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ABSTRACT

THE EFFECT OF CYANATE METHACRYLATE ON THE SHEAR BOND STRENGTHS TO DENTIN

Hyang-Kyung Kim, Kyung-Kyu Choi, Gi-Woon Choi, Sang-Jin Park*
Department of Conservative Dentistry, Division of Dentistry, Graduare of Kyung Hee University

The purpose of this study was to evaluate the effects of cyanate methacylate on the shear bond
strengths to bovine dentin surfaces as a dentin primers.

Seven experimental adhesives were made with different mass fraction of Isocyanatoetylme-
thacrylate (IEM), 40wt% HEMA (Wako Pure Chemical Industries Osaka, Japan), 0.6% camphoro-
quinone, 0.4% amine and ethanol as balance. dentin bonding agents (0, 2, 4, 6, 8, 10, 12%) were
made and applied on the surface of bovine dentin specimens of 7 experimental groups.

Shear bond strengths were measured using a universal testing machine (Instro 4466).

To identify the ratio and modes of cohesive failures, microscopic examinationn was performed. The
ultra-structure of resin tags were observed under scanning electron microscope.

The results were as follows

1) A higher shear bond strengths (33.62 Ma) in group 8% of Cyanate methacrylate to dentin were

found, but there were no statistically significancy between Groups (p ) 0.05).

2) The higher ratio of cohesive failures mode in group 2, 6, an 10% could be seen than that in any

other groups.

3) A shorter resin tags were observed in all experimental groups.

This could be resulted that the preventing from the cyanate methacrylate penetrate into dentin
owing to reacting it with dentin collagen.

Therefore the resin tags were shorter in lengths.

Whether the higher bonding strengths of dentin bonding agents can be affected was not been
assured with statistic results.

The results indicated that the relation between tensile strengths of the dentin adhesives to bovine
dentin and resin tags formed into the dentin could not affected.

The main reason of increasing the shear bond strength to bovine dentin in experimental groups
could not be assured. (J Kor Acad Cons Dent 32(3):236-247, 2007)

Key words: Dentin primer, Isocyanate methacrylate, Shear bond strength, Resin tag, Cohesive
failures, Collagen
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Table 1. Materials and chemical characteristics of experimental bonding agents used in

this study

Teeth: 91 bovine anterior teeth
Adhesive components : HEMA

Amine

Ethanol

Camphoroquinone
Cyanate Methacrylate

Composite Resin: Restorative Z-250, 5904 A 3.5 (3M ESPE, USA)
Visible Light machine: Optilux (3M ESPE, USA)

40%
0.6%
0.4%
0-12%
Balance
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Table 2. Experiment groups by dentin bonding agents used in this study
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Figure 1. Shear bond strengths between seven
experimental groups.

(unit : weight %)

Group HEMA (%) 1IEM (%) CcQ (%) Amine (%) Ethanol (%) Total (%)
0 40 0 0.6 0.4 59 100
2 40 2 0.6 04 57 100
4 40 4 0.6 0.4 55 100
6 40 6 0.6 0.4 53 100
8 40 8 0.6 0.4 51 100
10 40 10 0.6 04 49 100
12 40 12 0.6 04 47 100
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Table 3. Shear bord strengths (k) and cohesive failure modes in seven experimental groups

Mean SBS Standard

Cohesive failure Duncans Multiple

Groups ANOVA
(kpn) Deviation mode Range Test
0 29.26 9.12 0.59 1.87 D
2 30.12 472 1.19 2.44 AB
4 32.11 2.82 2.98 6.19 A
6 33.29 574 0.86 1.76 A
8 33.62 6.83 1.27 276 BC
10 32.16 8,13 1.64 3.67 C
12 31.79 4.50 2.77 6.40 C

% Duncan’ s Group means that there is no statistical differences between groups marked with same letter.

