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Abstract
Integrating technological tools with clinical visual examination for caries detection and diagnosis can
improve preventative measures in dentistry, resulting in decreased treatment expenses and reduced time
and costs associated with testing potential anticaries agents. This article provides an overview of the
conventional and new emerging modern technologies that can assist dental professionals in the early
detection and diagnosis of dental caries. These technologies aid in assessing the progression of carious
lesions and monitoring them quantitatively or qualitatively over time. Traditional techniques (visual, tactile,
and radiographic) have limitations in diagnosing early proximal caries accurately. Novel methods like
fluorescence and transillumination, as well as advanced tools like OCT (optical coherence tomography), laser
fluorescence, and QLF (quantitative light-induced fluorescence), are effective for early caries detection.
Optical methods like fluorescence and transillumination are particularly successful in identifying initial
caries stages. Moreover, this review highlights the clinical relevance of these methods and discusses
potential future technologies like terahertz imaging and artificial intelligence (AI)-based approaches.
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Introduction And Background
Dental caries and periodontal disease have traditionally been regarded as the primary oral health challenges
on a global scale. Dental caries remains a significant health concern in most developed nations,
affecting 60-90% of school-aged children and the overwhelming majority of adults. The prevalence of dental
caries in children is comparatively higher in the American (DMFT [decayed, missing, and filled permanent
teeth] index = 3.0) and the European regions (DMFT = 2.6), while it is lower in the majority of African
countries (DMFT = 1.7). Globally, there is a significant prevalence of dental caries among adults, affecting
nearly 100% of the population in most countries. Nevertheless, a substantial proportion of adult populations
worldwide, ranging from 5% to 20%, exhibit the presence of severe periodontitis, a condition that can
ultimately lead to tooth loss. The considerable impact of pain and suffering, impairment of function, and
reduced quality of life caused by the high prevalence of dental caries were observed in both individuals and
communities [1].

Dental caries is a highly prevalent chronic disease of the teeth that affects individuals globally. When
considering the inclusion of initial lesions in the clinical assessment, it is evident that only a few individuals
remain unaffected by dental caries [1]. In recent years, there has been a noticeable shift in the patterns of
dental caries progression. The rate of advancement of non-cavitated lesions appears sluggish [2]. This
characteristic enables the implementation of preventive measures when the lesions are most likely to be
halted. Integrating conventional techniques with more advanced and precise methods can enhance the
diagnosis of caries and facilitate the monitoring of non-surgical treatments by clinicians [3].

Failure to detect lesions in the early stages could be the reason for not implementing the effective caries
preventive measures [4]. Previous workshops and conferences on dental caries have emphasized the
challenge of accurately detecting early caries lesions and the necessity of implementing a revised system
based on caries risk, lesion severity, surface integrity, and caries activity for the non-surgical treatment of
non-cavitated lesions [5]. Caries lesion detection entails an objective technique for determining
the disease's presence or absence [6]. The objective of lesion assessment is to characterize or monitor a
detected lesion [3], and the diagnosis of caries should encompass a summation of all pertinent data by a
qualified healthcare professional [7]. 

Interproximal caries lesions are formed between the proximal surfaces of two neighboring teeth. Initially,
these surfaces manifest as opaque areas clinically due to the diminished translucency of enamel in the
outermost layer between the contact point and the uppermost part of the free gingival margin [8,9]. Due to
the considerable dimensions of the proximal areas of posterior teeth as well as inconspicuous
demineralization that characterizes early-stage lesions on these surfaces, detecting proximal caries on
posterior teeth is typically challenging when relying solely on radiographic examination [10,11].
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When assessing the diagnostic value of dental caries tests, it is crucial to consider the sensitivity and
specificity of the trial, along with the predictive values. Sensitivity refers to the accuracy of a test in correctly
identifying true positives, while specificity refers to the accuracy of difficulty in correctly identifying true
negatives. A positive predictive value refers to the proportion of individuals who receive positive test results
and are correctly diagnosed, while a negative predictive value refers to the ratio of individuals who receive
negative test results and are accurately diagnosed [12,13]. When it comes to detecting and diagnosing caries,
tests that exhibit high sensitivity can accurately identify the presence of caries. Similarly, tests that exhibit
high specificity will accurately detect the absence of caries.

In contemporary times, there is a growing recognition of the significance associated with the early detection
and diagnosis of carious lesions to prevent their progression into irreversible cavitation. Many dental
professionals encounter challenges when determining the appropriate timing for implementing preventive
measures versus intervening in dental procedures. Assessment of the patient's caries activity is essential in
diagnosing and formulating an appropriate treatment plan. Individuals with low caries activity may exhibit
more efficient repair mechanisms, thus potentially allowing for the healing of white spot lesions. Designing
the treatment protocol based on the caries activity after an accurate diagnosis is crucial. Therefore, the
primary objective of this review is to report the conventional and contemporary approaches utilized in
detecting and diagnosing initial proximal caries lesions.

Review
Conventional methods
The conventional techniques used for assessing caries through visual examination and tactile perception
and their interpretation with radiographs are commonly referred to as traditional methods [14].

Visual Examination

Visual examination is the diagnostic method most commonly employed in the daily practice of dentistry
[15]. Determining lesion activity, whether active or inactive, can be achieved through a visual examination
of white spot lesions. Chalky and rough surfaces suggest an active lesion, whereas smooth and shiny surfaces
indicate an inactive lesion [16]. One notable benefit of this approach is its simplicity, cost-effectiveness, and
solid clinical validity. On the other hand, a significant disadvantage of this approach is the difficulty in
achieving standardization [17].

Visual and Tactile Method

The identification of dental caries has traditionally relied heavily on visual examination and clinical
inspection. Additional tactile data can be acquired using a dental mirror, light source, explorer, or probe
after teeth cleaning and drying procedures. These aspects depend on the dentists' subjective interpretation
of visual clues [18,19]. However, visual-tactile inspection restricts the examiner's ability to evaluate solely
the surfaces of teeth readily accessible in a clinical situation [20]. Previous studies on identifying carious
lesions through visual and tactile inspections have yielded inconsistent results. These discrepancies can be
attributed to the utilization of diverse criteria for visual inspection and the variability in the conditions in
which the examinations are conducted [21].

International Caries Detection and Assessment System (ICDAS I)

There was a push to develop validated systems for caries detection to address the inconsistent criteria used
for caries diagnosis. The ICDAS I was developed in 2001 that utilizes a visual scoring method to detect caries
[21]. Recent studies have demonstrated that implementing meticulous and validated techniques for
the visual examination of dental caries has yielded good accuracy. Specifically, these studies have indicated
a higher specificity level than sensitivity in detecting carious lesions [22]. Multiple classifications exist for
white spot lesions, with the ICDAS classification being the most commonly employed. This classification
system was developed by Ekstrand et al. and incorporates the most effective attributes from various
detection and evaluation systems utilized for caries detection [23]. However, several barriers were identified
in implementing the ICDAS criteria in routine dental practice. These barriers include time constraints,
inadequate training, limited impact on treatment planning, challenges in charting, and low patient
awareness regarding preventive measures [24].

Radiographic method
While visual examination demonstrates a high specificity for detecting caries on visible surfaces of teeth, the
detection of approximal carious lesions is only around 0.30, meaning that about 70% of cavitated caries
lesions would be undetected [25]. Radiographic caries detection, used alone or in conjunction with clinical
assessment, is the most common diagnostic tool by the dentists along with visual-tactile screening [26].
Adding bitewing radiography as an adjuvant to visual examination allows for more sensitive detection of
proximal and occlusal caries lesions, providing a better estimation of lesion depth than visual inspection
alone. Moreover, it permits monitoring of the lesion's progress over time [27].
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International Caries Detection and Assessment System (ICDAS II)

In 2004, the ICDAS I was revised to incorporate radiographic images of enamel and dentin lesions which is
known as ICDAS II. This modification involved the classification of lesions into five distinct classes: E1:
Lesion that reaches the outer half of the enamel; E2: Lesion that has advanced to the inner half of the
enamel; D1: Lesion that is limited to the outer one-third of the dentin; D2: Lesion that has advanced to the
middle third of the dentin; and D3: Lesion that has advanced to the inner one-third of the dentin [28]. It has
been demonstrated that radiographic caries detection exhibits lower sensitivity but higher specificity
when identifying initial proximal caries lesions [29]. Consequently, there is a notable occurrence of false-
negative outcomes, which increases the risk of disease progression at an early stage [30]. 

