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			ABSTRACT: Atypical Facial Pain (AFP) is a chronic orofacial pain disorder marked by persistent, idiopathic facial pain significantly affecting the mental health and quality of life. Identifying objective biomarkers remains challenging. Catechol-O-methyltransferase (COMT), a key enzyme in catecholamine metabolism, modulates pain and stress responses; its reduced activity has been linked to chronic pain. This study assessed salivary COMT levels in AFP patients and explored its diagnostic utility through statistical and machine-learning approaches. A comparative cross-sectional study was conducted with 20 AFP patients and 20 age- and sex-matched healthy controls. Unstimulated saliva samples (8:00-10:00 AM) were analyzed using a Human COMT ELISA kit (KRISHGEN Biosystems). Group differences were tested with an independent samples t-test, and effect size, confidence intervals, and power were calculated. Diagnostic performance was evaluated using ROC and logistic regression, with leave-one-out cross-validation (LOOCV) for model validation. AFP patients showed significantly lower salivary COMT (14.20±3.15 ng/mL) than controls (20.08±2.39 ng/mL; t(18)=3.03, p=0.0073). The mean difference (7.03 ng/mL; 95% CI: 2.07-11.49) yielded a large effect size (Cohen’s d=1.35) and power of 0.82. ROC analysis produced an AUC=0.86 with 90% sensitivity and specificity at 17.7 ng/mL. Logistic regression confirmed COMT as a significant AFP predictor (β= –1.19, p<0.05). LOOCV achieved 75% accuracy, 0.86 precision, 0.60 recall, and AUC=0.82. Salivary COMT levels are markedly reduced in AFP, reflecting altered catecholamine metabolism and pain modulation. Both statistical and machine-learning analyses confirmed excellent discriminative accuracy, supporting COMT as a promising non-invasive, accessible biomarker for AFP screening and diagnosis.

			KEYWORDS: Pain; Biomarker; Mental health; COMT; Saliva.

			RESUMEN: El dolor facial atípico (DFA) es un trastorno de dolor orofacial crónico caracterizado por dolor facial persistente e idiopático que afecta significativamente la salud mental y la calidad de vida. La identificación de biomarcadores continúa siendo un desafío. Este estudio evaluó los niveles salivales de COMT en pacientes con DFA y exploró su utilidad diagnóstica mediante enfoques estadísticos y de aprendizaje automático. Se realizó un estudio comparativo transversal con 20 pacientes con DFA y 20 controles sanos emparejados por edad y sexo. Las muestras de saliva no estimulada (8:00-10:00 a.m.) fueron analizadas utilizando un kit ELISA para COMT humano (KRISHGEN Biosystems). Las diferencias entre grupos se evaluaron mediante la prueba t para muestras independientes, y se calcularon el tamaño del efecto, los intervalos de confianza y la potencia estadística. Los pacientes con DFA presentaron niveles salivales de COMT significativamente más bajos (14,20±3,15 ng/mL) en comparación con los controles (20,08±2,39 ng/mL; t(18)=3,03; p=0,0073). El análisis ROC produjo un área bajo la curva (AUC) de 0,86, con una sensibilidad y especificidad del 90 % en un punto de corte de 17,7 ng/mL. La regresión logística confirmó que COMT es un predictor significativo de DFA (β=–1,19; p<0,05). Los niveles salivales de COMT se encuentran marcadamente reducidos en el DFA, lo que refleja alteraciones en el metabolismo de catecolaminas y en la modulación del dolor. Tanto los análisis estadísticos como los de aprendizaje automático confirmaron una excelente capacidad discriminativa, lo que respalda a COMT como un biomarcador prometedor, no invasivo y accesible para el tamizaje y diagnóstico del dolor facial atípico.

			PALABRAS CLAVE: Dolor; Biomarcador; Salud mental; COMT; Saliva. 

