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			Blue-Light Transillumination Using Dental Curing Units Shows Limited Diagnostic Accuracy for Approximal Caries Detection: An Ex Vivo Comparison with Bitewing Radiography 

			La transiluminación con luz azul de diferentes lámparas de fotocurado presenta limitada precisión para el diagnóstico de caries proximales. Comparación ex vivo con radiografías de aleta
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			ABSTRACT: The purpose of this ex vivo study was to evaluate the diagnostic accuracy of blue-light transillumination using two dental curing units, in comparison with bitewing radiography, for detecting and staging approximal caries in extracted posterior teeth. Forty-eight premolars and molars were mounted in a standardized model and assessed independently by thirteen evaluators. Lesion presence and depth were recorded against a reference standard established by an experienced cariologist (ICDAS/ICCMS criteria). Across 1,248 proximal surfaces, bitewing radiography outperformed transillumination: sensitivity and specificity were 0.584 and 0.937 for bitewings, versus 0.165 and 0.805 for the Valo unit and 0.168 and 0.758 for the X-Cure unit, respectively. Positive predictive value was higher for radiography (0.724) than for transillumination (Valo 0.192; X-Cure 0.163), and negative predictive values were low across methods. Agreement for depth staging was fair for radiography (κ=0.262) and non-existent for transillumination (Valo κ=−0.052; X-Cure κ=−0.005), with a high proportion of non-classifiable findings using curing lights. Within the tested conditions, blue-light transillumination with curing units showed limited sensitivity and reliability and should not replace bitewing radiography for approximal caries diagnosis. Transillumination using a dental light curing unit may result in misdiagnosis of posterior proximal carious lesions, both in presence and severity, compromising adequate treatment for the patients.
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			RESUMEN:  El objetivo de este estudio ex vivo fue evaluar la exactitud diagnóstica de la transiluminación con luz azul usando dos lámparas de fotocurado, en comparación con la radiografía de aleta, para detectar y clasificar la profundidad de las lesiones de caries proximales en dientes posteriores extraídos.  Se montaron cuarenta y ocho premolares y molares en un modelo estandarizado, que fueron evaluados de manera independiente por trece evaluadores. La presencia y la profundidad de las lesiones se registró con un estándar de referencia establecido por un especialista en cariología (criterios ICDAS/ICCMS). En las 1,248 superficies proximales evaluadas, la radiografía de aleta de mordida mostró un desempeño superior a la transiluminación: la sensibilidad y la especificidad fueron de 0.584 y 0.937 para la radiografía, frente a 0.165 y 0.805 para la unidad Valo y 0.168 y 0.758 para la unidad X Cure, respectivamente. El valor predictivo positivo fue mayor para la radiografía (0.724) que para la transiluminación (Valo: 0.192; X Cure: 0.163), y los valores predictivos negativos fueron bajos en todos los métodos. La concordancia al clasificar la profundidad de las lesiones fue discreta para la radiografía (κ=0.262) y nula para la transiluminación (Valo: κ=−0.052; X Cure: κ=−0.005), con una alta incidencia de hallazgos no clasificables al utilizar la transiluminación. En las condiciones evaluadas, la transiluminación con luz azul usando lámparas de fotocurado mostró limitada sensibilidad y confiabilidad, por lo que no debe sustituir a la radiografía de aleta para el diagnóstico de caries proximales. La transiluminación con lámparas de fotocurado puede inducir errores en el diagnóstico de caries proximales en dientes posteriores, tanto en su presencia como en su severidad, lo que compromete el tratamiento adecuado de los pacientes.
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			INTRODUCTION

			Dental caries is the most widespread non-transmissible disease worldwide and a public health problem that negatively affects different phases of life, as a result of pain and chewing and sleeping difficulties that reduce the quality of life and productivity of individuals (1,2). Moreover, undiagnosed and untreated caries may evolve into pulp infections which require a more extensive and complex intervention from dentists (3). In daily dental practice, clinicians face the tasks of preventing, detecting, and treating dental caries. The most used diagnostic method for diagnosing interproximal caries is clinical visual assessment complemented with bitewing radiography (4-7). This type of radiography is widely considered a gold-standard for diagnosis of proximal carious lesions (8) because it enables the examination of clinically inaccessible areas, such as proximal surfaces, and allows to estimate the depth of lesions on both occlusal and proximal surfaces (8,9). 

