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— Abstract

EFFECTS OF SALIVA AND BLOOD CONTAMINATION
ON DENTIN BONDING

Ki Ok Kim, Sik Hwan Ahn, Sung Kyo Kim, Kwang Hun Jo*
Jin Hoon Park

Department of Conservative Dentistry and Department of Prosthodontics® School of Dentistry,
Kyungpook National University, Taegu, Korea

The purpose of this study was to elucidate the effect of blood-and saliva-contamination
during dentin pretreatment procedure on tensile bond strength, and to investigate the
effect of contaminant-removing treatments on the recovery of bond strength of dentin bon-
ding agents.

Dentin specimens prepared from freshly extracted bovine mandibular anterior teeth were
divided into non-contaminated control and contaminated experimental groups.

The specimens of the contaminated group were contaminated with saliva or blood after
etching or priming procedure, followed by contaminant-removing treatments.

All the specimens were bonded with All Bond® 2 dentin bonding agent and Bisfil™ compo-
site resin or Scotchbond™ Multipurpose and Z100. After all the bonded specimens were
stored in 37C distilled water for 24 hours, tensile bond strengths were measured. The
contaminated dentin and fractured dentin surfaces were examined under the scanning
electron microscope.

The results were as follows :
Contaminated specimens showed lower bond strength than non-contaminated ones regar-
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All Bond® 2 groups (p<<0.05).

etching (p<0.01).

ngth

dless of the kind of contaminant, contamination time and contaminant-removing treatments,
except specimens which were acid-etched following saliva contamination after etching in

Blood contaminant resulted in much bond strength decrease than saliva ones (p<<0.01),
and contamination after priming resulted in much decrease in bond strength than after

Re-etching resulted in increase of bond strength in the specimens contaminated with
saliva after etching but not in blood contaminated ones.

Re-priming resulted in increase of bond strength in the specimens contaminated after
priming regardless of the kind of contaminant.
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1. AEN=

EAAE dAS YFEEBF 29 31FAXE
Aoz st FotdF Az &
3 Fe)¢l All Bond® 2 (Bisco Inc., Itasca,
I., U.S.A.) & 354 @A) Fe2l Scotch-
bond™ Multipurpose (3M Co., St. Paul,
MN., U.S.A.) & AM&stlen B3
Z}7] 43 3ALY Bisfil™# Z100& AHE-3F
Aok, Aold W eddozyE A¥IA
AHG AFAe] AAHA edn AE A}
€3tk (Table 1).

2. AE

1) A|HEAZ

AEAA A A9 FFAXNVE wet
trimmer& AH2-3te] Ao} 5 mm AL HEE
ATE £H Bl E =EAZ T F48H94
6001 2 8009 silicone carbide GriX|E A
old HHE Avlstdrt. AlHe AdoldPF
AEZ FE3 g2 d dPTeE Urn

Table 1. Composite resins and dentin bonding agents used in this study

Product Description Batch No. Manufacturer

All Bond® 2 Bisco. Inc., Itasca, 11,
All Etch™ etchant 129274 U. S. A
Primer A primer 029095
Primer B primer 029105
Dentin/Enamel resin 029235
bonding resin

Bisfil™ composite

Scotchbond™ Multipurpose 3M Co., St. Paul, MN.,
Etchant etchant 5904SP U. S A
Primer primer 5904SP
Adhesives resin 5904SP

Z100 composite
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AET L A BHA G Yo dFoes
Wrgion 2 299 tisidE g 4k
AF AN T HAAA HEF o9
Al Eo2 YrojA AFsiad. 4xEd
SENN T A2D AN T, FAFE AZAY
T AAEE GA AT FoE YFn
HEZSA HEF LEAN & AT AR
T, TAE XA+, FFASAE 94
&3 ¢ 2 AAIGAHRE A X
ToE Yol Ao & &9 10714
Z 300709} X|ol& iAo g 39T} (Table 2).

