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Abstract

Orofacial pain is a multifactorial condition that severely impacts basic functions and over-
all quality of life in patients, underscoring the need for non-opioid therapeutic strategies.
Targeting the Transient Receptor Potential Vanilloid 1 (TRPV1) pathway has emerged as
a biologically plausible approach, given its central role in nociceptive transduction and
peripheral sensitization. Capsaicin, a selective TRPV1 agonist, induces receptor desensiti-
zation and has shown potential in chronic pain modulation; however, its efficacy in oro-
facial conditions remains unclear. This systematic review and meta-analysis aimed to
evaluate the efficacy and safety of capsaicin in managing orofacial pain, compared to pla-
cebo or other pharmacological interventions. Following PRISMA guidelines, a compre-
hensive search of five databases (PubMed, Scopus, Web of Science, CDSR, and LILACS)
was conducted without language or date restrictions. Studies involving human partici-
pants with orofacial pain treated with capsaicin were included. The protocol was regis-
tered in PROSPERO (CRD420251004538). Risk of bias was assessed using the RoB2, RoB2
crossover trial and ROBINS-I checklist, and meta-analyses were performed using random-
effects models. Nine studies enrolling a total of 164 participants met the eligibility criteria
and encompassed temporomandibular disorders, burning mouth syndrome, oral mucosi-
tis, trigeminal neuralgia, and neuropathic facial pain. Although placebo-controlled com-
parisons showed a trend toward pain reduction that did not reach statistical significance
(MD =-1.87; [95% CI: -3.94, 0.19]; p = 0.08; 12 = 86%), and no significant difference was
found between capsaicin concentrations (MD = 0.46; [95% CI: -2.67, 3.60]; p = 0.77, I2 =
66%), pre—post analyses of uncontrolled (single-arm) studies demonstrated a significant
and clinically meaningful reduction in pain following capsaicin treatment (MD = —6.39;
[95% CI: -7.40,-5.38; p <0.001, I> = 0%). Capsaicin also showed an acceptable safety profile:
although adverse events were significantly more frequent than with control (OR = 19.84;
[95% CI: 4.32-91.21]; p < 0.001, I2 = 0%), these were mild, localized, and self-limited. Cap-
saicin may provide clinically meaningful pain relief in selected orofacial conditions, par-
ticularly burning mouth syndrome, where uncontrolled evidence was most consistent (12
= 0%); evidence for temporomandibular disorders was more heterogeneous and did not
reach significance in pooled placebo-controlled analyses.

Keywords: receptors; vanilloid; capsaicin; neuropathic pain; pain; systematic reviews;
PRISMA
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1. Introduction

Orofacial pain is a subjective, multifactorial phenomenon influenced by biological,
psychological, and social factors, and related to actual or potential tissue damage [1]. Sub-
stantial evidence indicates that orofacial pain represents one of the most widespread
health problems that negatively affects daily living activities. Ranging from incapacitating
pain to an increased feeling of fatigue, orofacial pain reduces the quality of life [2,3]. The
International Classification of Orofacial Pain (ICOP) covers seven main categories that af-
fect orofacial region, including dentoalveolar and anatomically related tissues, muscle
pain, temporomandibular joint (TM]J) pain, and neuropathic and idiopathic pain [4,5]. A
definitive diagnosis of orofacial pain necessitates an exhaustive clinical assessment, en-
compassing onset, relieving and aggravating factors, as well as associated symptoms [6].
Prior epidemiological research has shown that the prevalence of acute and chronic orofa-
cial pain differs markedly to pain subtype and age group, with reported rates ranging
from 1.1% for burning mouth syndrome (BMS) to 80.8% for cancer therapy-related orofa-
cial pain in adults [6,7].

The perception of painful stimuli involves the detection and transduction of nocicep-
tive signals, in which transient receptor potential (TRP) channels play a major role
[8]. These pore-forming membrane proteins act as non-selective cation channels, mediat-
ing ion influx in response to various noxious stimuli [9,10]. A promising target for pain
control is the ligand-gated ion channel transient receptor potential vanilloid 1 (TRPV1)
[11]. It plays a key role in the detection of noxious heat and inflammatory pain, is predom-
inantly expressed in Ad and C-fiber primary afferent neurons and can be modulated by
both agonists and antagonists such as capsaicin that inhibit pathological pain pathways
[12,13]. Julius, Caterina, and colleagues’ landmark discovery of TRPV1 as a molecular sen-
sor for capsaicin and noxious heat underscored the essential function of TRP channels in
nociceptive signaling and as therapeutic targets for pain modulation [14-16]. Given the
diffuse use of capsaicin as a TRPV1-targeted therapy, this review specifically focuses on
capsaicin-mediated modulation of pain.

Capsaicin is the active compound of hot chili peppers and causes enhanced sensitiv-
ity, usually perceived as itching, pricking, or burning. The initial excitatory response is
followed by a long-lasting refractory period with reduced sensitivity and persistent de-
sensitization, also referred to as nociceptor inactivation [17,18]. Research efforts have em-
ployed capsaicin to manage pain associated with both local and systemic conditions, in-
cluding postherpetic neuralgia [19,20], diabetic neuropathy [21], and osteoarthritis [22],
demonstrating both efficacy and safety when properly administered. Capsaicin formula-
tions differ significantly according to the intended route of administration, target condi-
tion, concentration of the drug and desired therapeutic effect, containing topical and sys-
temic forms include hydrogels, patches, lotion, nanoemulsions, and microemulsions
[23,24]. In the orofacial region, capsaicin’s topical preparations and patches have been ex-
plored as a local therapeutic agent for several conditions, such as burning mouth syn-
drome (BMS) [25,26], temporomandibular disorders (TMD) [27,28], and trigeminal neu-
ralgia [29,30]. However, there is a lack of comprehensive reviews on the effectiveness of
capsaicin in the management of orofacial region [31]. Accordingly, here we present a sys-
tematic review and comprehensive meta-analysis, conducted to rigorously appraise the
therapeutic efficacy and safety of topical capsaicin in the management of orofacial pain,
compared to placebo or alternative pharmacologic interventions.

