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[ . Introduction

Early diagnosis of the dental caries is important,
since early carious lesion can be recovered completely
to original healthy state. But early carious enamel
can be hardly distinguished from a healthy one in a
wetted condition with saliva in the mouth". Furt-
hermore, early carious enamel is not easily found
even with other clinical methods for caries detection,
such as visual inspection, proving, and radiographs.

Numerous methods have been developed to aid the
early diagnosis of the dental caries. Of the tradition-
al methods, proving, visual inspection and radi-
ographs are widely used and fiber-optic transillumi-
nation*®, endoscopic method”, and electronic caries
monitor'®” have been added to this list. Dyes have
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been used for many years to enhance the visual in-
spection for the caries detection™®.

Recently, a new diagnostic method for early detec- -
tion of caries was presented. It is based on the fluo-
rescent characteristic of tooth structure, which oc-
curs when the teeth are illuminated with a broad
beam of blue green light. Laser fluorescence for the
caries detection was first reported in 1982 by Bjelk-
hagen et al'””. Angmar-Mi#nsson and ten Bosch™'
detected the early enamel caries by irradiation of ar-
gon laser with 488nm wavelength. The fluorescence
in the enamel occuring in the yellow region is ob-
served through a yellow high-pass filter which ex-
clude the tooth-scattered blue laser light. Dark re-
gions characterize the demineralization of tooth

structure®® .
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Many techniques for detection and quantification of
mineral loss from early carious lesions are destruc-
tive and cannot be used clinically. Laser fluorescence
may offer a solution to some of these problems but
much research need to be conducted on whether laser
fluorescence can be applied to assess the mineral
changes and on whether such changes can be ex-
pressed visually or numerically”®.

The use of fluorescent dyes may further enhanced
the detection of early caries in conjunction with laser
fluorescence method®. Sodium fluorescence, one of
the fluorescent dyes, has been used in ophthalmology
and also in dentistry as a plaque disclosing agent be-
cause it is relatively nontoxic and pharmacologically
inactive®®

The purpose of this study was to evaluate the
quantitative nature of laser fluorescence(LF) and dye-
enhanced laser fluorescence(DELF) on early enamel
caries.

[ . Materials and Methods
Specimen preparation

One hundred and forty 6X6X4 mm bovine enamel
specimens were cut from the labial surface of bovine
incisor teeth using slow-speed diamond wheel
saw(Model #650, South Bay Technology Inc. San
Clemente, CA, USA). Specimens were mounted indi-
vidually in polymethyl methacrylate resin plate for
easy handling(Fig. 1).

Each specimen was covered with nail varnish,
leaving a half of the surface of exposed window.
Specimens were numbered randomly, divided into 5
groups and placed in a demineralizing solution
(STPP: 0.1 M lactic acid, 0.24 mM sodium-tripolyp~
hosphate, pH at 4.2 with sodium hydroxide) at 37T
for differing periods of time. The demineralizing solu-
tion contained 1 mol lactic acid and 1% Carbopol,
50% saturated with hydroxyapatite, and adjusted to
pH 5 by 50% NaOH. Groups of 15 specimens were
each placed in demineralizing solution at 37C for 12,
24, 48, 72, and 96 h, respectively to induce artificial
carious lesions of various depths.

After demineralization, the nail varnish was re-
moved using acetone and specimens were analyzed
using laser fluorescence and polarizing microscopy.
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Fig. 1. Diagram of measuring system for fluorescence
radiance on artificial caries.

Laser fluorescence(LF) examination

Specimens were exposed to a 488 nm argon laser of
continuous-wave (SPECTRUM™, HGM Inc. Salt
Lake City, Utah, USA). Laser power at the specimen
surface was 0.6 W. The diameter of the optical fiber
was 600#m. A yellow high-pass filter(Kodak Wratten
16) was used to cut off the scattered light with a
lower wavelength than 520 nm from the tooth and to
observe only the pure fluorescent light. Fluorescent
images were captured using a CCD camera and
stored on computer as a visual files. These images
were analyzed with computer image analyzing pro-
gram(Image pro plus™, Media cybernetics Co, USA)
by measuring the difference of fluorescence radiance
between the carious enamel and sound enamel in
each specimen(Fig. 1).

