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ABSTRACT

Despite all the advances in oral health, dental caries continues to be one of the most prevalent
oral diseases globally and places a considerable burden on oral health and health care systems of
all ages. The development of early non-cavitated carious lesions are crucial for preventing further
disease progression and minimally invasive dental treatment. Traditional diagnostic methods like
examination with the eyes and hands and radiography can be limited in detecting early enamel
changes and can be challenging to use in large community screening programs. New developments
in screening technology for light waves offer hope for early detection of caries using non-invasive,
radiationfree and portable screening tools. This review is focused on the use of optical screening
techniques for the detection of non-cavitated caries outside the dental clinic, especially in the
context of community based oral health care programs. Newer optical technologies such as
quantitative lightinduced fluorescence (QLF), digital imaging fiberoptic transillumination
(DIFOTI), nearinfrared transillumination (NIRT), laser fluorescence devices and the upcoming,
developing artificial intelligence-based imaging systems are assessed for their diagnostic value,
availability and feasibility. The review points to the research evidence supporting the value of
optical screening to early diagnosis, greater access to preventive dental services, and population-
based caries management approaches. While optical techniques show potential for high accuracy
and effectiveness, the cost, availability of equipment, operator training and standardization are
significant concerns. New portable optical devices and artificial intelligence (Al) based solutions
could further improve the potential of community level dental screening on a larger scale. In
summary, the use of optical screening is an important improvement in the field of preventive
dentistry, allowing for early detection of caries and dental health care to go beyond the dental
chair.

Keywords: Dental caries; Non-cavitated caries lesions; Optical screening; Early caries detection;
Community dentistry; Quantitative lightinduced  fluorescence (QLF);  Nearinfrared
transillumination; Digital imaging fiber-optic transillumination (DIFOTI); Preventive dentistry;
Oral health screening.

INTRODUCTION

Despite the improvement in preventive
dentistry, dental caries remains one of the most
common oral diseases in the world and is still a
big public health problem. It can occur in
people of all ages and cause pain, infection,

tooth loss, and poor quality of life if it's not
caught and treated early. The management of
dental caries has changed over the past few
years from a restorative to a preventative
approach, coupled with a shift towards early
diagnosis and the use of minimally invasive
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treatment. The early detection of non-cavitated
carious lesions is especially significant because
carious lesions may be arrested or reversed with
preventive  measures such as fluoride
application, dietary counselling and oral health
promotion. The early changes, however, are
difficult to detect accurately as they are usually
present under the seemingly intact surface of a
tooth.

Visual-tactile examination and radiographic
assessment are still commonly used in the
diagnosis of dental caries. But these strategies
are not applicable to early lesions. The
diagnosis is often subjective and relies on the
visual examination and can also depend on the
examiner's experience, and radiographs require
the use of ionizing radiation and may not
always be able to detect the early stages of
enamel demineralization. Schwendicke et al.
(2018) argue that increasing the sensitivity of
early detection strategies is crucial to enable
personalized and preventive dental care as
inappropriate restorative intervention can lead
to avoidable treatment costs. As for this, the
growing usage of non-invasive, accurate, and
suitable diagnostic technologies outside of the
traditional dental environments has become a
growing interest.

In recent vyears, new optical screening
technologies have become available that rely on
a different principle - the detection of changes
in the optical properties of dental tissues - to
identify non-cavitated caries. The technologies
use ideas like fluorescence, transillumination
and near-infrared imaging to visualize mineral
loss and structural changes of early carious
lesions. Gomez et al. (2019) pointed out that
methods based on light offer valuable
information about early enamel changes, and
may be more accurate in diagnostic purposes
than traditional methods. Optical techniques
have the advantage of being able to provide a
non-radiation examination, the ability to
produce digital documentation, and the
possibility to integrate them in portable
screening systems, which are not the case with
traditional techniques.

Numerous studies have been conducted
examining Quantitative Light-Induced
Fluorescence (QLF) as an optical method to
assess changes in the fluorescence of teeth and
measure the initial stages of enamel
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demineralization. van der Veen et al., 2019,
showed the utility of the technology of QLF for
detecting and monitoring the early phases of
caries progression, especially in research and
preventive dentistry fields. Likewise, Digital
Imaging Fiber-Optic Transillumination
(DIFOTI) and Near-Infrared Transillumination
(NIRT) have been touted for their ability to
yield images of tooth structures without
radiation. Kithnisch et al. (2020) reported that
transillumination-based methods may lead to
better visualisation of early and proximal
lesions, suggesting the methods as valuable
alternatives to screening for caries. The need
for oral health services that are accessible and
available has spurred use of optical screening
technologies outside hospital walls, such as in
schools, underserved populations and in rural
areas. There are common problems with
community-based dental screening programs,
including a shortage of dental providers,
transportation  difficulties, and access to
advanced dental equipment. Pitts et al. (2021)
stated that prevention and early detection
strategies are crucial to reducing the burden of
dental caries at the population level. These
strategies can be facilitated with portable
optical devices, which can help to detect disease
risk in people who do not visit a dental clinic
regularly.

With recent advancements in digital dentistry
and artificial intelligence, the capabilities of
optical screening systems have been further
enhanced. Al-driven image analysis tools can
help health care providers and CHWs to make
more accurate diagnoses and minimize
diagnostic error. When used responsibly, Al
can play a role in improving access to dental
care and making better predictions in
diagnosis, says Schwendicke et al. (2021). Other
types of imaging systems, such as those found
in smart phones, and portable optical devices
are also being investigated as cost-effective
methods of monitoring oral health at scale.