https://doi.org/10.3390/ijms27167099
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2. Materials and Methods
2.1. Focused Question

The research question guiding this systematic review was structured according to the
PICO framework (Population, Intervention, Comparison, Outcome) as follows: Is capsai-
cin (I) more effective and better tolerated (O) than placebo or other pharmacological inter-
vention (C) in managing orofacial pain (P) in humans?

2.2. Search Strategy

This study was designed following the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses: The PRISMA Statement (2020) [32]. The pro-
tocol was registered in the International Reporting items for Systematic Reviews (PROS-
PERO) on 4 March 2025, under number CRD420251004538. A comprehensive systematic
search was performed across the following electronic databases: PubMed (MEDLINE),
Scopus, Web of Science Core Collection, Cochrane Database of Systematic Reviews
(CDSR), and Latin American and Caribbean Health Sciences Literature (LILACS). The
search strategy employed a combination of Medical Subject Headings (MeSH) and free-
text terms targeting titles and abstracts, including: ‘Facial Pain,” ‘Facial Neuralgia,” ‘Acute
Pain,” ‘Chronic Pain,” “Eye Pain,” “TRPV Cation Channels,” and ‘Capsaicin.” Boolean oper-
ators “AND” and “OR” were used to optimize the combination of search terms (Supple-
mentary File S1). No language or publication year restrictions were applied to the biblio-
graphic search. To ensure exhaustive retrieval, reference lists of all eligible studies were
systematically reviewed to identify additional relevant publications beyond those re-
trieved through database searches. The study selection process was summarized in the
PRISMA flow diagram (Figure 1).
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Figure 1. Flow diagram of literature searches according to the PRISMA statement.

2.3. Eligibility Criteria

Studies qualified for inclusion if they met the following criteria (i) clinical trials, cross-
sectional, cohort studies, or case—control studies; (ii) studies including patients diagnosed
with orofacial pain; (iii) studies evaluating the efficacy of capsaicin; (iv) human studies.
The following studies were excluded: (i) case reports, case series, in vitro studies, litera-
ture reviews, letters to the editor, and those not meeting the inclusion criteria; and (ii)
studies assessing antinociceptive agents other than capsaicin.

2.4. Screening and Selection of Studies

A comprehensive literature search was initially conducted by a designated reviewer
to identify all relevant studies. Subsequently, two independent reviewers screened the
titles and abstracts to select potentially eligible articles. Additionally, during the full-text
review of the articles selected from the databases, a manual search of the reference lists
was conducted. Studies identified through this process that involved “capsaicin and clin-
ical trials” were included in the screening and eligibility assessment. In the final screening
phase, full-text articles that did not meet the inclusion criteria were excluded. The remain-
ing studies were selected for inclusion in qualitative synthesis.

2.5. Data Extraction

Two reviewers independently collected relevant data from all studies meeting the
eligibility criteria using a pre-defined and standardized form. The following variables
were recorded: (1) first author and year of publication; (2) geographic location of the
study; (3) study design; (4) duration of follow-up; (5) subtype and anatomical site of oro-
facial pain; (6) total sample size; (7) participant age range; (8) sex distribution; (9) inter-
vention details, including the number and proportion of responders; (10) capsaicin con-
centration; (11) primary and secondary outcomes; (12) route of administration; and (13)
reported adverse events or safety outcomes. Any discrepancies were resolved through
consensus, with adjudication by a third reviewer when required.

2.6. Risk of Bias Assessment

The risk of bias of the included studies was assessed according to study design using
validated tools recommended by the Cochrane Collaboration. Randomized controlled tri-
als were evaluated using the revised Cochrane Risk of Bias tool for randomized trials (RoB
2) (Supplementary File S2; Supplementary File S3) whereas non-randomized intervention
studies were assessed using the Risk Of Bias In Non-randomized Studies of Interventions
(ROBINS-I) tool (Supplementary File 54).

The RoB 2 tool evaluates five domains of bias: (i) bias arising from the randomization
process, (ii) bias due to deviations from intended interventions, (iii) bias due to missing
outcome data, (iv) bias in measurement of the outcome, and (v) bias in selection of the
reported result. Each domain was judged as low risk of bias, some concerns, or high risk
of bias, leading to an overall risk-of-bias judgment for each outcome. The ROBINS-I tool
evaluates seven domains: (i) bias due to confounding, (ii) bias in selection of participants
into the study, (iii) bias in classification of interventions, (iv) bias due to deviations from
intended interventions, (v) bias due to missing data, (vi) bias in measurement of out-
comes, and (vii) bias in selection of the reported result. Each domain and the overall study
were judged as presenting low, moderate, serious, or critical risk of bias, or no infor-
mation, according to the ROBINS-I guidance. Risk-of-bias assessments were performed
independently by two reviewers. Any disagreements were resolved through discussion
until consensus was reached.

https://doi.org/10.3390/ijms27167099
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2.7. Certainty of Evidence Assessment

The certainty of the evidence for each outcome included in the meta-analysis was
assessed using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach. The certainty of the evidence was evaluated across the
domains of risk of bias, inconsistency, indirectness, imprecision, and publication bias.
Randomized controlled trials were initially rated as high-certainty evidence and could be
downgraded according to these domains, whereas non-randomized studies were
considered separately because they were not included in the comparative Summary of
Findings analysis. The certainty of the evidence was categorized as high, moderate, low,
or very low. The GRADE assessments and Summary of Findings table were generated
using GRADEpro Guideline Development Tool (GRADEpro GDT; McMaster University
and Evidence Prime, Hamilton, Canada).

