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Diagnostic Utilization of Laser Fluorescence for Resin Infiltration in Primary Teeth
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— Abstract

suitable for applying resin infiltration.

analysis was performed.

This study was performed to evaluate clinical use of laser fluorescence (LF) to identify early childhood caries lesions

20 exfoliated primary molars with proximal caries were selected and cut buccolingually cross the central pit for
regarding the mesial and distal surfaces respectively. 27 specimens corresponding to ICDAS code 1 and 2 were selected
and the LF values were measured. When infiltrant resin was applied, double staining for microscopy detection has done
simultaneously. Tooth samples were sliced with 0.7 mm thick. The maximum lesion depth, maximum penetration depth,
and average penetration rate were measured from the confocal scanning laser microscope image. Pearson correlation

The intraclass correlation coefficient of LF values shows excellent agreement. LF values had positive correlation with
penetration rate, but not lesion depth and penetration depth. Significant correlation between LF readings and penetration
rate was verified in deep enamel caries and dentin caries except shallow enamel caries.

Infiltrant resin could penetrate with a higher rate and LF values could be increased in more active caries lesions. In
assessing radiologically similar caries lesion, laser fluorescence might be useful for identifying caries activity.
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Fig. 1. Specimens fixed on the acrylic blocks. Carious lesion
on the proximal surface of primary molars corresponded
with (A) ICDAS code 1 and (B) ICDAS code 2.
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Fig. 2. Confocal laser scanning microscopic images (X 5) and assessment of resin infiltration. (A) Maximum demineralized le-
sion depth (LD, white line) and Area of total demineralization (LA (B) Maximum penetration depth (PD,,,, white line)
and Area of infiltration (InfA,...); (C) merged image.
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Fig. 3. Confocal laser scanning microscopic images (X 5) according to lesion depth. (A) Shallow enamel caries (E1); (B) Deep
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enamel caries (E2); (C) Dentin caries (D1).



Table 1. Correlation analysis between laser fluorescence value and
resin infiltration
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Table 3. Correlation analysis between laser fluorescence value and
resin infiltration according to lesion depth (E2 group)

LF value LD, (um) PD,, (um) PR (%) LF value PD,a (Lim) PR (%)
r r
LF value P LF value p
N N
r -0.147 r -0.276
LD, (um) p 0464 PD, 2 (um) p 0.301
N 27 N 16
r 0.005 0.905 r 0.718 0.001
PD i (um) p 0.979 0.000 PR (%) p 0.002 0.997
N 27 27 N 16 16
r 0.486 -0.027 0131 p values were derived from Pearson correlation analysis
PR (%) P 0.010 0.894 0.514 LF = laser fluorescence, PD,,,, = Maximum penetration depth, PR = Pene-
N 27 27 27 tration rate, r = Correlation coefficient, p = significance level, N = number

p values were derived from Pearson correlation analysis
LF = laser fluorescence, LD,,,, = Maximum demineralized lesion depth, PD,,,
= Maximum penetration depth, PR = Penetration rate, r = Correlation coef-
ficient, p = significance level, N = number of specimens

Table 2. Correlation analysis between laser fluorescence value and
resin infiltration according to lesion depth (E1 group)

of specimens

Table 4. Correlation analysis between laser fluorescence value and
resin infiltration according to lesion depth (D1 group)

LF value PD,a (Um) PR (%) LF value PD o (Lim) PR (%)
r r
LF value P LF value p
N N
r 0.216 r -0.735
PD, . (Lm) p 0.607 PD,, (Um) p 0.475
N 8 N 3
r -0.395 0.202 r 0.998 -0.689
PR (%) p 0333 0.632 PR (%) p 0.041 0.516
N 8 8 N 3 3

p values were derived from Pearson correlation analysis

LF = laser fluorescence, PD,,,, = Maximum penetration depth, PR = Pene-
tration rate, r = Correlation coefficient, p = significance level, N = number
of specimens

N
In
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p values were derived from Pearson correlation analysis

LF = laser fluorescence, PD,,, = Maximum penetration depth, PR = Pene-
tration rate, r = Correlation coefficient, p = significance level, N = number
of specimens