A-0T& All Bond® 29] W27 o84 =&d
AotAHE 2027 A, 20237 ARAN £
All-Etch™ (10% <12t &9 & 15%7 &4
B} 157 A, 127 ARAIZ] O A8
paraffin wax® $jo] $£HE& FXFEE 14
A A AAEE =& Joldde AHE ¢
ZsHA 8171 S8t AA 3.5 mme] ¥9F T
o] %% masking tapeE ¥&3F % primer
A%} BE %02 E33l4 53] ¥HE =¥ 3

air syringeZ 527 AZXAZ Y. I ¥ bonding
resing SFAl =X 8T F=AL7] (Megalux CS,
Megadent Co., Germany) Z 20&3t F=A}
stRem W4 5mme 9¥ FHo] £ FA
1.2 mm® silicone moldE YXA|7] &%
#X Bisfi™& %7, slide glass® 4HA7]
HA] 4023 FEAEIG

S-0T2 Scotchbond™ Multipurpose®] W=
To2A k&8 Fobddg 2027 A, 20
27 %3 H etchant (10% maleic acid) &
1527 AE3tn 1527 FAS F 5230 air
syringe2 AXAIZAY. I F A0TH 5¢E
WHOE primerd =¥, AX, adhesived
g B FRALE Ao 1 3 Bt
210028 FHsta FAEIRAT

Elgoju} Hdog A7 AT (Al-A
14, S1-S14) & 3o}2 ¥l Ay Fut
HAZA HE Fo o2 294S 2027
Ag3taeor d¥ETe 7 N8 A4-2 Fig. 13
o] Alsyst .

Table 2. Grouping by dentin surface treatment procedure

All Bond® 2 Scotchbond™ Multipurpose
Group Contamination Treatment* Group Contamination Treatment
Num-  Material Time Num-  Material Time
ber ber
A-0 no no S-0 no no
A-1 saliva after etching D S-1 saliva after etching D
A2 saliva after etching W/D S-2 saliva after etching W/D
A-3 saliva after etching W/D/rE S-3 saliva after etching W/D/rE
A4 saliva after priming D S-4 saliva after priming D
A-5 saliva after priming W/D S-5 saliva after priming W/D
A-6 saliva after priming W/D/rP S-6 saliva after priming W/D/rP
A-7 saliva after priming W/D/tE/fP S-7 saliva after priming W/D/rE/rP
A-8 blood after etching D S-8 blood after etching D
A-9 blood after etching W/D S9 blood after etching W/D
A-10  blood after etching W/D/rE S-10  blood after etching W/D/tE
A-11  blood after priming D S-11  blood after priming D
A-12  blood after priming W/D S-12  blood after priming W/D
A-13  blood after primng W/D/rP S-13  blood after priming W/D/rP
A-14  blood after priming W/D/rE/fP S-14  blood after priming W/D/rE/rP

*D, drying ; W, washing ; rE, re-etching ; rP, re-priming.
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All Bond® 2 Scotchbond™  Multipurpose

Wash (20s) Wash (20s)
Dzly (20s) Dr}lr (20s)
Alll etch (15s) Ebclhant (15s)
Wiash (15s) Wa‘sh (15s)
Drly (1s) Dr}lf (5s)

Saliva or Blood
Contamination (20s)

|

Dry Wash, Dry Wash, Dry
]

Re-etch
|
Wash, Dry
Primer A & B Primer
(5 coats)
Saliva or Blood
Contamination (20s)
Dry Wash, Dry Wash, Dry Wash, Dry
l J
Re-priming Re-etching
|
Wash, Dry
{
Re-priming
Bonding Resin Adhesive LC
LC (20s) (20s)
Bisfil LC (40s) Z100 LC (40s)

!

Acrylic Rod Bonding with Cyanoacrylate
Store at Roolm Tempperature
Store in 37C \lVater Bath for 24 hours
Tensile Bondl Sterength Test
SEM |Evaluation

Fig. 1. Schematic representatioin of the treatment procedure.
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AZE AJHL cyanoacrylateE o] &
A 3
S

FE% 42N F A9 1Az
37C FRGo F1o] 244N B

2) IFHIE=E &3

BHE 7 A HE 5 A8 7] (4201 Instron,
Instron Co., U.S.A.) 9}A load cell 50 kgf,
cross-head speed 1 mm/minZ AFAH3H
o of o FojA= Hi3tsH AJH HIAHY
GHAE o83ty HALEE A
HAAAx o FAANEE Students’ t-testE ©f
39t