2.8. Data Analysis

Outcome data from studies selected for meta-analysis were entered into and ana-
lyzed using Review Manager (RevMan) software. (version 5.4; The Nordic Cochrane Cen-
tre, The Cochrane Collaboration, Copenhagen, Denmark, 2014). Prior to synthesis, data
were checked for completeness. When summary statistics such as standard deviations or
standard errors were not reported, authors were contacted to request missing data. Stud-
ies that did not provide extractable outcome data were included in the qualitative synthe-
sis only and excluded from the meta-analysis. No unit conversions were required, as all
included studies reported pain outcomes on comparable numerical scales. Four different
outcomes were evaluated: (1) The effect of capsaicin on reducing orofacial pain in con-
trolled studies (continuous outcome); (2) the effect of capsaicin on orofacial pain reduction
before and after treatment in uncontrolled (single-arm) studies (continuous outcome); (3)
duration of capsaicin use and its effect on orofacial pain reduction (continuous outcome);
(4) the adverse events associated with capsaicin use were analyzed as a dichotomous out-
come. Pooled estimates were calculated using the Mantel-Haenszel method under a ran-
dom-effects model, which accounts for potential between-study variability. The measure
of association was expressed as odds ratios (ORs) with 95% confidence intervals (CIs).
Statistical significance was set at a two-tailed alpha level of 0.05. Heterogeneity across
studies was quantified using the I? statistic, with values above 50% indicating substantial
heterogeneity. When considerable heterogeneity was detected, its potential sources were
explored through sensitivity or subgroup analyses, as appropriate. Studies were assigned
to each synthesis group based on their design and comparator type. Controlled studies
with a placebo or vehicle comparator were included in the placebo-controlled synthesis,
studies comparing two capsaicin concentrations were assigned to the dose-comparison
synthesis, and uncontrolled studies were included in the pre—post synthesis.

3. Results
3.1. Included Studies

A total of 5057 records were initially identified through the systematic database
search. After duplicate removal, 1939 unique records remained. Following title and ab-
stract screening, 1882 records were excluded for not meeting the inclusion criteria. The
remaining 57 articles were retrieved for full-text assessment. In addition, three relevant
studies were identified through citation tracking of included articles [25,33,34]. Ulti-
mately, nine studies met the eligibility criteria and were included in the systematic review
[25,27-29,33-37]. The study selection process is summarized in the PRISMA flow diagram
(Figure 1).

https://doi.org/10.3390/ijms27167099
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3.2. Demographic Data and Clinical Features

A total of 164 participants were included across the nine studies evaluating the effects
of capsaicin on different subgroups of orofacial pain. Study durations varied considerably,
including both cross-sectional designs and longitudinal studies lasting up to two years.
Most studies involved small to moderate sample sizes, ranging from as few as 2 partici-
pants to a maximum of 50. The participants’ mean ages ranged from 27.4 to 65.4 years,
with a predominance of female patients across studies [132 female (81.48%) and 30 male
(18.52%)] (Supplementary File S5).

Figures 2 and 3 show the distribution relation among capsaicin concentration, pain
reduction and sex in studies that reported pain scale ranging from 0 to 210 (Figure 2) and
burning sensation scale 0 to 4 (Figure 3). Studies that used an 8% capsaicin concentration
reported similar outcomes and substantial pain reduction [28,35,37]. Among the studies
that employed lower capsaicin concentrations, Berger et al. (1995) [33], Winocur et al.
(2000) [27], and Petruzzi et al. (2004) [36] demonstrated the greatest reductions in pain
(Figure 2).
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Figure 2. Relationship between capsaicin concentration and pain reduction according to participant
sex across the included studies: Jorgensen et. al (2016) [25], Winocur et. al (2000) [27], Campbell et.
al (2017) [28], Fusco et. al (1992) [29], Berger et. al (1996) [33], Wagner et. al (2013) [35], Petruzzi et.
al (2004) [36], and Gongalves et. al (2020) [37]. (A) Bubble scatter plot showing the association be-
tween capsaicin concentration (%) (logarithmic scale) and pain reduction (%). Bubble size is propor-
tional to the number of participants included in each study, and colors indicate participant sex (pur-
ple = female; pink = male). The marginal boxplots summarize the distributions of capsaicin concen-
tration (top) and pain reduction (right) according to sex. (B) Pie chart showing the overall sex dis-
tribution of participants across the included studies. Pain reduction data were extracted from stud-
ies reporting outcomes using the Pain Severity Scale (0-10), Visual Analogue Scale (VAS, 0-10), Nu-
meric Rating Scale (NRS, 0-10), or Numeric Pain Rating Scale (0-11). For Jorgensen et al. (2016) [25],
each treatment arm was plotted separately (0.01% and 0.025% capsaicin) to reflect the crossover

design. This figure was generated using Python 3.12 (Matplotlib).
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Regarding the reduction in burning sensation using a burning sensation scale 0 to 4,
lower capsaicin concentrations were used (0.025% and 0.05%), with the 0.025% concentra-
tion showing a greater reduction in burning sensation compared with the 0.05% concen-
tration (Figure 3) [29,34]. A marked predominance of female participants across the in-
cluded studies, with women representing approximately 78.8% of the total sample for
pain-reduction assessment (Figure 2) and 83.3% for burning sensation reduction (Figure
3). Pain-reduction outcomes appear broadly distributed across both sexes; however, the
bubble plot suggests that most data points with higher sample sizes correspond to female-
majority cohorts. The boxplots indicate comparable variability in pain-reduction percent-
ages between sexes, though female groups display a slightly wider range of responses.
Overall, the visualization highlights the sex imbalance in study populations and the het-
erogeneity in pain perception outcomes.

