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Abstract

Assessment of dental caries activity using
qguantitative light-induced fluorescence

and microbial distribution in primary molars

Kim, Chi Hoon

Department of Dentistry
The Graduate school, Yonsei University

(Directed by professor Seong-Oh Kim, D.D.S.,M.S.,Ph.D.)

Evaluation of the activity status of dental carious lesions, a fundamental factor in
deciding the course of treatment, is a subjective and challenging clinical task. If the activity
status of a lesion can be distinguished through quantitative measurements, and the
difference in the microbiological distribution of the lesion or the surrounding environment
can be identified, the activity status can be determined more objectively and easily.
Therefore, this study aimed to assess differences in quantitative measures obtained from

the quantitative light-induced fluorescence method and microbial composition of carious



dentin and saliva according to the activity status of caries lesions in primary molars.

A total of 34 teeth from 34 children were evaluated in this study. The activity status of
carious lesions was classified using the International Caries Classification and
Management System criteria (active or inactive). Images of the carious lesions were
captured using a quantitative light-induced fluorescence device for quantitative analyses.
Carious dentin and saliva were collected to detect and quantify selected bacterial species
(S. mutans, S. sobrinus, Lactobacillus species, F. nucleatum, P. nigrescence, P. intermedia)
and C. albicans by quantitative polymerase chain reaction. Mann—Whitney U tests were
performed to evaluate differences in quantitative measures from quantitative light-induced
fluorescence, the microbial composition of carious dentin, and saliva according to the

activity status of carious lesions.

Red fluorescence values (AR, ARmax) from the quantitative light-induced fluorescence
method were significantly higher in active lesions (AR, p=0.009; ARmax, p=0.014). The
guantitative mean levels of Lactobacillus species (p = 0.010) in carious dentin and S.
sobrinus (p = 0.017) in saliva were significantly higher in the active-lesion group.

Quantitative measures related to red fluorescence from the quantitative light-induced
fluorescence method, levels of Lactobacillus species from carious dentin, and levels of S.

sobrinus from saliva were associated with caries lesion activity.

Keywords: dental caries, caries activity, quantitative light-induced fluorescence,

microbial distribution, primary molars
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I. Introduction

Dental caries is one of the most prevalent chronic infectious diseases affecting 2.3 billion
people globally and is highly prevalent among underprivileged children (Global, regional,
and national incidence, prevalence, and years lived with disability for 328 diseases and
injuries for 195 countries, 1990-2016: a systematic analysis for the Global Burden of
Disease Study 2016, 2017; Peres et al., 2019). It is now commonly accepted that dental
caries is a dynamic process covering the continuum from the atomic level of

demineralization to dentinal involvement and eventual cavitation. The dynamic balance



between demineralization and remineralization determines the result (Featherstone, 2004).
Demineralization can be arrested by adequate oral biofilm control, limited sugar
consumption, and the use of fluoridated agents. Thus, a carious lesion can be active
(demineralization process in progress) or inactive (interrupted demineralization process)
(Ekstrand et al., 2009; Nyvad and Fejerskov, 1997). In diagnosing a carious lesion and
determining a treatment plan, it is vital to determine its activity and evaluate the detection

and severity assessment of carious lesions (Braga et al., 2010b).

Currently, visual inspection is the only validated method for evaluating caries activity
status (Ekstrand et al., 2007; Guedes et al., 2014; Nyvad et al., 2003). Longitudinal
monitoring of the lesions and evaluation of etiological factors of the disease, such as
biofilm formation and other clinical parameters of the lesion, should also be considered
(Braga et al., 2010a). Although visual inspection is a comfortable and easy method, it
depends on a subjective evaluation and has a few shortcomings, such as low sensitivity and
reliability (Gimenez et al., 2015). Thus, its association with quantitative diagnostic methods
is of interest to lend objectiveness to a diagnosis strategy for caries, aid in treatment-related

decision-making, and in monitoring the evolution or inactivation of the lesions.