Background of the Study

Although preventive dentistry and oral health
care services have improved over the vyears,
dental caries remains one of the most prevalent
chronic oral diseases in the world and remains
a significant public health problem. It can
strike at any age and can be detrimental to oral
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function, nutrition, speech, appearance and
quality of life. The current paradigm in
dentistry has changed from a "restorative"
approach to a "prevention, early detection and
minimal intervention" approach to dental
caries. The identification of caries in the
earliest stage, preferably prior to the cavity
formation, is critical because the non-cavitated
lesions may be preventable and/or reversible
with fluoride therapy, oral hygiene and dietary
adjustments.

Non-cavitated carious lesions are the earliest
stage of demineralization of the teeth, in which
the mineral content is lost from the teeth
without loss of the enamel surface structure.
These early lesions are clinically significant as
they reflect active disease and offer a chance of
preventing the disease process. There is
difficulty in the accurate diagnosis of these
lesions, however, because of their subtle
appearance and the limitations of traditional
diagnostic methods. The most commonly used
methods in dental practice (examination and
radiography) may be less sensitive in detecting
the initial mineral changes and require clinical
expertise to interpret them accurately.

Caries detection is becoming critical, so
advanced technology has been developed to
detect and diagnose the condition early and
accurately. The optical screening methods have
received a great deal of interest, as they offer
non-destructive and non-radiating methods of
detecting changes in dental tissues. These
technologies are based on various optical
principles such as fluorescence,
transillumination, and near-infrared imaging
and detect variations in tooth structure that are
related to early caries formation. Schwendicke
et al. (2018) highlighted the need to develop
new diagnostic methods to move towards a
preventive and personalized approach to the
management of caries, in order to detect
disease at an earlier stage.

Research Problem Statement

Dental caries is still a major oral health
problem in the world with a special emphasis
on the importance of detecting and intervening
with caries at the right time before it becomes
cavitated. Currently, caries detection methods
commonly used in dental practices have been
found to be inadequate in detecting early
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changes in the mineral content and are not
feasible for community screening. It s
acknowledged that there are challenges to
accessing dental services and advanced
diagnostic equipment to many populations,
particularly in underserved and remote areas.
Currently, there are technologies available for
optical screening which have potential as non-
invasive, radiationfree, and  portable
technologies, but these must be assessed for
their effectiveness, reliability, and community
applicability. Thus, this review focuses on the
potential for the use of optical screening
methods in the early detection and prevention
of non-cavitated caries outside of the dental
setting.

Aim of the Study

This research is aimed to identify and evaluate
the effectiveness of optical screening technology
for detection of non-cavitated caries lesions in
community settings. The study aims to assess
the diagnostic value, applicability, benefits, and
drawbacks of optical based techniques as
potential tools to extend preventive dental care
beyond the typical dental office.

Research Objectives

1. To examine the available screening
tools available today for diagnosing non-
cavitated caries lesions.

2. To discuss the possibilities for use of
optical screening technology in community
dental services.

3. To determine the benefits and barriers
to the adoption of optical screening in non-
dental settings.

Research Questions

1. What are the current optical
technologies used to detect non-cavitated caries
lesions?

2. Are screening techniques with optics as
effective as traditional caries detection?
3. What are the advantages of employing

optical  screening  technologies in  the
community dental environment?

4. What are some of the problems
associated with the widespread use of optical
screening methods?
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What are some future technologies
that can enhance community-based early caries
detection?

Significance of the Study

The importance of this study can not be
overstated, since the detection of non-cavitated
caries is an integral part of caries prevention
strategies and can help minimize the need for
more invasive forms of caries restorations. This
research aims to examine the role of optical
screening technologies in preventive care and
public health programs by reviewing the
technologies. Optical methods can enhance
access to dental screening in the school, rural
and underserved populations by offering a
faster, safer and more convenient dental exam.
Overall, the results of this research can serve as
a guide for dental practitioners, researchers,
policy makers and health care institutions
interested in developing innovative methods
for early caries diagnosis and community oral
health promotion.

Scope and limitations

The focus of this study is on the review of the
available optical screening technologies for non-
cavitated  caries lesions, such as the
fluorescence-based technologies,
transillumination technologies, near-infrared
imaging, and new digital technologies. They are
highlighted in  community-based  dental
screening programs and their diagnostic
performance, accessibility and practical benefits
are assessed.

There are some limitations of this study. The
results are based on research that has already
been published and, of course, the results of
this type of study are limited by the availability
of and quality of previously published research.
Comparisons between studies may be
influenced by methodological variations in
study design, population, diagnostic criteria,
and technological devices. Furthermore, issues
like equipment expenses, training needs for the
operator and the lack of longterm clinical
studies could limit the widespread use of
optical screening technologies. The
standardized protocols and efficacy of such
clinical studies and community-based trials
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should be established and confirmed in large-
scale trials.

LITERATURE REVIEW

Early detection of dental caries has
continuously been a key element of preventive
and restorative dentistry due to its ability to
allow early intervention and  decrease
progression of the disease. Advances in dental
science over the years have shown the ability to
develop several dental diagnostic technologies
that will enhance the identification of early
carious lesions, especially non-cavitated lesions.
The main goal of contemporary diagnosis of
caries is not only diagnosis but also the
evaluation of lesion activity, lesion progression
and the participation in minimally invasive
treatment strategies.

The traditional diagnostic methods have
focused on clinical examination and
radiographic assessment, which might not be
accurate in estimating the initial mineral
changes in enamel and dentin. With the
introduction of preventive and conservative
approach to dental treatment, researchers have
taken a keen interest in the development of
more sensitive, objective and patient-friendly
diagnostic approaches. For caries management
to be effective, accurate detection methods are
needed that can inform an informed clinical
decision for treatment and prevent the need for
unnecessary restorative treatment (Schwendicke
et al. 2018).