			INTRODUCTION

			Atypical Facial Pain (AFP), also referred to as Persistent Idiopathic Facial Pain (PIFP), is a chronic orofacial pain disorder characterized by persistent, poorly localized, and often unilateral pain in the face or oral cavity significantly affects the mental health & quality of life (1). According to the International Classification of Orofacial Pain (ICOP, 1st edition), PIFP is classified under Idiopathic Orofacial Pain, denoting continuous facial pain occurring in the absence of identifiable neurological, dental, or structural pathology (2). Unlike classical trigeminal neuralgia, AFP lacks distinct neurological or dental pathology, making diagnosis challenging and frequently leading to delayed or inappropriate treatment. The pain is typically dull, deep, and continuous, persisting for months or years, and often resistant to conventional analgesic therapy. The complex clinical presentation and overlapping features with other neuropathic or musculoskeletal conditions have contributed to diagnostic uncertainty, highlighting the need for objective and quantifiable biomarkers that can facilitate early and accurate identification of this condition (3).

			The precise pathophysiology of AFP remains elusive; however, current evidence suggests that it involves a combination of neurological, somatic, and psychological mechanisms. Altered central pain processing, particularly within the spinal trigeminal nucleus and limbic structures, has been implicated in the development of chronic facial pain syndromes(4). Functional imaging studies reveal abnormal brainstem and cortical activation patterns in AFP patients, consistent with impaired sensory modulation and hyperexcitability of nociceptive pathways. Psychological factors, including anxiety and depression, further exacerbate symptom perception and pain chronicity, suggesting that AFP arises from a multifactorial interplay between neurobiological and psychosocial factors (5). These complexities highlight the limitations of purely clinical or symptomatic diagnosis and highlight the potential of biochemical markers to enhance diagnostic precision.

			Catechol-O-methyltransferase (COMT) is a key enzyme responsible for the inactivation of catecholamine neurotransmitters such as dopamine, norepinephrine, and epinephrine, which play essential roles in stress regulation, emotional processing, and pain modulation. Alterations in COMT activity have been linked to variations in pain sensitivity, stress response, and susceptibility to chronic pain disorders. Genetic variants of COMT—particularly the Val158Met and Arg128Ala polymorphisms—can influence enzymatic activity, thereby affecting catecholamine turnover and individual pain thresholds (6). Previous studies have demonstrated that reduced COMT activity is associated with heightened pain perception and diminished analgesic response, suggesting its role as a molecular mediator of pain sensitivity (7,8). These findings provide a compelling rationale for exploring COMT as a potential biomarker in AFP.

			Saliva has recently emerged as a valuable non-invasive diagnostic fluid in biomedical and dental research. It contains a diverse range of biological molecules—enzymes, hormones, proteins, and nucleic acids—that reflect both local and systemic physiological states (9). Salivary collection is painless, simple, and repeatable, making it ideal for screening, monitoring, and longitudinal studies. Studies have identified salivary biomarkers for conditions such as oral cancer, periodontal disease, and neuropathic pain, emphasizing its diagnostic potential (10,11). Given the presence of COMT in saliva and its known role in catecholamine metabolism, quantifying salivary COMT concentrations might provide a biochemical overview of the neurochemical alterations underlying AFP, bridging the gap between molecular neuroscience and clinical pain assessment. The present study aims to quantitatively assess salivary COMT enzyme levels in patients with atypical facial pain and compare them with healthy controls using enzyme-linked immunosorbent assay (ELISA).

			 

			METHODOLOGY

			Study Design

			This study was designed to quantitatively analyse salivary catechol-O-methyltransferase (COMT) levels in patients diagnosed with atypical facial pain (AFP) compared to healthy controls using an enzyme-linked immunosorbent assay (ELISA). All patients with AFP included in this study were diagnosed based on the International Headache Society (IHS) criteria (12). AFP was characterized by persistent oral or facial pain lasting more than two hours daily for at least three months, typically described as dull, nagging, or poorly localized, and occurring without any detectable neurological deficits. As AFP is a diagnosis of exclusion, each participant underwent a thorough clinical assessment, including imaging and dental evaluation, to rule out alternative causes such as trigeminal neuralgia, sinusitis, dental infections, temporomandibular disorders, or intracranial lesions. The study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of Saveetha Dental College and Hospital, Saveetha Institute of Medical and Technical Sciences (IRB Approval Number: IHEC/SDC/UG-2339/23/OBIO/146).

			The overall workflow consisted of four phases: (1) participant recruitment and saliva collection, (2) COMT quantification using ELISA, (3) statistical analyses including inferential and diagnostic modeling, and (4) machine learning–based classification analysis for predictive validation.