A few fluorescence-based methods have been developed for the quantitative diagnosis
of carious lesions. A fluorescence tool named quantitative light-induced fluorescence (QLF,
Inspektor Research Systems, Amsterdam, the Netherlands), which emits blue light of a
wavelength around 405 nm, uses a camera to capture fluorescence, both in the red region

of the visible spectrum (exogenous to the tooth and emitted by bacterial products) and in



the green region of the spectrum (intrinsic to the tooth and related to the de- and
remineralization processes) (de Josselin de Jong et al., 2009; Heinrich-Weltzien et al.,
2003). Caries lesion activity results in changes in the microstructure of the teeth, and
bacterial metabolites appear (Ando et al., 2006; de Josselin de Jong et al., 2009; Heinrich-
Weltzien et al., 2003), which results in differences in fluorescence. In our previous study,
the results of QLF analysis for dental caries of primary teeth were reliable in detecting the
progression of dental caries (Cho et al., 2021). Several clinical studies have differentiated
active and inactive carious lesions using QLF (Felix Gomez et al., 2016; Meller et al., 2012;
Novaes et al., 2017), but different correlations have been reported between QLF parameters

and lesion activity depending on the study.

Dental caries is a cariogenic bacteria-mediated process that results from complex
interactions and dysbiosis (Marsh, 2018; Tanner et al., 2018). To understand the lesion
activity of dental caries, it is vital to understand the microbial perspective of carious lesions.
Decades of caries-related microbiological research have shown that acidogenic and
aciduric bacteria, such as Streptococcus mutans, Streptococcus sobrinus, and Lactobacillus
species, are significant pathogens involved in disease development (Loesche, 1986). More
recent discoveries on caries-associated microbiota using advanced molecular techniques
have suggested that there exists a wide variety of acid-tolerant bacteria, including
Actinomyces, Fusobacterium, Scardovia, Bifidobacterium, Atopobium, Prevotella,
Veillonella, and fungi like Candida (Beighton et al., 2010; Dige et al., 2014; Falsetta et al.,

2014; Gross et al., 2012; Obata et al., 2014; Takahashi and Nyvad, 2008; Tanner et al.,



2016). Regarding active and inactive caries lesions, it was understood that the more active
the caries lesion, the more acid-producing the environment, and accordingly, acid-resistant
bacteria selectively become the dominant species (Takahashi and Nyvad, 2008). However,
few studies have directly compared the differences in microbial composition between

clinically evaluated active and inactive lesions.

Thus, this study aimed to determine whether there is an association between the
quantitative measurements obtained from QLF parameters, the microbial composition of

carious dentin and saliva, and the activity status of carious lesions in primary molars.



I1. Materials and Methods

1. Study Population

The study protocol was approved by the institutional review board (approval no. IRB 2-
2019-0056) of the Yonsei University Dental Hospital and was carried out in accordance
with institutional guidelines. A total of 44 teeth from 44 children with no systemic diseases
and diagnosed with dentin caries in the primary molars were eligible for inclusion in this
study. However, six children dropped out because of difficulties in collecting sufficient
saliva for microbiological analyses, and four were excluded because of insufficient carious
dentin tissue, leaving a population of 34 participants (34 teeth). The exclusion criteria were
as follows: 1) individuals who had experienced fevers or other infectious diseases and taken
antibiotics during the past 3 months; 2) individuals who had a serious systemic disease,
mental disorder, or failure to cooperate with treatment; 3) teeth with any detectable enamel
or dentin hypoplasia, or restorative treatments; 4) teeth with radiographic signs of infection
or pathologic resorption; and 5) teeth with caries that could not be isolated with a rubber

dam. Informed consent was obtained from all the participants and their parents.



2. Clinical examination

Two calibrated examiners performed all the clinical examinations before treatment. The
following basic sociodemographic and clinical variables were recorded: age, sex (boys or
girls), arch type (upper or lower), type of tooth (first primary molar or second primary
molar), and position of the caries lesion (occlusal or proximal). Caries experience of
subjects was measured using the decayed, missing, and filled teeth (dmft) index. Caries
lesions were categorized using the International Caries Detection and Assessment System
(ICDAS) criteria (ICDAS codes 0—6) (Ismail et al., 2007), and the activity status of carious
lesions was evaluated using the International Caries Classification and Management
System criteria (active or inactive, Table 1) (Pitts et al., 2014). Caries lesion activity status
of the teeth adjacent to the tooth selected for analysis was also evaluated. If the caries lesion
activity between the selected tooth and adjacent teeth was different, the subject was

excluded from this study.



Table 1. International Caries Classification and Management System criteria for caries

lesion activity

Active caries lesion Inactive caries lesion

Initial and Surface of enamel is whitish/yellowish; Surface of enamel is whitish,
Moderate opaque with loss of luster, feels rough brownish or black. Enamel may
Caries when the tip of the ball-ended probe is be shiny and feels hard and
stage moved gently across the surface. The smooth when the tip of the
lesion may be covered by thick plaque ball-ended probe is moved gently
prior to cleaning across the surface. The lesion
may not be covered by thick
plaque prior to cleaning
Extensive Dentin feels soft or leathery on gentle Dentin is shiny and hard on
caries probing gentle probing

stage




3. QLF image acquisition and assessment

Two trained examiners captured occlusal fluorescence images using a Qraypen (AIOBIO,
Seoul, Korea). The lips and soft tissues were retracted, and images were captured in a
darkened room maintained under the same lighting conditions to maximize the quality of

the QLF images.