In the schematic figure, it is possible to observe the illustrated clinical conditions eval-
uated in the included studies, along with the corresponding number of participants and
mean age for each condition (Figure 4). They comprised the temporomandibular disorders
(TMDs) [27,28], burning mouth syndrome (BMS) [25,34,36], oral mucositis [33], trigeminal
neuralgia [29,37], and neuropathic facial pain [35].
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Figure 3. Relationship between capsaicin concentration and burning sensation reduction according
to participant sex across the included studies: Fusco et. al (1992) [29] and Ricken et. al (2021) [34].
(A) Bubble plot showing the relationship between capsaicin concentration (%) (logarithmic scale)
and burning sensation reduction (%). Bubble size is proportional to the number of participants in-
cluded in each study, and bubble color indicates participant sex (purple = female; pink = male). The
marginal boxplots summarize the distributions of capsaicin concentration (top) and burning sensa-
tion reduction (right) according to sex. (B) Pie chart showing the overall sex distribution of partici-
pants across the included studies. Data used from the authors who assessed “burning sensation 0—
4 scale”. This figure was generated using Python 3.12 (Matplotlib).
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Figure 4. Schematic figure showing the lesions evaluated by the included studies, with the number
of participants and mean age for each condition. * Indicates non declared data. Figure created us-

ing BioRender.com.

3.3. Clinical Outcomes and Symptom Improvement

Capsaicin treatment was generally associated with reductions in pain scores; how-
ever, the magnitude and consistency of this effect varied across studies, depending on the
condition treated, capsaicin concentration, and study design [25,27-29,33-37]. In patients
with temporomandibular disorders (TMD), topical application of 8% capsaicin resulted in
a 66.7% reduction in VAS scores compared to 45.9% with placebo [28]. In contrast, treat-
ment with 0.025% capsaicin cream did not yield a statistically significant difference be-
tween the treatment and placebo groups, despite reports of slight subjective improvement
[27]. In burning mouth syndrome (BMS), systemic capsaicin improved symptoms in 76%
of treated patients [36], and topical application of 0.025% gel led to complete symptom
remission in 60% of cases, with additional patients experiencing partial improvement; all
participants reported better quality of life scores over time [34]. Another study using both
0.01% and 0.025% topical gels reported a significant pain decrease (mean VAS reduction
of 1.4 points; p = 0.002), with greater improvement among those with longer symptom
duration [25]. In cancer patients with oral mucositis, capsaicin-containing lozenges pro-
duced a 71.6% reduction in pain severity after initial use, with all patients reporting relief
[33]. For trigeminal neuralgia, 0.05% topical capsaicin cream resulted in complete pain
remission in half of the patients, partial relief in others, and successful retreatment in re-
lapsing cases [29]. The 8% capsaicin patch also demonstrated delayed but sustained pain
reduction over 12 weeks in 50% of patients, following an initial pain flare [37].

3.4. Critical Appraisal of the Included Studies

The risk of bias assessment of the three randomized controlled trials using the
Cochrane RoB 2 tool is presented in Figure 5 [27,28,36]. Overall, one study was judged as
having a high risk of bias, whereas the remaining two studies were judged as having some
concerns.

Bias arising from the randomization process showed the greatest variability across
studies, with one study rated as low risk, one as having some concerns, and one as high

https://doi.org/10.3390/ijms27167099
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risk. The high-risk judgment was primarily related to inadequate randomization proce-
dures and lack of allocation concealment.

Bias due to deviations from intended interventions and bias due to missing outcome
data were generally low, although one study raised some concerns in each of these do-
mains because participants who discontinued treatment were excluded from the final
analysis rather than being analyzed according to the intention-to-treat principle.

All studies were judged to have a low risk of bias in the measurement of the outcome,
as pain was assessed using validated instruments and comparable assessment procedures
were applied across intervention groups.

The domain “selection of the reported result” was judged as having some concerns
for all studies because no publicly available pre-specified statistical analysis plan could be
identified, preventing confirmation that the reported analyses had been finalized before
unblinded outcome data became available.

Risk of bias domains
D3 | b4 | b5

| Overall ‘

Petruzzi et al. (2004)

D1
Winocur et al. (2000) | (=)

Study

® 0 ©
® © ©
© ® @
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D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

0OO
0 JO)

Judgement

@ Hioh
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Figure 5. Traffic light plot of the risk of bias assessment for the included randomized controlled
trials using the Cochrane Risk of Bias 2 (RoB 2) tool. Each circle represents the judgment for an
individual domain and the overall risk of bias for each study (green = low risk, yellow = some con-
cerns, red = high risk). The figure was generated using the robvis visualization tool. The studies
[27,28,36] were assessed.

