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A STUDY ON THE EARLY DETECTION OF ENAMEL CARIES BY THE
LUMINESCENCE EXCITED BY ARGON L ASER

Nan-Young Lee, D.D.S., Chang-Seop Lee, D.D.S., M.S.D.,
Sang-Ho Lee, D.D.S., M.S.D., Ph.D.

Department of Pediatric Dentistry, College of Dentistry, Chosun University

The aim of the present study was to describe an safe and convenient method for the
early detection of enamel caries using laser fluorescence. Fluorescence from natually carious
lesion of human teeth illuminated by an argon laser(488nm) was observed and photographed
using barrier filter. Intact enamel was found to fluorescence with a yellowish light. Whereas,
incipient caries lesions in the enamel were clearly visible as dark areas in contrast to
the fluorescence surroundings.

For evaluation of accuracy of this method, lesion depth measured by the laser fluorescence
in light microsccpe was compared with that nolarizing microscope.

The results from the present study can be summarized as follows :

1. Enamel caries of smooth surface was observed as pale white spot and undefined outline
in ordinary light. Whereas, lesion was clearly visible as dark spot in laser fluorescence.

2. There was no differenice between ordinary light view and laser fluorescence in occlusal
surface and interproximal surface.

3. There was nc significant difference between the lesion depth observed by laser fluores-
cerce with light microscope and polarizing microscope.
Apparent correlation exists between two groups.
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Table 1. Comparison of lesion depth observed by Laser fluorescence with light microscope

and polarizing microscope.

Correlati
Mean(um) SD Probability orrelation
coefficience (y)
0 Lzse;nce 792.18 420.03
I‘jof S¢€ 0.57 0.95
oanang 798.63 364.31
microscope

*statistically significance : P<{0.05

Ymuo}l JtAE AMRElA ol Aol HATAQ]
MASER{(Microwave Amplification of the sti-
mulated Emission of Radiation)& 70'#3}
°m 60 d] & Maiman® o] FH| A& o] &3}
Hzo HolAl FH[HOIAE 2T ol
A2 FHY #olA7t Agtsoisiat

golA g WEEHE< i (active medium)
off mat EF3A AA 711 A (CO, Ar-
gon, Krypton, Excimer, HeNe) &} 1.4 & o] &
(Ruby, Nd:Yag, Ho:Yag, Er:Yag), 1
213 HH g o] A (Dye) @ WA HolA g P
& 4 3t} o]F 1962 Bennetdl] 93] A2
Add o2 #HojAw o3t o2 F 7}
25 AW AR AH 3R 8l A7Fo] & Hl oA
<9 shi2  488nm(blue light)® 515nm
(green light) o] 7FA3M A8 W&oy,
ol Z 3FoA= silica-quartz AGE £
dgHo] AA o= RAgx A HLd 4
JonF <k, oH|QlFE Y, ARelzl, wRla)
SAAM Bel AHRHI glon FmFulopn}
depd, et A B 2 FFHE AES
7hA A &8 ot e A grolu X &z

A%, T 5 223 3 o828 &

A

o] &3

317

oA BA 44 ] 9 2ASY of
R o ¥ qUA 292 o5HH o
B3¢ o712 a0 oo BAE of 7 gEye)
Ik oirld BAE AdMo yH ]
AR HEe} Fels 4AL 2Ed oy
Pt oz wEH olg ¥ E: U
ozt Wk olsh Be BA 9]
Mot #e wge) AABAe AL Ba
shth, Holol] A)He ZAIRE W o)
SR At edaRy de) g
4R A% AAAAAN L Hols
Be ATE0] Ygirprem, 2ey
FR) ol§HE Aol 1 ey
RS AR SRR R P
A

Lo 1o

[

oA 2pe} o] ARg-o] AlEbA] i thAal X 3hA) o)
AMEA =g #olHE o83 F7zol
Bl A=
Bjelkhagena®
Fro o2 I H o] A E

e 9 A4

Hoz

o
LN

==
=

do 2 ik
S
off Ho r

7
r microradiography 2 21 %
laser fluorescence’} HHE 28 7] &
A8k rAta s HeEd Whgojegtal st
2 % Sundstrom$*2 laser fluorescence®l
& spectroscopic studyollA ol 712 &
3ge) golA WS vaetH e 337nm UV
# o] A ZAA ¢k 400nm 7732 fluorescence”t
HABHIL A X HME ol AmIt A
Hom 633nm2 He-Ne #@|oj Ao A= 71A]
FA 949 fluorescenceE UE F AT
Aok WA, 488nm o2 HolHE AHEE



o oF 540nm3IH 2] fluorescence’} A5
S22 A ZFRA Alo) 9] ol o] Tge]
el 74 F8letA YErtEE 488nm ©f
=2& olArt AXIG 7Y F83% 33}
1S B sttt