According to the WHO criteria, the presence of caries is documented when a lesion is observed in the pit and
fissure or on a smooth tooth surface, displaying a clear cavity, undermined enamel, or a detectably softened
floor or wall. In cases of uncertainty, it is advisable not to document the presence of caries. The research
findings indicated a significant variation in the occurrence of dental caries when comparing the ICDAS II,
and WHO approaches to diagnosing caries. The identification of non-cavitated carious lesions was alarming.
Using the ICDAS II criteria for caries diagnosis, as opposed to the WHO criteria, has demonstrated its value
in the timely identification and intervention of early/non-cavitated carious lesions [31]. Moreover,
DIAGNOdent performance was comparable to that of ICDAS II visual inspection in terms of early caries
detection [32]. 

In recent years, several novel technologies have emerged, leading to the development of various new tools
that facilitate the early detection of caries. These devices are designed to assist healthcare professionals in
establishing a definitive diagnosis and enabling prompt and conservative therapeutic interventions. The
devices employ various technologies such as fluorescence, reflectance, and electrical conductance or
impedance to assess the demineralization of enamel and enable the tracking of lesion progression over time.

Contemporary methods
Transillumination

Transillumination is among the earliest techniques to diagnose dental caries [33]. This instrument proves
advantageous, particularly in identifying and assessing approximal caries [4]. The transillumination method
depends on the fundamental principle that a difference in light transmittance exists between carious and
healthy tooth tissues. The structure of solid enamel is characterized by the interlocking arrangement of
hydroxyapatite crystals, resulting in a translucent appearance [34]. Demineralization leads to the
degradation of the enamel structure. In instances of this nature, the incident light's photons undergo
scattering, resulting in a decline in the optical characteristics of the enamel. The presence of a decayed
tooth structure results in light entrapment, leading to a reduction in light permeability compared to intact
enamel.

Consequently, when exposed to light, various regions within the tooth manifest as dark shadows during a
clinical examination [35]. The transillumination method has proven to be a promising technique in dentistry
in caries identification. Various technologies have been developed utilizing this principle [4,33,36]. These
include the fiber optic transillumination (FOTI) method and the digital fiber optic transillumination
(DIFOTI) system that emerged, combining the utilization of the FOTI technique with digital recording
systems. Following the advancement of fiber optics utilizing visible light for early caries detection, the near-
infrared light transillumination (NILT) technique has been devised to facilitate the transillumination of
teeth. This method combines near-infrared (NIR) light and digital camera systems, offering enhanced light
penetration capabilities [35,36].

FOTI: Caries detection through the use of FOTI involves the utilization of a light source of high intensity,
which can be conveniently and flexibly employed in any region of the oral cavity. The underlying
mechanism of this technique is based on the premise that carious dental tissue exhibits a distinct light
transmission index compared to healthy dental tissue. The presence of demineralized regions in enamel and
dentin is correlated with a reduced level of light transmission, resulting in a darkened shadow
corresponding to the progression of dental decay [37]. The light probe is positioned apically beyond the
cervical margin along the gingiva to detect proximal caries in the premolar and molar teeth. The
transmission of light through dental structures allows for the visualization of decay from the occlusal
perspective as a shadow. In most instances, the shadow accurately depicts the magnitude of the
compromised dental structure affected by caries [37].

Furthermore, it is possible to position the light source at various angles relative to the tooth, enabling a
three-dimensional assessment of caries penetration [38]. Recent advancements in FOTI have introduced a
novel component consisting of a slender and pliable fiber-optic tip. This innovative tip is designed to be
inserted into the gingival embrasure, specifically beneath the proximal contact and adjacent to the marginal
ridge. Using a 0.75 mm diameter tip enhances the visibility of caries compared to conventional fiber optic
tips [39]. Using FOTI in conjunction with visual and radiographic assessment techniques can enhance the
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identification of carious lesions [40]. The intensity shadows created by the device's light output may be used
to differentiate early caries lesions [17].

DIFOTI: DIFOTI was developed to overcome the irregularities in the visual inspection of FOTI within and
between observers. DIFOTI-enabled CCD (charge-coupled device) cameras collect and record pictures
instantly. Digitally processed pictures of anomalies or lesions may be seen on a monitor [41]. There was a
belief that DIFOTI could enhance the early identification of various surfaces. In vitro, methods found that
DIFOTI exhibited a high level of sensitivity in detecting lesions during the initial stages of demineralization.
However, it was unable to accurately measure the depth of the lesion when compared to histologic analysis
and surface cavitation [42]. However, a stronger correlation was observed for smaller lesions [43]. Another
study demonstrated that DIFOTI outperformed radiography in detecting early or small lesions, while its
performance was comparable to radiography for more extensive lesions that penetrate the dentin [44].

NILT: Building upon the advancements in FOTI (fluorescence optical imaging) and DIFOTI techniques that
utilize visible light, a novel technology has surfaced that employs NIR light to transilluminate the tooth. The
DIAGNOcam, developed by KaVo in Biberach, Germany, was introduced in 2012. This camera system utilizes
an NIR light source. Light transmission occurs through the gingiva, alveolar bone, and root structures,
ultimately reaching the crown - a carious lesion results in the dispersion and attenuation of transmitted
light. A CCD sensor captures clinical data and generates a tooth image as observed from its occlusal surface
[45]. 

Photo-optical caries detection was initially described in 1995 and was improvised later based on
technological innovations. The wavelengths of light within the NIR spectrum, which spans from 700 to 1500
nm, exhibit significantly greater length than those found within the visible light range. Light with longer
wavelengths demonstrates reduced scattering and a remarkable ability to penetrate objects at greater depths
[46]. Research findings have provided evidence that the application of NIR transillumination to teeth results
in the manifestation of enamel transparency. This technique enables the illumination of the tooth's buccal
surface and the simultaneous visualization of occlusal as well as proximal caries lesions [47]. The NILT
imaging system enables the visualization of the complete occlusal surface [48].

In addition, the absence of ionizing radiation in this method eliminates any limitations on the acquisition of
images. The utilization of NILT has demonstrated its potential as a valuable screening tool in the timely
identification of hidden demineralized lesions. Moreover, it can be regarded as a supplementary method to
bitewing radiographs. The utilization of this approach may offer benefits in the screening of pregnant
individuals, as well as in the assessment of growing adolescents. Additionally, it is valuable in situations
requiring frequent monitoring [49,50]. Additionally, NILT has demonstrated the potential efficacy in the
detection of early caries in the proximal surfaces. Moreover, proximal caries detection accuracy was similar
between NILT technology and digital radiography [51].

Optical Coherence Tomography (OCT)

Using infrared light in the wavelength of 1310 nm, OCT creates cross-sections of biological tissues without
producing ionizing radiation [52,53]. OCT is an optical imaging technique that can conduct non-invasive
tomographic imaging with micrometers resolution. Following its initial introduction in 1991 in the United
States, the acceptance and endorsement of dentists and health authorities worldwide took over a decade to
materialize it. 

The utilization of OCT in identifying minute alterations in the visual and morphological characteristics of
tooth surfaces while avoiding the need for ionizing radiation confers an additional safety benefit for both
patients and clinicians. The integration of OCT with diverse image processing methodologies has been the
subject of extensive investigation. This integration can potentially provide dental professionals with
enhanced objectivity in diagnosing demineralized lesions of teeth [54].

The OCT is a sophisticated and non-invasive imaging technique that utilizes NIR light to visualize and
evaluate tissue samples through interferometric means. In dentistry, OCT has demonstrated its capacity to
effectively visualize the initial stages of tooth demineralization and the subsequent development of caries
in living organisms without requiring ionizing radiation. In addition, OCT can exhibit comparable
morphological and optical alterations in both intact and demineralized teeth, akin to other sophisticated
technologies like micro-computed tomography (µCT) [54,55].