The crossover trial was assessed using the RoB 2 tool adapted for crossover studies
(Figure 6) [25]. The study was judged as low risk of bias for the randomization process,
additional crossover considerations, and outcome measurement. However, it was judged
as high risk of bias for deviations from intended interventions and missing outcome data
because four randomized participants discontinued treatment due to intervention-related
adverse effects and were excluded from the final analysis. Some concerns were identified
regarding selection of the reported result owing to the absence of a publicly available pre-
specified statistical analysis plan. Consequently, the overall risk of bias for the crossover
trial was judged as high.

Risk of bias domains

| b2 | b3 | p4 | D5 |oOveral

pi | DS

[Jorgensenetal (2016)] G @GO @G @ & (-) @@
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Figure 6. Risk of bias assessment of the included crossover randomized controlled trial Jorgensen et
al. 2016 [25] using the Cochrane Risk of Bias 2 tool for crossover trials (RoB 2). Traffic light plot
showing the judgment for each risk-of-bias domain, including the additional crossover domain, and
the overall risk of bias (green = low risk, yellow = some concerns, red = high risk). The figure was

generated using the robvis visualization tool. The study [25] was assessed.

Overall, the non-randomized studies presented predominantly serious to moderate
risks of bias [29,33-35,37], with four of the five studies being judged as having an overall
serious risk of bias, while one study [35] was judged as having moderate risk of bias (Fig-
ure 7). The most frequent sources of bias were confounding (Domain 1) and measurement
of outcomes (Domain 6), reflecting the absence of randomization, lack of control for im-
portant prognostic variables, and the use of subjective pain outcomes without blinding.
Moderate concerns were commonly identified for selection of participants (Domain 2),
deviations from intended interventions (Domain 4), and selection of the reported result
(Domain 7). Conversely, most studies demonstrated a low risk of bias in the classification
of interventions (Domain 3), as treatment status was clearly defined, and missing data
(Domain 5) was generally judged as low risk, except for Wagner et al. (2013) [35] and
Ricken et al. (2021) [34], where attrition raised additional concerns.

Detailed risk of bias assessments for the clinical trials (RoB 2), crossover clinical trial
(RoB 2 for crossover trials), and non-randomized intervention studies (ROBINS-I) are pro-
vided in the Supplementary Materials.
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Figure 7. Risk of bias assessment of the non-randomized intervention studies using the ROBINS-I
tool. Traffic light plot summarizing the risk of bias judgments for each included study across the
seven ROBINS-I domains, and the overall risk of bias (green = low risk, yellow = some concerns, red
= high risk). The figure was generated using the robvis visualization tool. The articles [29,33-35,37]

were assessed.

3.5. Certainty of the Evidence

The certainty of the evidence was assessed using the GRADE approach (Supplemen-
tary File 56). For randomized controlled trials comparing capsaicin with placebo or lower-
dose capsaicin [25,27,28,36], the certainty of the evidence for orofacial pain reduction was
rated as very low, primarily because of serious concerns regarding risk of bias, substantial
heterogeneity among studies, and imprecision of the pooled estimate. In contrast, the cer-
tainty of the evidence for capsaicin-related adverse events was rated as moderate, as the
evidence was downgraded only for risk of bias, while no serious concerns were identified
regarding inconsistency, indirectness, or imprecision [27,28,36].

For non-randomized intervention studies [29,34,37], the certainty of the evidence for
pain reduction was rated as low because of serious risk of bias and imprecision, despite
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consistent findings across studies. The complete Summary of Findings table, including the
rationale for each GRADE judgment, is provided in the Supplementary Materials.

3.6. Meta-Analysis

To evaluate the effect of capsaicin on orofacial pain, a meta-analysis was performed
using the included randomized controlled trials [25,27,28,36]. Baseline pain intensity was
first analyzed to assess the comparability of the intervention groups before treatment. No
significant differences were observed between the capsaicin and control groups (placebo
or lower-dose capsaicin), indicating comparable baseline pain levels (MD = 0.48, [95% CI:
-0.59, 1.54]; I2 = 59%; n= 66; p = 0.38) (Figure 8). At the end of treatment, capsaicin showed
a trend toward greater reduction in orofacial pain compared with the vehicle control
groups. However, the pooled effect did not reach statistical significance (MD =-1.87, [95%
CI-3.94, 0.19]; I> = 86%; n = 47; p = 0.08) [27,28,36].

Since Jorgensen et al. (2016) [25] was a crossover trial, the data from each treatment
period were included separately in the meta-analysis as individual comparisons, thereby
preserving the treatment-specific effects reported by the authors. No significant difference
in pain reduction was observed between the two capsaicin concentrations (0.025% vs.
0.01%) (MD = 0.46, [95% CI: -2.67, 3.60]; I> = 66%; n = 19; p = 0.7738).

When all eligible randomized studies, including the placebo-controlled trials and the
separate comparisons from Jorgensen et al. (2016) [25] were pooled, capsaicin showed a
trend toward greater reduction in orofacial pain compared with the control interventions.
However, the pooled effect did not reach statistical significance, and substantial heteroge-
neity was observed across studies (MD = -1.10, [95% CI -2.79,0.58]; I> = 80%; n = 66; p =
0.20) (Figure 9) [25,27,28,36].
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Figure 8. Effect of capsaicin on orofacial pain reduction, expressed as mean pain scale scores and
stratified according to the comparator in the baseline. The ‘low dose capsaicin’ subgroup includes
comparisons between 0.025% and 0.01% capsaicin from the crossover study, with each comparison
arm presented separately in the revised analysis. Green squares represent individual study esti-
mates (with square size proportional to study weight), and black diamonds represent the pooled
effect estimates with their corresponding 95% confidence intervals. * Indicates a distinct treatment
arm from the same crossover study [25]. The controlled studies included Winocur et al. [27], Camp-
bell et al. [28] and Petruzzi et al. [36].
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Figure 9. Effect of capsaicin on orofacial pain reduction, expressed as mean pain scale scores and
stratified according to the comparator in the final intervention. The ‘low dose capsaicin’ subgroup
includes comparisons between 0.025% and 0.01% capsaicin from the crossover study, with each
comparison arm presented separately in the revised analysis. Green squares represent individual
study estimates (with square size proportional to study weight), and black diamonds represent the
pooled effect estimates with their corresponding 95% confidence intervals. * Indicates a distinct
treatment arm from the same crossover study Jorgensen et al. [25]. The controlled studies included
Winocur et al. [27], Petruzzi et al. [36], and Campbell et al. [28].