2 ATH QX &0 et Foroty| 2ol chet HE

HF = | (fluorescence-based

N
o
ot
oz
1
o

N
Rl
m
02

rir

Am
Ot

DIAGNOdent= =X
SCH18-20). My AALL X

o| Zloloj izt DIAGNOdentE 0|83}

=2 1t 0%
>z o b e

nug
1a}



J Korean Acad Pediatr Dent 46(3) 2019

O 0 H RS T S S TP ® 50 o T
v = .|A|0.mun_wo=_._ ._oo._Auﬁme_o._m_ln_.__A.o_l._.Llo_Eu.A_ImME_E._IAml_/rm_._._o_E_.___._._mu.n * 4 |_|LI|.r
5 M K o= S . k!l @ %0 O — 1K R L z= = o N s = I N
ULILI|WO_0_L" o T [ad mu_pu_A._._nom_lmHmE._Jl < mo 3% od - — 5 X o H T
ﬂmMmEmm_.WmMEﬂMs_E_/A Wa_am._u.w_n|ﬂ._ﬂ.r3¢ﬂd_ﬁ_ﬁ%mﬂﬂo“_u_|o_ __oMuﬁmﬂuuﬂo_/AWM_M
E U R ES G omMp M mHsL TR agE oG I T~ R i
mWEE%B,E_.l,Bum_W%nE E_EﬁwamMu._A_wxﬂwﬁmﬂ_o_.ﬂux_.oaE%Wﬂ%uw w_o_.xo_am___ﬂolo_'nﬂ
wuoﬁﬁ_ﬂmm_]_u__o_emL7xﬂ ﬁj&.ﬂo_ewhé memo__mmﬁm_.klﬁas auo_EEEAﬂ%ﬂu._
L_OEWAlo_ r oo - — T _||_=.:|an.100_| = S “_“_.__uo_._-H_O_IA_IZ._.AIl_
pE S T g d LD L L T N (N 2wt r S = )
T NS TaNF 20 ogywgs <r mouﬁrlq_ﬂ_u_mME._Moam._._...._._Ao_emr.*.mo.ﬂ.ho_._w W_nlag_._me_'
dom R 4 @ —= S 8% O 5 5 ok do gy B OF L of . & oy mpmExw® C Rz o0
gro@l oF B0 = &~ X0 ot Wl oo, ol_ﬂ_.m_m_g__ﬁﬂA_.mﬂ_ﬂ_o_uﬂ_#uzéﬂuo____u._.nmm o - & au RO
sEow S o R Mo gy No_eg_guo_¢O_EMmMol_m_OTmol_ﬁso&am:me_wE@hx%ﬂ
o o ~ = = 12 o = = Kr o = _- o ™ —— ol — 5, o =
ar o zo Ol wl R o2 N T 5 5,32z L OTﬂ.._§_.r_=;ur__4u...._RUm||7rEI o_nwpﬁﬂﬂ
= =0 T <F [ om B zu 2= S ™o oF S o0 < o = o H MM_._._._H_TIO mo 4 O|__|_._|_| <'H =
K Qur B GoR ot DS TR RN g Ml Gy T T ol T gr o 4 N O g R
O W s g RE NSO e Mg e om0 RS =T W zm oy ko
- Rl & = o o &= or - B ~ e 1o = ) (W]
20 g WO opom o SN TS B op wm o) K %Eﬁcﬁ%ﬁ%zm_moWOT%oMm_yoo_fﬂa
T W R &K g ool W 5 .mmo.rIM_.LDljlo__dWA_mﬂo_uuumIMm_..rHAE_E.L%@L:H_.UW
FoAE K OH R o= NN g Malﬂ,/o_.ﬂ:_mllxﬂbﬂ_lliana_Jeﬁ_.rr_Io_ﬂ:ﬁw_xt
Ws_aluuuoamoﬂ_:e_amoﬁm K = 3 o K ﬂﬂ_wa7n:._@Du.AmMWﬂ_.ﬂom_nﬁliﬂaFﬂ_‘u_l
S AR My s ox 2 ___LWHET%E@M%%mEam_rJMwwolmﬂrue_ﬂw 0w
B < N VT =N S B Y= B s = B3 T of ol o e xm Lo 0T T ook R
=M wmmg ool ks XEw S gEmo o S e S B O R o - GO T )
ﬂl_._._M_u_I_EE._..._.o__._._..-ﬁMMLIC m.q_ﬂ _A||_| _._.I_I_o__.__r_._._._.«l ._o._o_ElDIW?tLln_l_.ELILIM_uI._o
Soo OF =l ofF T oom Bu 4 g8 2 %%Hﬂmo:o_%ﬂq_soxem;___MEmMMom_mooﬂ_zW%_o_aol_%m_m
N - - = B © 02 5 o o =) o 8U r 8 MO Bl W O = o o= _ B = X
ﬂNm.E%oAoETAEﬂoEIxw_w_iﬂmmﬁol%olmmonMwo.m_mmA_q%WE_:mo%A_u.memaa_f%