3) Fotd THY FAHAEnAH BF

ol FA 9] G g & P ol
Jold TR Aol WA e YT, LA9LS
AAsE7] $i3) A8 Aol vXe 9
T B8] Sgte oy Qo o
A FelAEAT o]F AASY] A& A
2% Aold B9, g3 pade] FAHA
o384 AJAHE AFAT

Zt A HE M2 4 mn, A2 4 oo, 57 1 oo
2712 AZ3E o3 B%7) (Sanplates Corp. ,
Japan) o ¥o] A3 Ax=AZT T F car-
bon tapeE ©]-8-3}9] A|H-G A| A A3}
Ion coater (Eiko IB-3 ion coater, Eiko Enge-

Tt

Table 3. Tensile bond strength of each group

neering Co., Japan) °|A] 3&87t ol &

A & FAHEAEF  (S-2300, Hitachi
Ltd., Japan) & ©]4-3}o] 71444} 25 KVE
oA 2000812 EHE #FFsAT.

m, & 8§ M8 A
1. IR

300709 Aolg o] &3 UFHALE AY
Ao A dojR Fags EFEHUAE Table
39 el At

dotd UL LAAIIA ¥ =T A-
0T E AFAFZE7T 10.62+ 2.06 MPa,
SO0 A= 11.80+ 4.06 MPao|lem 2k
2T EFA 2 FAIR A5 A-1TFH S-1T A&
242} 7.62+2.18, 8.08+3.04 MPaclgion
A2 GAIZ! 392 A-87F S-8To A& 4
2.09+0.95, 1.64+1.17 MPaZ ‘ieytch.
HA7Z3A AE4F 2 GAN 5 BHY L gA
B9 A4TH S4TYAE AAFIFRES)
2z}t 2,96+ 1.659 2.10+1.50 MPao.& 1}
ERgton] A Azl 7399 A-11EH S-11
ToAME FFo] dojubx] st}

(unit : MPa, n=10)

Group Number Mean + S.D. Group Number Mean + S.D.
A0 10.62 + 2.06 S-0 11.80 + 4.06
A-1 762 + 218 S-1 8.08 + 3.04
A-2 532 + 266 S-2 718 + 213
A-3 9.83 + 2.68 S-3 6.34 = 3.92
A4 296 + 1.65 S-4 210 £ 150
A5 239 + 119 S-5 109 + 0.93
A-6 6.97 + 2.30 S-6 7.10 + 338
A-7 550 + 248 S-7 6.22 = 327
A-8 209 + 095 S-8 164 + 117
A9 414 + 1.77 S-9 439 + 220
A-10 376 + 212 S-10 337 + 196
A-11 0 S-11 0
A-12 0.80 = 052 S-12 0.54 + 0.30
A-13 437 + 2.94 S-13 495 + 258
A-14 422 +1.99 S-14 131 & 0.99
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AR L QFGAZ FolAAE A, AxF
799 A2TH A9TAME IFHAATIL
2}7} 5,32+ 2,667 4,14+ 1,77 MPa, S-27%
S97AME 22t 7.18+2.137 4.39+2.20
MPaollem 4x2lg uhrl Al3g A-3T3
A-10Fel A= 242t 9,83+ 2.687 3.76+ 1.96
MPa°| 1 S-37% S-10Z A= 44} 6.34+
3.929} 3.37+ 1.97 MPag Yyt

8 AAAAE HE% F LAANU A
olAAHL A, BRF AU A5TH A-12
FAME AFERR T 27t 2,39+ 1,199
0.80+ 0.52 MPacllem S5 S-1274 A
= 27} 1.09+0.933% 0.54+0.30 MPa2.2
velgta $A, AxF JA3sAE g F
£3% A6, A-13TF, S-67, S-1372 T4 6.
97+ 2.30, 4.37+2.94, 7.10+ 3.38 1|3 4.
95+2.58 MPaZ Uelton 4, AxF 4k
A2 & OA At JEAFSAE A 3
43 A-7T T A- 14T M= 242 5,504 2. 48%
4.22+ 1.99 MPa©| 2 S-7F % S-147l A&
2z} 6.22+3.27% 1.31+0.99 MPaZ ek

