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			ABSTRACT: The aim of this study was to evaluate the observers’ diagnostic performance in panoramic radiography using monitor, tablet, X-ray image view box, and against window daylight as a visualization method in different diagnostic tasks. Thirty panoramic radiography were assessed by three calibrated observers for each visualization method, in standardized light conditions, concerning dental caries, widened periodontal ligament space, and periapical bone defects from the four first molars; mucosal thickening and retention cysts in maxillary sinus; and stylo-hyoid ligament calcification and atheroma. A five-point confidence scale was used. The standard-reference was performed by two experienced observers. Diagnostic values using window light were significantly lower for caries and periapical bone defect and retention cyst, stylo-hyoid ligament calcification detection (p<0.05). For atheroma detection, X-ray image view box, tablet, and widow light had lower accuracy than the evaluation on the monitor (p<0.05). Observer’s diagnostic performances are worsened using window light as an evaluation method for panoramic radiography for dental, sinus, and calcification disorders, while the monitor was the most reliable method.

			KEYWORDS: Computer-assisted image processing; Diagnostic imaging; Oral diagnosis; Panoramic radiography; Task performance and analysis; Ttwo-dimensional image.

			RESUMEN: El objetivo de este estudio fue evaluar el desempeño diagnóstico de los observadores en la radiografía panorámica utilizando monitor, tablet, caja de visualización de imágenes de rayos X y contra la luz del día de la ventana como método de visualización en diferentes tareas de diagnóstico. Treinta radiografías panorámicas fueron evaluadas por tres observadores calibrados para cada método de visualización, en condiciones de luz estandarizadas, con respecto a caries dental, espacio del ligamento periodontal ensanchado y defectos óseos periapicales de los cuatro primeros molares; engrosamiento de la mucosa y quistes de retención en el seno maxilar; y calcificación y ateroma del ligamento estilohioideo. Se utilizó una escala de confianza de cinco puntos. La referencia estándar fue realizada por dos observadores experimentados. Los valores diagnósticos con luz de ventana fueron significativamente menores para caries y defecto óseo periapical y quiste de retención, detección de calcificación del ligamento estilohioideo (p <0.05). Para la detección de ateroma, la caja de visualización de imágenes de rayos X, el tablet y la luz de viuda tuvieron una precisión menor que la evaluación en el monitor (p <0.05). El rendimiento diagnóstico del observador empeora al utilizar la luz de la ventana como método de evaluación de la radiografía panorámica para los trastornos dentales, de los senos nasales y de la calcificación, mientras que el monitor fue el método más fiable.

			PALABRAS CLAVE: Procesamiento de imagen asistido por computador; Diagnóstico por imagen; Diagnóstico bucal; Radiografía panorámica; Análisis y desempeño de tareas; Imagen bidimensional.

		

		
			INTRODUCTION

			The goal of health care is to provide diagnostic procedures, preventive care, and restorative care (1). The primary method for diagnosis is the clinical examination, which might use a supplemental diagnostic tool like the radiographic examination. Among dental radiographic techniques, panoramic radiograph (PR) is an initial imaging method, generally available, useful, and valuable diagnostic tool, allowing the professional to evaluate not only dental units but also important structures of the dentomaxillofacial complex (1,2), even if not every area of interest is accurately detected (2).

			Digital panoramic imaging has become the latest technology and provides optimal diagnostic images with low radiation dose compared to the conventional technique. Therefore, the image's adjustment in the post-processing technique could affect the sensitivity and specificity in detecting dental pathologies and abnormalities (3). At this point, several factors should be evaluated, including the monitor resolution, monitor luminance, image resolution, image bit depth, image receptor device, and ambient light (4). Hence, a well-trained operator will produce a high diagnostic of image quality (3).

			Recently, the new development of technology improved methods to read dental images, using different visualization systems such as computers, tablets, and phones. That could be useful in dental radiology, but the feasibility of using these systems should be evaluated due to the variety of existing working conditions.

			Moreover, there is limited knowledge of how observers' diagnostic performance is affected by the method of visualization and ambient light.  Thus, the aim of this study was to test the hypothesis that the observers performance is affected by using computer monitor, tablet, X-ray image view box, and against window daylight as a visualization method in reading panoramic radiography for different diagnostic tasks. 

			MATERIAL AND METHODS

				

			This study was accepted by the research ethics committee of the local institution. 