Shear Bond Strength
(After Storage for 1day}

y = =0.0747x% 0 1.1325x + 28.857
R* = 0.9137

Shear Bond Strength (MPa)

Cyanate Methacrylate (%)

Figure 2. Result of linear regression analysis in seven
experimental groups in shear bond strengths.
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Figure 3. Cohesive fracture ratio of seven experimental
groups.
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Cyanate methacrylate7} AFOIE ZBIZHT0f O/A[= H&

Figure 4. Scanning electron micrograph of resin
tags : (a) group 0, (b) group 2, (c) group 4, (d)
group 6, {(e) group 8, (f) group 10, (g) group 12, x
800 : Great bundle of resin tags are shown in
group O to group 6, which are similar patterns but
resin infiltration is limited in group 10 and 12.

m - etoi ] =
Figure 5. Scanning electron micrograph showing the resin tags, X 2,000 (a) group 0: a great number of resin tags are intangled
and cross-linked each other (b) group 12: resin tags are blunt and shortened. some of canaliculi are shown between tags.
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Hybrid Layer

Figure 6. Scanning electron micrograph showing the
hybrid layers in group 0% and 12 %. X 3,000.

HT o HEAA 9] FeT 3 dobdHe] BHe ¥
A7) AR AP primere) LT R A K
E8oA Fobdel g 3 g0 Hr1H R A}
T & HPANE A GG o AR X st
HEAA =X § B oz SR T HF g o] &
A1 oy, FoldoMe Hgdas FY4g Wil o3
AR g A asted YR tagE dobdd Yo A5t
A% @2 HATE vehd Foltt, ol oMM e
Folazte] 71AH Aol gHH0lA] £y o &
AR st AE F7HNE NZE ot HFA Y )
343 JFAETE P EAFE s e 7E R 9l
o, webx o]t Aol H&AA o= olF TIsAERAE
¥¥aa 1 F oA B Be AT 2 s
methacrylate group® A Aol A st=
hydroxyl group2.2 7€}, cyanated A2 Aotd
H&AA = Antonucci’® T°l HEMA(hydroxyethyl-
methacrylate) 2l =491 Isocyanato urethanes 4
st Tl H A Aol AN F3kE I HF
2345 AL & ASS Bug o, Asmussen T
< methacryloyl moiety®} hexamethylenelinkage
isocyanate groupe] £34¥ o|F #%4 monomerg
B& 47037 dold e 7137k HEAA 1 wn 29
4o APAEE Husld 44 B AFplde &
2 HAAREASE Busg 1, Vanherle®} Smith®%
isocyanates ¥ A7) urethane prepolymerE 7
od HAA 2 Algdld 4MPY HAREE Hug u}
ek,

Byerley %<& isocynatoethylmethacylate (IEM)$]
9 B FTEAY ol dig YHEHE Hud
v} 9lt}. Chappelow $'% isocyanate methacrylatest
o|F 7154 5T o9 3AFE] free radical 714

R R}

242

o] 3SR AN NFHE FAAE A Bty
on ol FFEA +49 -NCO groupite ¥He< &
g ZAR7] 89T methacrylated ©o1F A o|F
A0 2 jsocyanate methacrylate® X|#-802 Al2-E
F e FAFAVAE Adsn gid. v E A8 H
comonomerd] Wetx Fao] 4 4 gy, -NCO
group< AR Wl E5ie AARHoE sl
methacrylated] 5§ o 7€ & lvka si%it

34 Brauer®} Lee®™ T isocyanate® ¥3Hstil
Apeo]l ZAHH oligomer?] 37} F(bone) ¥} AZ2 Y
oflet ol ar Jstn, 93 L UA AopAd] g
ol a7t} GLUMA (glutaraldehyde$t 2-hydrox-
yethylmethacrylate) %+ ferric oxalate®t N-phenyl-
glycine 2 dimethyl acryloxy-ethyl-pyromellitateA| 4|
o} FARE AR =S VeIt B vt )lvk

a8y e5d e AN 2 FAARY L 52
2 FESAE Asiy Hd Azt ¢33 AH3E Hudt
T oy Ao ss HARY FA oAAFT &
T AAANF, FEET 9% 2t Arle HAFE, iR
2 ¢ AFA o e FAFEe WFY 5O
oA 71A] W& FEol v|R|A] Ratn e A oltt,

