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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, Graduate 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 M&) 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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Figure 1. Shear bond strengths between seven

experimental groups.

Table 2. Experiment groups by dentin bonding agents used in this study (unit : weight %)
Group HEMA (%) IEM (%) CcQ (%) Amine (%) Ethanol (%) Total (%)
0 40 0 0.6 04 59 100
2 40 2 0.6 0.4 57 100
4 40 4 0.6 04 55 100
6 40 6 0.6 04 53 100
8 40 8 0.6 04 51 100
10 40 10 0.6 04 49 100
12 40 12 0.6 0.4 47 100
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Table 3. Shear bond strengths (x.) and cohesive failure modes in seven experimental groups

g Mean SBS Standard Cohesive failure Duncans Multiple ANOVA
(kps) Deviation mode Range Test
0 29.26 9.12 0.59 1.87 D
2 30.12 4.72 1.19 2.44 AB
4 32.11 2.82 2.98 6.19 A
6 33.29 5,74 0.86 1.76 A
8 33.62 6.83 1.27 2.76 BC
10 32.16 8,13 1.64 3.67 C
12 31.79 4.50 2.7 6.40 C

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

Shear Bond Strength
{ &finr Stnrage Tor Tday)

L]

&

Wy e} Ny i
o

i - i i i M
gt W a0

Figure 2. Result of linear regression analysis in seven
experimental groups in shear bond strengths.

&2 2% 93.33%, 10%wolA 93.33% 2% e
1 (Figure 3), 6%7ollA 83.33%% Uehd iz 2
4%, 8% R 12%w2} vlwate] tha =7 et & &
9] &L Figure 3% Figure 4 2 Figure 5 YEh}
Axol 4% Thad =& vl YE oY, BAE
A FodL gt Ad AT 24 T HAARS
APz (SEM) .2 #3238 A7}= Figure 6 - 14
A YeR )t & FARARAR] A el A BE A E Tl A
resin tag®] A& FRlstglon, fEAQ hybrid layer
P Bl & 9Tt (Figure 15). Tt resin tagel
Adol= AT 7+ Bl A zfol o] YEhA] ehgkont
HI 1% resin tag® Aol7} tha B 7ttt FRoE
Uehton walEE ooz et 49w #EAH T
Ad 7 19| hybrids9] 342 &< st9oy 1 Hele

S et (Figure 6 - 14).
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Figure 3. Cohesive fracture ratio of seven experimental
groups.
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Cyanate methacrylate?} AFOFE ZgtZtzof 0/X= Y&t

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.

@) (b)
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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Hybnd Laver

Figure 6. Scanning electron micrograph showing the
hybrid layers in group 0% and 12 %. x 3,000.
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2 &3 AHE-E self-etching primerse] AF F-2ol 24
g AR A8, A8 Ao]E (FFA) 7He] Apol 9
Adzrde] e A8 Aol YAAE A= o=
A vehd 4 Qv Haslsith. B A% (Figure
4, 5) A X]O}*E* AHEBIA - A, dobd ER 9 smear
layer®] 7 B A 2=9] ato] B AHEA S regin tagd] ¥
3 ol gt & Slo] ARHALES Fito] v
T AL A HT

ot o] AT FAtERIS] Aol thgh A g Aot
A7 ndd *éw‘-’r (polypeptide) -2 7 <

Y g3l T2 71A ] e A e Faksiel

A7 encapsulatlongi hybrid layer (£4%)2h
= 93 A 3T F e sl d3) F5-4

Yy 2 ‘5?4 £ ATl hybrid layere] F

)

¥ smear layers &

4091.4

A
E
A=
34
Eoe
g
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Al vlad e vttt BE AETe 6%73?37&5%
= vepgon RN EE 2%, 6% 2

O A Y Ao ees A 99 @ &
Sdot, ofd digte] AT H2AAE} hybrid layere]
A e Fadg Baudh dvke} vuste® o]5] #
/K—] O tﬂﬁ,o] o) 2~ 04(}::114:34%6)

E3 Tay 79 HaudlXE 4% (hybrid layer)=
smear layere] 7o #AZo] A FaE& 7pg
A5, o] ATl shtel TR sdE S B ghit gle
™, Reise™ = smear layer57 9 H27t e S43= F
W3S B gkt gl

a3y Aol HFA (dentin bonding agent) 7} o}
Aol tigh 2] Tl 2ES AU FE R FE0] A
wo] Fwg H&o] o] FoHr} strigt® mlAllFEo] A
o] R Yol delM e BE Fa8 FARE U
TEJD} Kenshima & A7HEA1E primers AH-SIA
= 35, HAFEET) 7%} SSs Baslsitt

ATl primer #R & AHESHA] FholE B
2 A HAAREI 30 we o] o2 Ve 1
Chappelow 579 ®u¢h= T2 AHZA primers

oA Fovt S g Eo] BE ATl 50%01d
o2 veht (Figure 3), °l€ & %‘ o AHEE 3 ZA|
#719] =4 =7} Chappelow 57 AtollA A€
A o] B Aobdd] 2T 2belo] AR AZhEr

