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Objectives: To compare the diagnostic performance of quadrant-focused (half-arch) versus full-arch quantitative light-
induced fluorescence (QLF) imaging using the QrayCam Pro device for occlusal caries detection, using a combined 
International Caries Detection and Assessment System (ICDAS) and bitewing radiography reference standard. 
Materials and Methods: Forty-five adults (mean age: 25.1 years) each contributed one molar occlusal surface classified as 
sound or carious by the reference standard. Each surface was imaged with QrayCam Pro using two acquisition protocols 
(quadrant-focused and full-arch). The Q-ray Clinical software generated ΔFmax (maximum fluorescence loss) and ΔRmax 
(maximum red fluorescence). Diagnostic accuracy (receiver operating characteristic [ROC] analysis, area under the curve 
[AUC], sensitivity, and specificity) was calculated for each protocol, and paired comparisons of fluorescence parameters 
were performed. 
Results: ΔRmax showed excellent diagnostic performance in both protocols (AUC = 1.000), with 100% sensitivity and 100% 
specificity at the optimal cut-off values. For ΔFmax, quadrant-focused imaging also achieved AUC = 1.000 (100% sensitivity 
and 100% specificity), whereas full-arch imaging yielded AUC = 0.993 with 92.3% sensitivity and 94.7% specificity. Paired 
multivariate testing demonstrated no statistically significant differences in the mean ΔFmax and ΔRmax values between the 
two acquisition protocols (p = 0.790). 
Conclusions: Both full-arch and quadrant-focused QrayCam Pro QLF imaging provided outstanding discrimination of 
occlusal caries against a combined ICDAS-bitewing reference. Quadrant-focused imaging showed a small advantage for the 
fluorescence-loss parameter (ΔFmax) in this sample, suggesting that focused acquisition may be preferable when 
maximizing sensitivity for early occlusal demineralization. 
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Diş Çürüklerinde QrayCam Pro Flüoresans Görüntülemenin Tanısal Performansı: 
Tam Ark ve Quadrant Görüş Alanı (FOV) Karşılaştırması 
 

Araştırma Makalesi ÖZ 
Amaç: Bu çalışmanın amacı, QrayCam Pro ile elde edilen kuadrant-odaklı (yarım ark) ve tam ark kantitatif ışıkla indüklenen 
floresans (QLF) görüntülerinin, ICDAS- ısırtma radyografisi referans standardına göre oklüzal çürük tanısındaki tanısal 
performansını karşılaştırmaktır. 
Gereç ve Yöntemler: Kırk beş yetişkinden (ortalama yaş: 25,1) her biri referans standardına göre sağlam veya çürük olarak 
sınıflandırılan molar dişlerin oklüzal yüzeyler QrayCam Pro ile iki protokolle görüntülendi (kuadrant-odaklı ve tam ark). Q-ray 
Clinical yazılımı ile ΔFmax (maksimum floresans kaybı) ve ΔRmax (maksimum kırmızı floresans) değerleri elde edildi. Her 
protokol için tanısal doğruluk; ROC eğrisi analizi, eğri altında kalan alan, duyarlılık ve özgüllük ölçütleri kullanılarak 
değerlendirildi ve protokoller arası karşılaştırmalar yapıldı  
Bulgular: ΔRmax her iki protokolde de yüksek performans gösterdi (AUC = 1,000) ve optimal kesim noktalarında %100 
duyarlılık ile %100 özgüllük sağlandı. ΔFmax için kuadrant-odaklı görüntüleme AUC = 1,000 iken, tam ark görüntüleme AUC 
= 0,993 (duyarlılık %92,3; özgüllük %94,7) bulundu. Ortalama ΔFmax ve ΔRmax değerleri arasında protokoller arası 
istatistiksel olarak anlamlı fark saptanmadı (p = 0,790). 
Sonuçlar: QrayCam Pro ile hem tam ark hem de kuadrant-odaklı QLF görüntüleme, oklüzal çürükleri ICDAS-ısırtma 
radyografisi referansına karşı yüksek doğrulukla ayırt etti. Bu örneklemde ΔFmax açısından kuadrant-odaklı görüntüleme 
küçük bir avantaj göstermiş olup, erken oklüzal demineralizasyonun duyarlılığını artırmak istendiğinde tercih edilebilir. 
 
