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Comparison of Laser Fluorescence Devices’ Diagnostic
Validity in Occlusal Caries of Primary Teeth
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Objective: To compare the diagnostic validity of laser fluorescence devices in occlusal caries of primary teeth.

Methods: 48 examination sites were classified into five groups according to the ICDAS-II criteria and measurements were
taken using diagnostic devices according to each manufacturer’s instructions. All examination sites were analyzed using
Micro-CT and classified into three groups based on caries depth (no radiographic transparency, radiographic transparency
limited to enamel, radiographic transparency extending to dentin). ROC curve analysis was performed to calculate sensitivity
and specificity and to determine the optimal cut-off value for caries progression.

Results: All laser fluorescence devices showed an increasing trend in measurement values as the ICDAS-II code increased.
DIAGNOdent showed significant differences between Code 1 and Code 2, and between Code 2 and Code 3. DIAGNOdent
pen showed significant differences between all groups except between Code 0 and Code 1. SmarTooth showed significant
differences between Code 1 and Code 3, and between Code 3 and Code 4 and above.

Conclusion: ROC curve analysis results indicated that for enamel caries diagnosis, the accuracy was highest with
DIAGNOdent, followed by SmarTooth, and then DIAGNOdent pen. For dentin caries diagnosis, the accuracy was highest
with SmarTooth, followed by DIAGNOdent pen, and then DIAGNOdent. However, all three devices demonstrated high ac-
curacy in diagnosing occlusal caries in primary teeth. The cut-off values for primary teeth differed from the manufacturer’s in-
structions based on permanent teeth. It is believed that using appropriate cut-off values could make these devices a supple-
mentary method for caries diagnosis.
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Introduction

Traditional dental caries diagnosis methods include visual
inspection, radiography, and explorer probing. Visual diag-

] ) nosis of early caries may vary between dentists. Absence of ob-
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jective evidence can lead to distrust in dental care. Explorer
probing may transfer caries-causing microorganisms to
healthy tooth structure. It can damage the enamel surface ac-
celerating caries progression. Some reports suggest explorer
probing is unhelpful for caries diagnosis [1-3]. Radiography
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poses radiation exposure risks and may be rejected by patients.
Research has developed more objective diagnostic methods.

One method is DIAGNOdent™ (KaVo Biberach, Germany;
DD) developed by Lussi et al. [4]. DIAGNOdent™ employs
laser fluorescence technology utilizing a 655 nm wavelength
diode laser that penetrates tooth structure and elicits fluo-
rescence emissions in the near-infrared range. When the laser
light encounters carious tissue, fluorescence occurs through
multiple mechanisms: structural changes in tooth tissue, such
as porosity from demineralization, produce fluorescent emis-
sions of different wavelengths, while bacterial metabolites,
particularly porphyrins produced by cariogenic bacteria, con-
tribute to increased red fluorescence in carious areas. The de-
vice detects these porphyrin derivatives with high sensitivity
and can identify lesions deep in fissures due to enamel’s trans-
parency in the near-infrared range. The laser is directed
through an optical fiber to specific locations on the tooth sur-
face, and the device measures fluorescence intensity through
infrared detection fibers, displaying results as numerical val-
ues ranging from 0 to 99 [1,4-9]. Using the same principle,
DIAGNOdent® pen (KaVo Biberach, Germany; DDpen) was
released in 2005 for proximal caries detection. SmarTooth
(SmarTooth, Seoul, Korea; ST) was released in Korea in 2023
as a digital oral diagnostic device utilizing similar laser fluo-
rescence principles. Unlike DIAGNOdent devices that use
sapphire probes, SmarTooth employs an acrylic optical sensor
and integrates with smart devices through a mobile applica-
tion, allowing for data storage, analysis, and tracking of caries
progression over time.

DD manufacturer states for pits and fissures: sound tooth
structure shows values 0-5. Outer half enamel caries shows
values 6-14. Inner half enamel caries shows values 15-20.
Dentin caries shows values above 21. DDpen manufacturer
states for occlusal surfaces: sound tooth structure shows val-
ues 0-12. Enamel caries shows values 13-24. Dentin caries
shows values above 25 [10]. For ST: values 0-10 indicate
sound tooth structure. Values 11-20 indicate enamel caries.

Values above 21 indicate dentin caries.

These cut-off values are applicable to permanent teeth and
criteria for diagnosing caries in primary teeth have not been
established. Research on the accuracy of ST in diagnosing
dental caries is limited.

This study aims to compare measurements of these three
devices on primary teeth occlusal surfaces with ICDAS-II
criteria. It will determine optimal cut-off values for caries di-
agnosis by calculating sensitivity and specificity.