Dye-enhanced Laser fluorescence(DELF) exami-
nation

The specimens were rinsed and gently dried after
LF examination. Then 0.075 % sodium fluorescein
(Aldrich Chemical Co., U.S.A.) was applied to the
lesion surfaces with small plastic applicator and al-
lowing for a second. Specimens were rinsed for 20 sec
with water spray and dried with compressed air. The
examination procedure was same as LF.

Polarizing microscopic examination

Polarizing microscopic examination was done as the
method for validating the presence of lesions and



their depth. After measuring the fluorescence radi-
ance, specimens were sectioned at the middle of
demineralization area by means of low-speed dia-

mond wheel saw(Model 660, South Bay Technology

Inc., CA, USA). These sections, cut lmm-thick, were
polished by high polisher (OMNILAP 2000™, South
Bay Technology Inc. CA, USA) with 240.600 grit SiC
polishing sheet. The lesion depth of each specimen
was measured using a polarizing microscope(X 100).

Statistical analysis

Mean values of fluorescence radiance of lesion sur-
faces and histologic lesion depths were calculated for
each demineralization time. The one-way ANOVA
test with an overall 95% confidence level was used to
determine significant differences between the mea-

93.67+24.46

Table 1. Mean lesion depth and fluorescence radiance of lesion surface according to the demineralization time

cigtaobx|ntata x| 30(1) 2003

surements. The correlation between optical densities
and lesion depths was found using Pearson correla-
tion coefficients. Regression analysis were done to
extract the regression line for prediction of lesion
depth from fluorescence radiance of lesion surface.

Il. Results

The fluorescence radiance of lesion surfaces mea-
sured with LF, DELF and the depths of lesions mea-
sured with the polarizing microscope according to the
demineralization times are presented in Table 1. The
radiance of fluorescence and the lesion depths were in-
creased with increasing demineralization time(Fig. 2).

Lesions could be visually discriminated by dark-
ness in LF examination and brightness in DELF ex-
amination.

12 0.2710. 73+0.28
24 172.24%+53.10 0.561£0.17 1.51+0.47
48 411.33+72.05 0.91+0.22 2.47+0.85
72 553.17£86.24 1.87+0.74 2.76+1.78
96 849.01+102.38 3.54+1.91 3.49+1.02
F ratio 18.34 5.54 4.24
P value 0.004* 0.025" 0.029*

* @ Statistically significant LF : Laser fluorescence
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Fig. 2. Comparison of the lesion depths and the
difference of fluorescence radiance(DFR) of the
LF(laser fluorescence) and the DELF(dye-enhanced
laser fluorescence) in accordance with demineralization
time.

DELF : Dye-enhanced laser fluorescence
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Fig. 3. The least square differentiation of ANOVA test for
the lesion depth and difference of fluorescence
radiance(DFR) of lesion surface in LF(laser fluorescence)
and the DELF(dye-enhanced laser fluorescence)
examinations according to demineralization time. Times
joined by horizontal line are not significantly different.
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DFR in LF

Table 2. Pearson’s correlation coefficients among variables related with carious lesions

DFR in DELF 0.500*
Lesion depth 0.755"
* 1 X0.05
DFR : Difference of fluorescence radiance
LF : Laser fluorescence
DELF : Dye-enhanced laser fluorescence
5 5
LF DELF
4t . 4T v=3.97x+0.84 . s
Zz2:26372;_0'57 . et R2=0.35 .
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Fig. 4. The regression line for the prediction of lesion depth from fluorescence radiance(FR) of lesion surface in
LF(laser fluorescence) and the DELF(dye-enhanced laser fluorescence) examinations.

Fig. 3. shows the ability of each technique to rank
groups of lesions according to demineralization time
and the results from the ANOVA test to determine
differences between groups based on demineralization
time.

The correlation coefficient(r) between the fluores-
cence radiance of lesion surfaces(LF and DELF) and
the depth of lesions were showed in Table 2, which
indicated the strong relationship between the two.