Fluorescent Techniques

Laser fluorescence: Laser fluorescence refers to the emission of light by a material after it has absorbed
photons from a laser source. The DIAGNOdent, which was introduced by KaVo in 1998, employs laser
fluorescence as a means of identifying caries. The device utilizes a diode laser that emits a beam of 655
nanometers wavelength. When applied to a tooth's surface, the wavelength in question is absorbed by the
metabolic byproducts of bacteria and subsequently emits red fluorescence. The degree of fluorescence
reflected is quantified by a numerical value in the range of 0-99 on the device's display. A higher score

2023 Al Saffan et al. Cureus 15(8): e43489. DOI 10.7759/cureus.43489 4 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


corresponds to a more significant decay extent [56].

A positive linear relationship exists between the carious lesion extent and the corresponding DIAGNOdent
reading. The value of the lesion will experience a gradual increase as long as it remains limited to the
enamel. However, there will be a significant increase in value once the lesion surpasses the dentinoenamel
junction. Additionally, it has been demonstrated that DIAGNOdent exhibits considerable consistency among
examiners, indicating its potential as a viable approach for the ongoing assessment of dental caries over
time. Similarly, utilizing this approach can prove advantageous in assessing the results of preventive
interventions [57].

Moreover, the laser fluorescence method demonstrates the highest sensitivity and diagnostic accuracy
among all available methods for early detection of proximal caries. The higher prevalence of false-positive
results obtained from DIAGNOdent suggests that it is more appropriate to utilize the device as a
supplemental tool to enhance the diagnostic precision of traditional detection methods rather than relying
solely on it as the only method for early caries detection. The DIAGNOdent examination can be repeated
multiple times, as it is considered safe, non-invasive, and highly reproducible [58]. Recent research findings
indicated that the ICDAS II and DIAGNOdent methods could identify the remineralization of initial enamel
occlusal caries. The DIAGNOdent method exhibited greater sensitivity in detecting
remineralization compared to the histological scores and the ICDAS II method [59].

Quantitative light-induced fluorescence (QLF): The development of this novel technology in 2003 was
founded on the optical principles of fluorescence, enabling the calculation of a quantitative measurement
for the disparity in fluorescence radiance between tooth structures affected by caries and healthy ones [60].
QLF is a method that utilizes the inherent fluorescence of teeth, which is known to diminish in the presence
of demineralization [61]. When observed using QLF, carious lesions will exhibit a dark appearance. This can
be attributed to the principle that demineralized tissue restricts the passage of light by causing an excessive
scattering of photons [62].

The QLF enables the easy detection of lesions measuring 500 micrometers in depth on both smooth and
occlusal surfaces. The technology has shown significant potential in terms of its ability to detect early caries
with high sensitivity and reproducibility. Additionally, it has demonstrated effectiveness in monitoring the
progression or regression of lesions over time [63]. An enhanced iteration of the device, commonly referred
to as Biluminatorᵀᴹ (QLF-D), has been developed. This device demonstrated high effectiveness and
comparability to conventional techniques in identifying proximal caries [64]. The QLF-D system can
quantitatively identify mineral loss and detect red fluorescence indicative of the biofilm, facilitating the
identification of an individual's caries risk status and the subsequent development of suitable preventive
measures [65].

Recent studies have shown that the comparative reliability of QLF in the detection of primary teeth caries
was found to be on par with, or marginally superior to, conventional diagnostic techniques such as visual
inspection or radiographic examination under clinical circumstances [66-68]. Using QLF technology has
proven to be a reliable approach for diagnosing early carious lesions and monitoring the effectiveness of
treatment interventions. However, it should be coupled with other diagnostic methods [19]. 

Light-Emitting Diode (LED)

The Midwest Caries I.D., developed by DENTSPLY Professional in York, PA, is a portable device that employs
the principles of LED reflectance and refraction technology [69]. This device can identify variations in
optical properties within the tooth associated with alterations in its structural composition. It employs
infrared- and red-light-emitting diodes and an optical fiber to deliver light to the specific region examined
at the probe's tip. A secondary optical fiber is used to capture light emanating from the observed area, which
is then directed toward a photodetector responsible for quantifying the intensity of the collected light.
Subsequently, the photodetector signal is transmitted to the microprocessor, which compares the signal
levels against predetermined parameters. One study assessing this particular device indicated that its
sensitivity and specificity were superior to DIAGNOdent. The sensitivity and specificity of interproximal
detection using the Midwest Caries I.D. compared to X-rays were acceptable [70].

Although it has exhibited a notable degree of sensitivity, conversely, it exhibited a lower level of specificity,
thereby presenting a heightened susceptibility to producing false-positive outcomes [71]. It has
demonstrated utility in identifying demineralization; however, a significant drawback of this device is its
inability to evaluate the extent of demineralization accurately [72].

Alternating Current Impedance Spectroscopy

The CarieScan PRO is a device developed in 2007 that employs alternating current impedance spectroscopy
technology. This phenomenon is based on the premise that dental hard tissue demonstrates elevated
electrical resistance or impedance, while the resistance decreases as the tissue becomes more demineralized.
The device aims to identify and monitor initial coronal dental caries to facilitate early intervention for
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preventive treatment [61]. However, it showed moderate sensitivity and specificity levels [73].

Cone Beam Computed Tomography (CBCT)

The advent of CBCT in 2001 has brought about a significant breakthrough in dentistry, enabling the
acquisition of highly detailed three-dimensional images. The previous study's findings yielded a comparable
outcome, indicating that CBCT demonstrated higher sensitivity and overall accuracy in detecting proximal
cavitated carious lesions compared to bitewings. However, the specificity between the two methods did not
differ significantly [74].

Ultrasonic Method

Ultrasound was first used in 1956 for medical purposes. Ultrasound devices exhibit a greater degree of
sensitivity in detecting proximal caries when compared to bitewing radiographs. Nevertheless, a limitation
of this methodology is its ability to identify dental caries solely after the tooth reaches a specific level of
damage and after alterations in the structure of enamel and dentin have already taken place. In an
experimental setting, the ultrasound diagnostic device exhibited superior sensitivity and specificity in
detecting approximal carious lesions compared to bitewing radiographs [75].

Developing methods of caries diagnosis and detection
Photothermal Radiometry and Modulated Luminescence (Canary System)

The Canary System introduced in 2013 represents a recent and pioneering advancement in caries detection.
The Canary System integrates the technologies of photothermal radiometry (PTR) and luminescence (LUM).
In this system, laser light pulses are directed onto the tooth, converting the light into heat and energy. In
instances where a lesion is forming, there exists a concomitant alteration in the signal, as the heat (PTR) is
localized within the demineralized region, resulting in a reduction in luminosity (LUM). As the process of
remineralization takes place, the thermal and LUM properties of the tooth will gradually return to those
observed in a healthy tooth structure. The system quantifies the intensity, magnitude, and temporal
discrepancy or phase of the transformed thermal energy and emitted light. The signals are processed by an
algorithm to generate the Canary Number, which falls from 0 to 100. A Canary Number below 20 is indicative
of a healthy tooth structure. The utilization of PTR-LUM technology in the Canary System has demonstrated
its capability to identify initial lesions measuring as small as 50 microns and located up to a depth of 5 mm
beneath the tooth's surface. The utilization of this technique enables the identification of occlusal pit and
fissure caries, smooth surface caries, acid erosion lesions, root caries, and interproximal carious lesions, as
well as the assessment of demineralization and remineralization in early carious lesions [76].

Compared to traditional techniques of visual inspection and bitewing radiography in identifying proximal
caries, the Canary System exhibited superior sensitivity, with a specificity that was marginally lower than
bitewings [77]. The Canary System demonstrated the highest positive and negative predictive
values compared to histological examination, which served as the reference standard for determining the
presence or absence of carious lesions. A separate investigation utilized the Canary System to
identify proximal caries on primary molars. Patients exhibited a favorable tolerance toward the system.
Canary System demonstrated a high sensitivity but a comparatively low specificity compared to bitewing
radiographs [78].

It has been reported that PTR/LUM values were positively correlated with non-cavitated lesion depth and
were unaffected by tissue thickness beneath the lesion despite increasing the scanning angle within 20
degrees [79].

