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—— ABSTRACT

CHANGES OF THE DEGREE OF CONVERSION AND SHEAR BOND STRENGTH
ACCORDING TO THE MONOMER RATIO OF EXPERIMENTAL BONDING RESINS

Anne-Jay Moon, D.D.S., M.S.D., Byung-Hyun Kim, D.D.S., M.S.D., Ph.D*,
Byeong-Hoon Cho, D.D.S., M.S.D., Ph.D., Hyuk-Choon Kwon, D.D.S., M.S.D., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Seoul National University
*Department of Conservative Asan Medical Center, College of Medicine, Ulsan University

Bis-GMA, the representative monomer of bonding resin, contributes to the rigidity of bonding layer.
Hydrophilic monomer contributes to the permeability into dentin substrates while weaken the bonding lay-
er due to its small molecular weight. The degree of conversion also contributes to the ultimate strength of
the bonding layer. This study was performed for the correlation analysis of monomer ratio and dentin bond-
ing strength via degree of conversion.

7 experimental bonding resins were prepared with Bis-GMA, ratio from 20% to 80% by 10% incre-
ment, and hydrophilic HEMA monomer. Their degree of conversion and shear bond strength to dentin
were compared with Scotchbond Multi-Purpose adhesive, and the fractured surfaces were examined
microscopically.

The results were as follows:

1. The degree of conversion increased when, the ratio of Bis-GMA increased from 20% to 70%, whereas it
decreased when the ratio of Bis-GMA was 80%.

2. Shear bond strengths of the experimental bonding resins of 80%, 70%, 60% ratio of Bis-GMA were sig-
nificantly higher than those of the experimental bonding resin of 50% ratio of Bis-GMA and Scotchbond
Multi-Purpose adhesive. Lower shear bond strenths were obtained with the experimental bonding resins
of 40%, 30%, 20% ratio of Bis-GMA (p{0.05).

3. Adhesive fractures were associated with the bonding resins of the lower bond strenth, while cohesive
fractures within the bonding resin layer were associated with the bonding resins of higher bond strength.
Bonding resins with shear bond strength higher than 18MPa showed some cohesive fractures within the
composite resin or within the dentin.

4. Correlations between Bis-GMA ratio and the degree of conversion (r=0.826), between Bis-GMA ratio
and shear bond strength (r=0.853), and between the degree of conversion and shear bond strength
(r=0.786) were significant (p<0.05).

Key Words : bonding resin, monomer ratio, degree of conversion, shear bond strength
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Table 1. Bonding resin components used in the study
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ojufA] RIBE FEo] Zask Futi sttt

ot HHA glojA] o] A Q] T e AL 54
o] Fo} olA AT7} g3, Fgo] 2ol R, kA
o} EAjgo] AM AA A=}t w3 FHEF0| Hojof gt
£ Aolt}, a3y Ea1#o] & Bis-GMAY &3S =Y 7
S AUA g A5 DAY H|Fo] Polx| BR HAZe
e EoAAT ARl oy, AR S Fo)7] Y3
44 A E Ho| TR A& et oA 4
At

ojdj ute} & Aol A TFA| e A&l w2 E2)F
A9 Aol & e BuAl A dFAQ Bis-GMAS
HEMAE F4 802 Z17te] 290|168 2] 7 39 H%
#H7E AEH 08 Azl FHE R dotddd At
AAEE 243 vl tho] AAE A7) sl njolt),

Al
.=

=
o

NELTET

2 AZoA A Azst] AT FEeERY T8 4AE
Table 12} Zt}. Bis-GMA (bisphenol A-glycidyl methacry-
late)®} HEMA(2-hydroxyethyl methacrylate) & 8.
SiFA 2 293, EDMAB (ethyl 4-dimethyl aminoben-
zoate) ¥ ¥H8-3%A|, camphorquinone FE7)A| A &2 2
Aok, AR FAH.A F F8 WA Q] 2AH|E-L Table
201A¢} 23, 1 9 SR E T3 0.25%, wHeE
AAe 5% 0.5%2 Y3 fAH e, BE AR
9] %2 Denver Instrument Co.2] AA-200DS A&&
1/1000g7HA] 3438t 2a18 E0|= % st

U272 E ARS8 Scotchbond Multi-Purpose(3M
Dental Products, St. Paul, MN 55144)¢] 287 (ad-
hesive, 6EP)-Z Bis-GMA 62.5%, HEMA 37.5%, 2831
1% v|%+e] camphorquinone 2 T4 & o] 9le}#,

... Component - Manufacturer ) ~Lot-No-= == -~ .
Bis-GMA M-P & Dajac Labs, Inc.
Bustleton Pike Feasterville, PA, USA 10-19-16
HEMA Mitzbishi gas chemical Co., Ltd HG 61023
EDMAB Fluka chemieAG CH-9470 Buchs 318700/1 995
Camphorquinone Aldrich chemical Co., Inc., Milwaukee, USA KQ 00306DQ
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Table 2. Proportion of the monomers (wt %)

Group I* i il v Voo s VI o V- VII -
Bis-GMA 62.5 20 30 40 50 60 70 80
HEMA 375 80 70 60 50 40 30 20

