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Diagnosis of Early Dental Caries with Dye-Enhancing
Quantitative Light-Induced Fluorescence (QLF)

Mihee Kim, Sangho Lee, Nanyoung Lee

Department of Pediatric Dentistry, College of Dentistry, Chosun University

——Abstract

This study used sodium fluorescein to improve imaging diagnostic ability by increasing the fluorescence
difference between sound enamel and caries lesions. It also made it easier to discriminate between stain and
caries lesions using quantitative light-induced fluorescence (QLF).

Half of the specimen surface was covered with nail varnish as a control. Specimens were divided randomly in
six decalcification groups and decalcified for different lengths of time. Then, 4F was measured using QLF-D.
After applying 0.075% sodium fluorescein, we measured 4F again and compared it with the initial value. After
cutting the central portion of the specimen, we measured the lesion depth using scanning electron microscopy.

The lesion surfaces observed with QLF were darker than normal enamel, whereas they were lighter than
normal enamel after applying fluorescein. Longer decalcification time was associated with greater fluorescent dye
penetration. The 4F measured after applying fluorescein was higher than the initial value (p <0.05).

Due to QLF measurement using fluorescein being more sensitive for diagnosing early decalcification, this
approach will enable early diagnosis of dental caries before the cavity formation stage, allowing the treatment of
early caries lesions. With QLF and sodium fluorescein, we can easily discriminate between stain and caries lesions.
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Fig. 1. Schematic illustration of specimen preparation.
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Fig. 2. Sodium fluorescein (Aldrich Fig. 3. Schematic illustration of measurement of lesion depth by scanning electron microscopy. The
Chemical Company, Milwaukee, U.S.A.). left illustration presents the state before decalcification and the right illustration presents the state after

decalcification. The deepest part of the decalcification region was measured as the lesion depth.
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Table 1. Mean lesion depth (um) and the difference of fluorescence radiance ( 4 F) of lesion surface according to the demineralization time

Demineralization time Lesion depth Difference of fluorescence radiance (4 F)

(hours) I 55 (um) before dyeing after dyeing
6 15 1823 £ 6.79 -10.90 = 2.17 -1448 + 2.18
12 15 2559 £17.33 -1428 £+ 2.61 -16.50 + 2.55
24 15 40.64 £+ 12.16 -17.14 £ 2.01 -19.17 £ 241
43 15 7520 £ 9.39 -24.00 = 2.24 2782 £2.15
72 15 82.54 £ 12.53 -2779 £ 1.52 -29.84 + 1.89
96 15 118.96 + 17.09 -31.68 = 2.42 -34.08 + 2.94

p value <0.001*** <0.001%** <0.001%**

One way ANOVA test (* : p <0.05)
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Fig. 4. QLF images of an enamel surface according to demineralization time. (A) Six-hour demineralization group. The left image is a QLF image taken
after decalcification and the right image is a QLF image taken after applying fluorescein. (B) 12-h demineralization group, (C) 24-h demineralization group,
(D) 48-h demineralization group, (E) 72-h demineralization group, (F) 96-h demineralization group. Decalcified enamel was darker than normal enamel,
and decalcified enamel covered with fluorescein was lighter than normal enamel (C : control side, E : experimental side).

Zlo] Ato]9] 3] £ Aoy =
| AEE A AEEr) A4S
= R square &2 0.781% mlj-¢-
=7 YebETH(Fig. 6). @394 $ 4F @3 4 Zlo]9] 3]
A 8N A3y = 4.27x - 40.339] 3|7 2] A=HA
i R square &2 0.8002.2 wj$- =4 Uelsith(Fig. 6).

=2 X =

Aok Aol APdH WRlere HEAA, A
v, dAErd, 23 FAF ElolA duld, vAAE S
AW, A APEAPIY (TMR) 50l AHEE AL Slvt, 22y o]
HHES 23 Al s 2] AAEE F doe A
Aol AARE Mg el7] wiel] ddlMe] Ago] oy
ol21d IAE SH7] faf o AnlSo] HEH L gle
1 ¥ QLF7F 77142 &4 7k 943 TMR# 0.84¢] #2

221

40 -
L] o *
=27 dye-enhancing QLF
*
30 4 +
254
*
=20 o
AE ] .
*
-15 4
-10 4
-5
0+ —T —T —T —T ——T
6h 12h 24h 48h 72h 96h

Demineralization time (hours)

Fig. 5. Comparison of the difference of fluorescence radiance (4 F)
between QLF and dye-enhancing QLF according to the demineralization
time. Paired t-test (* : p <0.05).

Table 2. Pearson correlation coefficients (r) among variables related with
caries lesions

QLF (4F) dye-enhancing QLF (4 F)
Lesion depth -0.884 -0.895
p value <0.001%** <0.001***

Simple correlation analysis (* : p <0.05)
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Fig. 6. Regression line for the prediction of lesion depth (um) using the difference of fluorescence radiance (4 F) of the lesion surface (A) in QLF and (B)

dye-enhancing QLF examinations.
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