Materials and Methods

1. Materials

1) Tooth

This study was conducted with approval from the Institutio-
nal Review Board (IRB) of Dankook University Dental
Hospital (DKUDH IRB 2024-08-002). Maxillary and man-
dibular primary first and second molars were collected from
patients who visited the Department of Pediatric Dentistry at
Dankook University Dental Hospital from August 2024 to
October 2024. Forty eight measurement sites were included in
the study. The specimens were stored in physiological saline
solution under refrigeration until immediately before the ca-
ries assessment (Table 1).

2) Laser fluorescence devices
Diagnostic devices employing laser fluorescence princi-
ples were utilized, consisting of the following three instru-
ments (Fig. 1).

Table 1. Subjects participated in this study

Number of tooth surfaces (%) 48 (100)
Maxillary teeth 24 (50)
Mandibular teeth 24 (50)
1* primary molar 25 (52.1)
2" primary molar 23 (47.9)

o 30 v

i

Figure 1. Laser fluorescence devices used in this study. (A) DIAGNOdent®. (B) DIAGNOdent® pen. (C) SmarTooth.
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3) Micro-CT
A Skyscan 1176 (Bruker microCT, Kontich, Belgium) was
used to determine the depth of caries in each tooth specimen.

2. Methods

1) Specimen preparation

Prior to conducting examinations using laser fluorescence
devices, calculus removal was performed using an ultrasonic
scaler, followed by polishing of the tooth surface using a
low-speed handpiece and ICB brush. A plastic mold measur-
ing 17.0 mm in width, 17.0 mm in length, and 12.0 mm in
height was fabricated using a 3D printer. The teeth were em-
bedded in acrylic resin with the crowns exposed.

2) ICDAS assessment through visual examination
The ICDAS-II codes were determined for 48 locations to be
measured by the devices through visual examination (Table
2). In this study, ICDAS-II codes 4 through 6 were classified
as the Code 4 and above group (Code 4+), dividing all teeth in-
to five groups (Code 0, Code 1, Code 2, Code 3, Code 4+).

3) Laser fluorescence examination

Three devices were used for laser fluorescence examina-
tion: DIAGNOdent™ (KaVo Biberach, Germany; DD),
DIAGNOdent™ pen (KaVo Biberach, Germany; DDpen), and
SmarTooth (SmarTooth, Seoul, Korea; ST). All measure-

Table 2. ICDAS Il codes and criteria

0 Sound

1 First visual change in enamel

2 Distinct visual change in enamel

3 Localized enamel breakdown (without clinical visual signs of
dentinal involvement)

4 Underlying dark shadow from dentin

5 Distinct cavity with visible dentin

6 Extensive distinct cavity with visible dentin
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ments were performed by a single calibrated examiner to elim-
inate inter-examiner variability. Prior to the study, the exam-
iner underwent training sessions with each device according
to the manufacturer’s protocols to ensure measurement
consistency. Calibration was performed according to the man-
ufacturers’ instructions. Measurements were taken by contact-
ing the probe to the tooth surface at various angles. The high-
est value was recorded.

4) Caries depth evaluation using Micro-CT

Each embedded tooth was scanned using Micro-CT. The
X-ray source was operated at 90 kV, and the X-ray detector
used a 12-bit CCD camera coupled with fiber-optic coupling
connected to an 11 mega-pixel (4,000x2,670) scintillator.
Three-dimensional reconstruction of the acquired images was
performed using Nrecon (Bruker, Kontich, Belgium), and
analysis was conducted using Dataviewer (Bruker, Kontich,
Belgium), FastStone Photo Resizer 4.4 (FastStone Soft,
USA), and FastStone Image Viewer 8.0 (FastStone Soft,
USA). Each tooth was classified as having no radiolucency
(pRo), radiolucency limited to the enamel (pR;), or radio-
lucency extending to the dentin (pR»). The optimal cut-off val-
ues were determined by calculating sensitivity and specificity
compared with the measurements of the diagnostic devices. In
this study, the measurement with the highest sum of sensitivity
and specificity was calculated as the optimal cut-off value.

3. Statistical analysis

Statistical analysis was performed using IBM SPSS 27.0.
Kruskal-Wallis test was used for comparative analysis of
measurements according to ICDAS-II classification, with
Mann-Whitney U test with Bonferroni correction as post-hoc
analysis. ROC curve analysis was performed to determine the
optimal cut-off values through comparison of sensitivity and
specificity.

