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ABSTRACT

CHANGES IN #-TBS TO PULP CHAMBER DENTIN AFTER THE APPLICATION OF
NAOCL & REVERSAL EFFECT BY USING SODIUM ASCORBATE

Su-Mi Kwon, Tae-Gun Kim, Mi-Kyung Yu, Kwang-Won Lee*
Department of Conservative Dentistry, School of Dentistry & Institute of Oral Bioscience, Chonbuk National University

Clinical suggestion for the limitation of application time of NaOC]I solution is needed to avoid large reduc-

tions in resin-dentin bond strength. The aim of this study was to measure the change of #tensile bond
strength after the various application time of 5.25% NaOC] solution to pulp chamber dentin in endodontic
access cavity, and to evaluate the effect of 10% sodium ascorbate application for 10 min on bond strength
after the treatment of 5.25% NaOCI solution. In this experiment, there were no statistical
differences(py0.05) in bond strengths between upper chamber dentin and lower chamber dentin. NaOCl-
treated group for 20 min did not show any significant decrease(p>0.05) in bond strength than non-treated
control group. In contrast to that, bond strengths of NaOCl-treated groups for 40 & 80 min were signifi-
cantly lower(p{0.05) than that of non-treated control group.

10% sodium ascorbate retreated group for 10 min after 5.25% NaOCI application for 40 min to chamber
dentin showed the recovery of bond strength significantly. However, the bond strength of sodium ascorbate
retreated group after 5.25% NaOCI application for 80 min was still significantly lower(p{0.05) compared to
the non-treated control group, which means the reductions in resin-dentin bond strength were not fully
reversed. On the contrary, sodium ascorbate retreated group after 5.25% NaOCI application for 5 min
showed significantly higher(p<0.05) bond strength compared to the control group, which demonstrates its
superior recovery effect. In SEM exminations of specimens retreated with 10% sodium ascorbate after
NaOCl! application for 40 & 80 min showed that resin tags were formed clearly and densely, but weakly in
density and homogeneity of individual resin tag compared to the control specimen. (J Kor Acad Cons Dent

34(5):515-525, 2009)
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NASHA AHEE = 2
T A A Aot 3t X AL S AP BEA] @2 2 ofol| A
ARG FEZ2E A A =&
L3ete] 28 S A & BHYo=r
it o] oA NaOCI# H.0: &
< HgE T X FE Aol 9 X2 Aol
A < i AFY R oot Age] =g &
A ZaA7le 23S FUTH”. NaOCl 23 Al HA|
= 3491 g A (deproteinizing agent) 24 H.0.9¢
Al BHEG QoA Bol| AHRE = YAl e 4kst
Aloltt. NaOCle| “goldel] Azt o] 85 H, H2
Al Aol ZH7H A Zd- B35 He B A&
2] o2 B2 At 2 A3t B 5%
< G Hof A AT o[ o] 2
U A Al FAIZE NaOCl &8 259 Aold
(chamber dentin)e]yt & Ao} (root canal dentin)
o AEAZ 745 ¥ JoldE ASA|A H o] o
z702 Wgtd 9SS St Uk w3 A A
5= A2 A 289 total-etching system¥} self-etching
system = °|8 g FH A FIE total-etching system
< A48 u F=YA A vepdthO.

A8 Al NaOCl ZHAAA S AH-2 98 5 gle
5 S8k BHol B Fi Al A E = FAE S Es|
A&l 10% sodium ascorbatet} ascorbic acid®] &&&
FA3kaL AT, Ascorbic acidE 23 e ol A& ok
Hu 53 37 E fA AEE 2R ascorbic acidE
YEEFH 7 o| 28 23 A1Z] sodium ascorbate’} 25
O P AR Aegta AtE T} o] A ApAA ol YA A
ed8 7H sodium ascorbate’} AFHE Aol W]
AYE Bl AR 3t A S S EAL BHo7
AHEE 4 Qo

a8 obA74A] NaOCl 99| A& A|7tel] w2 23
o] 7+ =& HEatA getet A4 Hug ZolE 4 ¢l
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on, aejet A7 AT w2 g NaOCl &49] A&
2k} AlQtelu FA] A A3 A 71FEE AAIBHA]
staL Sl Agelt}, oo & A A7l A
Z#eFE 5.25% NaOCl &942 77 o2 A7k F<t
SA1Z 5 HEA R o3 nAQIAA R HskE
Aot o™, 10% sodium ascorbateE NaOCI & o
A =E2AIZ] Aot Tl 10% &9t 483t 2