FATIA FESR ol RAA = HFEAY Ao
ek o] de] DS Hestn, o] IHHFH Aopdd
=X T, 209 FAAE} BN A Eofo} g,

o| 9} 7+o] Nishida £} 391& self-etching primer$! 4
obdl HaAe] z2te] ZHHA o] #ate] A3} glon,
Ferrai®t Davidson® o}d =23 (smear layer)d]
A5 o] T A F e o A Mg
Aol #3 HuE 3§ vk gt} F o] Aok HAA S <k
AL T primerdl A FolA7He inter-diffusion
zone?| FA 2 resin tag7t 3AH EEUZH Aot
7kl NNAA Ago] Ao Fa3E &+ st

B Ao AHEE BE A87Y HEMAARo| 54
22 collagen Aol it 843E S7HAIA &AL 4
Fol AJold 29 S Z7IAA AL HARZW} e}
U AAAEst 24 Jehd Ao2 A4En (Table 2,
Figure 1, 2). & |9} 22 ZA3= HEMAYL cyanate
methacrylates} 2gotd 7b9] 718 a HFo] o] FAREE
5314, 1 A 27|14 & micro- mechanical interlocking
7} chemical bonding, =& F 7H] 714 RF9 2go]
7V%38ld | cyanate methacryalte A2} Aol 7ho]
HARE St 713 Aoz Algdt.

Tay 5°29 AT Aobd 3 aA| o opdd] tigt
A ot Boze] AFH tgh Ao Adotd
T et FEEA A A F e Aobd HAA S 4
obd B et & (wetting) oldl| wE HAAH

2

-

r



b}
2
21_1’
-1
BN
il
B

Avgr oz Bee wag v et
& $713 B3t Aobilne) 2P 7

o
i)
2
[¢]
9,
sy
rlo
)

& A%z vlste] gotdelM €5 Aoz yehia
At

o|9} Zo] AMEE Aobd AAMe|A ETFE HFAA =

HEdoM 1 g9% 9K 5E ¢ F Utk &
Swift} Triolo®-& 10% maleic acid® AHH-2o] F13]
ojFox|z] ¢fom o] AL EFHTIeR FEeH AT

Zo] B E F Yvtu A3t T3 ojo L HAF
£ BgRe] S ae BAE Ax Az Al o
=

S oy HAFE} njA
& & glon] 24 veh
Pezrthe F2Ae W7Ae] 3
A -8—?_1:!% 3T, ol= A Ao}
A A2 9] 7)H& AR E4F ] RS TR
69"“ 0 83 o, HAAUY A5 YR o]
TFAA AR wet Beld Jdo] 543 43t
Fo 2 A7tEr}. & self etching primer7} 3ol o
i EJJr‘:-J 712 FEEF d33 R eEslE vt
&olate] FAUFA O £4-& YehA €
2 A7 S4E RE AP Ty A2 EE
29.26 oA 33.62 mZ B2y EA ey} o]F 8%
TA AR} 7P =4 e ke & AR
A AHEE HEMAS) 40% FEc dobd & AAestd
AAe] Wig S FA Aol FUIAA HAA S &}AQ
Aold R0 AEHS 6‘}:}\}}\]7:] ARANTE 27147
2912 A5HH HEMA 2 cyanate methacrylate 3
Ejl Ao 72Ed 4] 7|AA AFo2 AAPEE =
A g Rolw, o]z 23|E Aol E HAA Y resind
o] gt HEMAZE #5381 & 338 Jehd A
o2 B33 Watanabed] 291°574-% EU& a1 5= ¢l
o
R %"‘c}"ﬂ/‘i de] AHEE Y e ok A¥AY F2
7N AR A e g9t % Aol HH el F2hA A
714 collagen fiber network) S xZAlA primer ¥
bonding@|Zle] #7t 3o} (inter-tubular dentin)Ul%
2 AEFHE AL SR d8e sy, o] Aol AR
A2l primer 2 bonding @z el Aol # (tubule) 2
AR B ope} A5/dold 2 M E AT 7H‘”’\]
A H74 tag lateral branchesZ A 3ctn dejx 2
¥ ol #lA tag? inter-connecting network”Z} "‘0}
Ao gigk EAHQ it HAFoR 7|ty A8S