			Sample

			Thirty digital PR were retrospectively selected by a dentomaxillofacial radiologist, who did not participate in the image assessment, from an oral radiology clinic’s image databank. All radiographs were taken with the Orthopantomograph OP100 D (Instrumentarium Corp., Tuusula, Finland), under 66 kV, 2.5 mA, and 17.6 seg exposure parameters, by experienced radiographers, ensuring a routine quality standard. All images were exported as TIFF files (Tagged Image File Format) and selected using a Barco LCD MDRC-2124 monitor (Barco, Kortrijk, Belgium), designed for medical diagnostic work. All PR selected were considered as technically correct: maximum detail, medium degree of contrast, image ampliation only that inherent to the method and indicating that it was obtained with the patient correctly positioned and including normal as well as abnormal conditions for each of the seven conditions to be evaluated. In this way, the structures to be evaluated should be clearly visible in the image. Images with exposure, position, and/or movement errors were not included. All images were anonymized and printed in a Dry Medical Film DRY DT2B 20x25 (Agfa, Mortsel, Belgium) using a DRYSTAR 5302 printer (Agfa, Mortsel, Belgium).

			Image evaluations

			Digital and printed PR were assessed independently by three dentomaxillofacial radiologists with four-year experience in four different visualization methods:

			
					Digital PR: in a quiet, calm, and dimed lit room, using a monitor using a Barco LCD MDRC-2124 (Barco, Kortrijk, Belgium) and a JPEG image viewer software;

					Digital PR: In a quiet, calm, and dimmed lit room using a tablet iPad Pro 12.9 inches 2nd generation (Mac Inc., California, USA) and a JPEG image viewer software;

					Printed PR: In a quiet, calm, and dimmed lit room, using an X-ray image view box (Medical Technology Co., Ltd, Beijing, China);

					Printed PR: Against the light of day by a glass window at the same place and time of day.

			

			The three observers were calibrated, and detailed instructions and definitions of all conditions were given to all observers. A maximum of ten PR was allowed to be evaluated per day to avoid visual fatigue. In each assessment, the PRs were displayed in random order to minimize the memory effect, and, when applicable, only the use of the zoom tool was allowed.

			A set of seven low- and high-contrast conditions were evaluated altogether (Figure 1). Three of these related to teeth: dental caries, widened periodontal ligament space, and periapical bone defects from the four first molars (arrows 1-3); two related to maxillary sinus in both sides: mucosal thickening and retention cysts (arrows 4 and 5); and two related to soft tissues calcifications in both sides: stylo-hyoid ligament and atheroma (arrows 6 and 7). A five-point confidence scale was used to answer about presence/absence of a condition: 0=definitely present, 1=probably present, 2=unsure, 3=probably not present, 4=definitely not present. The three observers re-assessed thirty percent of the sample under the same conditions after thirty days to verify the intra-observer agreement.

			Two observers, with more than five-year-experience in assessing PR and that, did not participate in the evaluations, assessed in consensus all images for the conditions of the study using a medical monitor (Barco LCD MDRC-2124, Barco, Kortrijk, Belgium) in a quiet and dimmed light ambient. Their scores were considered as standard-reference (5,6).

			Statistical analysis

			Data were analyzed in SPSS version 22.0 software (IBM Corp, Armonk, NY, USA). Diagnostic values of accuracy (Az value), sensitivity, and specificity were obtained by the area under the Receiver Operating Characteristic (ROC) curve and compared by one-way ANOVA and Tukey's post-hoc test. The weighted-Kappa test verified the agreement between the monitor to the other evaluation methods and the intra and interobserver agreement. The significance level adopted was p<0.05.

			RESULTS

			Mean intraobserver agreement was fair for monitor (0.51) and X-ray image view box (0.57), and poor for tablet (0.13) and window light (0.12) evaluation. Mean interobserver agreement was fair for all evaluation methods (ranging from 0.38 to 0.47) (7).

			Table 1 shows the diagnostic values for the dental assessment of caries, widened PLS, and periapical bone defect on the different evaluation methods. Statistically significant differences were found for the accuracy and specificity of caries detection (p<0.05), in which widow light values were lower than the other evaluation methods. For periapical bone defect, window light's specificity was statistically significant lower than the other methods (p<0.05).

			Accuracy and sensitivity for retention cyst detection were significantly lower (p<0.05) in widow light evaluation, compared to the other methods (Table 2). No difference was found for mucosal thickening (p>0.05). 

			For the calcification diagnosis, the diagnostic values are shown in Table 3. Window light had the lowest values for accuracy, sensitivity, and specificity (p<0.05) for stylo-hyoid ligament calcification. For atheroma detection, the X-ray image view box, tablet, and window light had lower accuracy than the evaluation on the monitor (p<0.05).

				

			Table 4 shows the values of agreement between the observers' monitor evaluation and X-ray image view box, tablet, and window light. In general, the values of the agreement for X-ray image view box and tablet were fair (0.471 and 0.445, respectively) and poor for window light (0.02).

			DISCUSSION

			In view of the new development of the technology and its improvement on methods to read dental images by using different visualization systems, there are few studies evaluating the effect of display type (4,8,9) and using tablets as a device to view images on the diagnostic performance of PR (4,5). The assessment of images by viewing against window daylight, a common ambient in some dental clinics, has not been investigated. Instead, some studies have reported that observers’ diagnostic performance in PR is not affected by the display type or evaluation method but by the observer's experience (4,5).