The obtained fluorescence images were analyzed using QA2 software (v. 1.25, Inspektor
Research Systems BV, Amsterdam, The Netherlands), and QLF parameters (AF, AFmax, A,
AQ, AR, and ARmax) were calculated (Table 2). Examples of white light, fluorescence, and
radiographic images and measurement values obtained through the QLF are shown in

Figure 1.



Table 2. Description of QLF parameter terminologies

Terminology Definition

AF (%) The average loss of fluorescence in the carious surface (the depth of
the lesion) compared to the fluorescence in the sound tooth area

AFmax (%) The maximum loss of fluorescence in the carious surface

A (px?) The area of the carious lesion surface

AQ (% px?) The percentage of green fluorescence loss (AF) times the area of the
lesion (A)

AR (%) The change in the ratio of red and green pixels in the lesion area or
area of interest compared to the sound area of the tooth

ARmax (%) The maximum change in the ratio of red and green fluorescence in the

lesion area




Active caries Inactive caries

White light image

. -~
Fluorescence image

\

Radiographic image

Tooth #74 #84 #54 #54
AF (%) -38.6 296 297 2T
AF max (%) -97.1 72.0 -56.8 376
AQ (%-px2 110%) 417 -25.9 o8 -12.68
AR (%) 122 54 37 25
AR max (%) 2962 238 57 39

Figure 1. Examples of white light images (A-D), fluorescence images (E-H), radiographic
images (I-L), and QLF images scores according to caries activity status. Active caries (A
and B) and inactive caries (C and D) were classified by the International Caries
Classification and Management System criteria. The size of the dental cavity was larger in
(A) than (B), but the mean and maximum values of AF and AR were higher in (A). (A) had
higher caries activity than (B), and it could be seen that the fluorescence intensity of (E)
was stronger than that of (F). The cavitation size in (A) and (C) were similar, but (A) was

in an active state and showed high AR and ARmax values.

-10 -



4. Microbial analysis

1) Saliva Collection

Unstimulated whole saliva was collected from each subject by direct expectoration into
50 mL sterile falcon conical tubes for 5-10 min. Collections were performed at least 1 h
after food intake to avoid contamination with non salivary components. The tubes were
then transported on ice to the laboratory and processed within 1 h. The saliva was clarified
by centrifugation at 10,000 rpm at 4°C for 10 min. The supernatant was stored at —70°C
for future analysis, and the resulting pellet was used for DNA extraction and quantitative

polymerase chain reaction microbial analysis.

-11 -



2) Carious dentin sampling

One clinician examined the cases and collected samples under aseptic conditions. The
selective removal of carious tissue (Schwendicke et al., 2016) was performed to collect the
samples. The mouth was rinsed with hydrogen peroxide before caries collection. Following
local anesthesia, the carious teeth were isolated using a rubber dam. Undermined enamel,
debris, and superficial carious tissue were removed using sterile high-speed burs (H7 314
008; Brasseler, Lemgo, Germany) under water cooling. The cavity was irrigated with 5 mL
of 0.9% sterile saline. The lift-draw method was used to remove the superficial layer of
caries using a low-speed carbide bur (No. 4, Prima Classic RA4, Prima Dental Group,
Gloucester, UK). The samples of deepest layer of caries were excavated either using a
sterile spoon excavator or new sterile low-speed round bur (in the cases of inactive caries
hard to remove spoon excavator) and immediately placed in a 1.5-mL microcentrifuge tube
containing TE buffer (10 mM Tris-HCI, 1 mM EDTA, molecular grade, pH 8.0),
transported to the laboratory, and stored at =70 °C until further analysis. (Becker et al.,

2002; Liu et al., 2020; Zheng et al., 2019)

-12 -



3) DNA extraction and quantitative polymerase chain reaction analysis

DNA extraction was performed using an ExgeneTM Cell SV kit (GeneAll
Biotechnologies, Seoul, South Korea), according to the manufacturer’s instructions. The
samples were treated with 180 pL of lysozyme at 30 mg/mL and incubated at 37°C for 30
min. Proteinase K solution (20 pL at 20 mg/mL) and 200 pL of buffer BL were added to
each sample, followed by incubation at 56°C for 30 min and 95°C for 15 min. Subsequently,
200 pL of absolute ethanol was added, and the mixture was transferred to a column and
centrifuged at 14,000 rpm for 1 min. After washing the column with 600 pL of buffer BW,
700 uL TW buffer was added. Next, 100 pL of AE buffer was used to elute the DNA. DNA
was quantified using a NanoDrop spectrophotometer (Thermo Fisher Scientific Inc.,

Waltham, MA, USA). All DNA samples were stored at — 20 °C before use.