Anahtar Kelimeler: Tanısal doğruluk; görüş alanı; oklüzal çürük; kantitatif ışıkla indüklenen flüoresans; QrayCam Pro 
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Introduction

Dental caries remains one of the most prevalent chronic 
diseases worldwide and is a leading contributor to the 
global burden of oral disease. The World Health 

Organization (WHO) continues to highlight oral diseases as 
highly prevalent globally, with untreated caries being 
among the most common conditions affecting populations 
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across the life course.1 Caries is also well established as a 
highly prevalent, biofilm-mediated disease process in which 
very early enamel changes may not be detected reliably 
using traditional clinical and radiographic approaches, 
particularly before cavitation.2,3  

A key clinical challenge is the detection and monitoring 
of incipient lesions on occlusal and proximal surfaces. 
Systematic reviews of early caries detection methods 
emphasize that diagnostic performance varies widely 
across modalities and study settings, and that adjunctive 
technologies can be useful but remain sensitive to 
operational factors and reference standards.3 
Fluorescence-based methods have been studied 
extensively as adjuncts for caries detection, with meta-
analytic evidence suggesting overall useful performance 
but also substantial heterogeneity and typically better 
accuracy for more advanced lesions than for the earliest 
changes.4  

Quantitative light-induced fluorescence (QLF) is a 
noninvasive optical approach in which teeth are illuminated 
with blue light and changes in enamel autofluorescence are 
quantified. Classic foundational work describes QLF as a 
method capable of detecting and monitoring early 
demineralization by measuring fluorescence loss (ΔF) 
relative to sound enamel, and subsequent clinical-oriented 
work supports its role in general dental assessment and 
longitudinal monitoring.5–7 These principles underpin 
modern devices that provide quantitative metrics such as 
maximum fluorescence loss (ΔFmax) and red fluorescence 
gain (ΔRmax), which is often associated with bacterial by-
products and lesion activity.6,7  

Recent evidence syntheses and contemporary clinical 
studies indicate that QLF can achieve strong diagnostic 
performance across lesion types and surfaces, albeit with 
variability depending on the lesion threshold and study 
design.8 For third-generation clinical systems (e.g., 
QrayCam Pro), cross-sectional clinical validation has 
reported high diagnostic performance for occlusal and 
proximal lesions, with high specificity and sensitivity 
typically in the mid-to-high ranges depending on the 
reference threshold used.9 In many clinical studies, visual 
scoring systems such as the International Caries Detection 
and Assessment System (ICDAS) are used as part of the 
reference standard framework, reflecting real-world 
diagnostic practice. However, these visual scoring systems 
have limitations like examiner- and protocol-dependence.10  

Unlike conventional intraoral cameras, fluorescence 
devices can be operated at different fields of view (FOV). A 
full-arch image captures a wide region and may streamline 
screening and documentation, whereas a quadrant (half-
arch) image concentrates on a smaller region and may 
increase effective pixel density on the tooth of interest 
while reducing background content and illumination 
variation. The importance of imaging geometry for QLF 
quantification has been demonstrated experimentally: 
changes in angulation and rotation can influence measured 
fluorescence loss and lesion parameters, underscoring the 
need for standardized acquisition and suggesting that FOV-
related framing and operator positioning could plausibly 

influence diagnostic outputs.11,12 Although one study 
comparing QLF devices with different inherent scopes 
(wide-view camera vs narrow-view pen) found broadly 
comparable quantitative outputs with small lesion-type-
dependent differences, direct intra-device comparisons of 
full-arch versus half-arch protocols remain limited.13  

Artificial intelligence (AI) is increasingly applied to 
dental diagnostics, including caries detection, with recent 
reviews describing rapid growth in deep learning 
applications and the potential to reduce observer 
variability.14,15 Importantly, AI performance depends 
strongly on image quality and background content; in QLF 
image classification, explicit tooth-area segmentation 
(background elimination) has been shown to improve 
performance metrics compared with using unsegmented 
images, supporting the concept that more “focused” inputs 
can be advantageous.16 Therefore, this clinical study aimed 
at distinguishing the diagnostic performance of different 
fovs of the QLF imaging system  QrayCam Pro under two 
standardized acquisition protocols: full-arch versus 
quadrant (half-arch) FOV. Quadrant (half-arch) in order to 
set a base for future QLF AI caries detection programs and 
to check any clinical difference between both protocols, the 
hypothesis was that that quadrant (half-arch) QLF 
acquisition would yield slightly higher diagnostic 
performance than full-arch acquisition, without a 
meaningful loss in specificity. 