Terahertz Imaging

The first terahertz imaging system was developed in 1995. Terahertz waves, which are electromagnetic
waves with frequencies ranging from 0.1 to 10 THz, possess several advantageous properties. These include
their non-destructive nature, absence of ionizing radiation hazards, and ability to identify the unique
fingerprint spectrum of molecular characteristics. Consequently, terahertz waves exhibit promising
potential for extensive biomedicine use [80]. The structural changes and mineral contents of teeth observed
using the terahertz imaging system strongly correlate with the findings of X-ray images. Specifically,
imaging within the frequency range of 0.4 THz enables the observation of distinct differences between
healthy and carious tooth tissue. Based on the findings, it can be inferred that the THz imaging system is an
effective technique for evaluating dental caries [48].

Multiphoton Imaging Microscope

Multiphoton imaging microscope was first introduced in 1990. The utilization of this technique has been
observed in various studies within the field of dentistry, particularly in the investigation of caries diagnosis
and the analysis of structural alterations in tooth enamel [81]. Enamel and dentin can be differentiated
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through fluorescence lifetime measurement techniques. Multiphoton (two-photon) stimulation has
demonstrated enhanced efficacy in imaging due to its ability to achieve deeper penetration, thus offering
distinct advantages. The fluorescence lifetime measurement can differentiate between various types of
tooth tissue, explicitly distinguishing between carious tooth tissue and healthy tooth tissue [82].

Fluorescence Spectroscopy

Numerous diagnostic techniques have been devised utilizing tooth tissue and its interaction with light. The
emergence of novel methodologies, such as fluorescence spectroscopy, has presented an opportunity to
detect superficial abnormalities, such as white lesions. Using fluorescence spectroscopy with a 405 nm diode
laser, it was discovered that the fluorescence intensity obtained from the outer surfaces of the samples and
those emanating from the center of the lesion differ significantly for natural carious lesions and healthy
tissue [83].

SOPROLIFE

SOPROLIFE (light-emitting diode fluorescence device) is a caries detection device and a high-magnification
intraoral camera in one. SOPROLIFE is software independent. Therefore, it is compatible with most imaging
and practice management software. During excavation, the margins of infected and affected dentin are
easily distinguishable, allowing the infected dentin (which appears brilliant red) to be removed and the
affected dentin (which appears orange) to be retained so that the remaining tooth can recover [36]. One of
the notable benefits of utilizing SOPROLIFE is its ability to visually present caries lesions on a computer
monitor. This feature facilitates effective follow-up procedures and enhances patient motivation [84].

Soprocare

The Soprocare camera has three distinct clinical applications: daylight, caries, and periodontal. The caries
mode primarily targets the occurrence of enamel and dentin caries, whereas the periodontal mode is
designed to identify and assess periodontal inflammation [73]. Using the Soprocare camera for examination
demonstrates a relatively lower sensitivity but a higher degree of specificity in detecting ICDAS code 1 and 2
lesions [85]. Teledentistry consultations have the potential to demonstrate satisfactory diagnostic
performance in detecting dental caries. The Soprocare camera facilitates the timely detection of carious
lesions with optimal efficacy [86].

Sapro Imaging Software

The Sapro imaging software is a computer program designed to store and archive captured images, allowing
users to compare them later conveniently. The software can save the pictures produced by positioning the
camera on the tooth after selecting the desired magnification and mode (daylight or fluorescent) [73].

Raman Spectroscopy

Raman spectroscopy (RS) is a highly effective label-free technique that can quantitatively assess the
biomolecular composition of tissues. RS is a technique that utilizes light to analyze the molecular bonds of
materials through the scattering of photons. RS can provide information regarding the lesion's molecular
structure. When a material is exposed to monochromatic light of varying wavelengths, specific photons
within the light experience a frequency shift and scatter. This phenomenon is contingent upon the
molecular bonds within the material in either the vibrational or rotational phase [87].

RS techniques have facilitated the detection of caries in enamel before the manifestation of visible changes.
RS possesses the requisite sensitivity and selectivity to discern early-stage carious lesions effectively.
However, the analysis may be complicated by a surface layer exhibiting a comparatively elevated mineral
content [88,89]. Due to its high sensitivity and specificity, polarized RS is a potential tool for detecting early
dental caries and monitoring the progress of the lesion after fluoride treatment [90].

Confocal Laser Scanning Microscope

Laser scanning is a technique that utilizes laser beams to capture and measure the physical characteristics of
objects or environments in a three-dimensional manner. The confocal microscope, which falls under the
category of laser scanning microscopes, offers the capability to capture high-resolution images of live
organisms. It can also generate three-dimensional representations of tissues up to 1 mm thick by producing
vertical sections within the specific tissue of interest [91]. The sample is scanned in lines using a focused
laser source illumination. Excluding reflections originating from outside the designated area solely
monitors the concentrated region. The measurement of porosities within the demineralized enamel layer is
conducted through infiltrating fluorescent dyes [92]. The confocal laser scanning microscope is an invaluable
instrument in dental research, specifically for examining dense samples of carious teeth and various dental
research involving live tissue imaging [93].
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Deep Learning-Based Convolutional Neural Network Algorithm

Recently, a notable area of focus within the field of artificial intelligence and deep learning has been
convolutional neural networks (CNNs). These networks have exhibited remarkable capabilities in computer
vision, specifically in tasks such as object, facial, and activity recognition, as well as tracking and three-
dimensional mapping and localization [94]. Deep CNN algorithms efficiently perform edge detection by
utilizing multiple convolutional and hidden layers to create hierarchical feature representations.
Consequently, a deep CNN-based dental caries detector can effectively learn dental carious lesions' location
and morphological alterations. This enables the detector to detect such lesions conveniently and reliably
[95]. Ongoing advancements in deep learning algorithms, such as ResNet and CapsNet, have led to the
development of models with increased depth or width or modified layering techniques. Consequently, these
advancements have consistently and significantly enhanced the accuracy of object detection and
segmentation [96,97]. The CapsNet model, a recently developed framework, has demonstrated significant
utility in analyzing visual attributes such as posture (including location, size, and direction), modification,
speed, reflection coefficient, hue, texture, and encoding [97].

Conclusions
The transition toward minimally invasive dentistry has allowed dentists to identify and address caries in its
early stages. Several technologies have been developed to detect lesions at different stages of the caries
process. These technologies include optical, radiographic, electrical, ultrasound, and artificial intelligence-
based deep learning technologies. The visual assessment method continues to be the widely accepted and
fundamental approach to assessment, which is quick and cost-effective with lesion detection accuracy.
Emerging caries detection devices have the potential to assist dental professionals in identifying,
quantifying, and monitoring lesions over time. Fluorescence and transillumination methods utilizing optical
technology have been identified as highly effective techniques for detecting early-stage carious lesions.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C: The global burden of oral diseases and

risks to oral health. Bull World Health Organ. 2005, 83:661-9.
2. Baelum V, Heidmann J, Nyvad B: Dental caries paradigms in diagnosis and diagnostic research . Eur J Oral

Sci. 2006, 114:263-77. 10.1111/j.1600-0722.2006.00383.x
3. Chesters RK, Pitts NB, Matuliene G, et al.: An abbreviated caries clinical trial design validated over 24

months. J Dent Res. 2002, 81:637-40. 10.1177/154405910208100912
4. Gomez J: Detection and diagnosis of the early caries lesion. BMC Oral Health. 2015, 15 Suppl 1:S3.

10.1186/1472-6831-15-S1-S3
5. Anusavice K: Clinical decision-making for coronal caries management in the permanent dentition . J Dent

Educ. 2001, 65:1143-6.
6. Frenkel LM, Wagner LE 2nd, Atwood SM, Cummins TJ, Dewhurst S: Specific, sensitive, and rapid assay for

human immunodeficiency virus type 1 pol mutations associated with resistance to zidovudine and
didanosine. J Clin Microbiol. 1995, 33:342-7. 10.1128/jcm.33.2.342-347.1995

7. Pitts NB, Stamm JW: International Consensus Workshop on Caries Clinical Trials (ICW-CCT)--final
consensus statements: agreeing where the evidence leads. J Dent Res. 2004, 83 Spec No C:C125-8.
10.1177/154405910408301s27

8. Svenson B, Gröndahl HG, Petersson A, Olving A: Accuracy of radiographic caries diagnosis at different
kilovoltages and two film speeds. Swed Dent J. 1985, 9:37-43.