Targeted oral microorganisms and primer/probe set or a primer set sequence used for
quantitative polymerase chain reaction in this study are listed in Table 3 (S. mutans, S.
sobrinus, Lactobacillus species, F. nucleatum, P. nigrescence, P. intermedia, C. albicans).
Polymerase chain reaction amplification was performed in a reaction volume of 20 pL
(Bioneer Inc., Daejeon, South Korea). Polymerase chain reaction cycling was performed
using the CFX96 Real-Time System (Bio-Rad Laboratories Inc., Hercules, CA, USA). The
cycling consisted of an initial denaturation step at 95°C for 5 min, followed by 40 cycles

of denaturation at 95°C for 30 s, primer annealing at 60°C for 40 s, and primer extension

-13 -



at 72°C for 30 s. After completing the cycling steps, a final extension step was performed

at 72°C for 5 min.

-14 -



Table 3. Primers used for bacterial quantification in samples from caries lesion in teeth

by using quantitative polymerase chain reaction

Species Primer Sequence (5’ to 3°) Fragment
length
(base pairs)
Streptococcus F: GCCTACAGCTCAGAGATGCTATTCT 114
mutans R: GCCATACACCACTCATGAATTGA

P: TGGAAATGACGGTCGCCGTTATGAA
Streptococcus F: GTGTCTCAGTCCCAGTGTGG 174
sobrinus R: GATAGCTAATACCGCATAAGAGGAGT

P: TCAGATGGACCTGCGTTGTATTA

Lactobacillus F: TGGAAACAGRTGCTAATACCG 232
species R: GTCCATTGTGGAAGATTCCC

Fusobacterium  F: GACATCTTAGGAATGAGACAGAGATG 73
nucleatum R: CAGCCATGCACCACCTGTCT

P: TEXAS RED-CAGTGTCCCTTCGGGGAAACCT-BHQ-2

Prevotella F: GCAAGAACGTGATGACGGGA 79
nigrescence R: ATTTCGCAGTCTTTGGGATCTTT

P: Cy5-TTGCCAGGAAAACTTGCCGA-BHQ-2
Prevotella F: CCACCAACGACAACCTTCCA 103
Intermedia R: TCTACTGCTTCGAGCGCAC

P: HEX-CAAGACAATCTCCGACGGAACGTT-BHQ-1
Candida F: GGTCAAGGTCATACTTTCTATGTTAC 132
albicans R: TTGACCGTTAGCGTAGCTC

P: CAACGCCAAGATTTCTGTTCCA
Total species F: TGGAGCATGTGGTTTAATTCGA 161

R: TGCGGGACTTAACCCAACA
P: CACGAGCTGACGACARCCATGCA

F: Forward primer, R: Reverse primer, P: Probe.

-15 -



5. Data management and statistical analysis

Data management and statistical analyses were performed using R software (version
3.6.1; R Foundation for Statistical Computing, Vienna, Austria), considering the two
groups of children according to the activity status of caries lesions (active and inactive) as
the dependent variables. The abundance of each species was calculated as the percentage
of total bacteria in each sample. The Kolmogorov—Smirnov test was used to verify the data
distribution. Mann—Whitney U tests were applied to compare data from the fluorescence-
based method to detect and quantify bacterial differences between active and inactive

groups. A significance level of 5% was set for all analyses.

-16 -



II1. Results

1. Description of study populations

A total of 34 teeth from 34 children were evaluated in this study. The study population’s
characteristics are shown in Table 4. The mean (standard deviation) age of the children was
5.5(1.2) and 5.5 (1.7) years in the inactive and active groups. The mean (standard deviation)
dmft score of children was 7.8 (1.8) and 8.0 (3.3) in the inactive and active groups
respectively, with no significant between-group difference. The active group had more girls
and included more samples from the occlusal surfaces of primary lower second molars than

the inactive group, but there was no significant between-group difference.