Materials and Methods 

Study Design, Ethics, and Reporting 
This cross-sectional diagnostic accuracy study was 

approved by the institutional ethics committee (details 
blinded for peer review). The study was designed and 
reported according to the STARD 2015 guidelines. 
Consecutive patients were recruited from the dental clinic 
between 10 May 2025 and 25 July 2025 (Figure 1). Written 
informed consent was obtained from all participants 
before any study procedure. 

Sample Size Calculation (G*Power) 
An a priori sample size calculation was performed 

using G*Power (version 3.1.9.7, Heinrich-Heine-
Universität Düsseldorf, Düsseldorf, Germany). Because no 
prior publication was found that reported effect sizes 
specifically for QrayCam Pro “quadrant vs full-arch” 
acquisition, the effect size was derived from the closest 
available clinical study that compared QLF measurements 
obtained under different FOV conditions (wide-FOV vs 
close-up) on occlusal caries lesions13. Cohen’s d was 
calculated as d ≈ 1.10. For a two-level comparison, 
Cohen’s f can be approximated as f = d/2, yielding f ≈ 0.55. 
For planning, we used f = 0.50 (rounded down) to avoid 
underestimating the required sample size. The minimum 
required sample size was calculated with α = 0.05, power 
(1−β) = 0.95, effect size f = 0.50, two repeated 
measurements (Quadrant vs Full-arch) was N = 45 
participants (one tooth per participant). 
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Participants, Eligibility Criteria, and Index Tooth 
Selection 

Participants were eligible regardless of whether they 
presented with molar caries; both sound and carious 
molars were allowed so that diagnostic accuracy could be 
evaluated across a spectrum of findings. (Figure 1) 

Inclusion Criteria 
• Age 18–44 years 
• Presence of at least one fully erupted permanent 

molar (first or second molar) with an intact occlusal 
surface suitable for visual examination, bitewing 
radiography, and QLF imaging 

Exclusion Criteria 
• Restorations, sealants, crowns, or extensive defects 

on the candidate molar occlusal surface 
• Generalized enamel developmental defects (e.g., 

fluorosis/hypoplasia) affecting assessment 
• Conditions preventing standardized imaging (e.g., 

inability to tolerate cheek retractors or required 
positioning) 

Index Tooth Selection 
To avoid clustering (multiple teeth from the same 

participant), only one molar occlusal surface per 
participant was included. During screening, all eligible 
permanent first and second molars were identified. If 

more than one eligible molar was present, the index tooth 
was selected using a predefined computer-generated 
randomization procedure applied to the list of eligible 
molars. The selected molar was the only tooth that 
proceeded to reference-standard examination and QLF 
imaging; selection was not based on lesion severity or 
operator preference. 

Gold-Standard (Reference) Caries Diagnosis 
The index tooth surface, i.e. the occlusal surface, was 

subjected to a standardized reference examination to 
determine true caries status. A calibrated examiner 
performed visual-tactile inspection using ICDAS criteria 
under appropriate lighting after thorough cleaning and 
air-drying. Bitewing radiographs were also obtained to 
evaluate lesion depth and to confirm the 
presence/absence of caries. ICDAS codes (0–6) were 
recorded for each index surface. 

For analysis, surfaces were classified as: 
• “Sound”: ICDAS 0 with no radiographic evidence of 

caries 
• “Carious”: ICDAS ≥ 1 and/or radiographic evidence of 

caries 
A second examiner independently reviewed bitewing 

radiographs. Discrepancies were resolved by consensus. 
The combined visual (ICDAS) and radiographic assessment 
served as the reference standard. 

 

 

Figure 1. Participant flow diagram showing patient screening, eligibility assessment, exclusions, and final sample 
included in the analysis. 

Fluorescence Imaging Protocols (Two FOV Conditions) 
After completion of the reference assessment, QLF images 

were acquired using the QrayCam Pro device (AIOBIO, Seoul, 
Korea) under two standardized FOV conditions for the same 
index tooth (Figure 2):  

• Quadrant (Half-arch) Mode: 
The camera was positioned closer to capture the quadrant 

containing the index tooth, centering the index molar to 
maximize resolution and illumination on that surface. 

• Full-arch Mode: 
The camera was positioned farther away to capture the 

entire maxillary or mandibular arch in one frame. The index 
tooth remained visible but occupied a smaller proportion of 
the image. 

All images were captured in a dark room to minimize 
ambient light. A cheek retractor was used; tooth surfaces were 
cleaned and air-dried before imaging. Autofocus was locked 
after initial focusing, and exposure/illumination settings were 
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kept constant between the two modes. For each mode, two 
images were acquired; the sharper image was selected for 
analysis (or both were retained if required by the software 
workflow). Thus, each tooth contributed one Quadrant image 
and one Full-arch image (Figure 2). 