9. Kidd EA, Pitts NB: A reappraisal of the value of the bitewing radiograph in the diagnosis of posterior
approximal caries. Br Dent J. 1990, 169:195-200. 10.1038/sj.bdj.4807325

10. Eli I, Weiss EI, Tzohar A, Littner MM, Gelernter I, Kaffe I: Interpretation of bitewing radiographs. Part 1.
Evaluation of the presence of approximal lesions. J Dent. 1996, 24:379-83. 10.1016/0300-5712(95)00111-5

11. Weiss EI, Tzohar A, Kaffe I, Littner MM, Gelernter I, Eli I: Interpretation of bitewing radiographs. Part 2.
Evaluation of the size of approximal lesions and need for treatment. J Dent. 1996, 24:385-8. 10.1016/0300-
5712(95)00112-3

12. Altman DG, Bland JM: Diagnostic tests. 1: Sensitivity and specificity. BMJ. 1994, 308:1552.
10.1136/bmj.308.6943.1552

13. Altman DG, Bland JM: Diagnostic tests 2: Predictive values. BMJ. 1994, 309:102. 10.1136/bmj.309.6947.102
14. Selwitz RH, Ismail AI, Pitts NB: Dental caries. Lancet. 2007, 369:51-9. 10.1016/S0140-6736(07)60031-2
15. Axelsson P: Diagnosis and Risk Prediction of Dental Caries . Quintessence Pub Co, Chicago; 2000.
16. Zandoná AF, Zero DT: Diagnostic tools for early caries detection. J Am Dent Assoc. 2006, 137:1675-84; quiz

1730. 10.14219/jada.archive.2006.0113

2023 Al Saffan et al. Cureus 15(8): e43489. DOI 10.7759/cureus.43489 8 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
http://ncbi.nlm.nih.gov/pmc/articles/PMC2626328
https://dx.doi.org/10.1111/j.1600-0722.2006.00383.x
https://dx.doi.org/10.1111/j.1600-0722.2006.00383.x
https://dx.doi.org/10.1177/154405910208100912
https://dx.doi.org/10.1177/154405910208100912
https://dx.doi.org/10.1186/1472-6831-15-S1-S3
https://dx.doi.org/10.1186/1472-6831-15-S1-S3
https://pubmed.ncbi.nlm.nih.gov/11699991/
https://dx.doi.org/10.1128/jcm.33.2.342-347.1995
https://dx.doi.org/10.1128/jcm.33.2.342-347.1995
https://dx.doi.org/10.1177/154405910408301s27
https://dx.doi.org/10.1177/154405910408301s27
https://pubmed.ncbi.nlm.nih.gov/3859029/
https://dx.doi.org/10.1038/sj.bdj.4807325
https://dx.doi.org/10.1038/sj.bdj.4807325
https://dx.doi.org/10.1016/0300-5712(95)00111-5
https://dx.doi.org/10.1016/0300-5712(95)00111-5
https://dx.doi.org/10.1016/0300-5712(95)00112-3
https://dx.doi.org/10.1016/0300-5712(95)00112-3
https://dx.doi.org/10.1136/bmj.308.6943.1552
https://dx.doi.org/10.1136/bmj.308.6943.1552
https://dx.doi.org/10.1136/bmj.309.6947.102
https://dx.doi.org/10.1136/bmj.309.6947.102
https://dx.doi.org/10.1016/S0140-6736(07)60031-2
https://dx.doi.org/10.1016/S0140-6736(07)60031-2
https://www.ncbi.nlm.nih.gov/nlmcatalog?cmd=PureSearch&term=100898966%5Bnlmid%5D
https://dx.doi.org/10.14219/jada.archive.2006.0113
https://dx.doi.org/10.14219/jada.archive.2006.0113


17. Sadıkoğlu İS: White spot lesions: recent detection and treatment methods . Cyprus J Med Sci. 2020, 5:260-6.
10.5152/cjms.2020.1902

18. Bader JD, Shugars DA, Bonito AJ: Systematic reviews of selected dental caries diagnostic and management
methods. J Dent Educ. 2001, 65:960-8. 10.1002/j.0022-0337.2001.65.10.tb03470.x

19. Yılmaz H, Keleş S: Recent methods for diagnosis of dental caries in dentistry . Meandros Med Dent J. 2018,
19:1-8. 10.4274/meandros.21931

20. Ritter AV, Ramos MD, Astorga F, Shugars DA, Bader JD: Visual-tactile versus radiographic caries detection
agreement in caries-active adults. J Public Health Dent. 2013, 73:252-60. 10.1111/jphd.12024

21. Ismail AI, Sohn W, Tellez M, Amaya A, Sen A, Hasson H, Pitts NB: The International Caries Detection and
Assessment System (ICDAS): an integrated system for measuring dental caries. Community Dent Oral
Epidemiol. 2007, 35:170-8. 10.1111/j.1600-0528.2007.00347.x

22. Gimenez T, Piovesan C, Braga MM, et al.: Visual inspection for caries detection: a systematic review and
meta-analysis. J Dent Res. 2015, 94:895-904. 10.1177/0022034515586763

23. Ekstrand KR, Kuzmina I, Bjørndal L, Thylstrup A: Relationship between external and histologic features of
progressive stages of caries in the occlusal fossa. Caries Res. 1995, 29:243-50. 10.1159/000262076

24. Tan WW, Lin GSS, Hashim H: Perceptions on using the International Caries Detection and Assessment
System (ICDAS) among Malaysian private dentists: a qualitative study. Braz Dent Sci. 2023, 26:e3650.
10.4322/bds.2023.e3650

25. Peers A, Hill FJ, Mitropoulos CM, Holloway PJ: Validity and reproducibility of clinical examination, fibre-
optic transillumination, and bite-wing radiology for the diagnosis of small approximal carious lesions: an in
vitro study. Caries Res. 1993, 27:307-11. 10.1159/000261556

26. Rindal DB, Gordan VV, Litaker MS, et al.: Methods dentists use to diagnose primary caries lesions prior to
restorative treatment: findings from The Dental PBRN. J Dent. 2010, 38:1027-32.
10.1016/j.jdent.2010.09.003

27. Wenzel A: Bitewing and digital bitewing radiography for detection of caries lesions . J Dent Res. 2004, 83
Spec No C:C72-5. 10.1177/154405910408301s14

28. Pitts N: "ICDAS"--an international system for caries detection and assessment being developed to facilitate
caries epidemiology, research and appropriate clinical management. Community Dent Health. 2004, 21:193-
8.

29. Schwendicke F, Tzschoppe M, Paris S: Radiographic caries detection: a systematic review and meta-analysis .
J Dent. 2015, 43:924-33. 10.1016/j.jdent.2015.02.009

30. Walsh T, Macey R, Riley P, et al.: Imaging modalities to inform the detection and diagnosis of early caries.
Cochrane Database Syst Rev. 2021, 3:CD014545. 10.1002/14651858.CD014545

31. Rai A, Sundas S, Dhakal N, Khapung A: Assessment of dental caries based on ICDAS and WHO criteria: a
comparative study. Int J Paediatr Dent. 2023, 10.1111/ipd.13099

32. Shaalan OO: DIAGNOdent versus International Caries Detection and Assessment System in detection of
incipient carious lesions: a diagnostic accuracy study. J Conserv Dent. 2023, 26:199-206.
10.4103/jcd.jcd_575_22

33. Abdelaziz M, Krejci I, Perneger T, Feilzer A, Vazquez L: Near infrared transillumination compared with
radiography to detect and monitor proximal caries: a clinical retrospective study. J Dent. 2018, 70:40-5.
10.1016/j.jdent.2017.12.008

34. Berg SC, Stahl JM, Lien W, Slack CM, Vandewalle KS: A clinical study comparing digital radiography and
near-infrared transillumination in caries detection. J Esthet Restor Dent. 2018, 30:39-44. 10.1111/jerd.12346

35. Abogazalah N, Eckert GJ, Ando M: In vitro visual and visible light transillumination methods for detection
of natural non-cavitated approximal caries. Clin Oral Investig. 2019, 23:1287-94. 10.1007/s00784-018-2546-
3

36. Kocak N, Cengiz-Yanardag E: Clinical performance of clinical-visual examination, digital bitewing
radiography, laser fluorescence, and near-infrared light transillumination for detection of non-cavitated
proximal enamel and dentin caries. Lasers Med Sci. 2020, 35:1621-8. 10.1007/s10103-020-03021-2

37. Neuhaus KW, Ellwood R, Lussi A, Pitts NB: Traditional lesion detection aids. Monogr Oral Sci. 2009, 21:42-
51. 10.1159/000224211

38. Friedman J, Marcus MI: Transillumination of the oral cavity with use of fiber optics . J Am Dent Assoc. 1970,
80:801-9. 10.14219/jada.archive.1970.0117

39. Strassler HE, Pitel ML: Using fiber-optic transillumination as a diagnostic aid in dental practice . Compend
Contin Educ Dent. 2014, 35:80-8.

