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— Abstract

analysed using dual fluorescence confocal microscopy.

This study aimed to evaluate surface morphology and resin tag penetration of resin infiltration into primary anterior
teeth after enamel deproteinization with sodium hypochlorite (NaOCI) prior to phosphoric acid (H,PO,) etching.

Ninety primary anterior teeth with non-cavitated caries lesion were devided five groups according to enamel pre-
treatment as follows, group I-15% hydrochloric acid (HCl) 2min. ; group II-5.25% NaOC| 1min., 35% H;PO, 1min. ;
group II-5.25% NaOC| 2min., 35% H,PO, 1min. ; group IV-5.25% NaOC| 1min, 35% H;PO, 2min. ; group V-5.25% NaOCl
2min,, 35% H;PO, 2min. Fifteen teeth were examined etched surface structure using field emission-scanning electron
microscope. Seventy five teeth were infiltrated with resin, maximum penetration depth and percentage penetration were

As the application time of NaOCI increased, ratio of enamel type I, II were increased. Percentage penetration (PP)
was higher in group V than group I, II (p < 0.05). PP of group IV, V did not show any differences.

Non-cavitated caries of primary anterior teeth can be treated with resin infiltration. Enamel deproteinization with NaOCl
prior to 35% H,PO, etching could be an alternative of 15% HCl etching in resin infiltration.
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|
olsl & X[HO| 174 o] EXdt= ERE ROZ|SA
(early childhood caries, ECC) O|2} $tCH1]. £[2 ECCE Qlsf 7|
ol 8l Ate| ZHA FEO| S7Htof et £7|0| ECCE of st
E

2l

1 #afst= Loto thet =o|7h 2L x| QACH2). ECCol 2
2| 2= of2] 7HX| Y-O| A=H|, Kot 4HE S 4
M g2 H&e X272t 7hsotX| T 228ct #2222 44|

Corresponding author : Jiyeon Kim

Department of Pediatric Dentistry, College of Dentistry, Pusan National University, 49, Busandaehakro, Mulgeum-eup, Yangsan, 50612, Republic of Korea

Tel: +82-55-360-5182 / Fax: +82-55-360-5174 / E-mail: jychaee@pusan.ac.kr

Received December 1, 2017 / Revised January 25, 2018 / Accepted January 25, 2018
X This work was supported by Clinical Research Grant, Pusan National University Dental Hospital (2017).



Xl
=
2
S

HY
At

o

=

=
S

L]

1

J Korean Acad Pediatr Dent 45(3) 2018

M7ABE7| ?oh At
|3} A|7|7| 93104 5.25% NaOCl

CH19]. X2 ApSH

ojlzg

b

bpgeioz i da| 2ot SOo{X[11 ACH18]. NaOCIo|
2 BEHO| RI|EE HAE + ez

3

[

.
[e)

b=

|
(¢]

b

12 Jtolo] &

e

=

PN
HHol thotdoz B EAEY

t

540
of Tyslo] ZF =X 0|27

pN|

=1
]

AHOLf, ©

=

£

—

EICH3,4].