Table 3. Laser fluorescence readings and mean ranks among three groups classified by ICDAS-II in primary dentition

DD DDpen ST
ICDASH Umber
(%) Reading (Mean+SD) Mean Rank  Reading (Mean+SD) Mean Rank  Reading (Mean+SD) Mean Rank
Code 0 6 (12.5) 2.67+0.52 4.50° 0.50+0.84 6.25° 2.50+0.55 7.50°
Code 1 7 (14.6) 5.00+2.45 13.57° 1.29+1.38 9.57% 3.00+2.52 10.07°
Code 2 10 (20.8) 7.1045.57 17.30° 6.40+8.54 18.45° 7.3046.07 18.55"
Code 3 10 (20.8) 19.20+7.60 30.25°¢ 20.30+11.56 30.35° 17.40+8.32 27.65°
Code 4 and higher 15 (31.3) 57.20+35.16 38.57° 58.73+35.30 38.90° 61.67+36.78 39.90°

P: Kruskal-Wallis test (0.=0.05), a’b’CMann-Whitney’s U test as post-hoc test.

DD: DIAGNOdent”™, DDpen: DIAGNOdent”™ pen, ST: SmarTooth.

*PcSame superscript letters in the columns indicate non significantly different by the Mann-Whitney’s U test.
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Results

1. Assessment of diagnostic devices using laser
fluorescence principles according to ICDAS
classification

The measurements of caries diagnostic devices classified
according to ICDAS-II criteria are shown in the following ta-
ble (Table 3). All caries diagnostic devices showed a tendency
for measurement values to increase as the ICDAS-II code val-
ues increased. DD showed significant differences between
Code 1 and Code 2, and between Code 2 and Code 3 (p<0.05).
DDpen showed significant differences between all groups ex-
cept between Code 0 and Code 1 (p<0.05). SmarTooth showed
significant differences between Code 1 and Code 3, and be-
tween Code 3 and Code 4 and above groups (p<0.05).

2. ROC curve analysis

The ROC curve analysis for enamel caries showed that the
AUC values were highest in the order of DD (0.886), ST
(0.882), and DDpen (0.864) (Fig. 2, Table 4).

For dentin caries, the ROC curve analysis indicated that the
AUC values were highest in the order of ST (0.960), DDpen
(0.932), and DD (0.928) (Fig. 3, Table 4).

3. Optimal cut-off values

Sensitivity and specificity were calculated according to the
manufacturer’s instructions. Optimal cut-off values were
determined. The corresponding sensitivity and specificity
were obtained. Cut-off values for distinguishing enamel caries
were 10 for DD, 10 for DDpen, and 9 for ST. Cut-off values for

PR, threshold

1.0
0.8
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—— DDpen
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0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 2. Receiver operating characteristics curves of DD, DDpen,
ST at pR threshold (enamel caries). DD: DIAGNOdent®, DDpen:
DIAGNOdent™ pen, ST: SmarTooth.
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distinguishing dentin caries were 21 for DD, 13 for DDpen,
and 18 for ST. Cut-off value for enamel caries in DD was high-
er than the manufacturer’s instruction. Cut-off value for dentin
caries matched the manufacturer’s instruction. Cut-off values
for both enamel and dentin caries in DDpen and ST were lower
than manufacturer’s instruction (Table 5).

Discussion

ICDAS examination is highly reliable for dental caries. It
has high intra- and inter-examiner reliability. It demonstrates
strong histological correlation [11-13]. In this study, agree-
ment probability between ICDAS examination and enamel
caries was 72.2%. The agreement probability with dentin ca-
ries was 85.7%. Higher ICDAS code values corresponded to
higher measurement values for DD, DDpen, ST in primary
teeth.

Measurement value differences among devices result from
probe material and diameter variations. Takamori et al. [14]
found that DDpen produced higher values than DD. DD and
DDpen use sapphire probes and ST uses an acrylic optical sen-

Table 4. Area under the ROC curve of DD, DDpen, ST

Threshold DD DDpen ST p-value
pRi 0.886 0.864 0.882 0.001*
pR, 0.928 0.932 0.960 0.001*

Pairwise comparison of ROC curves (*p<0.05).
DD: DIAGNOdent™, DDpen: DIAGNOdent® pen, ST: SmarTooth,
pR1: enamel caries, pRy: dentin caries.
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Figure 3. Receiver operating characteristics curves of DD, DDpen,
ST at pR; threshold (dentin caries). DD: DIAGNOdent®, DDpen:
DIAGNOdent® pen, ST: SmarTooth.
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Table 5. Sensitivities and Specificities at different cut-off values suggested by manufacturer and the result of this study in primary dentition

pR; threshold pR; threshold
Cut-off Sn Sp Cut-off Sn Sp

DD 6° 0.84 0.75 21° 0.86 0.88
10° 0.75 0.94 21° 0.86 0.88

DDpen 13 0.66 0.95 25° 0.71 0.85
10° 0.66 0.94 13° 1 0.76

ST 11 0.72 0.94 21° 0.93 0.85
9° 0.78 0.94 18° 1 0.79

DD: DlAGNOdent@, DDpen: DIAGNOdent™ pen, ST: SmarTooth, pR;: enamel caries, pR,: dentin caries, Sn: Sensitivity, Sp: Specificity.
*Manufacturer's suggestion, "Optimal cut-off maximizing sum of sensitivity and specificity in this study.