			However, radiographic images have limitations, because visual examination detects proximal lesions only once the lesion is in an advanced stage (6, 8), and radiographic interpretation can be biased by several observer-related factors (9-11) and thus, radiographs may underestimate lesion progression because two-dimensional images provide limited localization accuracy (7,12). Nonetheless, in some clinical scenarios obtaining diagnostic images can be challenging, such as cases of crowding, the presence of tori, in children, and in people with disabilities, which limits the diagnostic utility of the images (4,5). Also, despite the improvement in optimization of exposure to X-rays required to obtain radiographic images, there may still be some concerns regarding the effect of prolonged exposure to ionizing radiation for the clinician and patients (13,14). Against this backdrop, alternative technologies for caries diagnosis, particularly for early detection, have been developed, including fiber-optic transillumination, quantitative light-induced fluorescence, digital fiber-optic transillumination imaging, fluorescence measurement, and others (6, 11, 15-17). 

			Transillumination techniques seek to visualize fractures, cracks, or density defects in enamel by illuminating teeth; when the continuity of the surface is interrupted, shadows are formed that can be detected clinically (7,16,17). The sensitivity of these tests depends on operator perception, tooth anatomy, and the size and depth of the caries lesion (9,16,18). Implementing simple, rapid, and safe diagnostic approaches in at-risk populations, while reducing exposure to ionizing radiation and patient discomfort is appealing (17). In this sense, transillumination has been tried with infrared (IR)/ and near-infrared (NIR) devices with mostly favorable results (6,11,16,17). In that regard, manufacturers of dental equipment have suggested that the light from light curing unit can be used as a tool for transillumination to help on the diagnosis of cracks, white spots lesions and interproximal cavities (19-22). This indication could be an attractive diagnostic tool for clinicians because it does not require additional equipment (22, 23); however, the number of available studies is limited and often leaves gaps regarding expected findings and what to look for when observing sound versus demineralized interproximal enamel and dentin (11). 

			Thus, validation of transillumination using blue light as a diagnostic method is necessary, because any diagnostic tool should demonstrate precision and accuracy, specifically sensitivity and specificity, in detecting the presence and extent of lesions (11). It that regard, it must be considered that sensitivity is the probability that the test correctly identifies a diseased individual, while specificity is the probability of correctly classifying a healthy individual; also, the positive predictive value (PPV) is the probability of truly having the disease when the  test result is positive, whereas negative predictive value (NPV) is the probability that a subject with a negative result is truly healthy (24). 

			Because the sensitivity and specificity of a diagnostic tool are fundamental in minimally invasive dentistry to ensure adequate treatment planning and avoiding unnecessary interventions (11,25), this research was conducted to determine the applicability of transillumination with a dental curing unit for diagnosis of proximal carious lesions, considering that the curing light is part of the basic armamentarium of most dental clinics (23,26). The aim of this study was to determine the ability of transillumination using dental curing lights to detect and classify proximal carious lesions compared with bitewing radiography. The research hypotheses were that there are differences in diagnostic capacity and in specificity between transillumination-based caries detection and bitewing radiography.

			MATERIALS AND METHODS

			This research was reviewed and approved by the local ethics committee (CEC-313-2024). For this ex vivo investigation, 48 extracted teeth were collected at the Dental School Clinic of the University of Costa Rica for reasons unrelated to the development of this research. All patients signed an informed consent prior to extraction. Permanent molars and premolars indicated for extraction—both sound teeth and those with clinical evidence of proximal caries with and without cavitation—were included. Teeth with extensive restorations or crowns, fractured teeth, and teeth with carious lesions on the occlusal, buccal, or lingual surfaces were excluded. Teeth with clinically detectable enamel hypomineralization or structural defects were also excluded. The collected teeth were mounted in three 3D-printed typodonts with the alveolar sockets of the first and second premolars and molars of each quadrant left open to allow placement of the extracted teeth (Figure 1). The natural teeth were placed on their anatomically corresponding location on the typodonts, and the alveolar spaces were filled with a mixture of type III dental stone and pumice in a 2:3 ratio to simulate a material with radiopacity similar to alveolar bone. 

			Two diagnostic methods were used to identify lesions and their depth: bitewing radiography and transillumination with two different curing lights (Valo, Ultradent; and X-Cure, Woodpecker). The proximal surfaces of all the extracted teeth were evaluated by a total of thirteen observers using the bitewing radiography and the transillumination with the two curing lights. The evaluators were instructed to classify the detected caries using a modification of the ICDAS/ICCMS system (27), employing categories and subcategories E1, E2, D1, D2 and D3. If the lesion could not be classified, a Not Classifiable (NC) code was recorded. The definition of each classification code is presented in Table 1.
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			Figure 1. (A) Digital design of the dentoform prior to the removal of posterior teeth; (B) with freed alveolar sockets; (C) printed model; and (D) model with teeth mounted.