F

.
o

o] 00l M RKMR MR ORN ORI R ORT 3% 5 T8 AW DR A
4 TR 3 KHyRagge g H g o o Lo E S x 8
N N Sy T rTo@dog M z0 ¥ s o B o S g
uk T o & O FNoQ R D I o O o = u R oz WP
K0 T Kb ¥ = oK K Z2 oo’ K o T = onl o% LT YRS p s S
) ol oK ) ~ =0 B0 0 o = o -z S o o _ .
R ogrol e Mo R OF3 z o * o = R - - A
= e — — N ok = = ol < o = T © 1 K © .- X 14 oF B%
G K{ of m T XAlr._r_M_|m.._4A o_=_L|_|/r B =< m_._lmﬂ_llﬁru_.our
X Taoc® wmaBoweg ™  mgo 2 E A S W g om o
M TwHaoT Swm T gy B LN UL
- U S Y VTN == o | Roww § of § o0 @ =
o memomnn oI_meM%E_EEE%|o% oK So o Ra g o 8T
0 ._._.._.oﬂAI+_|ﬂ|ﬂ._ W T S n H H o__.___A|L R S— o_n% = 0|l &= H o
> B F 8 T ST gz T s ” N W oo® g T 9 O B - fk on
Jod 10 i) s S o Bl O — W1 _ == w7 © = O < ™ T -
b = s W = O ooy < 5 = 2 o = = Y = KU
30 W T o=~ = o o0 K4 =y X = < S v F up x 8% ol o
T Rz 4w o X ¢goE @RS o + = o =BT - i
o = - = ol - ©0 T oy Wl KooK = o o N o L, = o
= — = = RIS ) ) m Y = o <
BE4EDE ERBEcaneRfa O E o pEmoEiLl
— R 1 Jn = T . oo o T o ¥ 0- o
oH = U 1 R i il il o - K
o+L1[|_._.mos_ﬁmm3wm Ewﬁi%ﬂ%%nnﬂ_:m_ﬂ H w__mm. Kk ﬂuemoﬁy___m_uow_lx_
of Y zp © K = 8 - - — <l o — T TR 4 = 3 =
Mu_."._mum._._._._b._m.o|r q._m_.._IHFI?_HE_lJHO_ H_TBU o] o_nmﬂw_vmuwﬂ i
K w0 [¢]] Mu ~ = ._In.ul <H ol 0 < ol 8. X O > m Iﬁ.ul IO.I ) S [l A_o_v |__._ L_L
MtEmes g FJTRsgT I D Q g 3 X ol w Koo <o E
N Wl g X0 of Ok K < H X & KRRT xzx =z &%w %0 0 @ K oI K
o_umﬂa__ﬂox_”ih%o_awo_am.&.o_eﬁﬂﬁw &= 2 = WE@%M&W%N
oy ol oF of O % M 3 8 p N M H BRSO o g = — S " W o < E T
TR of M W™ mW W ® W T S o B® o oo i 5 o of T XU Kr oo & I
el I T e £ K R o] & O o KN o T W g ol RT N W T SR < I X
or ol M.__w or B0 KO Ir = ojru 1o H_Ql.m m 81 Klo a S ol |l _._._._ L_L T m mu Pl HD_HT Alo o1 _.“..Eo nr oK LH MH Eﬂn_ S
dmTmogortsmo ) G HWsHBL o Fw S By gEY
om0 S B0 %0 B HH RN, 5o o E S W HE N SRR oy R oT 4