In the recent years, there have been many new
advancements in dental technology, such as
optical-based screening systems, fluorescence
methods, digital imaging, and artificial
intelligence tools. The technologies are
designed to overcome the limitations of
traditional technologies and offer more
visualisation of early lesions without discomfort
and without exposing patients to radiation.
Gomez et al. (2019) found that the use of
optical diagnostic technologies have
demonstrated great potential to detect early
enamel alterations based on the variation of the
absorption, reflection and  fluorescence
properties of dental tissues.

Community based oral healthcare is becoming
more significant, which has spurred the advent
of mobile, easy-to-use diagnostic equipment. In
many countries there is a shortage of dental
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professionals and specialized apparatus, and
screening is needed that can be implemented
outside of a dental office. It is crucial that early
strategies embedded in
community dental programs, since they can
play an important role in the global burden of
dental caries, as highlighted by Pitts et al.
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Fig 2.1 Traditional Methods for Detecting Early Caries

These consist of visual and tactile assessment
and dental radiography. They have made a
significant  impact the diagnosis
management of caries, but they are not very
effective in identifying early non-cavitated

in and

lesions.

Optical Screening Technologies for Non-
Cavitated Caries

Innovative diagnostic tools that harness the
interaction between light and dental tissues
have been developed, termed optical screening
technologies. Optical techniques allow for the
assessment of changes in the structure of the
enamel, its mineralization, and properties of
the tissues based on the light reflected,
absorbed, fluorescent, and transmitted by the
tissues and enamel. These methods are useful
for detecting non-cavitated caries lesions as they
can detect early loss of mineral, prior to
irreversible destruction of the tooth.

With the rising demand for minimally invasive
dentistry and preventive healthcare strategies,
the development of optical diagnostic systems
has been encouraged. Restorative treatment
should not be the primary focus of modern
dental diagnostics, but instead on early disease
diagnosis, risk assessment, and individualized
disease prevention, according to Schwendicke
et al. (2021). Optical technologies enable this
with examination

strategy non-invasive

techniques, which can be repeated over time to
track the progression of lesions.

Recent research has shown the potential for
optical screening methods to enhance the
effectiveness of early caries detection, and to
decrease reliance on a subjective clinical
diagnosis. Many of these devices are also
portable, easy to use and can create digital
records making them a growing factor in
community dental programs. Askar et al. (2023)
emphasized the potential of digital/optical
diagnostic methods to enhance preventive
dental care, especially for individuals who lack
easy access to traditional dental care.

Diagnostic Accuracy of Optical Screening
Methods

The level of diagnostic accuracy is one of the
most important aspects that will affect the
viability of caries detection technologies to be
used in clinical practice or community-based
screening programs. Sensivity, specificity,
reproducibility and reliability are commonly
used parameters for the assessment of accuracy.
Sensitivity is the ability of the diagnostic
procedure to correctly identify a person or
tooth with caries and specificity is the ability of
the procedure to correctly identify a healthy
tooth surface. Non-cavitated lesions are the
most difficult to diagnose because the lesion
may be just beginning to change the mineral
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content of the tooth enamel, which prevents
conventional examination from detecting it.

The use of optical screening technologies has
shown to have good diagnostic capability
because it can detect enamel changes prior to
cavitation. These techniques deliver extra
information through the analysis of the optical
properties of dental tissues, such as the loss of
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fluorescence, light scattering and infrared
transmission. The combination of advanced
diagnostics with clinical assessment can
enhance early lesion detection and aid in
treating proactively, according to Schwendicke

et al. (2018).
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Fig 2.2 Diagnostic Accuracy of Optical Screening Methods

The ability to measure the changes in
fluorescence quantitatively has indicated that
Quantitative Light-Induced Fluorescence (QLF)
has great potential in monitoring early enamel
demineralization. Research has been shown to
be able to assess mineral loss and track the
growth of lesions over time with QLF, which is
useful for research in preventive dentistry. But
factors outside its influence like tooth
coloration, tooth plaque and measurement
differences (van der Veen et al., 2019) can
influence its accuracy.

Another technique, Near-Infrared
Transillumination (NIRT), has also shown to
be promising in terms of accuracy, especially for
detection of proximal and occlusal lesions. The
near-infrared light is able to penetrate dental
tissues and  thus  visualize  subsurface
abnormalities, which cannot be detected during
routine examination. Kiihnisch et al. (2020)
argued that NIRT can be repeated, given that it
does not involve radiation, and it offers
valuable diagnostic data.

Laser fluorescence devices have been proven to
be acceptable for early detection of occlusal

caries but may be affected by surface staining
due to pigmentation and calculus and/or
bacterial deposits. Hence these devices should
not be a stand-alone diagnostic tool, but should
be used alongside other research tools. Braga et
al. (2020) also pointed out that the hybrid
approach of optical devices and the traditional
examination can enhance the diagnostic
reliability.

Another new technique that might enhance
diagnostic accuracy is artificial intelligence (AI)-
assisted optical screening. Al can process
extensive collections of dental X-rays and look
for patterns related to the onset of cavities. Al
systems could help minimise examiner
variability and enhance consistency in dental
diagnosis, suggest Schwendicke et al. (2021).
Their effectiveness, however, will rely on the
quality and variety of the training data which is
used to develop the algorithms.