AAg gkt ulA] 24708 AMsESITE. 2147
< 2247171 93 CEJ 3% 3 mmE 7IT2 2 low
speed diamond saw(Isomet, Buehler Ltd., Lake
Bluff, IL, USA)) & ]&ste] AolE 4% siith. =&
H A F2HE 7|22 #6 round burg AREste] A A
< AAZ T spoon excavator®} broachesE A3}
A7 g A5 AANG Y. 28t HH 58
S Foln AFAEY =Ho] £0]3l=E diamond
bur(SF 104R, Shofu, Japan)& AM&-3te] et P45
o7, stote 2UMFo R 1 ALY FHE s
P8ttt 5.25% NaOCl¥ 10% sodium ascorbate &
ol YAZE A 57tol Aed F J=EE ZHYT 4 A
A Fol F 1 mm FAR AMoAAMEES A g5}
A S-S BT (Figure 1), gk QAtolAAHIES)
27| w2 Aol AgAR v AL wiAlst] S
270 A E A SRS AR F thaE) o] Al A g
Wil wet AT EReIATH

e
g rﬂ

}

Figure 1. Schematic illustration of specimen preparation for
#TBS test.
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2. 5.25% NaOCl HEA|Ztof| e AlE2| A2

H2Te TFael 7 27 107042 Aokg Agald] =
o 7 7

BAoEL A8 5.25% NaOCl & o] AHAIZE 2|57
o] B84 & A st THTable 1).
Z o 2HGE o g Sl w A g51A] skt
A3 13 28ebEd] 258 B9t 5.25% NaOClS 2
439t
A3 o7 YT 5E 29 5.25% NaOClS A &3t
At
A 37 TAE] 108 B3 5.25% NaOClE 2&
S =
Ad 47 2H9FE 20% B 5.25% NaOClE 44
sttt
A3 57 2HE 408 59 5.25% NaOClS 2
stk
A 6 FEE] 80% B3 5.25% NaOClE 2&
Sl

3. NaOCI H2 % 10% sodium ascorbated!| 2|5t A
Ho| Xz|

22 AT 7t 29 589 Aohs AHeie] 2
7F 7

55 FAtaL 5.25% NaOCl £4-S dHAIZE 2] 47l
283t & oAl 10% sodium ascorbate £94-2 103 <t
A7l A&tk (Table 2).
2 0 23eE] oju g S A 85kA] Tt
g 1 %Y&g}ioﬂ 2.5% &<k 5.25% NaOCl& &
4 = 10 ml B2 F#A¢ 5, 10% sodium
ascorbate® 10%3t 2—1%‘3 et
A 27 - HEFo| 5E et 5.25% NaOClE A%

g % 10 ml B2 A% 5, 10% sodium
ascorbateE 10%¥-7F A &3t}

Table 1. Specimen preparation according to the appli-
cation time of 5.25% NaOCI to the chamber dentin.

Group Treatment

Control No treatment
Gr1l 5.25% NaOCl for 2.5 min
Gr 2 5.25% NaOCl for 5 min
Gr 3 5.25% NaOCl for 10 min
Gr4 5.25% NaOCl for 20 min
Grb 5.25% NaOCl for 40 min
Gr 6 5.25% NaOCl for 80 min

g F A2 SotHof that ZE2t=o| Hi3tet Sodium Ascorbatedi] o/t 22l &1t

AE 37 2HGF 102 59 5.25% NaOClS 44
o T 10 ml 22 FAS H, 10% sodium
ascorbateE 10%3F 483191

A9 4 2] 208 B9k 5.25% NaOCla A
g % 10 ml B2 A H, 10% sodium
ascorbate® 10%7 28319t

AY 57 2FeEl 407 59 5.25% NaOCls A4
P2 10 ml Ei A H, 10% sodium
ascorbateE 1027t 243191

A8 67 - T 80% B 5.25% NaOCls A&

2 10 ml =2 FAIE F, 10% sodium
ascorbate® 107+ 4831 tt.