17 -



Table 4. Clinical characteristics of study samples according to the caries lesion activity

status
Variables Caries lesion activity status
Inactive (n=17) Active (n=17)
n n
Age 55+1.2¢% 55+1.7°
Gender
Boys 7 8
Girls 10 9
Arch type
Upper 9 6
Lower 8 11
Type of tooth
1*" primary molar 13 7
2" primary molar 4 10
dmft score 7.8+1.8°? 8.0+3.32
ICDAS code
4 3 5
5 12 10
6 2 2
Position of caries lesion
Occlusal 4 5
Proximal 13 12

2 Values are presented as mean + standard deviation

-18 -



2. QLF measurements

The median (interquartile range) values from the QLF measurements according to caries
lesion activity are shown in Table 5. The red fluorescence values (AR and ARmax) were
significantly higher in active lesions than in inactive lesions; however, there were no

statistical differences in the green fluorescence values (AF, AFmax, and AQ).

-19 -



Table 5. Relationship between the measures from the QLF methods and the detection of

the caries lesion activity status

Inactive lesion Active lesion
Fluorescence

m=17) (n=17) p value
measures

Median + IQR Median + IQR
AF (%) -21.6+6.8 -25.5+16.2 0.482
AFmax (%) -49.3 +14.7 -64.8 +35.7 0.474
AQ (% px?/10% -15.3+26.7 -37.0+46.1 0.107
AR (%) 30.0+15.0 45.0+35.0 0.009
ARmax (%) 67.0+45.0 91.0+134.0 0.014

p values from Mann-Whitney U test

IQR: Interquartile range

- 20 -



3. Quantification of caries dentin bacteria

The quantitative PCR results for each carious dentin bacterial species, according to the
activity status of the caries lesions, are shown in Figure 2. The levels of Lactobacillus
species were significantly higher in the active group than in the inactive group; however,
there was no statistical difference in the levels of S. mutans, S. sobrinus, F. nucleatum, P

nigrescens, P. intermedia, and C. albicans.

-21 -
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Figure 2. Mean levels of the species in carious dentin according to caries lesion activity

status. *p < 0.05
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4. Quantification of salivary bacteria

The quantitative PCR results for each salivary bacterial species, according to the activity
status of carious lesions, are shown in Figure 3. The levels of S. sobrinus species were
significantly higher in the active group than in the inactive group; however, there was no
statistical difference in the levels of S. mutans, Lactobacillus species, F. nucleatum, P.

nigrescens, P. intermedia, and C. albicans.

-23 -
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Figure 3. Mean levels of the species in saliva according to caries lesion activity status.

*p <0.05
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IV. Discussion

Evaluation of the activity status of dental carious lesions, a fundamental factor in
deciding the course of treatment, is a subjective and challenging clinical task (Braga et al.,
2010b). If the activity status of a lesion can be distinguished through quantitative
measurements, and the difference in the microbiological distribution of the lesion or the
surrounding environment can be identified, the activity status can be determined more
objectively and easily. Therefore, in this study, carious lesions in the primary molars were
classified as active or inactive according to the International Caries Classification and
Management System criteria, and the difference between the values measured using the
QLF method of active and inactive lesions was examined. The difference in the distribution
of caries-related bacteria in carious dentin and saliva obtained from the patients was

investigated.

In this study, a caries lesion of one tooth per person was selected, and its lesion activity
and carious dentin tissue were analyzed. However, in patient with multiple caries lesions,
the caries activity may be different depending on each tooth, which may affect the grouping
the sample and analysis of the results of this study. To prevent the influence of these factors,
the caries lesion activity of the teeth adjacent to the tooth selected for analysis was also
evaluated. If the caries lesion activity between the selected tooth and adjacent teeth was

different, the subject was excluded from this study. Through this process, the selected tooth

- 25 -



can more clearly represent each caries lesion activity group (active or inactive), which can

be useful in analyzing differences according to groups.