Bl Pl W BORN — ap D = v =2 =T — = zo X 10] = A S o — = — <F
ol o K4 Wo B 57 omu 2 ¥ K g & = R0 1 T w © 3} K pl g o T & X
7 0 @l xr of K8 K oo 5o O A T e ] 0 g~
RZ0ORD <Moo X 0 = X HO nl J0 o oF = m Ko oo ] R
o Ho @ ook B K JuoBl ok < a °0 b oH Mmooz ool do W B 2 @ @ o D <0 o K
—_ o I _l_l O_|_.J.|J..I O_.____._._ _nﬁ_ _A|_uﬂ o — - — =
DT g H Mt T an yoRKaBEloSE SxOdgHeas cwowE kR
Bl o] of ©® oF & X oo & #I = I 2% 506y K- 6l o @ ol = - o< 1+ oF &
— ¢ ®0 O I O g A B o O o = —_ K N — A2 N oM xo m o B
Bo < g O 20 70 Wl R Py Mok pooWuYgudagS s
MO HO K 4o X3 ow = Ko < ® o o Ko 14 O ® g K X m 9 T .48 2
— o w K & = O —~ <k K oz 2 & T % oz ol TR g o 0H
o_A_.sEE_Eme”J.or_mlaﬂ/o, Pl oju 0I5 Bl 2 Wo_.rﬂ_r__.._on = = go
Wobar Mo =X o KT E_.HaamEoW%mMEﬁ.Nm@?@%ﬂ% ROz oo
m_un_ra._w.mx_omna_.ﬁo_nﬂ.ﬂ m_u_u_meHsOTHATH%WWxm,m._ae.__o_W%EA_ums@/__._E
H ox X =1 nN o OF ™ 9] &r = = o X e _ g 00 M
w__OJOioa_oBATm_u%__moﬁzﬂ_._n_wHLxL__ueM._Alr_%.mlo_A_._o/EMﬂuxﬂaEH
LxﬂAM_o__xﬂrlm._o»||ﬁ1Mﬂi%ﬁ%%ﬁﬂooﬂmMA_.mW_.:u_.muu_._.lﬁ@ﬂmu_.ﬁ
i o« 30 RY zro<k X oF 2 go 50 oF ° TESNEF o9 T = RS s 8=
= I X = ok = ol 7t = — = S T - 5 HK H ol T £
> = = u T oo R0 O kM ZT oz — ol T3 o TS Y Ul S = o
m Ol L_._ =0 = T ol 80 — mM FI I_/_I [Ce} = O_l = ln.UI — O T < = IDI K o3 :._._ H__l 2T o
7 < = K KR oor = NOF o o D O K o S 2 d0o® o B O+ ooy S ™ol
— ™ Rl & O_L ._AA_ =~ Jo _._.__l o = Od 1 o K = _ ol S 10 - T O oy 2= O o
Ny TZEQdma X GuBOE 508 55glapygr Bl Py el s
= =1 —n 00 = . = K- = = 1o~ = Y0 = ©° hy =
HFgmoww” T ldFfgrgompzb Ral XN X rsgls a2
EW%nnmﬂﬁmﬁoﬂnmwmﬂﬂbééi&%%mfﬁx@_/muwﬂo'uﬂoﬂmuuo__m_n_,:l
o = 5_ 0 =’ O F R = @ R RI R B = T oo = U S oo R0 o & oF Bl ko 2 %
“m_nﬁo_._._._lH._.ﬂoL“A_l IR KT on . & = o Koo X o — ., 9 & ol
IR T | S = CREITAHEATAdG s IR YRy 3BTRS G W
S Ko F B ORI oL X B oo ol & & R o) K- ¥ o ®ORY O % ORI RN H S SR oo <