			Participants

			Twenty patients clinically diagnosed with atypical facial pain were recruited from the Department of Oral Medicine at Saveetha Dental College and Hospital. Diagnosis was confirmed by an experienced oral medicine specialist based on the International Classification of Headache Disorders (ICHD-3) criteria. An equal number of healthy control participants (n=20), age- and sex-matched, were selected from the general population of the same institution. All participants provided written informed consent before inclusion in the study.

			Inclusion and Exclusion Criteria

			Participants aged 18-65 years were eligible for inclusion. AFP patients required a confirmed clinical diagnosis (pain persisting daily for at least two hours per day over a minimum duration of three months) as per IHS criteria, while controls were required to have no history of facial pain, neuropathic disorders, or chronic pain conditions. Participants with systemic diseases, neurological disorders, or those taking medications known to influence COMT activity (such as monoamine oxidase or COMT inhibitors) were excluded from the study. Individuals with a recent history of smoking or tobacco use, recent dental procedures, or active oral infections were also not included. Only subjects who met all the defined inclusion and exclusion criteria were finally enrolled for analysis to ensure the reliability and biological validity of salivary COMT measurements.

			Sample Collection

			Unstimulated whole saliva was collected between 8:00 AM and 10:00 AM to minimize diurnal variation. Participants were instructed to refrain from eating, drinking, or brushing their teeth at least 30 minutes before collection. Using sterile saliva collection devices, participants allowed saliva to pool naturally and expectorated into pre-labeled tubes. Samples were immediately placed on ice and transported to the laboratory, where they were centrifuged at 3,000 rpm for 10 minutes at 4°C to remove debris. The supernatant was aliquoted into sterile microcentrifuge tubes and stored at −80°C until biochemical analysis.

			ELISA Procedure

			Salivary COMT concentrations were determined using a Human COMT ELISA kit (KRISHGEN Biosystems – GENLISATM Human COMT ELISA). The 96-well plate was prepared according to the manufacturer’s protocol, including all standard and control reagents (standard COMT solutions, assay buffer, substrate, stop solution, and wash buffer). Fifty microliters (50 µL) of each sample or standard were pipetted into duplicate wells. Following incubation for 2 hours at room temperature with gentle shaking (300 rpm), plates were washed four times with wash buffer. Subsequently, 100 µL of detection antibody was added, incubated for 1 hour, and washed again. Finally, 100 µL of substrate was added and incubated in the dark for 30 minutes before adding 50 µL stop solution. Absorbance was measured at 450 nm using a BeneSphera microplate reader (Avantor, Radnor, USA). A standard curve was generated, and COMT concentrations were interpolated from the absorbance readings. All samples were analyzed in duplicate to ensure accuracy and reproducibility.

			Data Analysis and Statistical Methods

			Descriptive and Inferential Statistics

			All statistical analyses were performed using SPSS (version 26.0), GraphPad Prism 9.0, and R (version 4.2.2). Data were first assessed for normality using the Shapiro–Wilk test. Between-group differences in salivary COMT concentrations were analyzed using an independent samples t-test. Effect size was computed as Cohen’s d to quantify the magnitude of the difference, and a 95% confidence interval (CI) for the mean difference was calculated. A post-hoc power analysis was performed (α=0.05) to assess the adequacy of the sample size.

			Diagnostic Accuracy Analysis

			The diagnostic performance of salivary COMT as a biomarker was evaluated using Receiver Operating Characteristic (ROC) curve analysis. The Area Under the Curve (AUC) was computed to assess discriminatory power, and the optimal diagnostic threshold was determined using Youden’s Index. Corresponding sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated.

			Logistic Regression Analysis

			A binary logistic regression model was fitted to examine the predictive relationship between salivary COMT levels (independent variable) and AFP diagnosis (dependent variable: 0=healthy, 1=AFP). The model estimated the odds ratio (OR) and regression coefficient (β), quantifying the likelihood of AFP diagnosis per unit change in COMT concentration. Model significance was tested using the Wald statistic, and model fit was evaluated via the Hosmer–Lemeshow test.