			

			Table 1. Classification criteria for detected lesions.

			
				
					
					
				
				
					
							
							Code

						
							
							Definition

						
					

					
							
							E1

						
							
							Radiolucency limited to the outer half of enamel

						
					

					
							
							E2

						
							
							Radiolucency extending to the inner half of enamel

						
					

					
							
							D1

						
							
							Radiolucency limited to the outer third of dentin

						
					

					
							
							D2

						
							
							Radiolucency extending to the middle third of dentin

						
					

					
							
							D3

						
							
							Radiolucency extending to the inner third of dentin

						
					

					
							
							NC

						
							
							Not classifiable

						
					

				
			

			Digital bitewing radiographs (PSPIX®1 Acteon, size #2) were obtained using a positioning device. Radiographs were displayed in a digital frame for analysis by evaluators under darkroom conditions using a tablet (iPad, Apple Inc., USA) The brightness level of the device was controlled to replicate illumination conditions between observers. Curing lights were used according to the manufacturer’s time and power instructions. For the Valo light, the interproximal lens at standard power (1000 mW/cm²) was used for 20 seconds, as indicated by the manufacturer (19). For the X-Cure light, the “Check” mode was used (200-400 mW/cm² for 30 seconds); during X-Cure assessments, operators wore photopolymerization protective eyewear as indicated in the manual (20). The findings of each observer were compared with those of a reference evaluator who served as the control. The control observer was a faculty member experienced in cariology and calibrated in the use of ICDAS coding (ABA). Because no validated scale exists to classify carious lesions via blue-light transillumination, operators first indicated the presence or absence of caries and then attempted to classify lesion depth using a set of reference images (18). 

			Statistical analysis

			The obtained data from the evaluation of all observers was consolidated, and for each transillumination method a binary table was generated to summarize positive/negative diagnostic outcomes. Then, for all diagnostic methods the sensitivity, Positive and negative predictive values (PPV and NPV), Accuracy and diagnostic Odds Ratio were calculated (DOR). Also, a binary Cohen´s Kappa (bcK) was calculated to assess the agreement between the diagnostic methods and the Control method regarding the ability to distinguish between sound and carious surfaces using the evaluated methods (28).

			To assess the capacity to properly determine the severity of the carious lesion with the evaluated methods compared to the control data, a Quadratic Weighted Cohen’s kappa analysis was performed, ranking the concordance between the control operator and the evaluators using the different diagnostic methods. For this analysis the true negative results were excluded, to evaluate the diagnostic concordance on the truly positive surfaces, The categories were organized in a 7 x 7 table, using this order:

			S < NC < E1 < E2 < D1 < D2 < D3

			Where S means that the surface was classified as free of caries.

			RESULTS

			The absolute frequencies of true positives (TP), true negatives (TN), false positives (FP), and false negatives (FN) are summarized in Table 2. Sensitivity, specificity, PPV, NPV, Binary and Quadratic Weighted Cohen´s Kappa and DOR for each method are presented in Table 3.

			Overall, bitewing radiography showed the superior diagnostic performance among the evaluated methods, with a sensitivity of 58.39%, specificity of 93.74%, positive predictive value of 72.40%, negative predictive value of 88.90%, and an overall accuracy of 85.98%. Agreement with the reference standard was moderate according to Cohen's kappa (κ=0.560). The sum of sensitivity and specificity exceeded 1.5 for radiography, whereas it was 0.83 and 0.97 for X-Cure and Valo, respectively. PPV was markedly higher for the bitewing radiography. Of note, NPV values were comparatively low across methods.

			Regarding the ability to determine the severity of the carious lesion, the bitewing x-ray showed the highest level of agreement with the control, with a Quadratic Weighted Cohen's kappa of 0.262, indicating fair agreement. In contrast, both transillumination methods showed essentially no agreement beyond chance. For Valo a quadratic weighted kappa of -0.052 was observed, whereas X-Cure yielded a value of -0.005. These findings indicate that bitewing x-ray provided better agreement for lesion severity classification than the evaluated transillumination methods under the experimental conditions.

			Table 2. Absolute and percentual frequencies of True positives, True negatives, False positives, and False negatives for each diagnostic method.