40. Mialhe FL, Pereira AC, Meneghim Mde C, Ambrosano GM, Pardi V: The relative diagnostic yields of clinical,
FOTI and radiographic examinations for the detection of approximal caries in youngsters. Indian J Dent Res.
2009, 20:136-40. 10.4103/0970-9290.52881

41. Karlsson L: Caries detection methods based on changes in optical properties between healthy and carious
tissue. Int J Dent. 2010, 2010:270729. 10.1155/2010/270729

42. Young DA, Featherstone JD: Digital imaging fiber-optic trans-illumination, F-speed radiographic film and
depth of approximal lesions. J Am Dent Assoc. 2005, 136:1682-7. 10.14219/jada.archive.2005.0111

43. Bin-Shuwaish M, Yaman P, Dennison J, Neiva G: The correlation of DIFOTI to clinical and radiographic
images in Class II carious lesions. J Am Dent Assoc. 2008, 139:1374-81. 10.14219/jada.archive.2008.0049

44. Astvaldsdóttir A, Ahlund K, Holbrook WP, de Verdier B, Tranæus S: Approximal caries detection by DIFOTI:
in vitro comparison of diagnostic accuracy/efficacy with film and digital radiography. Int J Dent. 2012,
2012:326401. 10.1155/2012/326401

45. Söchtig F, Hickel R, Kühnisch J: Caries detection and diagnostics with near-infrared light transillumination:
clinical experiences. Quintessence Int. 2014, 45:531-8. 10.3290/j.qi.a31533

46. Fried D, Glena RE, Featherstone JD, Seka W: Nature of light scattering in dental enamel and dentin at
visible and near-infrared wavelengths. Appl Opt. 1995, 34:1278-85. 10.1364/AO.34.001278

47. Staninec M, Lee C, Darling CL, Fried D: In vivo near-IR imaging of approximal dental decay at 1,310 nm .
Lasers Surg Med. 2010, 42:292-8. 10.1002/lsm.20913

48. Akyıldız E, Özalp N: Diagnosis of early dental caries by traditional, contemporary and developing imaging

2023 Al Saffan et al. Cureus 15(8): e43489. DOI 10.7759/cureus.43489 9 of 11

https://dx.doi.org/10.5152/cjms.2020.1902
https://dx.doi.org/10.5152/cjms.2020.1902
https://dx.doi.org/10.1002/j.0022-0337.2001.65.10.tb03470.x
https://dx.doi.org/10.1002/j.0022-0337.2001.65.10.tb03470.x
https://dx.doi.org/10.4274/meandros.21931
https://dx.doi.org/10.4274/meandros.21931
https://dx.doi.org/10.1111/jphd.12024
https://dx.doi.org/10.1111/jphd.12024
https://dx.doi.org/10.1111/j.1600-0528.2007.00347.x
https://dx.doi.org/10.1111/j.1600-0528.2007.00347.x
https://dx.doi.org/10.1177/0022034515586763
https://dx.doi.org/10.1177/0022034515586763
https://dx.doi.org/10.1159/000262076
https://dx.doi.org/10.1159/000262076
https://dx.doi.org/10.4322/bds.2023.e3650
https://dx.doi.org/10.4322/bds.2023.e3650
https://dx.doi.org/10.1159/000261556
https://dx.doi.org/10.1159/000261556
https://dx.doi.org/10.1016/j.jdent.2010.09.003
https://dx.doi.org/10.1016/j.jdent.2010.09.003
https://dx.doi.org/10.1177/154405910408301s14
https://dx.doi.org/10.1177/154405910408301s14
https://pubmed.ncbi.nlm.nih.gov/15470828/
https://dx.doi.org/10.1016/j.jdent.2015.02.009
https://dx.doi.org/10.1016/j.jdent.2015.02.009
https://dx.doi.org/10.1002/14651858.CD014545
https://dx.doi.org/10.1002/14651858.CD014545
https://dx.doi.org/10.1111/ipd.13099
https://dx.doi.org/10.1111/ipd.13099
https://dx.doi.org/10.4103/jcd.jcd_575_22
https://dx.doi.org/10.4103/jcd.jcd_575_22
https://dx.doi.org/10.1016/j.jdent.2017.12.008
https://dx.doi.org/10.1016/j.jdent.2017.12.008
https://dx.doi.org/10.1111/jerd.12346
https://dx.doi.org/10.1111/jerd.12346
https://dx.doi.org/10.1007/s00784-018-2546-3
https://dx.doi.org/10.1007/s00784-018-2546-3
https://dx.doi.org/10.1007/s10103-020-03021-2
https://dx.doi.org/10.1007/s10103-020-03021-2
https://dx.doi.org/10.1159/000224211
https://dx.doi.org/10.1159/000224211
https://dx.doi.org/10.14219/jada.archive.1970.0117
https://dx.doi.org/10.14219/jada.archive.1970.0117
https://www.aegisdentalnetwork.com/cced/2014/02/using-fiber-optic-transillumination-as-a-diagnostic-aid-in-dental-practice
https://dx.doi.org/10.4103/0970-9290.52881
https://dx.doi.org/10.4103/0970-9290.52881
https://dx.doi.org/10.1155/2010/270729
https://dx.doi.org/10.1155/2010/270729
https://dx.doi.org/10.14219/jada.archive.2005.0111
https://dx.doi.org/10.14219/jada.archive.2005.0111
https://dx.doi.org/10.14219/jada.archive.2008.0049
https://dx.doi.org/10.14219/jada.archive.2008.0049
https://dx.doi.org/10.1155/2012/326401
https://dx.doi.org/10.1155/2012/326401
https://dx.doi.org/10.3290/j.qi.a31533
https://dx.doi.org/10.3290/j.qi.a31533
https://dx.doi.org/10.1364/AO.34.001278
https://dx.doi.org/10.1364/AO.34.001278
https://dx.doi.org/10.1002/lsm.20913
https://dx.doi.org/10.1002/lsm.20913
https://dx.doi.org/10.52037/eads.2022.0008


methods. Eur Ann Dent Sci. 2022, 49:38-45. 10.52037/eads.2022.0008
49. Vinothkumar TS: Application of near-infrared light transillumination in restorative dentistry: a review . J

Contemp Dent Pract. 2021, 22:1355-61. 10.5005/jp-journals-10024-3204
50. Edrees A, Hassanein O, Shaalan O, Yassen A: Accuracy of high definition near infrared transillumination

camera in detection of hidden proximal caries. J Clin Exp Dent. 2023, 15:e1-8. 10.4317/jced.59413
51. Abogazalah N, Eckert GJ, Ando M: In vitro performance of near infrared light transillumination at 780-nm

and digital radiography for detection of non-cavitated approximal caries. J Dent. 2017, 63:44-50.
10.1016/j.jdent.2017.05.018

52. Otis LL, Everett MJ, Sathyam US, Colston BW Jr: Optical coherence tomography: a new imaging technology
for dentistry. J Am Dent Assoc. 2000, 131:511-4. 10.14219/jada.archive.2000.0210

53. Hsieh YS, Ho YC, Lee SY, Chuang CC, Tsai JC, Lin KF, Sun CW: Dental optical coherence tomography.
Sensors (Basel). 2013, 13:8928-49. 10.3390/s130708928

54. Mohamad Saberi FN, Sukumaran P, Ung NM, Liew YM: Assessment of demineralized tooth lesions using
optical coherence tomography and other state-of-the-art technologies: a review. Biomed Eng Online. 2022,
21:83. 10.1186/s12938-022-01055-x

55. Tsai MT, Wang YL, Yeh TW, Lee HC, Chen WJ, Ke JL, Lee YJ: Early detection of enamel demineralization by
optical coherence tomography. Sci Rep. 2019, 9:17154. 10.1038/s41598-019-53567-7

56. Nokhbatolfoghahaie H, Alikhasi M, Chiniforush N, Khoei F, Safavi N, Yaghoub Zadeh B: Evaluation of
accuracy of DIAGNOdent in diagnosis of primary and secondary caries in comparison to conventional
methods. J Lasers Med Sci. 2013, 4:159-67.

