
https://www.ncbi.nlm.nih.gov/pmc/PMC4580671
https://doi.org/10.1097/j.pain.0000000000000322
https://www.ncbi.nlm.nih.gov/pubmed/26270588
https://doi.org/10.11607/ofph.1531
https://www.ncbi.nlm.nih.gov/pubmed/27128472
https://doi.org/10.1186/s12903-017-0360-y
https://www.ncbi.nlm.nih.gov/pubmed/28330489
https://www.ncbi.nlm.nih.gov/pmc/PMC5363027
https://www.ncbi.nlm.nih.gov/pmc/PMC5363027
https://doi.org/10.11607/ofph.2338
https://www.ncbi.nlm.nih.gov/pubmed/31017984
https://doi.org/10.1002/ejp.1382
https://www.ncbi.nlm.nih.gov/pubmed/30793423
https://doi.org/10.1111/joor.13028
https://www.ncbi.nlm.nih.gov/pubmed/32500929
https://doi.org/10.1002/mus.27070
https://www.ncbi.nlm.nih.gov/pubmed/32989823
https://doi.org/10.1002/mus.26179
https://www.ncbi.nlm.nih.gov/pubmed/29938813

Int. J. Mol. Sci. 2024, 25, 11442 19 0f 19

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

Raicher, I.; Ravagnani, L.H.; Correa, S.G.; Dobo, C.; Mangueira, C.L.; Macarenco, R.S. Investigation of nerve fibers in the skin
by biopsy: Technical aspects, indications, and contribution to diagnosis of small-fiber neuropathy. Einstein 2022, 20, eMD8044.
[CrossRef]

Raouf, R.; Quick, K.; Wood, ].N. Pain as a channelopathy. J. Clin. Investig. 2010, 120, 3745-3752. [CrossRef] [PubMed] [PubMed
Central]

Leroux, M.B. Erythromelalgia: A cutaneous manifestation of neuropathy? An. Bras. Dermatol. 2018, 93, 86—94. [CrossRef]
Soriano, L.F.; Stoneham, S.; Lotery, H. CPC07: Erythromelalgia associated with small-fibre neuropathy. Br. ]. Dermatol. 2022, 187,
22 . [CrossRef]

Jaaskeldinen, S.K. Differential diagnosis of chronic neuropathic orofacial pain: Role of clinical neurophysiology. J. Clin. Neurophys-
iol. 2019, 36, 422-429. [CrossRef]

Samuelsson, K.; Kostulas, K.; Vrethem, M.; Rolfs, A.; Press, R. Idiopathic small fiber neuropathy: Phenotype, etiologies, and the
search for fabry disease. J. Clin. Neurol. 2014, 10, 108-118. [CrossRef] [PubMed] [PubMed Central]

Raasing, L.R.M.; Vogels, O.].M.; Veltkamp, M.; van Swol, C.EP; Grutters, ].C. Current View of Diagnosing Small Fiber Neuropathy.
J. Neuromuscul. Dis. 2021, 8, 185-207. [CrossRef] [PubMed] [PubMed Central]

Ferrari, G.; Nallasamy, N.; Downs, H.; Dana, R.; Oaklander, A.L. Corneal innervation as a window to peripheral neuropathies.
Exp. Eye Res. 2013, 113, 148-150, Erratum in Exp. Eye Res. 2016, 145, 473. [CrossRef] [PubMed] [PubMed Central]

Cruccu, G.; Leandri, M.; Iannetti, G.D.; Mascia, A.; Romaniello, A.; Truini, A.; Galeotti, F.; Manfredi, M. Small-fiber dysfunction in
trigeminal neuralgia: Carbamazepine effect on laser-evoked potentials. Neurology 2001, 56, 1722-1726. [CrossRef] [PubMed]
Yang, F.; Zheng, J. Understand spiciness: Mechanism of TRPV1 channel activation by capsaicin. Protein Cell 2017, 8, 169-177.
[CrossRef] [PubMed] [PubMed Central]

Bespalov, M.M.; Saarma, M. GDNF family receptor complexes are emerging drug targets. Trends Pharmacol. Sci. 2007, 28, 68-74.
[CrossRef] [PubMed]

Jankowski, M.P,; Rau, K.K.; Soneji, D.]J.; Anderson, C.E.; Koerber, H.R. Enhanced artemin/GFR«3 levels regulate mechanically
insensitive, heat-sensitive C-fiber recruitment after axotomy and regeneration. J. Neurosci. 2010, 30, 16272-16283. [CrossRef]
[PubMed] [PubMed Central]