			
				
					
					
					
					
					
					
				
				
					
							
							Method

						
							
							True Positives

						
							
							True Negatives

						
							
							False Positives

						
							
							False Negatives

						
							
							Total

						
					

					
							
							Bitewing radiography

						
							
							160 (58.6%)

						
							
							913 (93.6%)

						
							
							61 (6.3%)

						
							
							114 (41.4%)

						
							
							1248 (100%)

						
					

					
							
							Valo

						
							
							45 (16.5%)

						
							
							785 (80.5%)

						
							
							190 (19.5%)

						
							
							228 (83.5%)

						
							
							1248 (100%)

						
					

					
							
							X-Cure

						
							
							46 (16.8%)

						
							
							739 (75.8%)

						
							
							236 (24.2%)

						
							
							227 (83.2%)

						
							
							1248 (100%)

						
					

				
			

			Table 3. Diagnostic metrics for bitewing x-ray, Valo and XCure for caries detection and severity assessment.

			
				
					
					
					
					
				
				
					
							
							
							Diagnostic method

						
					

					
							
							Parameter

						
							
							Bitewing x-ray

						
							
							Valo

						
							
							X-Cure

						
					

					
							
							Sensitivity

						
							
							58.39%

						
							
							16.48%

						
							
							16.85%

						
					

					
							
							Specificity

						
							
							93.74%

						
							
							80.51%

						
							
							75.79%

						
					

					
							
							Positive Predictive Value

						
							
							72.40%

						
							
							19.15%

						
							
							16.31%

						
					

					
							
							Negative Predictive Value

						
							
							88.90%

						
							
							77.49%

						
							
							76.50%

						
					

					
							
							Accuracy

						
							
							85.98%

						
							
							66.51%

						
							
							62.90%

						
					

					
							
							Binary Cohen's kappa

						
							
							0.560

						
							
							-0.033

						
							
							-0.077

						
					

					
							
							False Positive Rate

						
							
							6.26%

						
							
							19.49%

						
							
							24.21%

						
					

					
							
							False Negative Rate

						
							
							41.61%

						
							
							83.52%

						
							
							83.15%

						
					

					
							
							Positive Likelihood Ratio

						
							
							9.32

						
							
							0.85

						
							
							0.70

						
					

					
							
							Negative Likelihood Ratio

						
							
							0.44

						
							
							1.04

						
							
							1.10

						
					

					
							
							Diagnostic Odds Ratio

						
							
							21.01

						
							
							0.82

						
							
							0.63

						
					

					
							
							Quadratic Weigthed Cohen’s kappa

						
							
							0.262

						
							
							-0.052

						
							
							-0.005

						
					

				
			

			

			DISCUSSION

			In general, the results of the diagnostic metrics evaluated suggest that the bitewing radiography presents a significantly higher diagnostic ability than transillumination with dental curing lights, for the diagnosis of posterior proximal caries. According to the data obtained and the interpretation of Cohen’s kappa, the X-Cure and Valo lights showed unfavorable results, reflected in negative agreement values. By contrast, results obtained via bitewing radiography showed positive, statistically significant values, as expected given that this method is considered the gold standard for diagnosing interproximal caries (11).  Kappa agreement between diagnoses obtained by bitewing radiography and the control was moderate for identification of caries affected surfaces and fair for classification of the caries severity. However, the most notable limitations were observed for lesions located in enamel (E1 and E2) that were identified as sound, indicating an underestimation of early lesions. There was also difficulty differentiating between lesions in the outer versus middle thirds of dentin. These findings suggest variability in the interpretation of diagnostic criteria among operators, which could affect precision and reliability of radiographic diagnosis (11,25,29).

			Cohen’s kappa values for transillumination using Valo and X-Cure were negative both on the binary and quadratic analyses, indicating poor reliability and low agreement in caries detection. Under the protocols used, the presence of caries on affected surfaces was frequently not identified, compromising diagnostic effectiveness. There was also a high incidence of lesions marked as not classifiable, hindering precise evaluation. As a result, correct diagnoses were rare, underscoring the limitations of these methods for reliable diagnosis of both early and advanced disease. In that regard, it must be noted that caries diagnosis is foundational in dentistry, yet no method achieved a high sensitivity and specificity. Literature suggests that methods for caries detection should have sensitivity ≥0.75 and specificity ≥0.85 to balance correct identification with minimization of false positives, crucial for treatment planning and avoiding unnecessary interventions (25). However, in this study the values observed for bitewing radiography were lower than the indicated parameters. This diminished performance may be related to technical and methodological factors, including angulation problems, overlapping in radiographs, and inherent limitations in detecting incipient lesions on radiographic images. Obtaining radiographs on typodonts posed challenges in positioning the sensor and the X-ray cone, even with a positioning device, because the mannequin does not simulate biting to stabilize the holder. This may have affected diagnostic precision and lesion classification. 