57. Bamzahim M, Shi XQ, Angmar-Månsson B: Occlusal caries detection and quantification by DIAGNOdent and
Electronic Caries Monitor: in vitro comparison. Acta Odontol Scand. 2002, 60:360-4.
10.1080/000163502762667397

58. Todorova V, Filipov I, Petrova R: In vitro comparison of several methods for initial proximal caries
detection. Folia Med (Plovdiv). 2020, 62:358-64. 10.3897/folmed.62.e47534

59. Rashid MF, Karobari MI, Halim MS, Noorani TY: Effectiveness of visual-tactile examination and
DIAGNOdent pen in detecting early enamel caries and its remineralisation: an in vitro study. Biomed Res
Int. 2022, 2022:1263750. 10.1155/2022/1263750

60. de Josselin de Jong E, Sundström F, Westerling H, Tranaeus S, ten Bosch JJ, Angmar-Månsson B: A new
method for in vivo quantification of changes in initial enamel caries with laser fluorescence. Caries Res.
1995, 29:2-7. 10.1159/000262032

61. Amaechi BT: Emerging technologies for diagnosis of dental caries: The road so far . J Appl Phys. 2009,
105:.102047. 10.1063/1.3116632

62. Karlsson L, Tranaeus S: Supplementary methods for detection and quantification of dental caries. J Laser
Dent. 2008, 16:8-16.

63. Stookey GK: Optical methods--quantitative light fluorescence . J Dent Res. 2004, 83 Spec No C:C84-8.
10.1177/154405910408301s17

64. Ko HY, Kang SM, Kim HE, Kwon HK, Kim BI: Validation of quantitative light-induced fluorescence-digital
(QLF-D) for the detection of approximal caries in vitro. J Dent. 2015, 43:568-75. 10.1016/j.jdent.2015.02.010

65. Kim YS, Lee ES, Kwon HK, Kim BI: Monitoring the maturation process of a dental microcosm biofilm using
the quantitative light-induced fluorescence-digital (QLF-D). J Dent. 2014, 42:691-6.
10.1016/j.jdent.2014.03.006

66. Cho KH, Kang CM, Jung HI, Lee HS, Lee K, Lee TY, Song JS: The diagnostic efficacy of quantitative light-
induced fluorescence in detection of dental caries of primary teeth. J Dent. 2021, 115:103845.
10.1016/j.jdent.2021.103845

67. Park KJ, Voigt A, Schneider H, Ziebolz D, Haak R: Light-based diagnostic methods for the in vivo assessment
of initial caries lesions: laser fluorescence, QLF and OCT. Photodiagnosis Photodyn Ther. 2021, 34:102270.
10.1016/j.pdpdt.2021.102270

68. Oh SH, Choi JY, Kim SH: Evaluation of dental caries detection with quantitative light-induced fluorescence
in comparison to different field of view devices. Sci Rep. 2022, 12:6139. 10.1038/s41598-022-10126-x

69. Strassler HE, Sensi LG: Technology-enhanced caries detection and diagnosis. Compend Contin Educ Dent.
2008, 29:464-5.

70. Patel SA, Shepard WD, Barros JA, Streckfus CF, Quock RL: In vitro evaluation of Midwest Caries ID: a novel
light-emitting diode for caries detection. Oper Dent. 2014, 39:644-51. 10.2341/13-114-L

71. Aktan AM, Cebe MA, Ciftçi ME, Sirin Karaarslan E: A novel LED-based device for occlusal caries detection .
Lasers Med Sci. 2012, 27:1157-63. 10.1007/s10103-011-1020-0

72. Van Hilsen Z, Jones RS: Comparing potential early caries assessment methods for teledentistry . BMC Oral
Health. 2013, 13:16. 10.1186/1472-6831-13-16

73. Tassery H, Levallois B, Terrer E, et al.: Use of new minimum intervention dentistry technologies in caries
management. Aust Dent J. 2013, 58 Suppl 1:40-59. 10.1111/adj.12049

74. Sansare K, Singh D, Sontakke S, Karjodkar F, Saxena V, Frydenberg M, Wenzel A: Should cavitation in
proximal surfaces be reported in cone beam computed tomography examination?. Caries Res. 2014, 48:208-
13. 10.1159/000354838

75. Matalon S, Feuerstein O, Kaffe I: Diagnosis of approximal caries: bite-wing radiology versus the ultrasound
caries detector. An in vitro study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2003, 95:626-31.
10.1067/moe.2003.164

76. Abrams S: Overcoming the challenges of caries detection using the Canary System . Oral Health. 2011,
101:17.

77. Jan J, Wan Bakar WZ, Mathews SM, Okoye LO, Ehler BR, Louden C, Amaechi BT: Proximal caries lesion
detection using the Canary Caries Detection System: an in vitro study. J Investig Clin Dent. 2016, 7:383-90.
10.1111/jicd.12163

78. Herzog K, D'Elia M, Kim A, Slayton RL: Pilot study of the Canary System use in the diagnosis of approximal
carious lesions in primary molars. Pediatr Dent. 2015, 37:525-9.

79. Xing H, Eckert GJ, Ando M: Impact of angle on photothermal radiometry and modulated luminescence

2023 Al Saffan et al. Cureus 15(8): e43489. DOI 10.7759/cureus.43489 10 of 11

https://dx.doi.org/10.52037/eads.2022.0008
https://dx.doi.org/10.5005/jp-journals-10024-3204
https://dx.doi.org/10.5005/jp-journals-10024-3204
https://dx.doi.org/10.4317/jced.59413
https://dx.doi.org/10.4317/jced.59413
https://dx.doi.org/10.1016/j.jdent.2017.05.018
https://dx.doi.org/10.1016/j.jdent.2017.05.018
https://dx.doi.org/10.14219/jada.archive.2000.0210
https://dx.doi.org/10.14219/jada.archive.2000.0210
https://dx.doi.org/10.3390/s130708928
https://dx.doi.org/10.3390/s130708928
https://dx.doi.org/10.1186/s12938-022-01055-x
https://dx.doi.org/10.1186/s12938-022-01055-x
https://dx.doi.org/10.1038/s41598-019-53567-7
https://dx.doi.org/10.1038/s41598-019-53567-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4282000/pdf/jlms-4-159.pdf
https://dx.doi.org/10.1080/000163502762667397
https://dx.doi.org/10.1080/000163502762667397
https://dx.doi.org/10.3897/folmed.62.e47534
https://dx.doi.org/10.3897/folmed.62.e47534
https://dx.doi.org/10.1155/2022/1263750
https://dx.doi.org/10.1155/2022/1263750
https://dx.doi.org/10.1159/000262032
https://dx.doi.org/10.1159/000262032
https://dx.doi.org/10.1063/1.3116632
https://dx.doi.org/10.1063/1.3116632
https://www.researchgate.net/publication/284666695_Supplementary_methods_for_detection_and_quantification_of_dental_caries
https://dx.doi.org/10.1177/154405910408301s17
https://dx.doi.org/10.1177/154405910408301s17
https://dx.doi.org/10.1016/j.jdent.2015.02.010
https://dx.doi.org/10.1016/j.jdent.2015.02.010
https://dx.doi.org/10.1016/j.jdent.2014.03.006
https://dx.doi.org/10.1016/j.jdent.2014.03.006
https://dx.doi.org/10.1016/j.jdent.2021.103845
https://dx.doi.org/10.1016/j.jdent.2021.103845
https://dx.doi.org/10.1016/j.pdpdt.2021.102270
https://dx.doi.org/10.1016/j.pdpdt.2021.102270
https://dx.doi.org/10.1038/s41598-022-10126-x
https://dx.doi.org/10.1038/s41598-022-10126-x
https://europepmc.org/article/med/18935786
https://dx.doi.org/10.2341/13-114-L
https://dx.doi.org/10.2341/13-114-L
https://dx.doi.org/10.1007/s10103-011-1020-0
https://dx.doi.org/10.1007/s10103-011-1020-0
https://dx.doi.org/10.1186/1472-6831-13-16
https://dx.doi.org/10.1186/1472-6831-13-16
https://dx.doi.org/10.1111/adj.12049
https://dx.doi.org/10.1111/adj.12049
https://dx.doi.org/10.1159/000354838
https://dx.doi.org/10.1159/000354838
https://dx.doi.org/10.1067/moe.2003.164
https://dx.doi.org/10.1067/moe.2003.164
https://scholar.google.com/scholar?q=intitle:Overcoming the challenges of caries detection using the Canary System
https://dx.doi.org/10.1111/jicd.12163
https://dx.doi.org/10.1111/jicd.12163
https://pubmed.ncbi.nlm.nih.gov/26883610/
https://dx.doi.org/10.1016/j.jdent.2023.104500