Elitt, C.M.; Mcllwrath, S.L.; Lawson, J.J.; Malin, S.A.; Molliver, D.C.; Cornuet, PK.; Koerber, H.R.; Davis, B.M.; Albers, K.M.
Artemin overexpression in skin enhances expression of TRPV1 and TRPAL1 in cutaneous sensory neurons and leads to behavioral
sensitivity to heat and cold. J. Neurosci. 2006, 26, 8578-8587. [CrossRef] [PubMed] [PubMed Central]

Jaitley, S.; Saraswathi, T. Pathophysiology of Langerhans cells. ]. Oral Maxillofac. Pathol. 2012, 16, 239-244. [CrossRef] [PubMed]
[PubMed Central]

Quattrini, C.; Abbott, C.; Kallinikos, P.; Marshall, A.; Finnigan, J.; Morgan, P; Efron, N.; Boulton, A.; Malik, R. Corneal Confocal
Microscopy. Diabetes Care 2010, 33, 1792-1797.

Sindrup, S.H.; Jensen, T.S. Pharmacologic treatment of pain in polyneuropathy. Neurology 2000, 55, 915-920. [CrossRef] [PubMed]
Dick, LE.; Brochu, R M.; Purohit, Y.; Kaczorowski, G.J.; Martin, W.].; Priest, B.T. Sodium channel blockade may contribute to the
analgesic efficacy of antidepressants. J. Pain 2007, 8, 315-324. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.31744/einstein_journal/2022MD8044
https://doi.org/10.1172/JCI43158
https://www.ncbi.nlm.nih.gov/pubmed/21041956
https://www.ncbi.nlm.nih.gov/pmc/PMC2965577
https://www.ncbi.nlm.nih.gov/pmc/PMC2965577
https://doi.org/10.1590/abd1806-4841.20187535
https://doi.org/10.1111/bjd.21107
https://doi.org/10.1097/WNP.0000000000000583
https://doi.org/10.3988/jcn.2014.10.2.108
https://www.ncbi.nlm.nih.gov/pubmed/24829596
https://www.ncbi.nlm.nih.gov/pmc/PMC4017013
https://doi.org/10.3233/JND-200490
https://www.ncbi.nlm.nih.gov/pubmed/33337383
https://www.ncbi.nlm.nih.gov/pmc/PMC8075405
https://doi.org/10.1016/j.exer.2013.05.016
https://www.ncbi.nlm.nih.gov/pubmed/23769950
https://www.ncbi.nlm.nih.gov/pmc/PMC3737766
https://doi.org/10.1212/WNL.56.12.1722
https://www.ncbi.nlm.nih.gov/pubmed/11425940
https://doi.org/10.1007/s13238-016-0353-7
https://www.ncbi.nlm.nih.gov/pubmed/28044278
https://www.ncbi.nlm.nih.gov/pmc/PMC5326624
https://doi.org/10.1016/j.tips.2006.12.005
https://www.ncbi.nlm.nih.gov/pubmed/17218019
https://doi.org/10.1523/JNEUROSCI.2195-10.2010
https://www.ncbi.nlm.nih.gov/pubmed/21123573
https://www.ncbi.nlm.nih.gov/pmc/PMC3018779
https://doi.org/10.1523/JNEUROSCI.2185-06.2006
https://www.ncbi.nlm.nih.gov/pubmed/16914684
https://www.ncbi.nlm.nih.gov/pmc/PMC6674358
https://doi.org/10.4103/0973-029X.99077
https://www.ncbi.nlm.nih.gov/pubmed/22923897
https://www.ncbi.nlm.nih.gov/pmc/PMC3424941
https://doi.org/10.1212/WNL.55.7.915
https://www.ncbi.nlm.nih.gov/pubmed/11061244
https://doi.org/10.1016/j.jpain.2006.10.001
https://www.ncbi.nlm.nih.gov/pubmed/17175203

	Introduction 
	Methods 
	Protocol Registration 
	Eligibility Criteria 
	Literature Search Strategy 
	Inclusion and Exclusion Criteria 
	Study Selection Process 
	Data Extraction 
	Quality Assessment 

	Results and Discussion 
	QST and Sensory Dysfunction in BMS 
	Nerve Fiber Density and Morphological Changes 
	Blink Reflex and Other Diagnostic Techniques 
	Other Diagnostic Techniques 
	Limitations 

	Conclusions 
	References