			Despite these issues, a detailed analysis of the results showed that operators had a high difficulty in observing E1 and E2 lesions, which is expected because a previous study reported the limited sensitivity of bitewings for early lesions due to overlapping structures and inadequate radiographic contrast at early stages; enamel-confined lesions may not be visible radiographically (11,16). Also, regardless of the lower accuracy observed in this study for bitewing radiography, the results were significantly superior to transillumination with either dental curing light.

			Although sensitivity and specificity were higher for dentinal lesions, differentiating between shallower lesions as in the case of E1/E2 and E2/D1 remained challenging, which affects test precision. This result is in line with previous reports that indicate difficulties for classification of caries depth between operators (11,25). Despite standardized environmental variables (same device, brightness, and location), human factors such as viewing angle (10), differing experience levels, and subjective depth classification (25) likely contributed. Visual fatigue during evaluation sessions may also affect accuracy (25). Thus, while bitewing radiographs are essential, they have notable limitations, being non-quantitative methods, with depth estimation and monitoring subject to observer interpretation. Nonetheless, our results indicate that bitewing radiography remains more effective than transillumination with curing lights for interproximal caries detection (9,11,16).

			Transillumination methods showed markedly lower specificity and sensitivity, indicating that their diagnostic performance does not reach that of bitewing radiography. Exclusive reliance on curing-light transillumination cannot be considered clinically reliable as a substitute for bitewings, because the capacity to classify lesion extent was very low, considering that most operators failed to identify whether lesions were located in enamel or dentin, yielding negative agreement values, whereas radiography showed positive agreement. However, it must be noted that other transillumination technologies such as digital imaging fiber-optic transillumination (DIFOTI) optimize the basic principle of light transmission by illuminating the tooth and capturing images for computer analysis, thereby increasing sensitivity (7,16,17). Thus, DIFOTI may offer benefits for early detection without radiation and with real-time images, though availability and cost are limiting factors. Of note, wavelength differences may also explain diagnostic performance, as DIFOTI systems use visible to near-infrared bands spectra up to 850 nm,(6,11), while dental curing lights, including the ones used in this study, are designed to emit violet and blue light, and therefore the photons present a narrower wavelength ranging between 380 to 480 nm (23). As a result of the shorter wavelength, photons from dental curing lights present a lower capacity of penetration through the dental tissues (26), in comparison to the FOTI and DIFOTI sources that emit photons with broader wavelength and thus also deeper penetration, that can help in the  detection of deeper caries and internal defects (16,18). Also, direct access of the light to the evaluated surface is required because dispersion and absorption of light by the tissue surrounding the proximal surfaces can affect the ability of the operators to properly detect and classify any present defects.

			CONCLUSIONS

			Bitewing radiography provided greater reliability for detecting interproximal caries than blue/violet-light transillumination with curing units, which demonstrated significantly lower sensitivity and specificity. Transillumination was particularly deficient in classifying lesion extent, suggesting it is insufficient as a standalone method for guiding treatment decisions.
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Blue-Light Transillumination Using Dental Curing Units Shows Limited Diagnostic Accuracy for

Approximal Caries Detection: An Ex Vivo Comparison with Bitewing Radiography
La transiluminacién con luz azul de diferentes lamparas de fotocurado presenta limitada precision para el
diagnéstico de caries proximales. Comparacion ex vivo con radiografias de aleta
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ABSTRACT: The purpose of this ex vivo study was to evaluate the diagnostic accuracy of blue-light
transillumination using two dental curing units, in comparison with bitewing radiography, for detecting
and staging approximal caries in extracted posterior teeth. Forty-eight premolars and molars were
mounted in a standardized model and assessed independently by thirteen evaluators. Lesion presence
and depth were recorded against a reference standard established by an experienced cariologist (ICDAS/
ICCMS criteria). Across 1,248 proximal surfaces, bitewing radiography outperformed transillumination:
sensitivity and specificity were 0.584 and 0.937 for bitewings, versus 0.165 and 0.805 for the Valo
unit and 0.168 and 0.758 for the X-Cure unit, respectively. Positive predictive value was higher for
radiography (0.724) than for transillumination (Valo 0.192; X-Cure 0.163), and negative predictive
values were low across methods. Agreement for depth staging was fair for radiography (x=0.262)
and non-existent for transillumination (Valo k=—0.052; X-Cure k=—0.005), with a high proportion of
non-classifiable findings using curing lights. Within the tested conditions, blue-light transillumination
with curing units showed limited sensitivity and reliability and should not replace bitewing radiography for
approximal caries diagnosis. Transillumination using a dental light curing unit may result in misdiagnosis
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