Image Analysis – QLF Metrics 
Fluorescence images were analyzed with Q-ray Clinical 

software (version 1.45, AIOBIO). The software delineated the 
tooth surface and computed quantitative metrics within the 
lesion area: 

• ΔFmax: maximum percentage fluorescence loss relative 
to sound enamel (more negative values indicate greater 
demineralization) 

• ΔRmax: maximum increase in red fluorescence relative 
to sound tissue (%; higher values reflect more porphyrin-
associated bacterial activity) 

Statistical Analysis 
Analyses were performed using SPSS (version 25.0). 

Descriptive statistics (mean ± SD) were calculated for each 
fluorescence parameter under each imaging mode. Normality 
was assessed using the Shapiro–Wilk test. The effect of 
imaging mode (Quadrant vs Full-arch) on the combined QLF 
metrics was evaluated using a repeated-measures MANOVA, 
followed by univariate (within-subject) tests for each 
parameter. 

ROC curve analyses were performed to assess diagnostic 
performance (AUC with 95% confidence intervals, sensitivity, 
specificity, and optimal cutoff values) of ΔFmax and ΔRmax for 
each imaging mode using the reference-standard classification 
(sound vs carious). Cutoffs were determined using the Youden 
Index. 

 

 

Figure 2. Representative QLF images acquired with the QrayCam Pro in the two field-of-view modes: (a) Quadrant (half-arch) 
mode, showing a quadrant with the target molar centered and occupying more of the frame; (b) Full-arch mode, showing the 

entire maxillary arch with the same target molar visible but occupying a smaller proportion of the image due to the wider 
field of view; (c) and (d) show the dark-room imaging environment used to minimize ambient light during QLF acquisition. 

Results 

Sample Characteristics 

A total of 45 adult patients (each contributing one molar 
occlusal surface) were included in the analysis. The age of 
participants ranged from 18 to 44 years, with a mean age of 
25.14 years. Based on ICDAS visual examination and 
radiographic evaluation, 26 surfaces were classified as carious 
and 19 as sound. 

Fluorescence Metrics  
Quantitative light-induced fluorescence (QLF) values 

obtained from QrayCam Pro included ΔRmax (maximum 
red fluorescence intensity) and ΔFmax (maximum 
fluorescence loss). Mean values for these parameters 
obtained with half-arch and full-arch acquisition protocols 
are presented in Table 1. Repeated-measures MANOVA 
showed no statistically significant overall difference 
between acquisition protocols (Wilks’ Lambda = 0.995, 
F(2, 43) = 0.236, p = 0.790). In within-subject univariate 

tests, neither ΔRmax (F(1, 44) = 0.032, p = 0.858) nor 
ΔFmax (F(1, 44) = 0.047, p = 0.829) differed significantly 
between half-arch and full-arch images. At the individual-
surface level, paired measurements occasionally differed 
between acquisition modes despite identifying the same 
lesion (Figure 3; ΔFmax −74.4% vs −55.1%; ΔRmax 106% vs 
39%). 

Diagnostic Performance and ROC Analysis 
Receiver operating characteristic (ROC) curve analyses 

were conducted to assess the diagnostic accuracy of ΔRmax 
and ΔFmax in distinguishing carious from sound surfaces. 
For ΔRmax, both acquisition protocols yielded AUC = 1.000, 
with cut-off values determined by the Youden Index 
providing 100% sensitivity and 100% specificity (Table 2; 
Figure 4). For ΔFmax, the half-arch protocol yielded AUC = 
1.000 (100% sensitivity and 100% specificity), whereas the 
full-arch protocol yielded AUC = 0.993 (sensitivity 92.3%, 
specificity 94.7%) (Table 3; Figure 5). 
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Table 1. Mean quantitative light-induced fluorescence (QLF) values for ΔRmax and ΔFmax obtained with half-arch and 
full-arch imaging protocols 

Parameter Half-arch (Mean ± SD) Full-arch (Mean ± SD) 

ΔRmax (%) 44.09 ± 46.04 42.40 ± 43.04 
ΔFmax (%) –30.33 ± 24.23 –31.40 ± 22.51 

 

Figure 3. Example illustrating differences in ΔFmax and ΔRmax measurements between quadrant and full-arch QLF 
imaging. In this case, both imaging methods detected the same lesion on tooth number 16, but the recorded 

fluorescence values differed between modes. 