7} AT Aotge Z#eEol Super-Bond C&B
kit(Sun Medical Co., Japan)Wl¢ Green Activator
(solution of 10% citric acid containing 3% ferric chlo-
ride)Z 1027 B84 % 10 ml 22 44132 3-way
syringe% AHgeto] X 5E AZAA. ol WA A%
" A7F& dispensing dishelA 8% &< Quick
monomer(5% 4-META in 95% methyl methacrylate)
o} 292-9] Catalyst V(tri-n-butyl borane)& & Oi =
ot 5 25 oldEd| Super-BondE $HA =
St & 29| powder(polymethyl methacrylate)
oA FH| g £3Ho] H7fsto] wEA 42 F, 20-gauge
needle tube(Centrix, Hofheim, Germany)l ol 2+&
AHFEH s HAMET} o Xﬁﬂ o iH%X]‘: vl
o 203 F<F HRlo] AEREEE & F FHE AokE
< 37C9 water bathol|A] 24417F %J = B

Table 2. Specimen preparation according to the appli-
cation of sodium ascorbate to the NaOCl-treated
chamber dentin.

Group Treatment
Control No treatment
Gr1l 5.25% NaOCl for 2.5 min
+ 10% Sodium ascorbate for 10 min
Gr 2 5.25% NaOCl for 5 min
+ 10% Sodium ascorbate for 10 min
Gr 3 5.25% NaOCl for 10 min
+ 10% Sodium ascorbate for 10 min
Gr4 5.25% NaOCl for 20 min
+ 10% Sodium ascorbate for 10 min
Grb 5.25% NaOCl for 40 min
+ 10% Sodium ascorbate for 10 min
Gr 6 5.25% NaOCl for 80 min

+ 10% Sodium ascorbate for 10 min
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4. o|MQIEZEBLE FY AlH HE

ARJIFAFDEE 45171 A8l low speed diamond
saw(Isomet, Buehler & AHgst FHE Aok A
el el FEeRE 1 mm TV} HEE Adaie] 2749
discE ¥4t oM 2443 discE UCD(upper cham-
ber dentin), X445 discE LCD(lower chamber
dentin)z} WAt 49 discE tAl 1lmm B2
Aste] HEAHoz Hdddo] 7129 AZ7F Imm X
Imm¢Sl Ti7} H =5 AlE-E gt 2 Al A
Zo] YA B A -dold AW F A2 5971 dulA
o7 ¥ &2 AAAPEE S A& THFigure
2).

AN AR E 23S 918 cyanoacrylate cement
(Zapit, Dental Ventuers of America, USA)E A}&-3}o]
A WARIGZZZE 471 (Micro Tensile Tester
Ref. T-61010K. Bisco, USA)dl mFA ATt 0.5
mm/min®] £EZ AFH & 7}0}04 dE A1 loadE
Total Al gA o g o] AT EE MPa &
A= gt 718, sbd ¢ at7] Sl
158]&0] YAER A stelA] o4 @S AFsEGic

e ©
ST

5. SEM ZHE AlH HMIZ

HARIZARAE S4E S AldAZE HE2
5.25% NaOCl A-&A|7te] Apolo] M H2he] g,
sodium ascorbateE gt H A3 FFe] HIE Lo}
H7] Yate] ddad Ao} s S 2T E S-S 93
AlHA 2 2 S8 &% és}ﬁi VAR Aol EAl
S0 A g ol gl £ JEE FAo 2 HAsle]
om XA A FATste] Fao] folatE 3%

Sain
é. )| . .

e Hsin
Figure 2. Schematic illustration of stick preparation for #
TBS test.
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H(Figure 3). o] % Az #2-2 913) 10% HCl &9
A 1271 ggl8kal 5.25% NaOCl £l 1417k <t 4
Sohe g 23] WSkl xA171 F Pt-Pd ion sput-
ter coatingdte] FAPAAFA N 4 - A&

6. Sl

A
B AS7 4 oonxl 70”0 ve
o A
T 1:1

o] 5.25% NaOCl % %*PU 2}0101] Fﬂr ?% *E
sto] BAA 943 10% sodium ascorbate 8-

A= 389 535 2o Blasta H56]
3l one-way ANOVA ¥ Dunnett’s multiple compar-
ision testE E3td 95% froldol Al Aldgsed