For uncontrolled (single-arm) studies, we performed a meta-analysis comparing pain
levels before and after capsaicin treatment. A significant reduction in pain was observed
following capsaicin use (MD =-6.39 [95% CI: —7.40, -5.38]; I = 0%; n = 26; p < 0.001) (Figure
10) [29,34,37].
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Figure 10. Comparison of the effect of capsaicin on orofacial pain reduction between baseline and
the final assessment, based on the mean scores of orofacial pain scales reported in uncontrolled
(single-arm) studies Fusco et al. [29], Ricken et al. [34], Gongalves et al. [37], regardless of follow-
up duration. Green squares represent individual study estimates (with square size proportional to
study weight), and black diamonds represent the pooled effect estimates with their corresponding

95% confidence intervals.

Additionally, in the longer-term follow-up analyses (30 days for controlled studies
and 12 weeks for uncontrolled (single-arm) studies), the pooled analysis of controlled
studies [27,36] showed a greater reduction in orofacial pain with capsaicin than with con-
trol interventions; however, the difference was not statistically significant (MD = -2.39,
[95% CI-5.79, 1.01]; I2=87%; n=40; p=0.17). In contrast, the pooled within-group analysis
of uncontrolled (single-arm) studies [34,37] evaluating comparable intervention durations
demonstrated a significant reduction in orofacial pain over time following capsaicin treat-
ment (MD = -6.10, [95% CI -7.49, -4.71]; 12 = 0%; p < 0.0001) (Figures 11 and 12)
[27,34,36,37].

Regarding adverse effects, capsaicin was associated with a significantly higher like-
lihood of side effects compared to control (vehicle), with an odds ratio of 19.84 (95% CI:
4.32,91.21; I = 0%; n = 48; p < 0.001) [27,28,36] (Figure 13).
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Control Mean Difference Mean Difference
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Figure 11. Comparison of the effect of capsaicin on reducing orofacial pain compared to vehicle
during 30 days of use, based on mean values obtained for orofacial pain scale scores in the selected
studies. Green squares represent individual study estimates (with square size proportional to
study weight), and black diamonds represent the pooled effect estimates with their corresponding
95% confidence intervals. The controlled studies included and Winocur et al. [27] and Petruzzi et
al [36].
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Figure 12. Meta-analysis of within-group changes in orofacial pain from baseline to the same post-
treatment time point after capsaicin use in uncontrolled (single-arm) studies Ricken et al. [34] and
Gongalves et al. 2020 [37]. Effect estimates were calculated using the mean scores of orofacial pain
scales reported before treatment and after comparable intervention durations across studies. Green
squares represent individual study estimates (with square size proportional to study weight), and

black diamonds represent the pooled effect estimates with their corresponding 95% confidence in-

tervals.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Winocur et al. 2000 13 15 2 13 51.9%  35.75([4.30,297.26] 2000 ——+
Petruzzi et al. 2004 g 25 1] 25 274% 2477 [1.34,457.61] 2004 —_— &+
Camphbell etal, 2017 1 g a g 208% 3.40[012,96.70] 2017
Total (95% CI) 48 46 100.0%  19.84 [4.32, 91.21] —e
Total events 22 2

ity: Tau®= 0.00; Chi*= =2 (P =0.50)F= ; t ; |

Heterogeneity: Tau®= 0.00; Chi*=1.39, df=2 {P = 0.50); F= 0% 0o 01 10 100

Test for overall effect: Z=3.84 (P = 0.0001)

Favours [experimental] Favours [control]

Figure 13. Comparison of the incidence of treatment-related adverse events associated with capsa-
icin versus control, based on absolute event frequencies reported across the included studies. The
pooled outcome included any reported adverse event, such as warm sensation, stinging, burning,
redness, gastric pain, and burning/pain at the application site. Regarding adverse effects, capsaicin
was associated with a significantly higher likelihood of side effects compared to control (vehicle),
with an odds ratio of 19.84 (95% CI: 4.32, 91.21; I = 0%; n = 48; p < 0.001). Blue squares represent
individual study estimates (with square size proportional to study weight), and black diamonds
represent the pooled effect estimates with their corresponding 95% confidence intervals. The con-
trolled studies included Winocur et al. [27], Campbell et al. [28] and Petruzzi et al. [36].