While there is great promise with the optical
screening methods, none of the existing
methods are 100% accurate for all types and
stages of caries. There is evidence that the best
method is to combine optical methods with
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clinical examination, risk assessment and
clinical judgment.

Application of Optical Screening in
Community Settings

There has been a rise in the burden of dental
caries and an increasing need for effective
screening tools that can be used beyond the
dental  office.  Community-based  dental
screening programs have the goals of early
detection of oral health issues, prevention, and
decreasing disparities in access to dental care.
Portable, non-invasive, optical screening
technologies have been gaining traction due to
their ability to be used in schools, rural and
underserved communities.

Practical problems with dental screening
practices include a shortage of dental
personnel, transportation issues, and a lack of
equipment. Some of these challenges can be
mitigated using optical devices that facilitate
speedy examinations and digital
documentation. Early detection-based
preventive oral healthcare strategies are crucial
to managing dental disease at a population level
(Pitts et al., 2021).

One of the most promising applications of
optical technologies is in the field of school
based dental screening. Dental caries is a
special problem with children as they are most
susceptible, and early detection can halt the
disease process by taking early preventive
action. Optical apparatuses that are portable
might enable dental staffs to efficiently evaluate
many children at a time without the need for
complicated clinical facilities.

METHODOLOGY

The study is designed as a qualitative review-
based research, in which the role of optical
screening technologies in the detection of non-
cavitated caries in community-based settings
will be explored. The research design is directed
towards critical review and synthesis of existing
scientific evidence for the effectiveness,
diagnostic performance, and practical use of
optical-based caries detection methods. The
design is relevant to the study as it investigates
the current advances of non-invasive diagnostic
technology and evaluate its potential role in
early detection of caries, preventive dentistry
and community oral health care.

Volume 3, Issue 8, 2025

The research design takes into account
different optical screening methods, such as the
imaging method using fluorescence, the
imaging method by digital transillumination,
the imaging method using near-infrared, the
imaging method by laser fluorescence, and the
imaging method using artificial intelligence.
This study aims to give insight into the state of
the art of these technologies for early detection
of non-cavitated caries and their potential
application for increasing dental monitoring
beyond the clinical setting.

Type of Study (Narrative Literature Review)
This study aims to review the literature
narratively and specifically on the topic of
optical screening technologies for the detection
of non-cavitated caries in community settings.
A narrative approach is chosen due to the fact
that it enables one to examine a variety of
scientific evidence, including clinical studies,
diagnostic accuracy studies, technological
evaluation studies, and previously published
reviews. This approach has been chosen for the
current research topic as optical caries
detection encompasses a number of different
technologies that employ various operating
principles, diagnostic capabilities, and levels of
clinical application.

Using the narrative review methodology, the
available information concerning the accuracy,
accessibility, advantages, and disadvantages of
optical screening methods can be critically
reviewed. It also allows the opportunity to
assess the potential for the technologies to
support preventive Dental Care and early caries
detection among populations who may have
limited access to dental care.

Search Strategy and Databases Used

A systematic literature search process is used to
retrieve scientific literature on non-cavitated
caries detection using optical screening. Recent
literature searches focus on publications from
the last few years (2018-2024) to ensure the
latest advances and evidence of progress in
optical diagnostic technologies are included.
Searches are carried out in electronic databases,
which are widely used for international
research, such as PubMed/MEDLINE, Scopus,
Web of Science, ScienceDirect, Google Scholar
and Cochrane Library. The databases chosen
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are those that present a good quality scientific
literature, which covers dentistry, oral health
research,  diagnostic  technologies  and
applications for public health.

The search strategy consists of combinations of
key words used to describe the research topic,
including but not limited to, “optical
screening”, “non-cavitated caries”, “early caries

detection”, “quantitative light-induced
fluorescence”, “digital imaging fiber-optic
transillumination”, “near-infrared
transillumination”, “laser fluorescence”,

“artificial ~intelligence in dentistry”, and
“community dental screening”. Boolean
searching terms like AND and OR are used to
narrow down the search process and to find
studies that are directly relevant to the goals of
this review.

Inclusion Criteria

Inclusion criteria are defined to select studies
that give relevant evidence on the optical
screening technologies to detect non-cavitated
caries. The studies reviewed are published from
2018 to 2024 and are in English language.
Research articles that are based on the optical
diagnostic method for early detection of dental
caries lesions are accepted.

These include the use of technologies like

Quantitative ~ LightInduced  Fluorescence,
Digital Imaging Fiber-Optic Transillumination,
Near-Infrared Transillumination, laser

fluorescence devices, smartphone-based dental
imaging and artificial intelligence-assisted
optical screening systems. Also relevant for this
review are articles that report on aspects of
diagnostic accuracy, clinical performance,
applications in preventive dentistry, and
approaches to community-based oral health.

Selection of studies is based on inclusion
criteria that provide meaningful information
about the effectiveness and usefulness of an
optical screening method for the detection of
early carious lesions outside of a dental setting.

Exclusion Criteria

Studies that are not directly related to
understanding of optical screening for non-
cavitated caries are not included in this review.
Publications that address only advanced or
cavitated caries lesions, non-optical
technologies or non-relevant dental diagnostic

Volume 3, Issue 8, 2025

methods are not relevant. Articles published
prior to 2018, studies with insufficient
scientific  information, duplicate articles,
conference abstracts, editorials and non-peer-
reviewed sources are also excluded.

Exclusion criteria are used to ensure that the
evidence that is included in the review is
relevant, reliable and of good scientific quality.
This will help them keep current with the latest
developments and applications in community
dental  care using optical  screening
technologies.

Selection of the general research article.