Furthermore, regression analysis revealed R-square
of 0.73(LF) and 0.35(DELF). The linear equations
are as follows and their graphs are shown in Fig. 4.

V. Discussion

The white spot can be considered the minimum
change of tooth surface which must occur just before
a carious lesion can be visibly diagnosed®*. Several
visible detection methods have been used for diagno-

sis of incipient caries. The fiber optic transillumina-
tion method, which uses the phenomenon that a car-
ious surface scatters more light and transmits less
light than a normal surface, can be used to observe
the amount of light transmitted through a tooth*®".
Although this method is easy and superior one, it is
limited in the detection of proximal carious lesion***”.
Another method for detection of incipient caries is
the light scattering which uses the fact that an incip-
ient carious lesion appears more white than the color
of its surrounding normal enamel because it scatters
more light when irradiated with bright white light®.
There have also been attempts to diagnose carious
lesions upon the basis that demineralized regions ir-
radiated with U-V are not fluorescent and therefor
are seen as dark spots®*”. But U-V ray is known to
be harmful to eyes and skin.

The quantified visible method using laser is one of
the methods being studied to be used to overcome



these problems.

Our study attempted to assess the detection sensi-
tivity of the laser fluorescence according to the depth
of the carious lesion and whether this sensitivity can
be quantified according to depth. In our study, the
fluorescence emitted from the tooth was captured by
CCD camera and the data were sent to a computer
imaging analysis program, which interpreted the da-
ta and converted them into gray shades to calculate
the optical density.

The results showed the increasing optical density
as well as increase in depth of the histological cari-
ous lesion in accordance with the demineralization
time. While the depths of the histological lesions in-
creased steadily with demineralization time, the DFR
of lesion surfaces, induced by LF, from the 12 h to
24 h and from 24 h to 48 h showed no significant dif-
ference. And DFR induced by DELF, from 24 h to 72
h and from 48 h to 96 h showed no significant differ-
ence.

This fact is revealing that the sensitivity of laser
fluorescence for measuring a carious progression
was less sensitive than that of histologic method by
cross section of teeth(Fig. 3). Although our tests
tried to standardize the images for minimizing test
errors by fixing the CCD camera and the irradiation
distance and angle of laser, the surface refraction of
the light on the tooth may caused errors with the
direction of the light. But when laser fluorescence is
used clinically, relative comparison between the
sound region and carious region of patient’s teeth
would be better than an absolute comparison of nu-
merical values.

Laser fluorescence method provides easy, simple,
visible detection of incipient caries and shows the in-
crease in DFR of the carious lesion with increasing
depth of the lesion(Table 1). The Pearson coefficient
of 0.755(LF) and 0.692(DELF) (p¢0.05) showed a
high relationship between DFR of lesion surface and
depth of the lesion. We have extracted a linear equa-
tion between the lesion depth and DFL from regres-
sion analysis, which enable laser the fluorescence to
diagnose the caries as a quantitative assessment
method (Fig. 4).

The correlation coefficient was higher in DELF
than in DF (Table 2). Furthermore ANOVA test for
the lesion depth and DFR of lesion surface according
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to demineralization time showed that horizontal bars
are less overlapping at earlier stage of lesions in
DELF and at later stage of lesions in LF (Fig. 3).
From above data we found that the use of fluorescein
dye in laser fluorescence examination enhanced the
contrast between artificial carious lesion and sur-
rounding tooth structure in earlier stage of lesions.
This results show promise as a means of improving
the sensitivity of caries detection and diagnosis with
laser fluorescence.

35,36)

Radiographs®®, electrical resistance”*

, and other
examinations have been applied to detect the oc-
clusal fissure caries. But occlusal caries detection re-
mains a difficult problem®. In regard above result,
laser fluorescence with fluorescein dye would be es-
pecially better to determine the fluorescence radiance
for reading the caries on suspicious occlusal surface
than laser fluorescence alone.