> 2 TR g R o & w # 0 N3 Fry = (IT=) 77+|m|o|_Mom.__._|_o_EL|:_||ﬂWﬂﬂ|
%.waﬂm;wol_ﬁmzmmaoam%g___o__&ﬂo_amua_a_éx_o__ool_@%mm_m_n_umoso__mLE
oK K 0 o PO w0 o NH W o & = g KY L 1o
o2 N o o W U R W I I+ H N RIOE M TR = = TR TR
U T ol RUIF %0 R0OK w BB I = o3
= 5o Jﬂﬁaoﬂfﬁmp_mw%aa_aoo_._u_om_ﬁ_mMmo%ﬁm_.ﬁo_emomouo T H T ST ERO T U
I_|L|+uﬁ.vn ﬁoleHIQ ﬂlgl_bl_._._._u_klﬂﬂvnom.__._oAﬁmhwo_gﬁﬂvﬂoOqMﬂo: - — o+ O B% =< 4.o,.A
7T REPmeuTRoodowmwrRy N OTR s g s Xo R 8B <o @
H = x_ﬁnmml%m.uA_uO_Luoﬂﬁo_ﬂmMoH._E ._lmvlmmwMHm.._+0TOT||o_HLh._._EWMmWHH_.n.Y_WE_ImO_EH_ﬁH o O
T ol & = o % O 5l T O g T ou ¥ & 0 P sm DS gdmmyg XSRS E g
%W_Mof%om_,,m___wulu_uﬂ_wr____ﬁmM__O_EE%_”@EEA._A_EO_Uﬁmoaofmoxnm.mzquE_
_|_||r_|D|r|ml.| M| O.FLI|_ ﬂn_uLln_ o = ) o) = 0
o____m:_mMoAloﬂu.m%Hﬁﬁmmz__mnmeﬂwomm_Huhm_m&momumﬁ%@%%W%%ﬁH.mWHmIM_w_
%o._mgae_am_xfn,ﬂ%mOMmMETm;omwziEu_uﬂﬂ_mw|MTAT_gezxm_wmmMoHTm,mmmmw
A_IOEELImOOl_ﬂl._OO_._E_El_/OlﬂD' S ..-oo_._._LI.FAO_ ol S T |_._.HL||r=._|_ .= P
= 2 ot [aS = N KO 0 = = — uyl o U of =0 Kl =
= <o BB amEODANﬂHoE_ElumMH%P%%Emﬂgﬂwqm,ﬁo__.mAm_ﬁL
npaﬂiool_ﬁm,mnmxm_%xﬂn_.ﬂ_ﬂwm_/wmmomquHyex_of#in%m/wimoogmilime
w1 Z o =g = R w 3 oo Ko R T — 9 — o — u ol gl o K
m[.%%ﬂmol_nynm%ﬂ_QMo_ﬂﬁmn_glummﬂamoﬁﬂﬁﬁmogﬁm_mmm#%ww_:o_mﬂ_mgﬁ_mﬂﬁo__
of W 518 T oS o w0 X o mlmﬂawrwllETmo+o|wHol_aouu4HmM¢|+-mo R0
an O 7_¢nOTm|rATL__ynx||ﬂV+omnx| T R e o RORauoue MR
&2 — ¢ T ohmae e AT NS R0 mo 0 w0 E 70 VY 5 %@ g o O
TOE N oo o B g KT o of o O W = & 8 S O 1 H =Wz _ o< o K =
m_mox._MoWETE_E.m.aoaﬁemﬂ.lmn_Ueeu._on_uEﬂwﬁomnfﬂuo._klﬂﬁl_iﬂ_._klo_,Eam._uN_EoDHﬂu._wor
Q%E%HEW%EHIM_._LVWWO_E.Mo_IMmol_QH_QEMWWﬂINHAW_JWWDL%EO_E_AA_.
|.__A|._A|.__/|WIL|nKo:_._|HtoEW7=_ﬂMom4|0r_#ﬁA._y_uuo:m._uqﬂﬁwﬂo:nmn_u T a3z S 3 o
mnmwgogxlwmmc_;m_%on?ﬂm_mmﬂynw&%w_amﬂ,.ﬂaumwinﬂmMMﬁﬂlmoETH
=) w T R Hoaonma s E Y g G s e I - o K o
za?%lt%r;o)_emIIMM.-xﬂﬂmxfmz%c_o%%mAaoonATz%om_wnﬁlﬂ
= o o H -2 o @ 5 KOO m B g K S g p 5oz s Fx — st oy < W vTool
o F Zom oy D20 @roﬂﬁxtﬁeol_%Imollu_._urﬁgl*om.rxe_:_oo__.I L o = 20 &
0p O mo &M W o4 BT R ® S o = 3 5 2 T K QW Ao o H® WY = 5 «
X g Wy om0k < T yEsR YomtRoSIoE R TOETRE S E [T W
Bl R N oo b W o TS M < TPl g %Y S
s o 85 mﬂmm%a_mowm_wmwNHwAT%wuoﬁ_ewmwmoﬂol_.armé#%wElﬁ:amw
<~ o Ho H xr & Waol =4 Hd T Zlon @l E M TR M S S