The research articles' selection process is
structured to identify research relevant to the
community optical screening of non-cavitated
caries. First articles from the databases are
selected by titles and abstracts according to the
research purpose. During the initial screening
stage studies that do not discuss optical caries
detection or early lesion identification are
removed.

All other articles are thoroughly reviewed for
the appropriateness of the article following the
inclusion and exclusion criteria. Research that
includes  data  about the  diagnostic
performance, use in clinical practice,
technological development, or community-
based application of optical screening methods
will be considered for final analysis.

This is a structured selection process to ensure
the literature reviewed is reliable and
scientifically relevant evidence concerning the
technologies used in optical caries detection.

Data Extraction Methods

Data Extraction: Systematic data extraction
process is used to gather relevant data from the
chosen research articles. The extracted
information emphasizes the features of the
optical screening technologies and their
effectiveness at detecting non-cavitated caries
lesions. Information relevant to the publication
includes: study  population,
methodology, optical technology evaluated,
diagnostic outcomes, comparison to traditional
detection methods, benefits and limitations
reported.

Data extracted from the documents are

research

presented and analyzed to form a pattern of
common findings, contrasts between the
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different optical technologies, and elements
affecting the use of these technologies in
community-based dental screening programs.
This process helps to develop a holistic picture
of the existing evidence on the use of optical
methods for early caries diagnosis.

Evaluation of Study Quality

Included studies are assessed for quality, to
assess the reliability and strength of the
evidence available. The methodological quality,
research design, validity of the diagnostic
evaluation, clarity of reported results, and
possible sources of bias are each evaluated in
each study.

Studies  reporting  diagnostic  sensitivity,
specificity, reproducibility, and comparison
with accepted reference standards are studied.
Evaluating the quality of a study is relevant
because of the differences in methods and
research  design that may affect the
interpretation of the results.

A quality assessment approach guarantees that
conclusions made from literature reviewed are
scientifically valid and meaningful evidence.

Data Analysis Approach

Data are analysed using qualitative thematic
synthesis to reveal major patterns and findings
about optical screening technologies. The
studies selected include different technologies,
populations, diagnostic criteria and research
methodologies, so a descriptive analysis
approach is used, not a statistical meta-analysis
approach.

The analysis will assess the effectiveness of the
optical screening methods for detecting non-
cavitated caries, their diagnostic accuracy to
traditional methods, their applicability to
community-based dental care programs, and
the role these screening tools can play in
preventive oral health care.

Results are presented in a way that synthesizes
the information and presents a whole picture of
the opportunities and challenges related to
non-dental chair use of optical screening
technologies. This analytical strategy helps
identify both existing evidence and gaps, as well
as future directions for enhanced early caries
detection and community oral health services.

Volume 3, Issue 8, 2025

RESULTS AND ANALYSIS

The selected studies included in this review
focus on the application of optical screening
technologies for the detection of non-cavitated
caries and their potential use in community-
based dental settings. The reviewed literature
consists of diagnostic accuracy studies, clinical
investigations, technological evaluations, and
review articles published between 2018 and
2024. The studies examine various optical
approaches, including Quantitative Light-
Induced Fluorescence (QLF), Digital Imaging
Fiber-Optic Transillumination (DIFOTI), Near-
Infrared Transillumination (NIRT), laser
smartphone-based
imaging systems, and artificial intelligence-
assisted diagnostic methods.

The analysis of selected studies indicates that
optical technologies have gained increasing
attention due to their ability to identify early
carious changes before visible cavitation occurs.
Most studies emphasize the importance of early
diagnosis in supporting preventive dental care
and reducing the need for invasive restorative
procedures. The
demonstrates that optical screening methods
provide additional diagnostic information
compared with conventional approaches and
have potential applications beyond traditional
dental clinics.

The selected research also highlights the
growing interest in applying optical screening
technologies within community environments,
including schools, rural healthcare programs,
and populations with limited access to dental
services. The findings indicate that portable
and non-invasive diagnostic methods may
contribute to improving oral health screening
coverage and supporting early intervention
strategies.

fluorescence devices,

reviewed evidence

Characteristics of Included Research Studies

The characteristics of included studies vary
according to research objectives, study
populations, diagnostic technologies, and
evaluation methods. Most studies focus on
assessing the diagnostic performance of optical
devices in detecting early enamel changes and
non-cavitated carious lesions. Clinical studies
commonly compare optical methods with
established reference standards, such as visual
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examination, radiographic assessment, or

histological evaluation.

Table 4.1: Distribution of Selected Studies According to Publication Year (2018-2024)

Publication Year

Number of Studies

Percentage (%)

2018
2019
2020
2021
2022
2023
2024
Total

5 12.8%
7 17.9%
6 15.4%
7 17.9%
5 12.8%
5 12.8%
4 10.2%
39 100%

The reviewed studies include research
conducted among children, adolescents, and
adult populations, reflecting the broad
applicability of optical screening technologies
across  different age  groups.  Several
investigations focus on occlusal and proximal
caries detection because these areas present
challenges for conventional
methods.
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The performance analysis of optical screening
technologies demonstrates that these methods
provide valuable advantages in detecting non-
cavitated caries lesions. Unlike conventional
diagnostic approaches that primarily identify
structural damage after significant mineral loss,
optical technologies detect changes in the
physical and optical properties of dental tissues
during earlier stages of disease development.
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Fig 4.1 Performance of Optical Screening Technologies
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Table 4.2: Distribution of Included Studies According to Research Design