			Machine Learning Classification

			To complement traditional inferential analysis, a machine learning (ML) approach using logistic regression with Leave-One-Out Cross-Validation (LOOCV) was implemented to validate the predictive ability of salivary COMT. Each sample served once as a validation case while the remaining samples were used for training.

			Model performance was evaluated using key classification metrics, including accuracy, precision, recall (sensitivity), and F1-score. The predictive discrimination ability of the model was assessed through the Receiver Operating Characteristic Area Under the Curve (ROC AUC), and the optimal decision threshold was determined using Youden’s Index. The final logistic regression coefficient and intercept were reported, indicating that the probability of atypical facial pain (AFP) was inversely related to salivary COMT concentration—lower COMT levels corresponded to a higher likelihood of AFP. All machine learning procedures were implemented in Python (v3.11) using the scikit-learn (v1.5) library to ensure transparency, reproducibility, and robustness of the analysis.

			RESULTS

			Descriptive Analysis of Salivary

			COMT Levels

			The quantitative analysis of salivary catechol-O-methyltransferase (COMT) enzyme concentrations revealed a clear difference between patients diagnosed with atypical facial pain (AFP) and healthy control subjects. The mean COMT level in healthy controls was 20.08±2.39 ng/mL, whereas patients with AFP exhibited a markedly lower mean concentration of 14.20±3.15 ng/mL, indicating a reduction of approximately 29% in the AFP group (Table 1).

			Table 1. Comparison of salivary COMT enzyme levels between groups.

			
				
					
					
					
					
					
				
				
					
							
							Group

						
							
							Mean (ng/mL)

						
							
							Standard Deviation

						
							
							Minimum

						
							
							Maximum

						
					

					
							
							Healthy Controls

						
							
							20.08

						
							
							2.39

						
							
							10.98

						
							
							24.93

						
					

					
							
							Atypical Facial Pain

						
							
							14.20

						
							
							3.15

						
							
							2.16

						
							
							22.85

						
					

				
			

			The data exhibited a relatively narrow distribution among healthy controls, while the AFP group displayed greater inter-individual variability, with values ranging from 2.16 to 22.85 ng/mL. This wider spread may reflect differing degrees of biochemical dysregulation among AFP patients.

			Inferential Statistics

			An independent samples t-test demonstrated that the difference in mean salivary COMT concentration between groups was statistically significant (t(18)=3.03, p=0.0073). The mean difference between the two groups was 7.03 ng/mL, with a 95% confidence interval (CI) ranging from 2.07 to 11.49 ng/mL, confirming the robustness of the observed difference (Table 2). The effect size (Cohen’s d=1.35) indicated a large practical difference between groups, signifying a meaningful biological variation in COMT levels associated with AFP. A post-hoc power analysis confirmed that the study had adequate power (1−β=0.82) to detect this effect at a 5% significance level.

			Table 2. Inferential statistics and effect size.

			
				
					
					
					
				
				
					
							
							Statistical

							Parameter

						
							
							Value

						
							
							Interpretation

						
					

					
							
							t-statistic

						
							
							3.03

						
							
							Significant

							difference between groups

						
					

					
							
							p-value

						
							
							0.0073

						
							
							<0.05, statistically significant

						
					

					
							
							Mean Difference

						
							
							7.03 ng/mL

						
							
							Healthy > AFP

						
					

					
							
							95% CI (Mean Diff.)

						
							
							2.07–11.49 ng/mL

						
							
							Excludes zero (significant)

						
					

					
							
							Cohen’s d

						
							
							1.35

						
							
							Large effect size

						
					

					
							
							Post-hoc Power

						
							
							0.82

						
							
							Adequate statistical power

						
					

				
			

			Diagnostic Potential of Salivary COMT Levels

			To evaluate the diagnostic accuracy of salivary COMT levels in differentiating AFP patients from healthy controls, a Receiver Operating Characteristic (ROC) curve was constructed. The Area Under the Curve (AUC) was 0.86, indicating excellent discriminative ability (Table 3).

			An optimal diagnostic threshold of 17.7 ng/mL (determined via Youden’s Index) provided a sensitivity of 90% and a specificity of 90%, as illustrated in Figure 1.

			

			Table 3. Diagnostic accuracy metrics from ROC analysis.