4., Discussion

Orofacial pain is a prevalent and impactful clinical condition that significantly com-
promises patients” quality of life, often contributing to emotional distress and imposing a
considerable socioeconomic burden [5-7]. Its origin is frequently linked to the activation
of the trigeminal nerve, which provides sensory innervation to the face and oral cavity
through nociceptors located in Ad and C fibers, with cell bodies in the trigeminal ganglion
[38]. Nociceptive transmission involves the activation of brainstem nuclei and higher cen-
tral structures, ultimately resulting in pain perception [2,6].
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Managing orofacial pain remains a clinical challenge, as many available therapies
offer limited efficacy and are often associated with adverse effects [39—41]. In this context,
the findings of this review highlight capsaicin as a promising therapeutic alternative.
Across the included studies, capsaicin demonstrated a consistent trend toward reducing
orofacial pain in various conditions, including TMD [27,28], burning mouth syndrome
[25,34,36], oral mucositis [33], trigeminal neuralgia [29,37], and neuropathic facial pain
[35]. Although the meta-analysis of placebo-controlled studies did not reach statistical sig-
nificance (p = 0.08), showing high heterogeneity (I? = 86%) [27,28,36], no statistically sig-
nificant difference was found between capsaicin concentrations in the dose-comparison
analysis (p = 0.77). The meta-analysis of uncontrolled (single-arm) studies showed a sig-
nificant reduction in pain from baseline to the final assessment when all eligible studies
were included [29,34,37]. A separate analysis restricted to studies with comparable longer-
term follow-up periods also demonstrated a significant reduction in pain [34,37].

An important limitation of this meta-analysis is that studies addressing different oro-
facial pain conditions, including temporomandibular disorders, burning mouth syn-
drome, oral mucositis, and trigeminal/neuropathic facial pain were pooled within the
same quantitative synthesis rather than analyzed in condition-specific subgroups. These
conditions differ substantially in underlying pathophysiology, encompassing musculo-
skeletal, mucosal, and neuropathic pain mechanisms, as well as in baseline severity and
expected treatment response. This clinical heterogeneity likely contributed to the substan-
tial statistical heterogeneity observed in the controlled comparisons (I = 80-87%) and may
partly explain the discordance between the non-significant placebo-controlled estimate
and the significant effect observed in uncontrolled analyses. Consequently, the pooled es-
timates should be interpreted cautiously, as the overall effect may be influenced by clinical
and methodological variability across studies. While the findings support the potential
therapeutic role of capsaicin, the current evidence remains insufficient to draw definitive
conclusions regarding its efficacy across all orofacial pain conditions.

Capsaicin is a highly selective agonist of transient receptor potential vanilloid 1
(TRPV1) channel, located in C fibers and some Ad fibers of the skin [40]. It is one of the
few treatments approved by the Food and Drug Administration (FDA) for postherpetic
neuralgia (PHN), either alone or in association with diabetic peripheral neuropathy. In
Europe, it is approved for the treatment of peripheral neuropathic pain in adults, either
as monotherapy or in combination with other analgesic agents [19]. Beyond its analgesic
properties, capsaicin has attracted considerable interest for its ability to inhibit oral cancer
cell lines [41-44], oral epithelial dysplasia [44], and the growth of oral pathogens associ-
ated with dental caries, periodontitis and oral candidiasis [45,46].

The antinociceptive mechanism of capsaicin is primarily related to the sustained ac-
tivation of TRPV1, a non-selective cation channel predominantly expressed in primary
afferent C fibers [16,40,42]. Prolonged TRPV1 activation induces calcium and sodium in-
flux, leading to neuronal depolarization and an initial burning sensation. However, this
overstimulation results in functional desensitization of nociceptive fibers through mecha-
nisms such as depletion of neuropeptides (e.g., substance P, NKA, CGRP), disruption of
axonal transport, mitochondrial damage, and collapse of peripheral nerve terminals
[43,47]. These effects culminate in a temporary loss of sensory function in the affected fi-
bers, resulting in decreased pain perception [48]. Notably, preclinical studies have also
demonstrated that excessive or prolonged exposure to capsaicin may induce neuronal
apoptosis through calcium-dependent activation of the caspase cascade in rats [41,47]. In
humans, topical capsaicin leads to temporary degeneration and impairment of sensory
and autonomic nerve fiber function in health individuals. Baseline function is typically
restored after 40-50 days in autonomic fibers and 140-150 days in sensory fibers [48].
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These findings suggest capsaicin’s effects may vary according to exposure conditions, de-
velopmental stage, and neuronal vulnerability.

The studies included in this review employed a variety of capsaicin administration
and concentrations, including low-concentration topical creams, and gel (0.025-0.1%),
high-concentration patches (8%), and oral-systemic administration (0.25%, and 0.005-
0.008 g). Notably, studies employing higher capsaicin concentrations generally reported
greater pain reduction; however, these studies also tended to include smaller sample sizes
[28,35]. In contrast, some studies using lower concentrations demonstrated pronounced
analgesic effects, which may be partly explained by larger sample sizes and by the speci-
ficity of the pain condition evaluated [25-27,35]. This finding suggests that the analgesic
effect of capsaicin does not follow a simple linear dose-response relationship and that low
concentrations may be sufficient to clinically lead TRPV1 desensitization [16]. In addition,
an interesting aspect of capsaicin is that its high-concentration use may lead to lengthened
time for it to act on the TRPV1 receptors, especially in slower capsaicin metabolism or-
gans, such as the central nervous system and the skin, increasing the likelihood of adverse
events [49]. This prolonged receptor engagement may partly explain the higher incidence
of local adverse events reported with high-concentration formulations (e.g., 8% capsaicin
patches) compared with lower-concentration, more frequently applied preparations, as
sustained TRPV1 activation delays the onset of the desensitization process that ultimately
underlies capsaicin’s analgesic effect. Consequently, the initial period of treatment before
desensitization is achieved and represents the window of greatest vulnerability to adverse
events, particularly in anatomically sensitive regions such as the orofacial area, where the
skin and mucosa are richly innervated and in close proximity to the eyes and airway.