Table 2. Receiver operating characteristic (ROC) analysis of ΔRmax for caries detection using half-arch and full-arch 
imaging modes

Mode Cut-off (Youden) AUC (95% CI) p Sensitivity (%) Specificity (%) 

Half-arch 26.00 1.000 (1.000–1.000) <0.001 100.0 100.0 

Full-arch 29.00 1.000 (1.000–1.000) <0.001 100.0 100.0 

 

Figure 4. Receiver operating characteristic (ROC) curves for ΔRmax comparing half-arch and full-arch QLF imaging 
modes for caries detection. Both half-arch (solid line) and full-arch (dashed line) modes achieved good diagnostic 
performance (AUC = 1.000). The diagonal line represents chance level (AUC = 0.50). 

Table 3. Receiver operating characteristic (ROC) analysis of ΔFmax for caries detection using half-arch and full-arch 
imaging modes 

Mode Cut-off (Youden) AUC (95% CI) p Sensitivity (%) Specificity (%) 

Half-arch -24.50 1.000 (1.000–1.000) <0.001 100.0 100.0 

Full-arch -30.00 0.993 (0.970–1.000) <0.001 92.3 94.7 
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Figure 5. Receiver operating characteristic (ROC) curves for ΔFmax comparing half-arch and full-arch QLF imaging modes for 
caries detection. The half-arch mode (solid line) achieved good diagnostic performance (AUC = 1.000), while the full-arch 

mode (dashed line) showed a slightly lower AUC of 0.993. The diagonal line represents chance level (AUC = 0.50). 

Discussion 

This study tested the hypothesis that quadrant (half-
arch) QLF acquisition would yield slightly higher diagnostic 
performance than full-arch acquisition, without a 
meaningful loss in specificity. Using a combined ICDAS–
bitewing reference, both protocols showed very high 
accuracy for occlusal caries. ΔRmax demonstrated good 
discrimination in both modes, while ΔFmax showed a 
small advantage with quadrant-focused imaging. At the 
group level, mean ΔFmax and ΔRmax values did not differ 
between acquisition protocols, although individual paired 
measurements sometimes varied between modes (Figure 
3). 

The direction of the ΔFmax finding is plausible given 
the optical basis of QLF. In routine image capture, 
quantitative outputs can be influenced by how centrally 
the tooth is framed, illumination uniformity, and the 
amount of non-tooth background and specular reflection 
captured within the field. A more focused acquisition can 
keep the target tooth centered and reduce background, 
which may stabilize lesion-to-sound contrast particularly 
for borderline lesions near a decision threshold.6,7 Our 
example in Figure 3 illustrates this practical point: the 
same lesion was detected in both modes, but the 
quantified values differed. 

Previous work also supports sensitivity of QLF 
measures to acquisition geometry. Ando et al. showed 
that imaging angle affects QLF evaluation of natural white-
spot lesions, and van der Kaaij et al. reported that tooth 
rotation can influence fluorescence loss and lesion size 
measurements when using a QLF digital camera.11,12 These 
findings reinforce the value of standardized positioning 
and provide a mechanistic rationale for why acquisition 
choices that affect framing and geometry (including FOV) 
could influence quantitative outputs even when group 
means are similar. 

Our findings are broadly consistent with prior clinical 
literature, although the present estimates lie at the upper 
end of reported performance. In the recent QrayCam Pro 
validation study, overall sensitivity ranged from 84.0% to 
88.6% and specificity reached 100% for posterior occlusal 
and proximal lesions.  

In the 2025 systematic review and meta-analysis, 
pooled in vivo QLF performance for occlusal caries was 
sensitivity 0.86 and specificity 0.82, whereas proximal 
performance was lower at 0.74 and 0.82, respectively. 
Within occlusal studies, threshold-specific in vivo 
performance also varied, with sensitivity/specificity/AUC 
ranging from 0.76–0.91/0.74–0.93/0.81–0.93 for 
incipient-versus-advanced enamel thresholds and from 
0.90–0.98/0.83–0.96/0.94–0.98 for sound-or-enamel 
versus dentinal thresholds.  

Although Oh et al. compared different QLF devices 
rather than two acquisition modes within the same 
device, their results are still directionally relevant: for 
occlusal caries, diagnostic accuracy ranged from 0.83 to 
0.96 and AUROC from 0.92 to 0.99 for the close-up device, 
compared with 0.81 to 0.82 and 0.87 to 0.94, respectively, 
for the wider-field camera13.  