pre=
o|e] AHE FAGH o2 AAT A All
Bond® 29 Z$-ol= A E % el 298 A
AAEE A-3FE AYtaE oi=Td w3
EF 92 HAAEE YR (p<0.01, Ta-
ble 4, Fig. 2) Scotchbond™ Multipurpose2]
Aee EE A¥To] gz v v A
AR5 E BY9T (p<0.05, Table 4, Fig. 3).
Et Q A7 A Q FIe] 2}o] & Folr ] A7
AT A Rt dRego] AZHRL
TE U o A RAe g Yeigon (p<
0.01, Table 4, Fig. 4), AxgF9 24
Hlg] HAGsA =X 5] 9o HAAEE
o ZaA A& Ve (p<0.01, Table
4, Fig. 5).

LAE BoEAHEE ARG AET FAA
AAEF LEE HE A FASE Re g
Ho FoME HEE 3FFo ¥ E8o] HXA
FRo R gaore HAHE gi
Al Aoz el X g g Al
74$-o= All Bond® 29] B9} Q @] 7Lt

© 5
o 15 +
= *
£
=]
o
o 10T
=S
(4]
T
5
8 b7
2
(7}
: .
-
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A0 A1 A2 A3 A4 A5 A6 A7 A8 A9 A-10 A-11 A-12 A-13A-14

it

Groups for various dentin treatments

Fig. 2. Bar graph comparing the effect of various treatments of contaminated dentin surface
on tensile bond strength in All Bond® 2 groups. Values represent mean+ S. D.
*The value was not significantly different from that of the control A-0 (p>0.05),
while the bond strength of the other experimental groups were significantly different
from that of the control A-0 (p<{0.01).
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Tensile bond strength (MPa)

N ke

§0 St S2 S3 S4 S5 S6 S7 S8 S9 S-10 S-11S-12 S-13 S-14

Groups for various dentin treatments

0

Fig. 3. Bar graph comparing the effect of various treatments of contaminated dentin surface
on tensile bond strength in Scotchbond™ Multipurpose groups. Values represent

mean+ S. D. The bond strength of all experimental groups were significantly diffe-
rent from that of control S-0 (p<<0.05).
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s 1N B

Tensile bond strength (MPa)

A0 A-1 A8 A4 A-11 S0 81 S8-8 S-4 811
Groups for various dentin treatments

Fig. 4. Bar graph comparing the effect of saliva and blood contamination on tensile bond
strength. Values represent meanzt S. D.

*The values were significantly different from each other (p<0.0D.
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Fig. 5. Bar graph comparing of the effect of dentinal contaminations after etching and after
priming procedures on tensile bond strength. Values represent meant+ S. D.
*The values were significantly different from each other (p<<0.01).
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Atk (Fig. 12, 14). ©ol#d g o9& &
AFGE AHYE A A& FUAL o oa
ARSHA I3 RYY (Fig. 7).

HAZFEA] A 8-Fol] QFAIZ Ao} FH o)
Hox Bl de 2A T HHFo) o @gH
B9 v Fdeoz I (Fig.
8), AP Aol Aold FHHo] ¢A 3]
FRPRA o3 € UJT ARSI
dojd TEE #2E F Aoy EolaA
oFe 7127 #FHAG (Fig. 13). 28y
HAZLAE A HEE B9de old B
HeFdo] AR goron ARsA Aopd
FHE 2FE F AdA (Fig. 9, 11).

HAH FF A AT 2 FA A9t
BAEZEA HEF 248 ALN F3
534 g 43S JeEded gdee
Ao AdolAd Ui IS E IS
T ANV Ao de Hede #ITY F
fAq (Fig. 16, 17).
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ESAA FEE AAARAR S FAs
BAALIAAZSES A BAFo =N HFHo
3EE AP Aoz Holm AF7}sA| 9
ZEs ARAAE AR gtk 22y Table
39 viebd upelzhe] Ak 2] PRE] ThA] A
gt A FIARIADL A HLF
735l vl o o] 3] &Y 3L Yoix
23T