291



J Korean Acad Pediatr Dent 45(3) 2018

2) X|oF =of

X|Ot= XM£2| CHO|O=E C|A3E AHESHY F4= 50| X2
2 ML 0|2 72, M2, =07t Z4Zf 5 mmol 2=0f 3
27t bE EEE X2 EHERIE otfZE ¥oHA 5t acrylic
resin(Orthodontic resin, Dentsply International Inc., York, PA,
USA) S 2 ZOjstRALCHFIg. 1).

3) MM Al

9072l X|0F2 LAY Z 5
w0 2 ¥ cheat 2e H Ha
TO=2 15% HCIZ 287t A BEAL TT#
70 M1 15K7 44 =
2 525% NaOClg 28 2
2 187 A EAIVEE 5.25% NaOClE 1
7

mn
o
Hu
i
4r
<
>t
<
>
g
10

N
227 HBHI 1557 24| 3 35% HPO,2 2827 A B4 A

ol
R
I 29| HCI2 15% HCI geI(Icon®—etch, DMG, Hamburg, Ger-
many)2 0|83l M st 10X7t A = YHS7|IE &
of AZEAIZCE I - V22 HPO, A 24 H
5.25% NaOCIg XAl 2 2 20MCt AT HgAIZHe Mgt
o

S o
a3, Mk

A

o

oo
OF

o
tRACE 0|= 10
5% H;PO,(Ultra-Etch®, Ultradent, USA)E 2} LOICH MM El X

2
AlZH €2 M3, 0|3 1057 44 & AXSIHUCE

w

ol

White spot P
— Iesiorﬁ) - y

\_.‘““ : I e

Primary.
anterior

A. Proximal surface B. Labial surface

Fig. 1. Tooth specimen embedded in acrylic resin. The
tooth specimen was embedded in an acrylic resin mold
with the root cutting side facing down so that the lesion
was exposed.
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5) 2Kt A - B RIo] HEEX &L HQol Ctad X Percentage penetration(PP) :
£ BX|57] {8l 50% ethanol solution £0§2| 100 mM Maximum penetration depth (PD,..,)
sodium fluorescein(NaFl, Sigma-Aldrich, Steinheim, Ger- Lesion depth (LD,,,,) x 100
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Fig. 2. Field Emission-Scanning Electron Microscope images.

Group I. (A : 500%, B : 1000%, C : 5000x), Group V. (D : 500x, E : 1000x, F : 5000x)

Group II is rubbed by 5.25% NaOCI for 1 min. before etched with 35% H,PO, for 1 min. Type Il enamel etching pattern was
observed, which shows indiscriminate erosion (SEM x5,000).

Group V is rubbed by 5.25% NaOCI for 2 min. before etched with 35% H;PO, for 2min. Type II enamel etching pattern is
predominant. The periphery of enamel prisms was dissolved and the core of enamel prisms was intact (SEM x5,000).
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These images display infiltrated areas in red and porous area (not infiltrated parts of lesion body) in green. Sound enamel
shows no fluorescence and is displayed in black. (E, sound enamel; D, dentin; SL, surface layer; LB, lesion body; R, penetrated

resin; LS, lesion surface)
A : Group I, etched by 15% HCI for 2 min,,

: Group II, rubbed by 5.25% NaOCI for 1 min. before etched with 35% H;PO, for 1 min,,

: Group 1V, rubbed by 5.25% NaOCI for 1 min. before etched with 35% H,PO, for 2 min,,

B
C : Group I, rubbed by 5.25% NaOCI for 2 min. before etched with 35% H;PO, for 1 min,,
D
E

: Group V, rubbed by 5.25% NaOClI for 2 min. before etched with 35% H;PO, for 2 min.
Deep resin penetration was observed after etching with HCI (A). In group I, 1V, and V, it was completely penetrated, but in

group II and III, shallow and uneven penetration was observed.
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Table 1. Comparison of maximum penetration depth of PD,,, and percentage penetration of PP across 5 groups

All Lesions Lesions with PD,,, < 150 um Lesions with PD,,, > 150 ym
Group PD,u PP N PD,ax PP N PD,ax PP
15 224° (131277) 93° (9195 7 127 (119136) 92° (87,95 8 308 (198442) 93*  (91,96)
il 15 97° (75122) 63° (5576) 15 97  (75122) 63" (5576) O - -
15 131® (87,199) 76 (69:84) 11 103 (77,127) 76 (66;89) 4 207 (201,215 75°  (7281)
1\ 15 211° (108358) 84> (81,88) 8 111 (98131) 82° (7887) 7 326 (222;383) 86  (83,90)
Vv 15 153® (103;178) 88® (8593) 8 101 (85130) 90° (8693) 7 212 (156,306) 87®  (84,93)

P* 0.001 0.000 0114 0.000 0.078 0.006

P values were derived from Kruskal-Walis test.

PD,.. = Maximum penetration depth, PP = Percentage penetration, N = sample size per group.

Values are median (25th percentile;75th percentile). Significances for maximum penetration depths of all lesions (PD,,,,) as well as lesions with maximum
penetration depths < 150 pm and maximum penetration depths > 150 um are depicted with different superscript letters. In group II, there was no sample
with PD,,, > 150 pm. Different superscript letters highlight significances of the maximum penetration depth and percentage penetration (Mann-Whitney
test) between groups. Bonferroni-corrected p values were used to correct significance tests.