19911 Hafstrom5'9-& 4734 2lo] &
HE A FEAYEANA o)A fluoresce-
nce® 21 A F8o 3 RusR=d 15-
2097t sucrose® AHFH3 F 50vF2E HARSH
A gubgd stolA BaEd AHAE F
g vheld 29.19H, laser fluorescence”] &
He $AHAE 39.6Wo 24 golA fluores-
cence?] AMES FEAHAME HFE =27
28 43 AgstA €A & da s
At F o= Hafstrom%” 3 De Josselins
o] computer programS ©|-&3fa] $AH A
A fluorescenced] FAATo| WE FEA
AAREE FAHse WA tiE Hishe
A A9 A FA o] et 3k Th
4g o] &3ted ofeAlS zgdhe Wyo
2v AF7kA transillumination®] ARE-E] o]
g BAERFE T AgHE A LS
W o] ZALSlY FIEO] Yo WS #
Z3l= W9l transillumination-&
A E A AE Fgsled 9lolA
H[ 802 F& AIZh] $F & glon
ZANRE FY & Y FES 2EA,
FHo| md 27| LAFde € Udsite
Zreoppeen® - Transillumination©l)
uorescence 2] 7+ & xpo] M2 #A =
ZARE Yol o} A& zA 71l
st o] Yol Aol @3 we} A
o] itk Aojrh, ZejBg Yol ZAMEE
Foll ZA JFES WA 501 transillumina-
tion®] o2& FAFAN = HA HTE 4= Ut
wgh FAAATG A Afolo] Wete]
o7} AM 7] $AS7AE DAEHA Agd
A= FHo] Yo,
Atsl 2 FAe] Mg gEl AAFHoR
A oh- -2 Z0] f Fo] ZHAE T e F4 )2
AR A H3] ofFd A7) Fek Ao
152 AZbstAl aielEojof & AW Fel 3t

o

lo

joma L

1

u R o s A
oo O poh

3

of

=

2
T

ol

i

318

vpoln] Aol ot 17419 mix FadEF
$-2o] gle ofdole 15% 9 EdHsitiar 3t

Ao, o] 213k ;‘qo]._?—é]%% 5“_7]0]] WA e

BAL

AF3E Sed ¢ glom® L ofz i g
ol zAF AAE & AaHs} Qltke B
51‘17}_ (})’lq,llvld,zl). HiCkS %21)_8__ 0}§€— E‘ﬂ 0]
AE 0.25W 2 1027 ZAIES W oF 4]

Lol gt FeAaHrt gz HE /-
J8tA F7FE A2 1 o]f+= organic, car-
bonate, water 52 7HAE Abol tigk Ao
F7bE] 7] dFolgta A e At Goodman
¥ NaF ¢ &7 glo]A X5& ¥ Harde
B4 o] R Aro] FUbEH Yabd o] skt
Histg o, Flaitze? ol2F do|HE =X
A7) AFo 27 APFE =X F o]
A3E vastged dxdd =3 o=
ol x et APFE Egste] AMES A%
SHA -2 advt F7bE AT
aHBE XoleAEg EAEH7] $§ o2
HolA FAS BEATXE+S XV
AGs W ool ogE
Zoz Atg ).

o] A& AHT W Aol A ;
FEUE AR £ateh $hajo)

b

6.0W o] th3t Z 2 Aote] ot2 2 HolAE
FAtetel AET A} YFE oy A9
A= 5 FIAT A vEA age,
A 2ol i3t HolAe] FALE A Bren-
neise]? Bilo] o)5ld #olA ZALE YAl
o7 AAzA] A3V Uehstov 72413t
T A AlERern dxHd oy R8-S
Aol gy st EE e Bt
ol Wek APl N B Me go]#]e]
ol ol BUFE FAN BbEg A
of tht 1382 Ao glvkar Harsct.
TUStARH dEHoE FFFo -
, T YA Fo AFEHE 9e
dEo] of22 HolAE wxput Aol A 93]
8ol A9 gle wi-¢ kT el &