			We found quietly similar diagnostic performance when using monitor, tablet, and X-ray image view box for most of the evaluated conditions. These results are in accordance with Kim et al (4) and Kallio-Pulkkinen et al (5) that found no influences of the display type on the interpretation of maxillary sinus inflammatory lesions and detection of anatomical and pathological structures, respectively. Even using intraoral radiographs, Pakkala et al (10) did not find difference in the diagnostic accuracy for carious lesion varying ambient light levels and monitors with different luminance levels. 

			On the other hand, in general, lower diagnostic values were found when using window light. This was not unforeseen since, regarding visual perception, the rods in the eye are activated in low lighting conditions, and small differences in grayscale between pixels on the monitor can be seen. Conversely, at bright lighting levels, the rods are less active, and small contrast differences are more difficult to observe (11). Lima et al (8), in an in-vitro study using radiographic images with density of dental structures evaluated with different computer displays, horizontal viewing angle, and ambient light conditions, found that equivalent radiographic contrast is not influenced by computer display. However, an increase in hit percentages was found for images assessed at 90º under high ambient light. Moreover, in the present study, by using the monitor as a reference, only a fair agreement was obtained for observers’ answers using tablet and x-ray image view box, besides a poor agreement using window light, which means that the observers' perception is influenced by the visualization method. However, it does not significantly change the values of diagnostic accuracy. Authors have proposed that observer perception may be associate with differences in experience, training, or visual perception (12,13).

			With the use of reference-standard, the diagnostic values obtained in the present study were consistent with previous literature. Similar accuracy values were found for caries detection in PR assessed in the monitor (14,15), laptop and film (14), and tablet (16). A recent study evaluating periapical bone defect detection in PR assessed by monitor, also presented similar results to the present study (17). Malina-Altzinger et al (18) compared PR and cone-beam computed tomography in the sinus evaluation and found a difference between the two imaging modalities only for bone cyst penetrating the sinus, proving that PR is adequate for maxillary sinus evaluation. For atheroma assessment, PR has presented low sensitivity and acceptable accuracy (19,20), as the present study results. Using widow light, we found that the diagnostic values for caries, periapical bone defects, retention cysts, and stylo-hyoid ligament calcification detection were significantly lower. In contrast, for the detection of atheroma, the monitor had significantly higher accuracy than other methods. 

			PR is a common examination covering both jaws and facial structures. For some diagnostic tasks, PR must not be considered the best option (e.g., caries detection). However, as the most common initial image for patient diagnosis, to assess its capability to detect different pathologies and the possible influences on it is highly relevant. In clinical practice, these images are assessed by different devices, screens, and lighting conditions,however, there is limited knowledge on how oral radiologists' diagnostic performance is affected by the method of visualization and ambient light. In the present study, observers' diagnostic performance in PR using monitor, tablet, X-ray image view box, and against window daylight as visualization method were compared. In general, window light had lower accuracy than the other evaluation methods.

				

			As a retrospective study, it was not possible to obtain a gold-standard for the conditions assessed. However, previous studies comparing observers' experience showed good reproducibility for specialists (1) or professionals with more than five years dealing with imaging diagnosis (2). An important point to emphasize is that the image alone is not responsible for the correct diagnosis. It is dependent on the observer's experience (1,2)  and the evaluation method used (5), among other factors that might have influence, such as the subjectivity of this task. It is noticeable the change in diagnostic thinking according to the evaluation method used in the present study.

			CONCLUSION

			The diagnostic values are affected by the use of window light as an evaluation method for PR for dental, sinus, and calcification disorders, confirming that the use of suitable devices and lightning conditions for PR evaluation is an essential factor for diagnosis.
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ABSTRACT: The aim of this study was to evaluate the observers’ diagnostic
performance in panoramic radiography using monitor, tablet, X-ray image view box,
and against window daylight as a visualization method in different diagnostic tasks.
Thirty panoramic radiography were assessed by three calibrated observers for each
visualization method, in standardized light conditions, concerning dental caries,
widened periodontal ligament space, and periapical bone defects from the four first
molars; mucosal thickening and retention cysts in maxillary sinus; and stylo-hyoid
ligament calcification and atheroma. A five-point confidence scale was used. The
standard-reference was performed by two experienced observers. Diagnostic values
using window light were significantly lower for caries and periapical bone defect and
retention cyst, stylo-hyoid ligament calcification detection (p<0.05). For atheroma
detection, X-ray image view box, tablet, and widow light had lower accuracy than the
evaluation on the monitor (p<0.05). Observer’s diagnostic performances are worsened
using window light as an evaluation method for panoramic radiography for dental,
sinus, and calcification disorders, while the monitor was the most reliable method.
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