[25,2712 HatE FHO|AM H,PO, A HAL M0 5.25% NaOCl I AZ0sH =2 YRIEEZE LIEH IV, VUM PP7}
= H850 R7I=S MASHH BE BH |X[HO0| 48.8% M2 SASE oz gojg Btot Xo|7} giie sz |FEX|0)|AM
OfAM 94.47%= & B 7pt0] S7tEld I, Tl HEE &4 & REEES Al I =4 AlZE ZHOAM 723 VZO|A
Al 20| Qo|8tAH S7ICt 2 a3HCE Justus S[28]2 At & 9| 5.25% NaOCl 1&, 35% H;PO, At BAl 225 ME3l= AS
Al M0f| 5.25% NaOClZ2 HztE | CteistE MA|s Zat =22} 15% HCl AtEAL CjotmMo 2 Na{E 4= QI8 ZO|C}
A HArg [M{9] Fuji Ortho LC (GC America, Inc, Alsip, IL)2f 2L} NaOCl2 LZiZ|d HHZ, HLjoA SHMAE TOHE
Transbond XT (3M Unitek Orthodontic Products, Monrovia, CA) O Lo X2 I S Ao XZEIo| CHEl g B Al7|= & X
Of CHAiM = EE 227t R2l8HA S7tettte A7 ZIE W A2 &HAMZE + As AHOl ACH29]. NaOCIo| H=%E, = 5
C}. O] AL0ilM = FE-SEM Ztof =H YA NaOCle| X W HE 2 UELE EXNQ H22 Y 27|, =5 1AL &
8 AlZto] B7tg 5 MEE M BA | I, O¥E0| 3712 5 U ZZo #F, U Y =Y, 4A0lY SO| LIEtE = A
2olg = AUCL CH30l. NaOCIO| =& g &¢Al7|= e A4=2 pH &,
o U 2o HF A0l= A UdS Te sEH Lot o Jd2|n YH7|Z 30 S Btk LM e 90 1
2 27t ACHIL A LAME 215 A HAL Hl WG 27 HO= 10% 0|4, pH7t 125 0|4 Y W ZE0| HX|A
= W ¥2E g0Ho 2509 | Btz A2 S CHEED EICH31]. g o=z AF0f AFEE[2 A= NaOCl 2=H = of
#2771 220 29 o5Y #ZE 7t2lA &[of BT HE & 5-10%0|2 pH7F 110 - 120 §=0{M 2MY &4 59
7t S2TSHA| LIEFR O D[11,20], &=t 3 #H Fatd £ok XYl etgso| 2d2 ESRACH32) NaOCl2 =7t 57t
S22 A2z 21 EUCHIL] NaOCl2 HTH Mz HHE g5 ga 8 =5 BHEHE0| BT Sd= &H St
#Ho| =509 W 7|2 MASHY T HEO| 7ale & SHCH33). 2k Aotetxtel K| 20 Af NaOCl A = F2
B2 MSelct. of AP ME YA NaOCl HE = T2 82 YX[5t7| flsf Ly7tel Hs 8ot 97t E5tL. 0
BHYFEZTL SoteE BRCH O, M=t IV, Ve PPE 42 B AF0M NaOCl 5.25%E Atgot A2 EHEE EHX2[0f U
HIW3 23 NaOCle| HEA|Zto| 75 gj|Tle] #HYF of £ ZgZE, {AIE, 2T #HYEE S0M 22l
Ot Bt E =elg 4= AAT SE=YO| =HRIE[A7| = 0|'1H2527 FIHHCR B2 s&0
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o0| AL 2 SAAZO| 24T ASEE UM R = 4+ Az FF7F BRY AO0|C EoF NaOCl HiTHE &
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