(PTR/LUM) value. J Dent. 2023, 132:104500. 10.1016/j.jdent.2023.104500
80. Chen C, Wu FL, Zhou HM, Lei L, Cheng L, Hu T: [Research progress in the application of Terahertz

spectroscopy and imaging technology in stomatology]. Sichuan Da Xue Xue Bao Yi Xue Ban. 2023, 54:203-7.
10.12182/20221360301

81. Terrer E, Panayotov IV, Slimani A, et al.: Laboratory studies of nonlinear optical signals for caries detection .
J Dent Res. 2016, 95:574-9. 10.1177/0022034516629400

82. Lin PY, Lyu HC, Hsu CY, Chang CS, Kao FJ: Imaging carious dental tissues with multiphoton fluorescence
lifetime imaging microscopy. Biomed Opt Express. 2010, 2:149-58. 10.1364/BOE.2.000149

83. Zezell DM, Ribeiro AC, Bachmann L, Gomes AS, Rousseau C, Girkin J: Characterization of natural carious
lesions by fluorescence spectroscopy at 405-nm excitation wavelength. J Biomed Opt. 2007, 12:064013.
10.1117/1.2821192

84. Ünal M, Koçkanat A, Güler S, Gültürk E: Diagnostic performance of different methods in detecting incipient
non-cavitated occlusal caries lesions in permanent teeth. J Clin Pediatr Dent. 2019, 43:173-9.
10.17796/1053-4625-43.3.5

85. Dhanavel C, Sai CK, Neelamurthy PS, Raja SV, Vigneshwari SK, Gokulapriyan K, Usha C: Evaluation of
reliability and validity of occlusal caries detection by direct visual, indirect visual and fluorescence camera
using ICDAS II (codes 0, 1, and 2): an in vivo study. Int J Clin Pediatr Dent. 2023, 16:74-8. 10.5005/jp-
journals-10005-2513

86. Inquimbert C, Hirata-Tsuchiya S, Yoshii S, et al.: Concordance study between regular face-to-face dental
diagnosis and dental telediagnosis using fluorescence. J Telemed Telecare. 2021, 27:509-17.
10.1177/1357633X19894111

87. Fitzgerald S, Akhtar J, Schartner E, Ebendorff-Heidepriem H, Mahadevan-Jansen A, Li J: Multimodal Raman
spectroscopy and optical coherence tomography for biomedical analysis. J Biophotonics. 2023,
16:e202200231. 10.1002/jbio.202200231

88. Buchwald T, Buchwald Z: Assessment of the Raman spectroscopy effectiveness in determining the early
changes in human enamel caused by artificial caries. Analyst. 2019, 144:1409-19. 10.1039/c8an01494a

89. Mohanty B, Dadlani D, Mahoney D, Mann AB: Characterizing and identifying incipient carious lesions in
dental enamel using micro-Raman spectroscopy. Caries Res. 2013, 47:27-33. 10.1159/000342432

90. Ko AC, Choo-Smith LP, Hewko M, Sowa MG, Dong CC, Cleghorn B: Detection of early dental caries using
polarized Raman spectroscopy. Opt Express. 2006, 14:203-15. 10.1364/opex.14.000203

91. Gumus G, Sarioglu B, Gokdel YD: System integration for real-time laser scanning confocal microscope . 2016
24th Signal Processing and Communication Application Conference (SIU), Zonguldak, Turkey. IEEE, 2016.
10.1109/SIU.2016.7496191

92. Wong A, Subar PE, Young DA: Dental caries: an update on dental trends and therapy . Adv Pediatr. 2017,
64:307-30. 10.1016/j.yapd.2017.03.011

93. Ye P, Yu H, Houshmandi M: Three/four-dimensional (3D/4D) microscopic imaging and processing in clinical
dental research. BMC Oral Health. 2016, 16:84. 10.1186/s12903-016-0282-0

94. Sklan JE, Plassard AJ, Fabbri D, Landman BA: Toward content based image retrieval with deep convolutional
neural networks. Proc SPIE Int Soc Opt Eng. 2015, 9417:94172C. 10.1117/12.2081551

95. Wang R: Edge detection using convolutional neural network . Advances in Neural Networks-ISNN 2016:
Lecture Notes in Computer Science. Cheng L, Liu Q, Ronzhin A (ed): Springer, Cham, Switzerland; 12-20.
10.1007/978-3-319-40663-3_2

96. He K, Zhang X, Ren S, Sun J: Deep residual learning for image recognition . 2016 IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), Las Vegas, NV, USA. IEEE, New York, NY; 2016. 770-78.
10.1109/CVPR.2016.90

97. Sabour S, Frosst N, Hinton GE: Dynamic routing between capsules. 31st Conference on Neural Information
Processing Systems (NIPS 2017), Long Beach, CA, USA. 2017. 1-11.

2023 Al Saffan et al. Cureus 15(8): e43489. DOI 10.7759/cureus.43489 11 of 11

https://dx.doi.org/10.1016/j.jdent.2023.104500
https://dx.doi.org/10.12182/20221360301
https://dx.doi.org/10.12182/20221360301
https://dx.doi.org/10.1177/0022034516629400
https://dx.doi.org/10.1177/0022034516629400
https://dx.doi.org/10.1364/BOE.2.000149
https://dx.doi.org/10.1364/BOE.2.000149
https://dx.doi.org/10.1117/1.2821192
https://dx.doi.org/10.1117/1.2821192
https://dx.doi.org/10.17796/1053-4625-43.3.5
https://dx.doi.org/10.17796/1053-4625-43.3.5
https://dx.doi.org/10.5005/jp-journals-10005-2513
https://dx.doi.org/10.5005/jp-journals-10005-2513
https://dx.doi.org/10.1177/1357633X19894111
https://dx.doi.org/10.1177/1357633X19894111
https://dx.doi.org/10.1002/jbio.202200231
https://dx.doi.org/10.1002/jbio.202200231
https://dx.doi.org/10.1039/c8an01494a
https://dx.doi.org/10.1039/c8an01494a
https://dx.doi.org/10.1159/000342432
https://dx.doi.org/10.1159/000342432
https://dx.doi.org/10.1364/opex.14.000203
https://dx.doi.org/10.1364/opex.14.000203
https://dx.doi.org/10.1109/SIU.2016.7496191
https://dx.doi.org/10.1109/SIU.2016.7496191
https://dx.doi.org/10.1016/j.yapd.2017.03.011
https://dx.doi.org/10.1016/j.yapd.2017.03.011
https://dx.doi.org/10.1186/s12903-016-0282-0
https://dx.doi.org/10.1186/s12903-016-0282-0
https://dx.doi.org/10.1117/12.2081551
https://dx.doi.org/10.1117/12.2081551
https://dx.doi.org/10.1007/978-3-319-40663-3_2
https://dx.doi.org/10.1007/978-3-319-40663-3_2
https://dx.doi.org/10.1109/CVPR.2016.90
https://dx.doi.org/10.1109/CVPR.2016.90
https://proceedings.neurips.cc/paper_files/paper/2017/file/2cad8fa47bbef282badbb8de5374b894-Paper.pdf

	Current Approaches to Diagnosis of Early Proximal Carious Lesion: A Literature Review
	Abstract
	Introduction And Background
	Review
	Conventional methods
	Radiographic method
	Contemporary methods
	Developing methods of caries diagnosis and detection

	Conclusions
	Additional Information
	Disclosures

	References