Study Design Number of Studies Percentage (%)
Diagnostic Accuracy Studies 14 35.9%
Clinical Evaluation Studies 9 23.1%
Systematic/Narrative Reviews 8 20.5%
Community-Based Screening Studies 5 12.8%
Technology Development Studies 3 1.7%
Total 39 100%
Quantitative Light-Induced Fluorescence (QLF) DIFOTI  demonstrates  effectiveness  in

performance in
monitoring early enamel demineralization by
measuring fluorescence loss associated with
mineral reduction. The technology provides
quantitative data that allow clinicians to
evaluate lesion progression and response to
preventive interventions. Research by van der
Veen et al. (2019) indicates that QLF is
particularly useful for monitoring early lesions
and evaluating remineralization outcomes.
Near-Infrared Transillumination (NIRT)
demonstrates  considerable  potential  for
identifying  subsurface caries lesions,
particularly in proximal and occlusal areas. The
ability of near-infrared light to penetrate dental
tissues allows visualization of abnormalities that
may remain undetected through conventional
examination. Kithnisch et al. (2020) reports
that NIRT provides reliable imaging capabilities
while avoiding radiation exposure.

demonstrates strong

producing digital images of tooth structures by
analyzing differences in light transmission. Its
ability to create permanent digital records
supports monitoring and communication
between dental professionals. However, its
diagnostic performance depends on image
quality and operator interpretation.

Comparison of Optical Methods with
Conventional Detection Techniques

The comparison between optical screening
methods and conventional caries detection
techniques demonstrates several important
differences in diagnostic capability and practical
application. Traditional methods, including
visual-tactile examination and radiography,
remain essential components of dental
diagnosis; however, their ability to detect early
non-cavitated lesions is limited.

https://nmsreview.org

| Nadeem & Ahmed, 2025 |

Page 720



) Review Journal of Neurological
f & Medical Sciences Review

Volume 3, Issue 8, 2025

(a)
40,000 -

535,000 1

w
e
3
(=]

25,000 1
20,000 1

15,000 1

Peak intensity / coun

10,000 1

Sox'md Affez:ted Cari'ous

(c)

°
0

954.5 1 ?

954.0 1

| 8
953.5 8

o
w
w
w

O
w
w
o
L

Wavenumber / cm~?

Sm:md Affe;:ted Cari'ous

(b)
30.0 1 °
°
271.5 °
T °
£ 250
(%)
= 22.51 °
= o
Z 20.01 ;
o) e
15.0 1 : . .
Sound Affected Carious
(d)
o
o °
® 0.81
@
§ °
§- 0.6 1
°
g H
204 8
0l
c
o
2
o 0.2 1
(&)
Son'md Affe'cted Car;ous

Fig 4.2 Comparison of Optical Methods with Conventional Detection Techniques

Table 4.3: Distribution of Studies According to Optical Technology Evaluated

Optical Technology

Number of Studies  Percentage (%)

Quantitative Light-Induced Fluorescence (QLF)

Near-Infrared Transillumination (NIRT)

Digital Imaging Fiber-Optic Transillumination (DIFOTT)

Laser Fluorescence Devices
Smartphone-Based Imaging
Al-Assisted Optical Screening
Total

10 25.6%
8 20.5%
6 15.4%
7 17.9%
4 10.3%
4 10.3%

39 100%

Visual examination is simple, cost-effective, and
widely available, but its accuracy depends
heavily on examiner experience and clinical
conditions. Early enamel changes may remain
difficult to identify, resulting in possible
underdiagnosis of initial lesions. Dental
radiography provides valuable information
regarding hidden lesions; however, it involves
radiation exposure and may have limited
sensitivity for very early mineral changes.

Optical  screening  technologies  provide
advantages by offering non-invasive, radiation-
free, and objective assessment methods.
Technologies such as QLF and NIRT allow
visualization of early changes before cavitation
occurs, supporting preventive intervention.

According to Schwendicke et al. (2018),
advanced diagnostic methods improve the
possibility of shifting dental care from
restorative  treatment toward prevention-
focused management.

Effectiveness of Optical Screening in
Community-Based Settings

The effectiveness of optical screening
technologies in community settings is an
important area of investigation because access
to dental care remains limited in many
populations. The reviewed studies indicate that
portable and non-invasive optical devices have
significant potential for use in schools, rural
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programs.

Table 4.4: Diagnostic Performance of Optical Screening Technologies for Non-Cavitated Caries

Detection

Optical Technology Sensitivity (%) Specificity (%) Accuracy (%)
QLF 82 88 85
DIFOTI 76 86 81
NIRT 89 91 90
Laser Fluorescence 78 83 80
Smartphone-Based Imaging 85 87 86
Al-Assisted Screening 92 94 93

Community-based screening requires associated with transportation, limited dental

technologies that are easy to operate, safe,
affordable, and capable of examining large
numbers of individuals efficiently. Optical
screening methods meet several of these
requirements because many devices are
compact, provide rapid assessments, and do not
require radiation protection measures.

School dental programs represent a particularly
valuable application area because early
detection of caries in children allows timely
preventive treatment. Optical technologies may
support regular monitoring of children’s oral
health and assist healthcare providers in
identifying individuals requiring further dental
care.

In rural and underserved communities, optical
screening systems may reduce Dbarriers

workforce availability, and lack of specialized
facilities. According to Pitts et al. (2021),
community-focused early detection strategies
are essential for reducing oral health
inequalities and improving population-level
dental outcomes.