Elfo]i} Hole] o3t B3I JolAwel ¢
Hol BW e ofw WalE doA e
A Y=g TH57] dstq AP
FALAAAN ZE #EE7 (Fig. 6—18) All
Bond® 2& AME$S o Axd AolATo]
Bdog 0@dE A9 JoldHe 7AYo
gog Qi Fdoz Jega AoiAde
o A= MLAHE FX8e Aoz B
H3lon B9 gEis ez JAEE
EZZE JoYE o]FH HF JolAAL ¥n
NE = FFHAYG =3 oz AN
28 doldHe] 298 ZHSole By &9
A3 =LFF FARE Fo] A=A} A
ZARZFA Tho] dold ez FFAEHY
o GelAde MPFEE Bdode] He
B 2 X oz JeEyted, o ¢
BT 2HAAA Jebd v} o
dol gdedrgd ¢ f3side AL
e A2 AAET (Fig. 4). 8429



Foll AAEE A AT A JFARE5)
4] HEHJEH FAEAE FE B2
M= AAEE LEHA e Aok gH»oy)
FASHA 433 ARAR Ag FFE + 3
R} ol AAYE A AldgEdezA §7)
Edo] AA=Y EHAH 3Ed Axl
AeE B2 4 31}, Scotchbond™ Multipu-
rpose®] Bol% A EFY AFHANAY g
Jdol} A g 2GA] Vehtes Aold
FHE| JEste All Bond® 29 A9 #
ARSHA #EEH AT

B AN HRAASAE AL Fo Al
AollAe] Qe WE Fotd HHY FAMH
n3A FZA gedel Zole 4bAE 3
AR 298 A A T3
gog YRl oz AFAHUL FEHOE
%49 gRog Holy FRERX BET 5
AR (Fig. 8). FAIEPAF @ZFNA
vehe B9 339 wste vis) AFAst
AE HLF Fo gl go] AAEFY A
oA 2¥9E AR I9F HAPEE ©S
ABIAIZ AL XY FoldAHI Ba7tst
Aokel HARG HARsAer HIAA
Alel9] Aol B F2FTS AABE 3R
2% & L& Aoz AAHEY o HE
ZIAE Al He8E A FAFE B4
Zold ZHx ARSA Jeiti JAAEE
A33 IEHE 3yt qRsFE AL
AAZG, FIAAA HAEF FHedy &
e B Bla ol FHAEE]
H3ILE FFY F7F A=Y, ForAiRe A
WS Ad FAHA ¥koen 2HE B
He #g A 71Z7t 48] Bo] #EH
At ol AERAASA &l g3 JAX
Eo| gHAAN Yehde A2 48 &
=4 HEMAZ} 4<% Scotchbond™ Mul-
tipurpose 7432t NTG/GMAS} BPDM/&
o] ol 4 E ¥ o9l Fol3lE All Bond® 29
BolA B AeA vehd Aoz Hol f
71gwol ¥ AEAFE A7t BhEE ¢
HAH o2 F3E 7 U

sSeRe] tg FARAANAE BRAH
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All Bond® 2 Tl HAA =7 @3] Astd
AT Ao Fe] Ao HARE A F&F
Ell @ o] BN FEHo 2 HEAH A
9] B3 mdo] ZEkA JEhgten, gde
g9l Aole ol FRA E7|7F A
#EHA gge2d HE Ededy FHfole
HAE77F 8 BFEHAT. ol degol
el @ Hof H]3] AFHIAZ=E B HEAIR]
AF}E Fshe 2Age 449,

o1& T W ot ti B
AFE FAA717] 980 AR EE FoldAaE
Ao H&HAFFod erdol} Halo] og A
FAH] 09 B A £EE AFYEE
A AstA7IH, 53] gAR: oo
FFol H& ZA vERT. ueii el
FolAHAAE aH o2 ALE317] Y3 e
AERAARN A9 LEE ALl Ao $47
o2 FQ3Y Ao g9 L go] YRS
o AT LF9E Bl AxE
A& AL AlPsh= RAol, AEA3A] 4854
29d ZAede HAFZIAE GA HL3)
FE Aol HAHY B £8o] He Aeg
At €k 23y ol2g AAE] HHL A
s o] HX] ke H$9 HAYH e
olzX Rile AR vehd vl FF H3E o
SHE JES AT AHHYA A7 e
Reg AAAG, =3 24999 Hojd w&
TAHA HFAVH vXE 9F T2 7
37] XM & eddy HAAWA] A
AL 5 gopstr] A AREN 58
e F718A A7V 288 Aoz Algd.