Not only can laser fluorescence be useful in detect~
ing incipient caries in the future, it can also be use-
ful in extracting the basis for whether the incipient
caries should be remineralized or restored with
restorative material after cavity preparation by esti-
mation of lesion depth in vivo®. However, it is not
yet clear as to how deep the enamel caries can be
remineralized. More studies are needed in this area.

Current difficulties with this technique include as-
sess to lesions on interproximal and occlusal sur-
faces, the difficult in discriminating between hy-
pomineralization due to conditions such as fluorosis
and other developmental disorder and demineraliza-
tion due to dental caries™"**.

Once absolute or relative values according to lesion
depth can be provided by a guantified laser fluores-
cence test, incipient caries can be easily detected and
diagnosed whether or not it can be treated.

The findings of laboratory studies, such as those
outlined in this paper should be reproduced by in vi-
vo clinical studies. Further work is also needed to
determine the application of the technique to inter-
proximal and occlusal caries detection and quantifi-
cation.

V. Conclusion

To evaluate the quantitative nature of laser fluo-
rescence(LF) and dye-enhanced laser {luorescence
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(DELF) on early enamel caries, artificial caries were
induced on the bovine enamels and argon laser was
irradiated on the surfaces of lesions. Fluorescence ra-
diance from enamel specimen was recorded with CCD
camera which was connected to PC image analyzing
system. Yellow high-pass filter which exclude the
tooth-scattered blue laser light was used to catch the
fluorescent radiance from enamel specimens.

The difference of fluorescence of radiance(DFR) be-
tween the carious and the sound enamel in each
sample of the LF and the DELF groups were mea-
sured by Image Pro Plus®. Polarizing microscopic ex-
amination was using as the method for validating the
presence of lesions and their depth.

The DFR of lesion surfaces measured with laser
fluorescence and lesion depths were evaluated and
the results are as follows:

1. The caries lesions were discriminated from sound
enamels by the darkness with LF and by the
brightness with DELF.

2. The DFR of specimen, measured by the LF and
the DEFL were increased with increasing deminer-
alization time.

3. The DFR of the lesion surface examed by the LF
and the DELF were highly related to the histologi-
cal depth of the lesion.

4. The DELF was more sensitive than the LF at the
earlier stage of demineralization.

5. Regression analysis showed a linear relationship
between the DFR and the lesion depth: a linear
equation from this relationship were as follows:
LF:Y =397X + 0.84 (+»=0.35)

DELF : Y = 4.32 X - 0.57 (r*=0.73)

From the results presented in this paper, it was
concluded that laser fluorescence was a suitable
technique for the detection and the quantification of
early caries.

Reference

1. Harless JD, Wefel JS  Comparison of artificial
white sports by microradiography. J Dent Res,
63:1271-2180, 1984.

2. Friedman J, Marcus MI @ Transillumination of
the oral cavity with use of fiber optics. J Am
Dent Assoc, 80:801-809, 1970.

10.

11.

12.

13.
14.
15.

16.

17.

Heffenen JJ, Cooly RO, Hall JB, et al. : Use of
ultraviolet illumination in oral diagnosis. J Am
Dent Assoc, 82: 1353-1360, 1971.

Mitropoulos CM : Comparison of fiber optic tran-
sillumination with bisecting radiographs. Brit
Dent J, 159:12-24, 1985.

O’Brien WJ, Yee J, Dennison JB, et al. : The ap-
plication of blue polymer curing lights for diag-
postic transillumination. J Am Dent Assoc,
106:839-842, 1983.

Petola J, Wolf J : Fiber optic transillumination in
caries diagnosis. Proc Finn Dent Soc, 77:240-
244 1981,

Sohneiderman A, Elbaum M : Assessment of
dental caries with digital imaging fiber-optic
transillumination(DIFOTITM) : in vitro study.
Caries Res, 31:103-110, 1997.

Wright GZ, Simon I : An evaluation of transillu-
mination for caries detection in primary molars.
ASDC J Dent Child, 3:199-220, 1972.
Longbottom C, Pitts NB : An initial comparison
petween endoscopic and conventional methods of
caries diagnosis. Quint int, 21:531-540, 1990.
Huysmans M, Longbottom C, Pitts N - Electrical
methods in occlusal caries diagnosis : An vitro
comparison with visual inspection and bite-wing
radiography. Caries Res, 32:324-329, 1997.