N, 1> O oy ox
ottt Ho o
> Ar

A
-



Had 27) $4Has

233 3 ¢lo) whay WA AR &
U WP RA o2 Ho|AE Hristaat
3tk ol A fluorescenceo] ElY el &A=
FFE PAA e Ao Adyng A
AxAI717) 8 BEHE 208 A ¢ 9l
o 27 $XF9 A4S wdoen 3
2t Bozbe] FUl4EE Tojd & glon
=2 Al o] A B SHAL A8 Aew

B A HE8H 949 AL ol =
ARAL LAY Aol EASA FREYoY
ot #olA FAdd A HEY
SlE A 9212 A 9-oll= Gubgilsol A <)
a7 & Apolg Kol &dth ol Hi
ol FeolA7t A =AM givke oy
aoh gl 7o AR, A3 AR-Fo] A
= o] 71A] 94d 39" Roz A7ty
oldl tiiME o B A7t 29F Aew
Abg g,

E3 LAY AR A H oz ERFE
SARALE FHINAY] GE) B Yol
200-1300um 2 T2 2 W2sbA thokaA)
AR oY oJ=AHx Zojo] HAREH 7|
7He3hA AR #ElME FHEA EIHe
o, Wieo] APAHTo] wWE fluorescence?
SRR E YHoR SAsE FEd gEiME

AT/} A ofo & o2 ArEh,

o

jiile

ol
5

rh

of Sl= Aoz wEH,
#lo] A fluorescence
o o3l #olA
A} zh 2ot
HFEn 7 Aol
o)A FAA]
Hae] Zolg

e
)
ol
Qi
b4t

ol
ol
G

[‘9_2 o,
N
=

N =

Ay
9,

Lo 3y
fr o do

off i o o P R

e O A
gl o I o
H2orr & o&

b

rJ
i

319

st g2 #e FES A

At FAstlA HEHe HFE 27)
SAHAE & PEEA EAY Fu|3
HEEY ZAAV BEEEIge
|} A fluorescenceAl F9 B4 H

-

k=3
=

A

_]_01

A

[e]

]

-
>

r
E
il

2. AT wHHY
A fluorescencer]

S AT

o]
T =
‘}-o

i

3 RG] BEAEE HA 228
49 Zolo} Fo]A fluorescence?] T
He WA ol Alolol= F2)3% A7t
R (P>0.05), F w7hel A2 23k
BHBAAE BAG(y=0.95).

° =
Iﬂas}'ﬁ1 713};(]?3‘]-—15 %_]_\_Eol-hggi %% _5_}_7_“
Ag8 & 92 Aoz Audh

1 A3, 2871 THAlRd R olgd glo
Aol ot B FFAD] vjmAF”,
“tighaobx] 7 831 R)”, 23(2) 327346,
1996

2. Alfano, RR. and Yao, S.S. : “Human teeth
with and without dental caries, studied
by visible luminescent spectroscopy.”, J.
Dent. Res., 80 . 120—122, 1981.

3. Angmar-Méansson, B. and ten Bosch JJ. :
“Optical mentods for the detection and
quantification of caries”, Adv. Dent. Res.,
11 14—20, 1987.

4. Angmar-Mansson, B. and ten Bosch JJ. :
“Advances in Methods for diagnosing co-
ronal caries - A review”, Adv. Dent. Res.,
7(2) 1 70—179, 1993.

5. Armstrong, W.G. . “Fluorescence charac-
teristics of sound and carious Human den-



10.

11

12.

13.

14.

tin preparations”, Arch. Oral. Biol, 8 : 79
—90, 1963.

. Bakhos, Y., Brundevold, F. and Aasenden,

R.: “In vivo estimation of the permeabi-
lity of surface human enamel”, Arch. Oral.
Biol., 22 : 599—603, 1977.

. Benedict, H.C. : “Note on the fluoresce-

nce of teeth in ultra-violet rays.”, Science.,
67 . 442, 1928.

. Bjelkhagen, H., Sundstrom, F., Angmar-

Mansson, B. and Ryden, H. : “Early dete-
ction of enamel caries by the luminesce-
nce excited by visible laser light”, Swed.
Dent. J, 6 . 1—7, 1982.