A grdel e FHskEe] 5.25% NaOCl §4-& 742
ThE ARE FSE 817§ A AR 7 R A7
gord (UCD)T% sh A% o}%‘ LCD)el th& 27

Lj_

L
o
N
o,
5]
N
O
O
01
&O
3:0
E
.%
Q
=
()
CO
eI
80}
[
]
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T2 1 L
SRR ke 340 Askel BARAL 4
SUE BF AL ARAUCD §2 A7 Hed

BN

Figure 3. Schematic illustration of specimen preparation for

SEM examination.
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Table 3. 1~ TBS to NaOCl-treated upper & lower cham-
ber dentin

Gz #TBS to #TBS to

(n=10) NaOCl-treated NaOCl-treated
upper chamber dentin lower chamber dentin

Control 23.1+3.15 22.19+4.47

Gr1 25.15+£5.23 21.18+6.75

Gr 2 21.13£5.96 20.44+5.95

Gr3 20.58+£5.12 20.61£6.50

Gr4 19.47+8.08 17.78+6.94

Grb 15.33+6.73 15.87+6.62

Gr 6 12.274+4 .51 14.92+5.50

im I

Figure 4. 1-TBS to NaOCl-treated upper and lower chamber

dentin.

A3E Table 49 Figure 5ol 29atitt. A4z
5.25% NaOCl &5 28317 g 2|57 opddl| 3
ZA1Z] tizto] HlEl] 2047 A8AI7] Ag M s AT
ATl vt zgEAey FAAYL 594 (P)0.05)E
STk 23U 5.25% NaOCl €95 4083} 80% &<t
A 57F Aot AEA171 Aol Mtz Hlsl
ofaHA R-&(P(0.05) 2= WstE YeRl A

A 2|57 Aol 5.25% NaOCl 4942 4 Az
A48k, 10% sodium ascorbate® tHA] 10% F<F 28]

slo] A=l WgtE 543 A= Table 59 Figure
6ol LoFalgitt. 5.25% NaOCl €92 4083t 243 |

F74 2doldd] 10% sodium ascorbateS 10%3F A2 g
AgToA foldt 2] 5% Yedth. 28y
w1 A8 élf?::r“ﬂ/ﬂ“ tzatof Hls) SAACR &
i3 & Holozn ofde] Awr) 8

g F A2 SotHof that ZE2t=o| Hi3tet Sodium Ascorbatedi] o/t 22l &1t

Table 4. +~-TBS to chamber dentin after the application
of certain period of time using 5.25% NaOCI

Group(n=20) Treatment Mean+SD
Control No treatment 22.70+3.80
Gr1 5.25% NaOCl for 2.5 min 23.17+5.22
Gr 2 5.25% NaOCI for 5 min  20.79+4.81
Gr 3 5.25% NaOCl for 10 min  20.60+4.70
Gr4 5.25% NaOCl for 20 min  18.63+6.38
Grb 5.25% NaOCl for 40 min  15.60£5.99
Gr 6 5.25% NaOCl for 80 min  13.59+5.17

]

Ll

Figure 5. #-TBS to chamber dentin after the application of
certain period of time using 5.25% NaOCl. Asterisk(*)

means statistical difference between groups.

(R B e e

& JERIT 5.25% NaOCl 49
1

&
0% sodium ascorbate® 10&3t
o3y txTd v =& 23
Fo2A £ IHFRE VER)

T

ol
2
1

3@ o ofo o
M S o

£

(P€0.05)& &
(

Zdobdel tigt AN o AFdde F
AP AR W] 73 % AREBEe] X250 Hj&3 X 1000 Hj &0 A
gt 43 5.25% NaOClE iﬁﬁlﬁ}?‘] o JFAYAE
At e AlEe] BEAAE §
dg e —r77ﬂ9} W e 73 28
], 3+ Z} resin tagE©] FEHE XHS 7AW AMZ A
A7 FHE = FEe Hola gt

519



LH3HA| 22 ZESE S| K] Vol. 34, No. 6, 2009

Table 5. »-TBS to chamber dentin after the application of sodium ascorbate to the NaOCl-treated chamber dentin.