Beyond its peripheral actions, capsaicin also exerts central effects by modulating neu-
rotransmitter release in the central nervous system [49]. Prolonged stimulation of periph-
eral nociceptors induces the release of glutamate and neuropeptides in the trigeminotha-
lamic tract and substantia gelatinosa of the brainstem, thereby influencing second-order
neurons involved in pain processing [47,49]. Therefore, topical or systemic administration
of capsaicin represents a promising strategy for modulating orofacial pain. It is worth
mentioning that the combined central and peripheral use of capsaicin may lead to persis-
tent allodynia and hyperalgesia even when inflammation resolves post-capsaicin applica-
tion as observed in chronic neuropathic pain, with not enough evidence to determine
whether central hypersensitivity resolves as seen peripherally with capsaicin [48,49].

Another important finding from the included studies was the predominance of fe-
male participants with orofacial pain [50,51]. Epidemiological studies have shown a
higher prevalence of such pain in adult women, especially during the reproductive years.
[51]. This pattern may be related to genetic factors as well as hormonal and psychosocial
factors [46,52-54]. A systematic review reported that ten studies confirmed the influence
of estrogen on the increase in pain associated with TMD [46]. The mechanism involved
suggests that estradiol (especially 173-estradiol) can enhance inflammation in the TM]J via
estrogen receptors (ESR1), activating matrix metalloproteinases MMP-9 and MMP-13 [45].
Additionally, the local production of estradiol by aromatase-positive neurons in the tri-
geminal system may influence neuronal excitability and pain perception, contributing to
the higher susceptibility of women to TMD and persistent orofacial pain [53]. With data
derived from a twin study, Visscher et al. (2018) [52] investigated the genetic relationship
associated with TMD pain, showing that approximately 35% of the variance in TMD pain
can be attributed to genetic factors. Additionally, the study revealed a significant genetic
correlation (r = 0.64) between TMD pain and neck pain, indicating that more than half of
the comorbidity between these two conditions is explained by shared genetic factors.

Furthermore, the mean age of participants in the included studies was frequently in
the older adult range. Normative age-related declines in endogenous pain modulatory
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systems are believed to contribute to increased pain intensity with aging. Older adults
have been shown to rate heat pain as more intense and unpleasant compared to younger
adults and demonstrate impaired diffuse noxious inhibitory control, suggesting dimin-
ished endogenous inhibitory capacity [55]. Similarly, Derafshi et al. [56] investigated the
prevalence of chronic orofacial pain in elderly patients and found that 11.16% reported
orofacial pain as their main complaint. The average age was 55.3 + 10.7 years, ranging
from 46 to 90. The study identified advanced age as a significant risk factor for chronic
orofacial pain, particularly in cases of neuropathies and burning mouth syndrome (BMS).
Emotional disorders such as depression and anxiety were also commonly associated with
these conditions [54,56].

Although our systematic review showed that capsaicin is effective in improving oro-
facial pain, caution is warranted due to methodological variability, the generally small
sample sizes across studies, and the risk of bias identified in the randomization process of
one of the included trials. Furthermore, although capsaicin was associated with a signifi-
cantly higher incidence of adverse effects compared to control (OR = 19.84), these were
mostly transient and localized, such as burning sensations or erythema.

This work presents some limitations. First, many included studies were uncontrolled,
which may introduce bias due to the lack of comparison groups. Second, among the con-
trolled studies, most were placebo-controlled, which may have led to blinding bias. This
is particularly relevant for the capsaicin group, as the burning sensation it produces could
have revealed to participants that they were receiving active treatment. Third, the discrep-
ancy in sample sizes across studies may have contributed to the high heterogeneity ob-
served in the meta-analyses. Fourth, the lack of information on individual risk factors for
orofacial pain, such as age, sex, psychological distress, parafunctional habits (e.g., brux-
ism), hormonal status, and comorbidities such as anxiety, depression, and sleep disorders,
in some studies represents an important limitation, as these variables can influence treat-
ment outcomes. Fifth, the method of pain assessment was not standardized across the
studies. Sixth, publication bias was not formally evaluated because each meta-analysis
included fewer than 10 studies. According to current methodological guidance, funnel
plots and tests for funnel plot asymmetry are unreliable in meta-analyses with a limited
number of studies, as they have insufficient power to distinguish true asymmetry from
chance. Finally, a systematic review and meta-analysis comparing capsaicin with stand-
ard pharmacological treatments was not possible, since no eligible studies made such
comparisons.

This review highlights capsaicin’s potential as a non-opioid therapeutic option capa-
ble of modulating nociceptive signaling through TRPV1 receptor desensitization. How-
ever, large-scale, multicenter randomized controlled trials would be beneficial to establish
long-term efficacy, safety, optimal dosing regimens, and comparison among capsaicin and
existing market drugs for different orofacial pain conditions. Standardization of treatment
protocols, outcome measures, and follow-up periods would facilitate comparisons across
studies and improve the quality of evidence.

5. Conclusions

Capsaicin provides clinically relevant analgesia in selected orofacial pain conditions,
particularly burning mouth syndrome and temporomandibular disorders. Its effect is me-
diated by TRPV1 desensitization, leading to reduced peripheral nociceptive signaling. De-
spite heterogeneity in formulations and dosing, the overall evidence consistently supports
a direction of effect toward pain reduction.

Capsaicin is well tolerated in the orofacial setting and adverse effects are typically
mild, transient, and localized (burning or irritation), diminishing with repeated use.
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Serious events are not consistently reported, and treatment discontinuation is uncommon,
supporting its use as a non-opioid option in multimodal pain management.
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