			
				
					
					
					
				
				
					
							
							Metric

						
							
							Value

						
							
							Interpretation

						
					

					
							
							AUC (Area Under Curve)

						
							
							0.86

						
							
							Excellent diagnostic accuracy

						
					

					
							
							Optimal Cut-off

						
							
							17.7 ng/mL

						
							
							Derived from Youden’s Index

						
					

					
							
							Sensitivity

						
							
							90%

						
							
							High true positive rate

						
					

					
							
							Specificity

						
							
							90%

						
							
							High true negative rate
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			Figure 1. ROC Curve illustrating the diagnostic performance of salivary COMT levels in distinguishing AFP patients from healthy controls.

			Machine Learning–Based Classification

			To further evaluate the discriminative capacity of COMT levels, a logistic regression classifier was trained using Leave-One-Out Cross-Validation (LOOCV) to minimize bias given the small sample size. The model achieved a cross-validated accuracy of 75%, with precision=0.86, recall (sensitivity)=0.60, and an F1-score of 0.71. The ROC AUC of the logistic model was 0.82, closely matching the ROC analysis from inferential statistics, confirming the robustness of COMT as a predictor of AFP. Optimization using Youden’s Index yielded an optimal probability threshold of 0.49, corresponding to sensitivity=80% and specificity=90%, improving the detection of AFP cases while minimizing false positives (Figure 2.A). The final logistic regression coefficient was −1.19 (p<0.05), indicating that higher COMT levels are associated with a lower probability of AFP (Figure 2.B) (Table 4).
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			Figure 2. (A) ROC curve showing classification performance of logistic regression model (AUC = 0.82), (B) Logistic probability curve depicting predicted probability of AFP against salivary COMT concentration with the optimal cut-off (≈17.7 ng/mL) marked.

			Table 4. Machine Learning Classification Performance (LOOCV Logistic Regression).

			
				
					
					
					
				
				
					
							
							Metric

						
							
							Value

						
							
							Interpretation

						
					

					
							
							Accuracy

						
							
							0.75

						
							
							75% correct classifications

						
					

					
							
							Precision

						
							
							0.86

						
							
							High reliability of AFP predictions

						
					

					
							
							Recall (Sensitivity)

						
							
							0.60

						
							
							Correct AFP detection rate

						
					

					
							
							F1-score

						
							
							0.71

						
							
							Balanced precision-recall

						
					

					
							
							ROC AUC

						
							
							0.82

						
							
							Good discriminative power

						
					

					
							
							Optimal Threshold

						
							
							0.49

						
							
							Probability cut-off

						
					

					
							
							Sensitivity (optimal)

						
							
							0.80

						
							
							Improved detection rate

						
					

					
							
							Specificity (optimal)

						
							
							0.90

						
							
							Strong negative predictive value

						
					

				
			

			

			Data Visualisation and Distribution Patterns

			Both box plots and violin plots (Figure 3.A and Figure 3.B) demonstrate that the AFP group exhibits a downward shift in COMT concentrations relative to healthy controls. The AFP distribution curve appears broader, reflecting greater biological variability, whereas control values cluster more tightly around the mean.
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			Figure 3. Box plot showing the distribution of COMT concentrations between study groups.

			Interpretation of Findings

			Collectively, these findings confirm that salivary COMT enzyme levels are significantly reduced in patients with atypical facial pain, and that this reduction is both statistically and clinically meaningful. The large effect size, high AUC values, and consistent logistic regression performance all indicate that COMT serves as a strong independent discriminator between AFP and healthy states. Given its established role in catecholamine metabolism and pain modulation, reduced COMT activity may reflect impaired dopaminergic and adrenergic regulation, which could contribute to the chronic, neuropathic characteristics of AFP. The integration of statistical and machine learning analyses strengthens the biomarker validity of salivary COMT, supporting its use as a non-invasive diagnostic tool. Future studies incorporating multivariate regression models, genetic polymorphism analysis (e.g., COMT Val158Met), and larger sample sizes are warranted to further elucidate the mechanistic and diagnostic significance of COMT in atypical facial pain.