Group(n=10) Treatment Mean=SD
Control No treatment 22.70£3.80
Gr1 5.25% NaOCl for 2.5 min + 10% Sodium ascorbate for 10 min 20.95+6.09

Gr 2 5.25% NaOCl for 5 min + 10% Sodium ascorbate for 10 min 27.89+3.65

Gr 3 5.25% NaOCl for 10 min + 10% Sodium ascorbate for 10 min 21.22+3.47
Gr4 5.25% NaOCl for 20 min + 10% Sodium ascorbate for 10 min 23.90t4.68
Grb 5.25% NaOCl for 40 min + 10% Sodium ascorbate for 10 min 24.97+4.72

Gr 6 5.25% NaOCl for 80 min + 10% Sodium ascorbate for 10 min 17.85+£3.34

a e LT =

i ML = | P el sl |

Figure 6. #-TBS to chamber dentin after the treatment of
5.25% NaOCl +10% sodium ascorbate. Small letter(a,b)

means statistical difference between groups.

olg}gt #a P& 5.25% NaOCle 2,587 5 &<t
T fAEHA golE o glod 10%0] A

YA FE = FAE resin tagEe] Zol7t Fopxa 22
AaEw Qom A S 7] Bt

© FiAog JlEol yehta dvk(Figure 8). 40%
E9F NaOClE 243+ A HE FAH resin tage] 2
o7} A 3| ZolEx glom BRI MZ FFHE &
AE HFa 9tk 80 E<F NaOClE 243 Ald ol A]
£ s PAE resin tage BHS FolEy] ofH o
o, A3 Al W whes] FEE AR mEuks &
2l

4083 80% < NaOClS A&3l1 sodium ascor-
bate® A3t A|H| A& resin tagEe] HlwF WEsaL
29 T I Sas ¢ led, sy A
N resin tag®] A 2 dAA-E JH3] gz AlH B
& moFate Kol 1 9ltH(Figure 9).
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£
=

Figure 7. Summarization of #TBS to chamber dentin after
the treatment of 5.25% NaOCl and 5.25% NaOCl +10%

sodium ascorbate.

X}
=

Iv.

Kl

T

& Ao NaOCl 49| 28 Altel| 2 A e <]
& Hrg grebate] A g NaOCl 9] A4 A7t
A_telut #A| 22 Ak A 7152 AAlstazt skl
ok, oldle AFEdME dutdoz 1087t 5.25%
NaOCl £ Aotd A guto 2w ARl dA 3 7+
A7} op7|5]7] wj o o] & WA = e FAA AL
£& Bugh =350 wokoy 2 A AfdM =
ol9tE T2 A AFAe] 408 AN TS AZ Fojok
AR Folgk 24 Ws7h yehdr] Alzteict,

A EANME duol HAD AAF NaOCl A H A=
Ho0:9F 37 BEG A Bo] AHEE = dEAS 254
ojt}, o] F gdlo] ol WL A7 7ol o
7kl Apol7k 9tk & NaOClE sodium chloride} oxy-
gen® 2 F|¥ 1, H.O.2 ] d “Fold oM & ol 7]

et

‘Q



NaOCIe| X2 & X|+2+ AO}E0| LHEF ZEI2H=o| Bi3H9} Sodium Ascorbatel]] o3t 2+2l &t

x250 x 1000

Control

NaOCl 2.5 min

NaOCl 5 min

NaOCI 10 min

NaOClI 20 min

Figure 8. SEM examination after the application of certain period of time using 5.25% NaOCl.
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x 250 x 1000

NaOCl 40 min

NaOCl 80 min

NaOCl 40 min
+sodium ascorbate
10 min

NaOCl 80 min
+sodium ascorbate

10 min

Figure 9. SEM examination after the treatment of 5.25% NaOCl and 5.25% NaOCl +10% sodium ascorbate.
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A3} oA o] ZHFE &9o] At EE Falj7t dojdt
t}. o] 3t 3}shk-g-of 9]°H F2)¥ oxygens A+ AE|H 4
ofde] gzl AFE WalstAW?Y J& Azl s %
oA Walld 4 Ak, Egk Aol Holdle €4
A gt zo] J& Al zdlo] FEE B9 HE A
0723 AR nAdssta e S o] dojd
AT, 28y frE]E Aol & vlE sk Aol 714
A7) E Are Y AIREE A8 S W HO:
dof| M & AT AT 5 f? o] & T3l = A
M= 5.25% NaOCl &0l HlmA H-2 A7H10%-20
) olUldle Fie ol AstEHE 7HAA] Kkl
< st & 4 Qi