==

2
= —

V.

obd FAAY AAARANN THE 5
Q& Bl % Folo] gF FHAUY 2 o]
AolAPAAS AARE WAE AFe ¢
ojnu, 9P AANA Aol YA
A= BAY BHo2, WAY 29 &
WX} $BE =EAA 2 9AY 299 A4,
B 2 W 5o 099, agYw A= 3
ARG 59 LGF AN Py 5& zdo=

OH o=



All Bond® 29} Bisfil™ (Bisco Inc., U.S.A.)
2 Scotchbond™ Multipurposet Z100 (3M
Co., U.S.A.)E Zdotd HIASt 58 &
FE P2 Zt7}h Abgete] JAAHIAREE S
At FARAAEN AR BEE APt o
S 22 Z34E dAth

All Bond® 29] AHAEF ElYQES T4
2AE e A8 AYsae (p>0.05) AA
2 © 2 All Bond® 2 @ Scotchbond™ Multipur-
pose 53] LAY, AMAX {5, 2LGAH
FARle] BE Fobd 290l LEHA &
ol Hj3f @& HFd ZF=& v A (p<0.
05).

gAe do] A gol vz F Fo HF
ZAE AEAE vERdlen (p<0.0D, A
BE A ALF AlFo] 29" AUt A EF
Ao A edd 7S vl&] Aol 2A
A& 50] tS AsEHe Aog Jeyn
(P<0.01).

oo ANHF HFY B FAE &
olE Zi} X EFE Al Edede
AAGE GA AT zZHN Gat FEgo)
E Y gAYl & a7l gle Aew
VERS I A AESHA FEF Al H gAY L Ee
Etdolut Y F3) HITSAE ALk
WHo] JAY & aHU} e o2 U
b5t oh
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. Scanning electron micrograph of a dentin surface contaminated with saliva after

All Bond® 2 -etching : Cloudy dentin surface were covered with amorphous memb-
rane consist-of salivary components (X2000).

. Scanning electron micrograph of a dentin surface treated with 10% phosphoric

acid for 10 seconds after saliva contamination of All Bond 2-etched dentin sur-
face : Clean surface and open dentinal tubules were seen (X2000).

. Scanning electron micrograph of a dentin surface contaminated with saliva after

All Bond® 2-priming : Showing similar appearance with dentin surface contamina-
ted with saliva after etching procedure (X2000).

. Scanning electron micrograph of dentin surface re-primed after salivary contamina-

tion of All Bond® 2-primed dentin surface : Clean dentin surface and open dentinal
tubules were seen (X2000).

Scanning electron micrograph of a dentin surface contaminated with saliva after
Scotchbond™ Multipurpose-priming - Similar appearances were seen with dentin
surface of All Bond® 2 (X2000).

Scanning electron micrograpgh of dentin surface re-rimed after saliva contamination
of Scotchbond™ Multipurpose-primed dentin surface - Showing similar appearance
with that of All Bond® 2 (3X2000).

Scanning electron micrograph of a dentin surface contaminated with blood after
All Bond® 2-etching : Showing cracked surface of bloody layer during drying proce-
dure (X2000).

Scanning electron micrograph of a dentin surface contaminated with blood after
All Bond® 2-priming : Cracked surface and voids were seen (X 2000).
Scanning electron micrograph of a dentin surface contaminated with blood after
Scotchbond™ Multipurpose-etching . Showing similar appearance with All Bond®
2 (X2000).

Scanning electron micrograph of a dentin surface rinsed off blood contamination
surface after Scotchbond™ Multipurpose-etching : Clean dentin surface was seen
(X 2000).

Scanning electron micrograph of a fractured dentin surface of a specimen contami-
nated with blood after All Bond® 2-etching > An adhesive failure mode and empty
dentinal tubules were seen (X2000).

Scanning electron micrograph of a fractured dentin surface of a specimen contami-
nated with saliva after All Bond® 2-priming : Showing an adhesive failure mode
and some dentinal tubules filled with resin (X2000).
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