259

14

>

Cyanate methacrylateZ} MOFE ZelZr=off O/x= H&t

£ AFoA BE Aot HAA 9 A4 T hybrid layer
£ FIE F At (Figure 6). & ZE d8TAAME
lateral branches® #UE F giloy, 12%7<] #&)
ol d939 Y7 tagse Aol #EHY (Figure
5b) At AdA=7t vhad #A Yehygta 449, £3
43 wAEe F4Y 893 tage 2}01 T UAAT
(Figure 4b, ¢, d, ¢, g).

T 2 A2 SEM AR EIE hybrid layere A
48 FFAA Y = BAGOl FAEH Ve
(Figure 6), A2 tA k232 A8l . |9
2 AAe AR (10% phosphoric acid)9) Aotz €]
GAH8} ¢13)4 9] 23] (demineralization) 2§ H£¢ Ao
2 A7t BE AT A8 84 @7 HEMA®
Zotde] f7133 2FE st ”"V‘ A&A 7} A7
ARG o R Aobd BR B39} FAlol HEMAE 3Ha

HAREQ] cyanate methacrylate7} gobd W22 4

Fo] BlmA g5 9| hybrid layer® AR oYU 71®
U Fokzo] A HR| Yol A AR} EA el A
o2 AlREr

H]Z smear layer’} “°P‘]-°4 AFEYE FaA7]E e
gotd H2AA 9 primer? bonding 217 A £2] Fat v
(diffusion barrier)ell #3tha &z AT Pashley
9 281302 o] 9} Zo] YA HE smear layers HAAFEES]
ot gt FA-E Walske Fol B FEsAY v
Al A Ao ok grta Fgsta 9

g 2 979 ZE 4920 A48 YA 24 3

o HEMAE 40% J 5 A AHAYEQ] cyanate
methacrylates 0% WA 12% &+A1A 853 bonding
g7 g3l Adold ] FAE smear layerE £

88

HAA dotAEE MEATI 2 %ﬂr?— tolbd (peritubular
dentin)= 23AA HA tag L tag-branch® F4g3
R0 7 AREY (Figure 4). Z3Y} Holtan 9 49 &
& 23| AH&9 self-etching primersel A 2ol 2§
H AL A, A4 Kopr1A (324 2k ztelFe
HExAd 2 484 29 YRAPY Afde fE
A JERE F gitka Basith B APdM T (Figure
4, 5) A 2101* At S S, Adold £ smear
layere] 7 2 &g ato] @ AHR-AF resin tagd] 3
3 Fol et F o] AGRAR RS Fiol Uehd
F Ut AlsdEn

’E}OVE]J TFAA B AR A o] gt AgHL Ao}
A JAZA7 292 AH (polypeptide) H-= % —‘?—%} F
e g g3l F79 VA le EA e AR
3|4 249 encapsulation_i hybrid layer (242
e i ZegEs 348 & de 58 98 F54
12 A= R ?"i:rL«] 2E ¥ hybrid layers] F

=

¢
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A€ v g vetgth 2E A7y Additze
A Ueigey SAAINIEE 2%, 6% 2 10%7olA
o w4 e Add e AadS 39 & ¢
Ao, olo] tigle] A FALE9} hybrid layere]
FAYgE FHTE Bug A7} vlwaldk o]59 #A
AL s & ¢ AT,