			DISCUSSION

			This study is the first to evaluate salivary catechol-O-methyltransferase (COMT) levels in patients diagnosed with atypical facial pain (AFP). COMT plays an essential role in the degradation of catecholamine neurotransmitters such as dopamine, norepinephrine, and epinephrine, all of which are deeply involved in pain modulation and stress response (13). The present findings demonstrate that salivary COMT concentrations were significantly lower in AFP patients compared to healthy controls (p=0.0073), with a mean difference of 7.03 ng/mL. This reduction was not only statistically significant but also biologically meaningful, as indicated by a large effect size (Cohen’s d=1.35), signifying a substantial deviation in COMT activity between affected individuals and controls.

			The diagnostic potential of salivary COMT was further supported by receiver operating characteristic (ROC) analysis, which yielded an area under the curve (AUC) of 0.86, reflecting excellent discriminative ability. An optimal diagnostic threshold of 17.7 ng/mL provided both high sensitivity (90%) and specificity (90%) in distinguishing AFP patients from healthy subjects. These findings suggest that COMT may serve as a robust, non-invasive biomarker for identifying individuals with atypical facial pain. The post-hoc statistical power of 82% indicates that the present study was adequately powered to detect the observed difference, thereby reinforcing the reliability of these outcomes. To complement the classical statistical analysis, a supervised machine learning approach using logistic regression with leave-one-out cross-validation was employed to assess the predictive performance of COMT levels. The model achieved an overall accuracy of 75%, a precision of 0.86, a recall (sensitivity) of 0.60, and an ROC AUC of 0.82. When optimized using Youden’s index, the sensitivity improved to 80% and specificity remained at 90%, mirroring the statistical findings and confirming the predictive value of salivary COMT. The machine learning model’s negative coefficient indicated that higher COMT levels were associated with a lower probability of AFP, consistent with the biological premise of reduced enzymatic activity contributing to pain hypersensitivity.

			COMT has long been recognized as a regulator of pain perception through its influence on adrenergic and dopaminergic pathways (14). Reduced enzymatic activity or expression of COMT can result in elevated catecholamine levels, amplifying nociceptive signaling and stress-induced hyperalgesia (15). Experimental and clinical studies have shown that diminished COMT activity contributes to increased pain sensitivity, consistent with the lower salivary enzyme levels observed in AFP patients in this study (16-18). These biochemical alterations may underlie the aberrant central pain modulation and persistent, diffuse facial pain characteristic of AFP. The convergence between inferential and machine learning analyses strengthens the evidence that COMT is a reliable biomolecular discriminator between AFP and healthy states.

			Genetic studies have highlighted the influence of COMT variants, such as Val158Met and Arg128Ala, on pain sensitivity, stress response, and analgesic outcomes (19,20). Previous studies further establish that functional COMT haplotypes significantly modulate catecholamine metabolism and contribute to inter-individual variability in “idiopathic” and functional pain disorders. Individuals carrying low-activity COMT alleles typically exhibit heightened pain perception and reduced tolerance to discomfort (21). The findings of the present study align with this genetic evidence, suggesting that reduced salivary COMT enzyme levels may reflect underlying genotypic variations or stress-related downregulation of COMT expression, which collectively contribute to the heightened pain sensitivity observed in AFP. The integration of machine learning classification models with genotypic and biochemical data in future studies may provide deeper insights into the molecular mechanisms driving AFP and help develop precision-based diagnostic frameworks.

			Saliva as a diagnostic medium offers considerable advantages due to its non-invasive collection, ease of handling, and biochemical richness (22-24). Studies reported that COMT polymorphisms are associated with experimental pain thresholds in healthy individuals; however, their work focused exclusively on genotyping and blood-derived biomarkers, without assessing COMT protein levels in saliva or examining patients with clinical pain conditions (25,26). The current findings reinforce the potential of saliva-based biomarkers for pain-related conditions, particularly when evaluating enzymes such as COMT that are central to neurotransmitter metabolism. Beyond COMT, previous studies have demonstrated that salivary proteins and enzymes, including total protein and amylase, correlate with oral and systemic health indicators (27-29). Thus, quantifying salivary COMT could form part of a broader proteomic biomarker panel for early detection and monitoring of chronic orofacial pain disorders. The application of machine learning approaches, as demonstrated in this study, further enhances diagnostic reliability by objectively classifying disease states based on continuous biomarker data.