. Brenneise, C. and Blankenau, R.: “Soft

tissue response when expose to argon la-
ser resin polymerization”, J. Den. Res., 74
(AADR Abst) #1748, 1995.

De Josselin de Jong E., Sundstrém,F., We-
sterling, H., Tranaeus, S., tenBosch J.J.and
Angmar-Mansson, B.: “A New Method
for in vivo Quantification of changes in
Initial Enamel caries with Laser Fluores-
cence”, Caries Res., 29 :2—7, 1995,
Flaitz, C.M., Hicks, M.J., Westerman, G.H.,
Berg, J.H., Blankenau, R.J., Powell, G.L. :
“Argon laser irradiation and acidulated
phosphate fluoride teratment in caries like
lesion formation in enamel:in vitro
study”, Pedia Dent., 17(1), 31—35, 1995.
Foreman, P.C. ! “The excitation and emi-
ssion spectra of fluorescent components
of human dentin”, Archs. Oral. Biol,, 25 :
641—647, 1980.

Friedman, J. and Marcus, M.L. © “Transil-
lumination of the oral cavity with use of
fiber optics”, J. Am. Dent. Assoc., 80 . 801
— 809, 1970.

Goodman, B.D., Kaufamn, W. . “Effects of
an Argon laser on the crystalline proper-
ties and rate of dissolution in acid of tooth
enamel in the presence of sodium”, J.

320

15.

16.

17.

18.

19.

20.

21

22.

23.

Dent. Res., 56(10) : 1201—1207, 1977.
Hall, LM., Chaudhry, S.I. and White, J. M.
. “Spectrophotometric analysis of deci-
duous dentin”, J. Dent. Res., 75(spec iss),
197, 1996.
Hafstrom-Bjorkman, U., Sundstréom, F.,
Angmar-Mansson, B. : “Initial caries dia-
gnosis in rat molars, using laser fluoresce-
nce”, Acta. Odontol. Scand., 49 : 27—33,
1991.
Hafstrom-Bjorkman, U., Sundstrom, F., de
Josselin de Jong, E., Oliveby, A. and
Angma-Mansson, B. : “Comparison of la-
ser fluorescence and longitudinal microra-
diography for quantitative assessment of
in vitro enamel caries”, Caries Res., 26 :
241—247, 1992.
Harless, J.D. and Wefel, ].S. ! “Compari-
son of artificial white spots by microradio-
graphy’, J. Dent. Res., 63 : 1271—2180,
1984.
Hartles, RL. and Leaver, A.G.: “The
fluorescence of teeth under ultravioler ir-
radiation”, Biochem. J., 54 :632—638,
1953.
Heffenen, J.J., Cooly, R.O,, Hall, ].B., Olsen,
N.H. and Lyon, HW. : “Use of ultraviolet
illumination in oral diagnosis”, J.AD.A,
82 . 1353— 1360, 1971.
Hicks, M.]., Flaitz, C. M., Westerman, G.H.,
Blankinau, R.J., Powell, G.L. and Berg, J.H.
. “Caries-like lesion initiation and prog-
ression around laser cured sealants”, Am.
J. Dent,, 6(4) : 176—179, 1993.
Hicks, M.J. and Flaitz, C.M. : “Epidemio-
logy of dental caries in the pediatric and
adolescent population : a review of past
and current trends.”, J. Clin. Pediatr.
Dent.,, 18 : 43—49, 1993.
Kelsey, W.P., Blankenau, R.],, Powell, G.L.,
Barkmeier, W.W. and Whisenant, BK. :
“Enhancement of physical properties of



24.

25.

26.

27.

28.

29.

30.

31

resin restorative materials by laser poly-
merization”, Lasers Surg. Med., 9(6), 623
—627, 1989.

Larmas, M. and Kortelaimen, S. : “Quan-
tification of the areas of dentinal lesions
and secondary dentin in fissures of rat
molars”, Caries Res.,, 23 : 32—35, 1953,
Levine, R.S. : “Remineralization of natural
carious lesion on enamel”, Brit. Dent. J.,
137 © 132—141, 1974

Maiman, T.H. : “Stimulated optical radia-
tion in ruby”, Nature, 187 : 493502,
1960.

Miserendino, L.J. and Pick, RM. . “Lasers
in dentistry”, Quintessence Publishing
Co., Inc., 1985.