When analyzing bacteria in carious dentin and saliva in this study, specific bacterial
species (S. mutans, S. sobrinus, Lactobacillus species, F. nucleatum, P. nigrescence, P.
intermedia) and C. albicans were selected and used for analysis. This was done to examine
the differences in lesions more efficiently through the key microorganisms involved in the
progression of caries in the caries model generated through decades of caries studies. S.
mutans, S. sobrinus, and Lactobacillus species, a group of acidogenic and aciduric bacteria,
are the major pathogens involved in caries development (Loesche, 1986). Fusobacterium
and Prevotella species are acid-tolerant bacteria known to be important in caries (Dige et
al., 2014; Takahashi and Nyvad, 2008; Tanner et al., 2016). F. nucleatum is known to act
as a bridging organism by binding to both early and late colonizers (Kolenbrander et al.,
20006). P. nigrescence has been reported as a risk marker for early childhood caries (Kanasi
et al., 2010), and P. intermedia has been reported to be highly correlated with red
fluorescence in QLF measurements (Han et al., 2016; Lennon et al., 2006). C. albicans
plays an important role in early childhood caries (de Carvalho et al., 2006; Jean et al., 2018;

Yang et al., 2012).

Regarding the values measured using QLF, only the values related to red fluorescence
(AR, ARmax) were significantly higher in the active lesion than in the inactive lesion. The
correlation between red fluorescence measurements and the activity of carious lesions has

been reported in several previous studies (Felix Gomez et al., 2016; Lee et al., 2013). Red
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fluorescence emission seen in QLF images is proposed to result from the excitation of
bacterial metabolites (endogenous porphyrins) by violet-blue light. Metabolite production
can be affected by differences in metabolic ability resulting from signaling interactions
between bacteria (Astvaldsdéttir et al., 2010). As the emission of red fluorescence is caused

by bacterial porphyrins, it can be correlated with the activity of the lesion (Lee et al., 2013).

Bacterial analysis of carious dentin revealed that the level of Lactobacillus species was
significantly higher in the active lesion than in the inactive lesion. From the perspective of
the caries process, according to the ecological hypothesis, when a lesion changes from an
inactive to an active state, its environment gradually becomes an acid-producing
environment. Once an acidic environment has been established, microbial acid adaptation
and subsequent acid selection occur and so S. mutans and other aciduric bacteria increase
in number and promote lesion development by sustaining the aciduric environment
characterized by ‘net mineral loss’ (Takahashi and Nyvad, 2008). Lactobacillus species are
representative non-mutans aciduric bacteria, and the results of this study were consistent

with these caries process models.

Bacterial saliva analysis revealed that the level of S. sobrinus was significantly higher in
active lesions than in inactive lesions. The prevalence of S. sobrinus, another predominant
species of the mutans streptococci group, is associated with high caries activity (Hirose et
al., 1993; Hughes et al., 2012; Loyola-Rodriguez et al., 2008). It has been speculated that
the combination of S. mutans and S. sobrinus leads to increased caries activity

(Babaahmady et al., 1998). However, several studies have reported that patients with
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elevated levels of S. sobrinus maintain high caries activity regardless of the level of S.
mutans (Gross et al., 2012; Hughes et al., 2012). These results suggest that S. sobrinus may

be a potentially useful pathogen for evaluating caries activity.

The main limitation of this study was that only the distribution of specific bacterial
species was examined by analyzing the bacteria in carious dentin and saliva. It is known
that some bacterial species play an important role in the progression of dental caries.
However, dental caries is not caused by a few specific bacterial species. With the
development of molecular microbiological analysis methods, numerous bacterial species
have been reported to be involved in the development of dental caries (Nyvad et al., 2013).
In addition, this study found a difference in the QLF measurements and levels of bacteria
in carious dentin and saliva between active and inactive lesions, but it did not provide
reference points to differentiate between active and inactive lesions. More samples are

needed to present a reference point for classification.

Despite these limitations, the significance of this study is that it confirmed a correlation
between the conventional method for classifying the activity of carious lesions using the
visual and tactile senses and red fluorescence measurement through QLF. This can be the
basis for an objective and quantitative method of evaluating caries activity using the QLF.
In addition, we confirmed a difference in the distribution of bacteria in the carious dentin
and saliva based on the activity status of the carious lesion. This can be the basis for
demonstrating that microbial factors may be important in predicting the activity of carious

lesions.
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V. Conclusion

It can be concluded that quantitative measurements related to red fluorescence using
QLF, levels of Lactobacillus species in carious dentin, and levels of S. sobrinus in saliva
are associated with caries lesion activity status. The significance of this study is that it
presented the possibility of more objectively and quantitatively evaluating the activity of
carious lesion through QLF. It may also be important to evaluate a patient's overall caries
risk in predicting the progression of carious lesions. However, since the actual progression
of caries proceeds site-specifically, it is also important to evaluate the activity of individual
lesions. Based on these results, if it is possible to prepare a quantitative reference point to
distinguish the carious lesion activity, it will be helpful in establishing a more objective and

rational treatment plan for dental caries.
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