=
e

P K22l AR|Z} Of

270



oo <2
Rl
Ral
&2
rr
=
D
0,
5
=
=
—
O
(=t
(@]
>
rlo

fot
X
09k
=

n
2 o2 4 op rE
[0 do rr o

30
=
-
a
N
-

0

b A
[ol*3

zQ rlo
kl

oo m rr
o ox
H
N
5 —

0%k
R
OE ot
njo

20 HEst= A0 2

r

>

o3

b

1o

i Mot
ol

A mo

4 Ho
30
o
N7
rm
>
N
>+
N

fiml
ox kI
- o0&

o >
%
ox 0%

i S8
H

Al
=\

lo
A
ro o

N
-_

N
rjo

resin infiltrationt Z

Ao 2 T QIC)

(=13
=

resin infiltration

o
oH
oz
Ras

n =
0F Ok o

o
I
N

S

]

=

ot % i
oz

rin

oo or mat Ho

ok

ain}
rir
A
1=

b
=2
x
o
il
ot

Infiltrant resin

NI«
0x

—_

ot
Mo
Hu

o2t
(o]
IE o>
RS

o ot

>
40
U

References

1. Lasfargues JJ, Bonte E, Guerrieri A, Fezzani L : Minimal in-
tervention dentistry: part 6. Caries inhibition by resin infil-
tration. Br Dent J, 214:53-59, 2013.

2. Ericson D, Kidd E, Noack MJ, et a/. : Minimally Invasive
Dentistry-concepts and techniques in cariology. Ora/ Health
Prev Dent, 1:59-72, 2003.

3. Banerjee A, Frencken JE, Schwendicke F, Innes NPT : Con-
temporary operative caries management: consensus rec-
ommendations on minimally invasive caries removal. Br
Dent J, 223:215-222, 2017.

4. Guerrieri A, Gaucher C, Bonte E, Lasfargues JJ : Minimal
intervention dentistry: part 4. Detection and diagnosis of
initial caries lesions. Br Dent J, 213:551-557, 2012.

271

J Korean Acad Pediatr Dent 46(3) 2019

5.Iwami Y, Yamamoto H, Hayashi M, Ebisu S : Relationship
between laser fluorescence and bacterial invasion in ar-
rested dentinal carious lesions. Lasers Med Sci, 26:439-444,
2011
6. Oancea R, Podariu AC, Folescu R, et a/. : In vitro evaluation
of laser fluorescence devices for caries detection through
stereomicroscopic imaging. Rom J Morphol Embryol, 54:333-
341, 2013.
7.Hibst R, Paulus R, Lussi A : Detection of occlusal caries by
laser fluorescence: basic and clinical investigations. Med
Laser Appl, 16:205-213, 2001.
8. Lussi A, Hibst R, Paulus R : DIAGNOdent: an optical method
for caries detection. / Dent Res, 83:C80-83, 2004.
9.Bader JD, Shugars DA : A systematic review of the perfor-
mance of a laser fluorescence device for detecting caries. /
Am Dent Assoc, 135:1413-1426, 2004.
10. Kim EY, Kwon MS, Kim S, Jeong TS : The characteristics of
resin infiltrated incipient carious lesions. / Korean Acad Pe-
diatr Dent, 39:1-10, 2012.
El Meligy OAES, Ibrahim STE, Alamoudi NM : Resin Infiltra-
tion of Non-Cavitated Proximal Caries Lesions: A Literature
Review. / Oral Hyg Health, 6:234, 2018.
Liu Y, Deng H, Tang L, Zhang Z : Effect of resin infiltration

11.