Rock WP, Kidd EAM : The electrical detection of
demineralization in occlusal fissures. Brit. Dent
J, 164:243-247, 1988. :
Ai-Sehaibany F, White G, Rainey JT, et al. : The
use of caries detector dye in diagnosis of occlusal
caries lesions. Pediatric Dent, 20(4):293-298.
1996.

O’Brien WJ, Vazquez L, Johnston WM : The de-
tection of incipient caries with tracer dye. J Dent
Res, 68(2):157-158, 1989.

Shern RJ, Kennedy JB : An in vitro evaluation of
fluorescein for testing the permeablility of white
spots on tooth enamel. Pediatric Dentistry,
12(5): 308-311, 1990.

Van de rijke JW : Optical quantification of
caries-like lesion in vitro by use of a fluorescent
dye. J Dent Res, 69(5):1184-1187, May, 1990.
Van de rijke JW : Use of dyes in cariology. Int
Dent J, 41:111-116, 1991.

Bjelkhagen H, Sundstrom MF, Angmar-Mansson



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

B ' Early detection of enamel caries by the lumi-
nescence excited by visible laser light. Swed Dent
J, 6:1-7 1982.

Angmar-Mansson B, ten Bosch JJ @ Optical
methods for the detection and quantification of
caries. Adv Dent Res, 1:14-20, 1987.
Angmar-Mansson B, ten Bosch JJ : Advances in
methods for diagnosing coronal caries-A review.
Adv Dent Res, 7(2) 70-79, 1993.

HEH, o] 33, ol 5 @ 2719w g o]
A fluorescence®] #3HA BAZT T ththolx) 283
A, 26(1):109-118, 1999.

o] 3, oA 1 XohAF AT AT wiE A4
AR 2L, didiolntEtgA],
2000,

Ando M, van der Veen, Schemehorn BR, et al. :
A Comparison of quantitative light-induced fluo-
rescence on white-spots in permanent and decid-
uous enamel. Caries Res, 31:281-328, 1997.
Ando M, Hall AF, Eckert GJ, et al. : Relative
ability of laser fluorescence techiques to quanti-
tate early mineral loss in vitro. Caries Res, 31:
125-131, 1997.

de josselin de jong E, Sundstrom F, Emami Z, et
al. : Quantification of mineral loss in intial caries
lesions on natural enamel surface with laser fluo-
rescence. Caries Res, 26:216, 1992.
Hafstrom-Bjorkman U, Sundstrom F, de Josselin
de Jong E, et al. : Comparison of laser fluores-
cence and longitudinal microradiograpy for quan-
titative assessment of in vitro enamel caries.
Caries Res, 26:241-247, 1992.

Eggertsson H, Aualoui M, Van der Veen MH, et
al. ! Detection of early proximal caries in vitro
using laser fluorescence, dye~enhanced laser fluo-
rescence and direct visual examination. Caries
Res, 33:227-233, 1999.

Schemehorn BR, Stookey GK @ Sodium fluoures-
cein and laser fluorescence for detection of incipi-
ent lesions. J Dent Res, 75(spec issu):85, 1996.
Vaarkamp J, ten Bosch JJ, Verdonscot EH, et al.
: Wavelength-dependent fiber-optic transillumi-
nation of small approximal caries lesions ; The
use of a dye, and a comparison to bitewing radi-
ography. Caries Res, 31:232-237, 1997.
Anderson P, Daris GR, Ahluwala MHK :
Monitoring de-and remineralization of enamel in

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cistaofx|mbets| x| 30(1) 2003

vitro using an infrared reflectance meter. Caries
Res, 30:394-399, 1996.

Arends J, ten Bosch JJ : Demineralization and
remineralization evaluation techniques. J Dent
Res, 71:924-928, 1992.