sor [15]. Sapphire probes have high light transmittance and
strength according to the manufacturer. ST and DDpen probes
have a single optical sensor with 1.0 mm diameter. The DD
probe has a 1.4 mm diameter with ten 40 um optical fibers
[10,16]. DDpen transmits excitation and absorption light
through a single pathway. DD uses independent pathways
[14]. DD’s smaller head allows easier examination. Pen-type
devices have lower reproducibility due to probe breakage risk
[17]. ST mitigates this by allowing acrylic optical sensor
length adjustments. The different optical characteristics be-
tween acrylic and sapphire materials may contribute to varia-
tions in diagnostic performance observed in this study.
However, given the limited research on SmarTooth’s diag-
nostic performance, these findings require validation through
larger clinical studies.

Dental caries occurs from demineralization and reminerali-
zation imbalance. Early enamel-limited caries detection al-
lows non-invasive treatments like fluoride application rather
than invasive tooth preparation [1,18,19]. ICDAS-II Code 3
shows localized enamel breakdown without visible dentin.
Code 4 presents visible dentin caries [11,20-22]. Codes 3 and
4 indicate a high likelihood of dentin caries progression. DD
and DDpen showed significant differences between Code 2
and 3. DDpen and ST showed significant differences between
Code 3 and Code 4 or higher.

Diagnostic accuracy is assessed by ROC curve area (AUC).
Larger AUC indicates higher accuracy. AUC values are cate-
gorized: non-informative (AUC=0.5), less accurate
(0.5<AUC<0.7), moderately accurate (0.7<AUC<0.9), high-
ly accurate (0.9< AUC <1), perfect (AUC=1) [23,24]. Enamel
caries diagnosis accuracy was highest for DD, then ST,
DDpen. For dentin caries, ST was highest, then DDpen, DD.
All devices showed AUC above 0.7 for enamel caries
diagnosis. AUC for dentin caries diagnosis exceeded 0.9.

Primary teeth cut-off values differ from permanent teeth
due to morphological and histological differences [25,26].

Primary teeth have thinner enamel providing less masking of
fluorescent light. Primary teeth have amorphous enamel and
lower mineral content. Primary enamel’s porosity increases
light scattering, reducing fluorescence signals. Lussi and
Francescut [3] reported these factors do not substantially af-
fect cut-off values.

Studies report varying sensitivity and specificity for enam-
el/dentin caries detection on primary teeth occlusal surfaces
using DD and DDpen [25,27,28]. Cimnar et al. [25] found
DDpen sensitivity significantly higher than DD for shallow
enamel caries. No significant difference existed for deeper
caries. Cut-off value, sensitivity, and specificity variations
across studies may result from measurement location differ-
ences, storage solutions, methods, duration [29-33].

ST integrates with smart devices through a dedicated
application. The separation of measurement and monitoring
devices facilitates assessment. Data storage tracks caries
progression. Laser fluorescence devices may enhance
non-cavitated initial caries and secondary restoration caries
diagnosis [34,35]. Numerical values and color-coded in-
dicators help caries prevention and patient education [36-38].

Study limitations include several factors that may affect
clinical applicability. First, this in vitro study was conducted
under controlled laboratory conditions that differ significantly
from the actual intraoral environment. Clinical factors includ-
ing saliva, ambient lighting conditions, tooth surface staining,
and plaque accumulation can substantially influence laser flu-
orescence measurements. Additionally, the positioning and
angulation of probes in the oral cavity may be more challeng-
ing than in laboratory settings, potentially affecting measure-
ment reproducibility. Second, the sample size of 48 measure-
ment sites was relatively small, and power analysis was not
performed to determine adequate sample size for detecting
clinically meaningful differences between devices. Larger
sample sizes would enable more precise sensitivity and specif-
icity calculations.
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Conclusion

In this study, the occlusal caries detection ability of three la-
ser fluorescence-based caries diagnostic devices was
compared. The results indicated that higher ICDAS codes cor-
responded to higher measurement values from the devices,
demonstrating a strong correlation with visual examination
findings. For enamel caries diagnosis, the accuracy was high-
est in the order of DIAGNOdent®, SmarTooth, and
DIAGNOdent® pen. For dentin caries diagnosis, SmarTooth
showed the highest accuracy followed by DIAGNOdent™ pen
and DIAGNOdent™. All three devices exhibited high accu-
racy in diagnosing occlusal caries in primary teeth. Utilizing
laser fluorescence-based diagnostic devices as a supple-
mentary method for caries detection in primary teeth may en-
hance diagnostic accuracy.
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