In the present study, ΔRmax achieved AUC = 1.000 
with 100% sensitivity and 100% specificity in both modes, 
whereas ΔFmax yielded AUC = 1.000 in quadrant-focused 
imaging and AUC = 0.993 with 92.3% sensitivity and 94.7% 
specificity in full-arch imaging. These near-ceiling values 
are therefore directionally consistent with earlier reports 
but somewhat higher than pooled clinical estimates, 
which likely reflects the occlusal-only sample and within-
device design.13 Taken together, these studies suggest 
that protocol effects, where present, may be modest and 
most relevant around borderline thresholds rather than 
producing large shifts in diagnostic performance. 

QLF research has expanded in both volume and scope 
over time. A bibliometric review of QLF use in caries 
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lesions research highlights the breadth of applications and 
the diversity of study designs, which makes protocol-level 
standardization questions practically important for 
clinicians and researchers.20 Beyond caries, QLF systems 
have also been explored for other clinical endpoints such 
as tooth wear assessment, reflecting ongoing evolution in 
the clinical use of QLF technologies.21 Within that broader 
context, defining acquisition protocols that are 
reproducible and fit for purpose remains a meaningful 
contribution, even when the comparison is within a single 
device. 

The present study focused on occlusal surfaces, where 
access and illumination are relatively favorable. Proximal 
lesions pose greater imaging constraints due to tooth 
contacts and angulation limitations. Studies using QLF-D 
and fluorescence imaging for approximal/proximal caries 
suggest that performance can be sensitive to positioning 
and the chosen reference method.17–19 It is therefore 
reasonable to expect that acquisition protocol choices 
(including FOV) could have a larger practical impact in 
proximal cohorts than in occlusal-only cohorts. This 
should be tested directly using standardized positioning 
protocols and inter-operator reproducibility assessment. 

These results are also relevant for AI-assisted 
workflows. Reviews of AI in caries detection describe rapid 
growth in deep-learning approaches and the potential to 
reduce observer variability, but also emphasize the 
importance of image quality and standardization.14,15 In 
QLF image classification, tooth-area segmentation 
(background elimination) has been shown to improve 
Convolutional Neural Network (CNN) performance 
compared with unsegmented images.16 Quadrant-focused 
acquisition may reduce background and framing 
variability at the point of capture, potentially improving 
robustness and reducing preprocessing requirements in 
larger real-world datasets. 

From a practical perspective, full-arch acquisition can 
support rapid screening and documentation because 
fewer images are required per patient, whereas quadrant-
focused acquisition may be preferable when the goal is 
lesion-focused assessment (e.g., monitoring an early 
occlusal lesion) or when images will be used for 
automated analysis where consistent framing is 
important. A pragmatic workflow could therefore 
combine both approaches: full-arch images for routine 
documentation and screening, with quadrant-focused 
images reserved for suspicious sites or longitudinal 
monitoring. 

This study has limitations. First, the sample size was 
modest and restricted to occlusal surfaces, which likely 
contributed to ceiling effects (AUC values close to 1.0) and 
limits the ability to detect small between-protocol 
differences; in ROC-based designs, small differences 
generally require larger datasets.23 Second, because this 
was a within-device protocol comparison using QrayCam 
Pro and its proprietary analysis software, the findings are 
device- and software-specific and may not generalize to 
other QLF systems with different optics, illumination, or 
algorithms. A further limitation is that the clinically 

relevant combined ICDAS–bitewing reference framework 
was employed. While this is consistent with standard 
practice, it should be noted that it is not equivalent to 
histology and remains examiner- and protocol-
dependent.10 Future work should extend to proximal 
lesions, include multiple operators, follow diagnostic-
accuracy reporting guidance (STARD 2015), and pre-
specify correlated AUC comparisons (e.g., DeLong’s 
method) when ROC differences are a primary 
endpoint.22,24 

Conclusions 

In this occlusal-lesion cohort, both full-arch and 
quadrant (half-arch) QLF imaging with QrayCam Pro 
demonstrated excellent diagnostic performance against 
the combined ICDAS-bitewing reference standard. ΔRmax 
achieved good discrimination in both acquisition modes, 
while quadrant-focused imaging showed a small 
advantage for ΔFmax (higher sensitivity/AUROC) 
compared with full-arch imaging. Full-arch imaging 
remains appropriate for efficient screening and 
documentation, whereas quadrant-focused imaging may 
be preferable for borderline lesions, longitudinal 
monitoring, and AI-oriented workflows where reduced 
background and more consistent framing may be 
beneficial. 
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