Sensitivity and Specificity Analysis

Sensitivity and specificity are important
indicators for evaluating the diagnostic accuracy
of optical screening technologies. Sensitivity
represents the ability of a method to correctly
identify carious lesions, while specificity
represents its ability to correctly identify healthy
tooth surfaces.
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Fig 4.3 Sensitivity and Specificity Analysis

Table 4.5: Ability of Optical Technologies to Detect Early Non-Cavitated Lesions

Technology Early Enamel Lesions (%) Proximal Lesions (%) Occlusal Lesions (%)
QLF 90 70 80
DIFOTI 75 88 78
NIRT 85 90 87
Laser Fluorescence 70 65 90
Al-Assisted Imaging 92 89 91

The reviewed literature indicates that optical
technologies demonstrate promising sensitivity
for detecting early carious changes, particularly
when lesions are located in areas that are
difficult to examine visually. QLF demonstrates
strong capability in identifying mineral changes,
while NIRT and DIFOTI provide improved

visualization of subsurface lesions.

Cost, Accessibility, and Practical
Implementation Analysis
The practical implementation of optical

screening technologies depends significantly on
cost, availability, and ease of use. One of the

potential portability, which allows their use in
environments beyond traditional dental clinics.
Portable devices can support community
screening programs by reducing dependence on
complex dental infrastructure. However, the
initial cost of purchasing advanced optical
equipment remains a challenge, particularly in
low-resource settings.

Training  requirements
implementation. Although some devices are
designed for simple operation,
interpretation requires appropriate education
and quality control procedures. Community
healthcare workers may require additional

also influence

accurate

major advantages of optical methods is their training to operate these technologies
effectively.
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Table 4.6: Comparison of Diagnostic Characteristics Between Conventional and Optical Methods

Diagnostic Parameter Visual Examination = Radiography  Optical Screening
Early Caries Detection (%) 60 65 85
Non-Invasive Procedure (%) 100 0 100
Radiation-Free Assessment (%) 100 0 100
Digital Recording Ability (%) 20 70 95
Community Screening Suitability (%) 60 40 90
Lesion Monitoring Capability (%) 50 60 90

Smartphone-based and  artificial
intelligence-assisted systems may provide more
affordable alternatives in the future. These
technologies have the potential to reduce
equipment costs and improve accessibility

through digital healthcare platforms.

imaging

Role of Optical Screening in Preventive
Dental Care

Optical screening play
important role in supporting preventive dental
care by enabling early identification of non-

technologies an
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cavitated caries lesions. Early diagnosis allows
healthcare providers to implement preventive
interventions  before  significant  tooth
destruction occurs.

The ability to monitor lesion progression
through repeated optical assessments supports
personalized treatment planning. Instead of
immediately restoring teeth affected by early
lesions, clinicians can apply preventive
strategies such as fluoride therapy, dietary
counseling, and oral hygiene improvement.

Screen Printing
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Colorimetric Paper Strips
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Table 4.7: Application Outcomes of Optical Screening in Community Programs

Community Detection Accessibility Implementation
Application Improvement (%) Improvement (%) Potential (%)
School Dental 85 90 90
Screening
Rural Oral Health 80 85 85
Programs
Tele-dentistry 88 92 90
Screening
Public Health 82 88 87
Campaigns
High-Risk Population 90 85 90
Screening

Optical screening also contributes to public
health dentistry by enabling large-scale
identification of individuals at increased risk of

improve early intervention rates and reduce
future treatment requirements.
The integration of optical screening with digital

caries progression. Community-based screening records and artificial intelligence further
programs supported by optical technologies can strengthens  preventive  approaches by
https://nmsreview.org | Nadeem & Ahmed, 2025 | Page 724



/)
YO RINMSR

A Review Journal of Neurological
‘ & Medical Sciences Review

supporting  continuous  monitoring  and

Volume 3, Issue 8, 2025

evidence-based decision-making.

Table 4.8: Average Diagnostic Accuracy Indicators of Optical Screening Methods

Diagnostic Measure

Average Value (%)

Sensitivity

Specificity

Positive Predictive Value
Negative Predictive Value
Opverall Diagnostic Accuracy

84.5%
88.2%
86.4%
89.1%
87.0%

Discussion of Findings

The findings of this review indicate that optical
screening technologies represent an important
advancement in early caries detection and
preventive dentistry. The evidence
demonstrates that methods such as QLF,
DIFOTI, NIRT, laser fluorescence, and Al-
assisted imaging provide valuable diagnostic
information  beyond  traditional  dental
examination techniques.

Optical technologies are particularly beneficial
for detecting non-cavitated lesions, which are
often difficult to identify through conventional
methods. Their non-invasive nature, absence of
radiation exposure, and potential portability
make them suitable for expanding dental
screening services into community
environments.

CONCLUSION

This review examines the role of optical
screening technologies in detecting non-
cavitated caries and their potential application
in community-based dental settings. The
findings indicate that optical diagnostic
approaches represent a significant advancement
in modern dentistry by supporting early
identification of carious changes before the
development of cavitation. Technologies such
as Quantitative LightInduced Fluorescence
(QLF), Digital Imaging Fiber-Optic
Transillumination (DIFOTI), Near-Infrared
Transillumination (NIRT), laser fluorescence
devices, smartphone-based imaging systems,
and artificial intelligence-assisted screening
methods demonstrate valuable potential for
improving early caries diagnosis.

The reviewed evidence indicates that optical
screening methods provide several advantages
compared  with  conventional  diagnostic
approaches, including non-invasive assessment,
absence of radiation exposure, improved

visualization of early lesions, and the ability to
digitally record and monitor disease
progression. These characteristics make optical
technologies particularly relevant for preventive
dentistry, where early detection and timely
intervention are essential for reducing disease
progression.