Wenzel A, Verdonschot EH, Ttuin GJ, et al. :
Accuracy of visual inspection, fiber-optic transil-
lumination, and various inspection, fiber-optic
transillumination, and various radiographic im-
age modalities for the detection of occlusal caries
in extracted non-cavited teeth. J Dent Res,
71(12):1934-1937, 1992.

Peers A, Hill FJ, Mitropoulos CM, et al. :
Validity and Reproducibility of clinical examina-
tion, fiberoptic transillumination, and bite-wing
radiography for the diagnosis of small approximal
carious lesions : An in vitro study. Caries Res,
27:307-311, 1993.

Brinkman J, ten Bosch JJ, Borsboom PCF :
Optical quantitation of natural caries in smooth
surfaces of extracted teeth. Caries Res, 22:257-
262, 1988.

Benedict HC : Note on the fluorescence of teeth
in ultra-violet rays. Science, 67:442, 1982.
Nytun RB, Raadal M, Espelid I : Diagnosis of
dentin involvement in occlusal caries based on vi-
sual and radiographic examination of the teeth.
Scand J. Dent. Res, 100:144-148, 1992.

Wenzel A, Hintze H, Mikelsen L, et al. :
Radiographic detection of occlusal caries in non-
cavitated teeth. Oral Surg Oral Med Oral Pathol,
72:621-628, 1991. ;

Lussi A, Firestore A, Schoenberg V, et al. ! In
vitro diagnosis of fissure caries using a new elec-
trical resistance monitor. Caries Res, 29:81-87,
1995.

Ricketts DNJ, Kidd EMA, Wilson RF : A re-eval-
uation of electrical resistance measurements for
the diagnosis of occlusal caries. Brit Dent J,
178:11-17, 1995.

Ferreira Zandona AG, Analoui M : Laser fluores-
cence detection of demineralization in artificial
occlusal fissures. Caries Res, 32:31-40, 1988.
Ogaard B, ten Bosch JJ @ Regression of white
spot enamel lesions. A new optical method quan-
titative longitudinal evaluation in vivo. Am J
Orthod Dentofacial Orthop, 106:238-42, 1994.



J Korean Acad Pediatr Dent 30(1) 2003

41. de Josselin de Jong E, Sundstrom F, Westerling 42. Hafstrom-Bjorkman U, Sundstrom F, Angmar-

H, et al. : A new method for in vivo quantifica- Mansson B : Initial caries diagnosis in rat mo-
tion of changes in initial enamel caries with laser lars, using laser fluorescence. Acta Odontol Scand,
fluorescence. Caries Res, 29:2-7, 1995. 49:27-23 1991.

Reprint request to:

Sang-Ho Lee, D.D.S., M.S.D., Ph.D.

Department of Pediatric Dentistry, College of Dentistry, Chosun University
375 Seosuk-Dong, Dong-Gu, Gwangju 501-759, Korea

E-mail : shclee@chosun.ac.kr -~



oist2obx|ntsta x| 30(1) 2003

Abstract

DIAGNOSIS OF EARLY CARIES WITH DYE-ENHANCED
LASER FLUORESCENCE

Sang-Ho Lee, Kuk-Jae Han, Chang-Seop Lee

Department of Pediatric Dentistry, College of Dentistry, Chosun University

To evaluate the quantitative nature of laser fluorescence(LF) and dye-enhanced laser fluorescence(DELF) on
early enamel caries, artificial caries were induced on the bovine enamels and argon laser was irradiated on the
surfaces of lesions. Fluorescence radiance from enamel specimen was recorded with CCD camera which was con-
nected to PC image analyzing system. The difference of fluorescence of radiance(DFR) between the carious and
the sound enamel in each sample of the LF and the DELF groups were measured by image analyzing program.

The DFR of lesion surfaces measured with laser fluorescence and lesion depths were evaluated and the results
are as follows:

The caries lesions were discriminated from sound enamels by the darkness with LE and by the brightness with
DELF. The DELF was more sensitive than the LF at the earlier stage of demineralization.

Key words : Initial caries, Laser fluorescence, Dye-enhancer