A g7dol /e skl 5.25% NaOCl &9+ A&
AlZl % Super-Bond C&B A&7l o3t 4 |7
Gt (UCD) 2 ot A 5+7d Aol (LCD)l tigk 237
TE 233 A3 §93t 2}o)E HolA| &gktHTable 3.
Figure 4). &3 Morris ' ¥ 32| x|2/dold
= ABE 1/3, T4 1/3, 22+ 1/3i Wra B A
3} 5 5.25% NaOCl 2¢ Super Bond C&B
AR S 483195 o F9 frolgh Aol &
olA] PO RM A7 Aot 7 ]:L oo gk 59
ARFEY] }O]L UER A &t

Morris & 9 5.25% NaOCle] 245 “Foau o
pH 49| ascorblc acid& AHg&ate] k& NaOClolw
NaOHE 38t 5, 3% ferric chloride® X33 10%
citric acid7} Zobd& AAsHA AT s FETO
2R A9AEe 88 dux st 23y pH 79
10% sodium ascorbatel] 2Jai-= NaOCl A z¥ Ao}
2o A =rt Fds e 1 o) ARA o 35y
R7] Wizl ascorbated] #-E7|He] A= A &
A FHRAHY. = 10% sodium ascorbate® NaOClo] 2&
H X7 Adotdo|u 2|2 Aold & Agshd Atsld 714
o] thA] S dsof A& ofn|git},

B oAdA 5.25% NaOCl &9 4087t
7 Aobdo] 10% sodium ascorbate® 103t
oA frefet 2gEe] 35S Yeigla, 80
A&g ATl e djzato vlg) o ds] 2 17 A=
57 X HoFo=2a 80| de W At
obd 7149l 4tsl= sodium ascorbatedl &3 237w
3| Eo] moks| A 4= )52 AlAFeH(Table 5, Figure 6).
Morris §'"-& NaOCIel 9l&l] Atstd Aopdel| sodium
ascorbate’} A-&HA WE HE2 $Helo] dojdrtn F
oAtk & 12 olaky #-2 AlRE §< sodium ascor-
bateE A&t = NaOClell oJa #Had g o] FE3]
3 5d F vz ARt & dFdA e 80%
NaOClZ 243t AJotdolA 10% sodium ascorbate®

-

O:

Eo‘

& o o 4y

{0

IUE

Q
©

A

"‘_lZi
RN
OOLﬂr:LmZ—h

oo_ErQL'

i

Mg & X2 MopEof Cf3t ZEr2Eo| Histet Sodium Ascorbated] 2|5t 22l E1f

108 Betoly A 83l ® vzt ®vAe 234
3|89 g3E HolF o 2M sodium ascorbate?] &4
b Zdotd FHe 4kst H & Atolof| wet thEA| A8
ofof & Z o2 AR HT}

AT = NaOCl AglsA] &2 ot 10%
sodium ascorbated A-&3st9& o 2FAE7 S7HEA|
23k}, o+ ascorbic acid4 sodium ascorbate] 28]
@] AJold & NaOCl oy}, H:0.7} £8% RC-Prepe]
U% A B AREE S wR B ad 72 ZhE ofo}
& Adngth. =g 2E & xI0] NaOCl dAfee] 7
743 A& olUt}. total-etchings sk A=A AA
A ol2fgt do] 2 yeped|, 4 2 Super-Bond
C&B$% Single Bond(3M, St. Paul, MN, USA) A2
A ARAE el fgtE Hasta o™,

SRS FHB] A E3teERl O]‘/} oheket Alnl %
AAZE AHeE . E AFdAME 2719 Super-
Bond C&B A& 30 Zx2& EFHRQ
LuxaCore(DMG Corp., Germany)& /\F"LO}@ A7
of Mg s Bastua st oy JFHUAE A&
LuxaCoreﬂ e AR e A%E Yehfo] 54
ALY g g 2Q PMMA dl7E &85k NaOCl &
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