Mitropoulos, C.M. : “A comparison of fi-
ber optic transillumination with bisecting
radiographs”, Br. Dent. J., 159 : 21—24,
1985.

Naleway, C.A., Webster, D., Wazniak, W.T.,
Reynolds, S., Mrjenovich, D. and Mengeot,
M.M. . “Assessment of demineralization
using luminescence”, ]. Den. Res., 58
(IADR Abast), : 136, 1979.

Neuman, R.A. and Knobler, RM. . “Trea-
tment of oral mucous cysts with an Argon
Laser”, Arch. Dermatol, 126(6), 829—
830, 1990.

O’Brien, W.J,, Yee, J., Dennison, J.B., John-
ston, W.M.,, Stefanski, R., Yee, W.]. and
Fanian, F. ! “The applicaion of blue poly-
mer curing lights for diagnositic transillu-

321

32.

33.

34.

35.

36.

37.

38.

39.

mination”, JAD.A, 106 > 839—842, 1983.
Powell, G.L., Kelsey, W.P., Blankenau, R.J.,
Barkneier, WW. . “The use of an Argon
laser for polymerization of compostie re-
sin”, Esthetic Dentistry., 78—81, 1989.
Powell, G.L., Morton, T.H. and Whisenant,
B.K. : “Argon laser oral safety parameters
for teeth”, Lasers in surgery and Medi-
cine, 13 . 548—552, 1993.

Schemehorn, B.R.,, Stookey, GK.: “So-
dium fluorescein and Laser fluorescence
for detection of Incipient lesions”, J. Dent.
Res., 75(spec iss) @ 85, 1996.

Shrestha, B.M. : “Use of ultraviolet light
in early detection of smooth surface ca-
rious lesions in Rats”, Caries. Res., 14 :
448 —451, 1980.

Sundstrom, F., Fredriksson, K., Montan,
S., Hafstrom-Bjorkman, U. and Strém, J. :
“Laser induced fluorescence from sound
and carious tooth subatance ; spectrosco-
pic studies”, Swed. Dent. ], 9: 71—80,
1985.

Van de Rijke, J.W. . “Use of dyes in cario-
logy”, Int. Dent. J., 41 111—116, 1991.
Willenborg, G.C.: “Dental Laser applica-
tion”, Lasers in Surgery and Medicine.,
9 1 309—313, 1989.

Wright, G.Z., Simon, L : “An evaluation
of transillumination for caries detection
in primary molars”, J. Dent. Child., 199—
202, 1972.



Explanation of Figures

Fig. 3-1. Proximal surface of an extracted human teeth with an initial carious lesion photog-

raphed in ordinary light. Carious lesion was almost not observed

Fig. 3-2. Laser fluorescence of the same surface.

Carious lesion was clearly visible as dark area in contrast to the fluorescence
surroundings.

Fig. 4-1. Proximal surface of an extracted human teeth with an initial carious lesion photog-

raphed in ordinary light. Carious lesion was observed as pale white spot and undefi-
ned outline.

Fig. 4-2. Laser fluorescence of the same surface.

Carious lesion was clearly visible as dark area in contrast to the fluorescence
surroundings.

Fig. 5-1. Buccal surface of an extracted human teeth with an initial carious lesion photogra-

phed in ordinary light. Carious lesion was observed as pale white spot and undefi-
ned outline.

Fig. 5-2. Laser fluorescence of the same surface.

Carious lesion was clearly visible as dark area in contrast to the fluorescence
surroundings.

Fig. 6-1. Occlusal surface of an extracted human teeth with an initial carious lesion photogra-

phed in ordinary light. Carious lesion was showed black line and whtie spot.

Fig. 6-2. Laser fluorescence of the same surface.

There was no difference with ordinary light view.

Fig. 7-1. Interproximal surface of an extracted human teeth with an initial carious lesion

photographed in ordinary light. Carious lesion was not observed.

Fig. 7-2. Laser fluorescence of the same surface.

Carious lesion was not observed.

Fig. 8. Polarizing microscopic view of carious lesion(X40)

Lesion depth was measured by the computerized image analyzer (Image Pro Plus™).
Mean depth was 798um.

Fig. 9. Light microscopic view(X40) (Illuminated by the Argon laser) Lesion depth was

measured by the computerized image analyzer (Image Pro Plus™).
Mean depth was 792um.
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<Fig. 6-1> <Fig. 6-2>

<Fig. 7-1>
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