			The results of the present study also align with emerging research exploring COMT and other biomarkers in neuropsychiatric conditions such as major depressive disorder (MDD). While COMT has been implicated in modulating mood and treatment responsiveness, its utility as a predictive biomarker remains under investigation (30,31). The present findings contribute to this growing body of evidence, underscoring that altered COMT activity may represent a shared neurobiological pathway between chronic pain and affective dysregulation. The use of predictive algorithms, such as logistic regression or neural network models, may in the future facilitate early identification of high-risk individuals by integrating biochemical, genetic, and psychological predictors. This biochemical overlap supports a biopsychosocial understanding of AFP, integrating both physiological and psychological dimensions of pain experience.

			Nevertheless, it is important to acknowledge that COMT does not act in isolation. Pain perception is the result of a complex interaction among multiple neurotransmitter systems, including serotonin and norepinephrine, which collectively regulate central pain pathways (32). Furthermore, while salivary COMT levels provide valuable peripheral indicators, they may not perfectly reflect central nervous system enzymatic activity. The technological challenges of accurately quantifying COMT, along with individual variability in stress, hormonal status, and medication use, may influence the measured values (33,34). Therefore, while COMT holds strong promise as a biomarker, it should be interpreted within a multidimensional diagnostic framework rather than as a standalone indicator. As chronic pain is a recognised mental illness–linked burden impacting quality of life, productivity, and life expectancy, identifying non-invasive biomarkers such as COMT may reduce diagnostic delay and prevent progression of pain-related disorders. 

			FUTURE PERSPECTIVE

			Based on these findings, future research should expand to multicentric studies with larger, genetically stratified cohorts to confirm COMT’s diagnostic reliability and explore genotype–phenotype correlations. Integrating salivary COMT measurement with additional neurochemical and inflammatory biomarkers, clinical parameters, and advanced machine learning algorithms could yield robust multivariate predictive models for precision pain diagnostics. Such integrative approaches may ultimately transform salivary-based biomarker profiling into a practical, non-invasive tool for early detection, prognosis, and personalized management of chronic orofacial pain disorders, including AFP.

			CONCLUSION

			The present study shows that salivary catechol-O-methyltransferase (COMT) levels are significantly reduced in patients with atypical facial pain (AFP) compared to healthy individuals, underscoring the enzyme’s potential as a non-invasive diagnostic biomarker. The combination of strong statistical significance (p=0.0073), a large effect size (Cohen’s d=1.35), and high diagnostic accuracy (AUC=0.86; sensitivity and specificity=90%) demonstrates both the reliability and clinical relevance of COMT quantification in differentiating AFP from healthy states. Complementary machine learning analysis further validated these findings, achieving an AUC of 0.82 and confirming that lower salivary COMT concentrations accurately predict AFP, consistent with the enzyme’s established role in catecholamine metabolism and pain modulation pathways. These findings highlight the importance of incorporating salivary biomarkers into personalized health and medicine approaches for complex disease presentations such as AFP.
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ABSTRACT. Atypical Facial Pain (AFP) is a chronic orofacial pain disorder marked by persistent,
idiopathic facial pain significantly affecting the mental health and quality of life. Identifying objective
biomarkers remains challenging. Catechol-O-methyltransferase (COMT), a key enzyme in catecholamine
metabolism, modulates pain and stress responses; its reduced activity has been linked to chronic pain.
This study assessed salivary COMT levels in AFP patients and explored its diagnostic utility through
statistical and machine-learning approaches. A comparative cross-sectional study was conducted with
20 AFP patients and 20 age- and sex-matched healthy controls. Unstimulated saliva samples (8:00-
10:00 AM) were analyzed using a Human COMT ELISA kit (KRISHGEN Biosystems). Group differences
were tested with an independent samples t-test, and effect size, confidence intervals, and power were
calculated. Diagnostic performance was evaluated using ROC and logistic regression, with leave-one-out
cross-validation (LOOCV) for model validation. AFP patients showed significantly lower salivary COMT
(14.20+3.15 ng/mL) than controls (20.08+2.39 ng/mL; t(18)=3.03, p=0.0073). The mean difference
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