12.
on microhardness of artificial caries lesions. Zhonghua Kou
Qiang Yi Xue Za Zhi, 50:737-741, 2015.

de Alencar CR, de Oliveira GC, Rios D, et a/. : Resin infiltra-
tion of early carious lesion in early childhood: a case re-
port. Gen Dent, 63:48-51, 2015.

Ammari MM, Jorge RC, Souza IPR, Soviero VM : Efficacy
of resin infiltration of proximal caries in primary molars:

13.

14.

1-year follow-up of a split-mouth randomized controlled
clinical trial. Clin Oral Investig, 22:1355-1362, 2018.

Ismail AL, Sohn W, Pitts NB, ef a/. : The International Caries
Detection and Assessment System (ICDAS): an integrated

15.

system for measuring dental caries. Community Dent Oral
Epidemiol, 35:170-178, 2007.

16. Abdelaziz M, Rizzini AL, Krejci I, et a/. : Comparing different
enamel pretreatment options for resin-infiltration of natural
non-cavitated carious lesions. Am J Dent, 29:3-9, 2016.

17. Novaes TF, Reyes A, Mendes FM, et a/. : Association be-

tween quantitative measures obtained using fluorescence-

based methods and activity status of occlusal caries lesions

in primary molars. Int / Paedliatr Dent, 27:154-162, 2017.

Lennon AM, Buchalla W, Switalski L, Stookey GK : Residual

caries detection using visible fluorescence. Caries Res,

18.



J Korean Acad Pediatr Dent 46(3) 2019

19.

20.

21.

22.

23.

24.

25.

26.

36:315-319, 2002.

Boston DW, Sauble JE : Evaluation of laser fluorescence
for differentiating caries dye-stainable versus caries dye-
unstainable dentin in carious lesions. Am J Dent, 18:351-
354, 2005.

Yazici AR, Baseren M, Gokalp S : The in vitro performance
of laser fluorescence and caries-detector dye for detecting
residual carious dentin during tooth preparation. Quintes-
sence Int, 36:417-422, 2005.

Iwami Y, Shimizu A, Ebisu S, et a/. : Relationship between
bacterial infection and evaluation using a laser fluorescence
device, DIAGNOdent. £ur / Oral Sci, 112:419-423, 2004.

Shi XQ, Welander U, Angmar-Ménsson B : Occlusal caries
detection with KaVo DIAGNOdent and radiography: an in
vitro comparison. Caries Res, 34:151-158, 2000.

Mendes FM, Hissadomi M, Imparato JC : Effects of drying
time and the presence of plaque on the in vitro perfor-
mance of laser fluorescence in occlusal caries of primary
teeth. Caries Res, 38:104-108, 2004.

Rodrigues JA, Diniz MB, Josgrilberg EB, Cordeiro RC : In
vitro comparison of laser fluorescence performance with
visual examination for detection of occlusal caries in per-
manent and primary molars. Lasers Med Sci, 24:501-506,
20009.

Lussi A, Megert B, Francescut P, et a/. : Clinical performance
of a laser fluorescence device for detection of occlusal car-
ies lesions. £ur J Oral Sci, 109:14-19, 2001.

Braga MM, de Benedetto MS, Imparato JC, Mendes FM
: New methodology to assess activity status of occlusal
caries in primary teeth using laser fluorescence device. /
Biomed Opt, 15:047005, 2010.

272



J Korean Acad Pediatr Dent 46(3) 2019

Hr
[}

~NO

O AN 20N =& E(laser

got=

=2 =
= o

<

fluorescence, LF)

s

ol

Al 0|

HE &

[

o 277

= Al

o

Ch. ICDAS code 13} 20]| 8H&ts

o
PN

o |7 E & & (Penetration

v
=}

HA 7t 2ol L.

4% Y520l =1, LF YOl BCf A =

FRI0| RE8Y A2 Ar=ZE[ACH

] 1|
3o

eIt FAteh RAEL0 2EEE B

H

k. 73

[o]]
PN

A
™

¥

. 20| A 2

E

S
=

FALRE

10

273