3 Tay 79 BidME EAF (hybrid layer
smear layer® FAlo #AIgle] dAEY 78 g 7
735, o] EXFo] shle DR sEE B gt Q)
™ Reise® = smear layer 779 B 4329 $43%=
#HEE B3 gt gl

a8 Aok H&A (dentin bonding agent)7} “gol
Aol thgt A Fol| = 2AES WA -2 FES] it
go] FET H&o] o]FojHTt st wAFEe
5o]®9 Mz o] A= B FaF FAZ O
¥t Kenshima 5%& A7HEA3 primerE AH-SIR
£ A%, HdrEest M WskeE Eusigith

£ AP primer #HZFE AMSIA] Rl 78}
2 AG JAARE7E 30 we 0] 22 e, o]e
Chappelow §%¢] B9+ th2 A72ZA primerg A
£381A] @kou &3 ¥ Fo] BE A A 50%0|4
o2 Yeh (Figure 3), ol & A3 A4 313 ¢
#29] t&EZA =7} Chappelow 92 AFolA AMEE 3
2 o] AT} dolAdy AT olo] ATz AZEr)
o2 wgdo] AAR A5oA H-get

40 o & fr

5

S AHY &
Azt AR} tase 9L g Hodr) 2
g ol Ul wed A7t AN £F3-A 3o ke
22 Q3 Ao F3H. = zlo] AFHA £t =
%% w94 band (non-hybridized collagen)E 3717t
F8o =Z 2 9lsl] 71 =] g A dolE ke HAF
BE7t Zase] Ao dslddn Raudg. 2y

Burrow & 3717 % AANAS Zel= HZ A
A2 U9 $- 7 £ ok AAY] S35 7L v
WA Zepdn Ago] ggd ojFoe HAAHAA
o] gl TAE] oJftn e

2 A9 RE 4 FoN A AFAES v uA
30 MPaol42 VeI, oldl| diate] AR@L9| A}
A2 e A ol Agold Zeballo) 248k HEMA 4
o] 40% &= 7] WFeg Azt & Eliades 5
o] AFE M E HEMAZF FAEQ Aobd &A1
GLUMA (EDTA%HE pH 7.49 Glutar-aldehyde<t
HEMAZ} $498) & AHEst9 S 745, dlz-dobd Alo]df
AV 22 A= Uehd AL glutaraldehydeZt
collagen cross-linking@h-8-c] &0z 283 Zzo
™, HEMAZ} collagen® 1% (fixation)Al#A glutar-
aldehyde®] s “Jo}d W2 E4IAIA collagenZte] 2

n ox oo Hif
FE dd rlo

B
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et Aelle JAR 1A o2 2857 weolatn
Avd ¢ gik, o)dm o] ot A HFA Y 4T
ZIAAQ A Z3A717] st Aok 1A e colla-
gendfr9] A7t Fo3ite A S 898 & 9lY we)
A o] AFe Aot HEA} Aol collagenid el
3 2ot W JAr|Ae deldie #Aol desit o
duvt wdAZe wgle g3 tage FATOE HAA Y
R EF oAzt AR Aol FALE Fle ZA
719812l e & Gwinnettd 28 FAE €a7}
At

£ AFdA ZAErt 7P A vehd 8% 7oA
ofde] wdAZ AA FF Wske FAT F e
Y, UZF (0%)9) ¥late] cyanate methacrylated %
7} 8% A S/t E AREIEEY FUhe AR v
7} 8% 0] oldH ], o] FEAA HAA ] o] otd
U5 (3 F B3 doldZ) 2 b collagen A -2
wigo] 712 AQ Wl ogt Ao 2 F58 4 gt

T3 10% 2 12%wolX 284 =t g4 Zad A9
T 357} 271842 bonding dAA Eo| TE FxFol
Hlgle] Aobd YRz FEHo| Fao)x] Rlrie 9
veka A & 4 ot