31 A Lolloz oo ]ﬂﬂ A Bol|A] A -Ao}
L Yoz HauA &

\

el >1'E o, _i rlr _°,L‘

band (no hybrldlzed collagen) = 717+
= °]'5}°4 7hr TellE o] Elzl-Adobazte] A2
| ekste i EJ—O}Oﬂ‘ﬂr ey
Burrow 5" %7]71_} T AAANAE A5 g3 A
A3 W] 33 e Adobd ZMH SR 7 YRt
Aol SuH o|Fol= HAAHAA
olftia T8ttt
2 AR BE A TN Ad 2FA T} HwA w2
30 MPa°l’d& YT, ofdl diste] AETte] A4
HAHR Yol obd Zeplle] 2H-8-st= HEMA 4%
o] 40% = 7] W2 AZHET. 5 Eliades 5
o] AFHIAE HEMAZ}F FAEA Aobd HzkA ol
GLUMA (EDTA%Hr¥ pH 7 49l Glutar-aldehyde<}
HEMAZ} #9%8) & AH-sll& 21, dixl-3old Atold
A 7V e ARAETE UEhd A2 glutaraldehyde”}
collagen cross-linking?t-&c| &340z 283 Alo]
™, HEMA7Z} collagens 174 (fixation)Al# glutar-
aldehyde?] 3P “dold W& FAAIA collagendte] A
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4at dele gAusIoR Aga)] Ml
e 5 gtk o 2ol Jobdeln HAAe e
A ;;—% JeA1717] 913kl ol A el colla-

gend ] A7t FL8the AMEE 18 & v}, wet
A o] At Aol A ]7} ZgolA 9] collagen’d-froll o
St o} Wehel M)A 10}“ o] gt} o

Hu wYgdEo wgle} ] ag®l F/gnto g A 9
HRA T AFotdzte] AW i—. o] AT ZF7tel AA
719812 et & Gwinnette] 222 FA1E d oy}
At

2 AFdA A= 7P A et 8%l A
ofde] wdAZFY AA e Hgte AT L
v, 2T (0%)°l ¥let cyanate methacrylate®] %
7t 8% SVETE zd%?éﬁ%ﬂc 7k 4% =
7} 8% %ol dldEH, o] FEollA A ¢ Aol Aot
W (3 9 35 oA F) 2 FAkE Y collagen A2
wj o] 722 Ql Wl ogt Aor 53 4 gt

EH 10% 2 12%7N AR tha #ad 23

T 5=/} 784S bonding #lFA o] T FEtol
H] 0}04 gotd YRz FEo] Eﬂr@ oj7] Zaltt= 9

njgta 34 & 4= it
IS 2] A 2] sk9l e

B Ao A= g oz 1027 4F 3
u, dobde] Ak AlRbE Agshd, _‘r_%ﬂ WY ol A
T band7t @A H O] mdAZo] WSt Yehds #E
& 4 v Gwinnet” 5ol E1gh b} 01\:} ==
Ab Al Algte]l e, ndde) A
T Heol F2d g AFE
o7 ZslEA] R v e wddFol 47| wiel

wAA TheRart FEo] HR-Fopd e HAAW
o] 717t 743 T FAAE Y 5 4 dvka Wt

a8 E A4oA cyanate methacrylates =9} 24
AN e BadelA Atoldd gt Awk 487 w7) v w A
U FA = et 212 wdd AR 2 A9 A
wo] F#9 AFGiths 7k e rldt. & & 4d

ol AT
o A& zéi—.xﬂﬂ prlmeﬂﬂ%] EE bondingd| 2.2
2-g-sto] Aol T A 9 FFFof|F o7 Zlo] HFE
Poo AT F ATt e S e PeR

& el Shm AAE 5 Aok Hohd RE B
of AF3tel B3] tagel Aol= S7hate] A
yo) 27 tagidol UERE & 9l kS a4

A Xﬂ#o}&l “J Zi% *101] jdr’ﬂ
TFAN A= AHif_’ Fotd R EA < Fdol et W
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B A& Cyanate Methacrylate2] Tttt v=
(0,2, 4,6, 8 10 % 12%)2 A@w9] Jold FAAE
xﬂ}—?‘?}"% 229] stot AA| Aobd W =¥ ek § H3

21 (7250, 3M)<& HAste] At A= HAAH
%@-’Jrqoc}%% =% @A 43 (SEM, S-3, 200,
Hitachi, Japan), tha#h & 2&2 A3th

1. Cyanate methacrylate 8%] 7}¢ & ddt 2

FEE YeERRI oY (33.62 wr), BAIEE o4
KAt (P ) 0.05)
2. Cyanate methacrylate 2%, 4% 2 6%7< 5%
W=7t 2 (0%) 2 v aste] A ekt
3. Cyanate menthacrylate ol #*tage] Zeol= &
Al ebset.

Cyanate methacrylate d%°| collagenZte] 2354
9o} Aolde EglA AL AHE 4 genz A
o] AAARI F7h= gR1E 4 gl
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¢
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Cyanate methacrylate?} AFOFE ZgtZtzof 0/X= Y&t

A2 o] 4L 71l sl ZFHolH oAl % A AAAE st} isocyanate
methacrylate?] =% 23] Joldd A&t ARAFYEE st %]u]‘ HFdE 4, Frhsti.
[socyanate methacrylate®] %o meh 0% (Hx2T), 2%, %, 8%, 10%, 2 12%< TN A¥
o Instron (No.4466.USA)E o]&3le] Hgezle] A JEE 273 Resin tag 2 S8 I E FAA
Agn g o2 AEs| v 225 AU

1. Cyanate methacrylate 8%°] 7} #& At 284 == Yepliloy (33.62 ), BAEA f<4d<] ¢l

o (P ) 0.05).

2. Cyanate methacrylate 2%, 4% % 6% SHAFANE} 2 (0% ) ¥laste] EA] Yebstt,

3. Cyanate menthacrylatemllA #%ltage] Aol= & VEbsT.

o]’ A< AZE cyanate methacrylate’} collagen®} ¥H3-3te] Jold W2 HFE W 3%?“1 87l tagel 2ol
£ A st Aol el 7178 Bkl il A Ew ol F Jlou Aol ApAS ATt wobd 9l
o] ol gt AqHre] AAAQ F7he g1 & glolt

i
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F20{: ‘Jold A Isocyanate methacrylate, A& A7 %=, Resin tag, 343 RI=, Collagen
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