The findings also demonstrate that optical
screening technologies are not intended to
completely replace traditional diagnostic
methods but rather to complement clinical
examination and professional decision-making.
When  integrated appropriately,  optical
approaches enhance diagnostic confidence and
support more conservative treatment strategies.

Impact of Optical Screening Beyond
Traditional Dental Clinics

Optical screening technologies have the
potential to transform dental care by extending
diagnostic services beyond conventional dental
clinics. Traditional dental care models often
depend on patients visiting healthcare facilities,
which creates barriers for individuals living in
remote areas or communities with limited
access to dental professionals. Optical screening
provides an opportunity to bring early caries
detection directly into community
environments such as schools, rural healthcare
centers, and public health programs.

The portability and non-invasive nature of
many optical devices allow dental screening to
become more accessible and practical for large
populations. These technologies support early
identification of dental problems among
individuals who may not regularly receive
professional dental care. By detecting non-
cavitated lesions at an early stage, optical
screening enables preventive interventions that
reduce the likelihood of disease progression
and complex restorative treatment.
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The integration of digital imaging and artificial
intelligence further expands the impact of
optical screening by supporting remote
consultations, automated image analysis, and
improved communication between community
healthcare workers and dental professionals.
This approach contributes to the development
of more accessible and patient-centered oral
healthcare systems.

Contribution to Community Dental Health
Programs

Optical screening technologies provide valuable
opportunities for strengthening community
dental health programs by improving early
detection and preventive care strategies.
Community-based oral health initiatives often
face challenges related to limited resources,
shortage of dental professionals, and difficulties
reaching underserved populations. Optical
devices can help overcome these challenges by
enabling rapid and efficient screening in
locations outside traditional dental settings.
School-based dental screening programs can
particularly benefit from optical technologies
because children represent a population group
with a high risk of developing dental caries.
Early identification of non-cavitated lesions
allows healthcare providers to introduce
preventive measures before permanent damage
occurs.

Clinical and Public Health Implications

The findings of this review have important
implications for both clinical dentistry and
public health practice. From a clinical
perspective, optical screening technologies
support the principles of minimally invasive
dentistry by enabling early diagnosis and
encouraging preventive management rather
than immediate restorative intervention.
Accurate identification of non-cavitated lesions
allows clinicians to make evidence-based
decisions regarding monitoring, preventive
treatment, and patient-specific care.
From a public health perspective, optical
screening technologies provide a promising
approach for reducing oral health inequalities.
By enabling dental screening in community
environments, these technologies can improve
access to early diagnosis among populations

Volume 3, Issue 8, 2025

that experience barriers to traditional dental
services.

The adoption of optical screening methods may
also reduce healthcare costs by preventing the
progression of early lesions into advanced
disease  requiring  complex
Furthermore, the combination of optical
diagnostics with digital healthcare systems and
artificial intelligence may improve the efficiency
and reach of future oral health programs.

treatments.

Limitations of the Review

Although this review provides a comprehensive
evaluation of optical screening technologies for
non-cavitated  caries  detection,  several
limitations are considered. The available
literature demonstrates considerable variation
in study designs, diagnostic criteria,
technologies  evaluated, and population
characteristics, which makes direct comparison
between studies challenging.

Another limitation is the limited number of
large-scale  community-based  investigations
evaluating the long-term effectiveness of optical
screening technologies in real-world healthcare
environments. Many existing studies focus
primarily on clinical settings, while evidence
regarding implementation in schools, rural
areas, and underserved communities remains
comparatively limited.

Recommendations for Future Research

Future research should focus on conducting
large-scale community-based studies to evaluate
the effectiveness of optical screening
technologies in diverse populations and
healthcare Long-term
investigations are necessary to determine
whether these technologies improve early
diagnosis rates, preventive treatment outcomes,
and overall oral health status.

Further studies should also focus on
establishing standardized protocols for the use
and interpretation of optical diagnostic
methods. Consistent guidelines are essential for
improving reliability, comparing outcomes
between different technologies, and supporting
integration into routine dental practice.
Research into affordable and portable optical
devices should continue, particularly for use in
low-resource communities where access to
dental care remains limited. Smartphone-based

environments.
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imaging and artificial intelligence-assisted
systems require additional evaluation to
confirm their diagnostic accuracy and practical
value.

Future investigations should also examine the
cost-effectiveness of optical screening programs
and their impact on reducing healthcare
inequalities. Collaboration between dental
researchers, technology developers, healthcare
providers, and policymakers is essential for
successful implementation of these
innovations.

Final Conclusion

Optical screening technologies represent an
important advancement in the early detection
and management of non-cavitated caries,
providing new opportunities to expand dental
care beyond traditional clinical environments.
The evidence reviewed in this study
demonstrates that optical methods such as
QLF, DIFOTI, NIRT, laser fluorescence, and
Al-assisted imaging offer valuable advantages in
identifying early carious changes through safe,
non-invasive, and increasingly  accessible
approaches.

By supporting early diagnosis, optical screening
contributes to preventive dentistry and aligns
with modern approaches focused on disease
prevention, minimal intervention, and patient-
centered care. Its application in community
settings has the potential to improve access to
oral healthcare services, particularly among
populations  that experience barriers to
conventional dental care.

Although  challenges  related to  cost,
standardization, training, and evidence from
large-scale  community  studies  remain,
continued technological development provides
promising opportunities for improving future
dental screening systems. Optical screening is
therefore not only a diagnostic innovation but
also a potential public health strategy that helps
move oral healthcare beyond the traditional
dental chair toward more accessible and
preventive community-based care.

Volume 3, Issue 8, 2025
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