B A7dAE QYo 1023 4t
u, dobde] A AI7He AEhd,
FAE band7t Ao meEZ W3} e
& & 9t Gwinnet? ol Bud bt gt} & 1&
A A Alztol ARtEW, mgAe] HAhuigs 7HHol &
TASA ol FAd #71e AFE s
o2 3teA] R gAY wddF
wdAY stz 3150 Hzl-Aold ke HAA W
o] #7137t A3t T A7 s} ek £ Qi w3l
g} B AFA cyanate methacrylates =9t A4
12t F3EHA doldd g AT AFA=rt vl uA
U3 FX 2 Yehd AL ngd PIAUE AEA Y 4
o| 3 AR Te 7FeA S vt} & & A9
A H 2|7 primerd] R = bonding#| X 224
Zrgate] AdoA#a B 2 BFYohIFe R ol AR
P52 AT F A metA nddS oE PR
S YA st AAE F okl ol WHE B
o} Zo] gro] AE3l dA tagel Holz FlskH wat
el g7 tagidel Ueld & YA ket e o ds
Act.

ol’de] AFA= YTt AL Adobd AEA 9] EnlE
Aejat g7 A3 ARZ A3l g g Al HEY
g AfAlAE M2 ot HEA 9 At tig
gk AAstaat g it

>

2 e M

e
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V.2 B

m

i Cyanate Methacrylate®] gt &
0,2 4,6,8 102 12%)2 287 Fold A E
Azshe] 29| st MA| Fobd FHd =¥3 F 5
A (2250, 3M)E HAstd AY A= AR
SHAN Y 3 #ES 23 (SEM, S-3, 200,
Hitachi, Japan), tha#} 22 282 4%th
1. Cyanate methacrylate 8%w°] 7} & A< A%
Zee el ou (33.62 w), BATAE Fod
Ak (P ) 0.05)

2. Cyanate methacrylate 2%, 4% 2 6%+ 3%
AN =r iz (%) vl mate] #7 velgd

3. Cyanate menthacrylate@oll A @l tage] Aol &
Al vepgt

Cyanate methacrylate A%&-°] collagen®9] 235¥

& 9oy Aoldel B4 HAE AT & gloemE 2
?&7&5—«] AAAQ Frhe A% 5 it

oo
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Cyanate methacrylate7} AFO}E ZBIZHT o) OjXj= Z8t

Cyanate methacrylateZ} 4012 Z3Z Lo o|x|= A

e REERRE RS
A8 et m ek X9 gta X\ uzetma

HAAY 24)& e st Zddoln FAQ HAZEE AW dobd HAAE NEstA isocyanate
methacrylate®] TE=& 23] Adolde] H&sld AIEAFAEE FHstn SHAAFEE B4, "7}?5}9&‘4
Isocyanate methacrylate®] ol wel 0% (W), 2%, 4%, 6%, 8%, 10%, B 12%9] TN AdTe2 73}

o, Instron (No.4466.USA) & o] 438t Egfelzle] Ad A3 =E 5838t Resin tag 2 53 —‘M 3 FAR
Adu|F o2 Fa vy A2 A3

1. Cyanate methacrylate 8%w°] 7} &2 A 3= Yehlovt (33.62 w), EA3H S94¢] 919

o (P ) 0.05).

2. Cyanate methacrylate 2%, 4% % 6% -2 3 AR TS} A2 (0%) 3 vmete] A byt

3. Cyanate menthacrylatewol A #1Ztagel 2ol &4 vehttt.

ol’¢el A7+e] AFE cyanate methacrylate?} collagen¥} ¥H-5-3td Aobd W2 ATE Walahe @7 tage] Ao
Z A s Aol 71422 ‘ﬂ~°ﬂ ot 2¥AT e wold & oy, Fold A A=t Yopd 4 gl
o] Jotde] tidt A¥ATY AFAY F7ks AT ¢ gt

FEQ0: ol AAA|, Isocyanate methacrylate, A& A7 =, Resin tag, S84 =, Collagen
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