* adhesive in Scotchbond Multi-Purpose
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g o] &3ty gho|FEY FEE FAST. ol F
Polyethylene strip Alole] IS 1023 B3 £ &
U3 P CR ol Sl Bho|FAT 58 SA5T A
oM 29 EFL 163] scandlo] BAAE 7] E31910m &
EE4em’ B9 2 3T 600cm el A 4400cm™ 95& A
A scan¥t F 1590cm™ Al 1660cm™ Alo]2] W& st
o] 71531 o1, AartagE F4lsle] Aysta ¢ E 29
EYE St ol 2HER LS R0 R 7)5E
T AFE AP o8] F4 2HEH 0T AFE YT}

A

g
°
2

2) THE AN

A&7 gholFAse e T 71A7F 9ltk. Aliphatic
C=C¥ 1635cm™ Yx)oM 452 ekl aromatic C=C
£ 1610cm™ YA F5=E vepdot, 1610cm™ 93¢
aromatic C=C& @2 #212] WAlFe| 1= aromatic bond
A FPA| g3t FEo] oh7] Wi YA FFEE
AR 2 U R 7]E (interna) standard) 2.2 4=t} o] 9}
2] standard baseline techniques ©]-&3lo] 3h4 - 3
aliphatic C=C¢%} aromatic C=C9] & 7= Hud ¥
Ferracane® Greener7} T+ o<} 22 42 o] 4319 5
T ol Y& aliphatic C=C9 4%& 78 + b,

100914 o} $l= aliphatic C=C9] &< A Y3k= 5
B AL 5 90

Remaining aliphatic C=C (%) =
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Aold EWAe|= Scotchbond Multi-Purpose A1E9]
etchant(TKK) & o[-&-8fo] 1527t AH-A8tT 1523 4]

& ¥, o 453718 00T Bol FYoANL £

2 AZA712 T @ W primerE EX8131 AXA]T)
A& dhEsie] FEdaS SlEit

HAYANE Rog FdeiA =2 ¥, W73 bmm, 97
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Model 5530 BH, Ser No 115601, Germany) & 1037} %
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(Model 100, Demetron Research Corp., Danbury, CT,
USA)Z 4] AAsle] 600mW/em?e] 42 B2 Eolals
=3

H3kg) 712 7100(A2, 3M Dental Products) & )&}
44 ol] 7137} E5A] R=E FHAZ] £ mylar strip
3 slide glass® 93 71481 g Effelzlo] 2599 slit
Feol2 dy e AL BRI F slide glass® A A3k 40
27t FzARsle] A AT, o] F 243 slit margin ¥
9 Hlo| £ ko2 #15 bladeS ol ¥ EelAl7lx, A&
Hlo] %= A A8},

ol Akm} o] ZH AAF EE 15744 9] AFAHE A& 3)
o] 49| B 24417 HAE AGARPAE $3& A3t
A=

ar
k)

3) AAE &4

AlEE SO 14" ket A28 AlH 24 o (mounting
jighel A ¥, THeA 871 (Model 4466, Instron
Corp., Canton, MA, 02021, USA)E °l43t] Ag7 =
& S4sisle). Al Aol $x|% A3 0.5mm/min
9 crosshead speed & ¢&815-8 7150] ol 25 &
g7 Alge] B2ld w9 Hdels(Ke) S #3k1, ol& &
AuA g AR E(MPa) 2 4ttt

4) ¥H #F

AR vhdE £ mdve] @n)7dA A 918l surgical
microscope(Carl Zeiss S21, Germany) 22 16H] ghlsk]
s e & FESkaL, EEQ Al EE gl o] 254
71(E5400 ion spotter coater, Biorad, England)2 & - &
BES FHY T FAAERZ (JSM-840A, JEOL,
Japan)< o]-83l] 5kve] 7144 sloll A S gelE B
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2 AN AH Az JFH2 7FH Scotchbond
Multi-Purpose % ## 7o) tisle] S84 Gao|524% 5
9 FMFA SR 1027 FHE Nk ©ao]F A% ¥
of tisll FTIRZ &3 A%, T34 - 39 YA ¥ EH
2 Fig. 13 Zth. o] & Ferracane® GreenerZ} 2| A& 2]
o)) o) AAHE FEFEL Table 3, Fig. 29 2t}

Scotchbond Multi-Purpose H2#1%& Bis-GMA &
#F 62.5% 2 Bis-GMA &% 60%9] 2484 HAzle] 73
9} vl FHES YEMIAT. 484 HEAHAGA
Bis-GMA & 20%914 40% Alo)olME 1027 B2AL &
2%80] A9 10% U9 A= Ygktt, A3 Qg
A Bis-GMA 3Fo] 70%0 ©12717k4] Bis-GMA el ut
& 2385 t]8o] Z7}8lthrt Bis-GMA & 80% M &
2388 F3EC| tha AT

2. HEEEUE

2 AN A3 Azxd ZFH7 7FH} Scotchbond
Multi-Purpose &7 AMS-ele] 7S S48k 4
ofd e ARAIHLEE 4% §, WindowsE SPSS
version 7.0 software oA one-way ANOVA test
(p=0.05)¢} Duncan s multiple range testsE ©|-8-3} 7}
A& 23k A gz Ajolol e fod& AF
3+ A3 Table 4, Fig. 39} 2t}

ol et 71 w2 AREA P EE Bis-GMA 33
80%, 70%, 60% A4 H& el g 4L & 3ion
(0€0.05), o] Al T2 BAH R FUT T+ FAFsIA. o
$02 B& AHAPIEE Bis-GMA & 50% 484 A
2|43} Scotchbond Multi-Purpose 3 279 739312
(p(0.05), ©] ¥ #& FAHLE T4 & Pt
AFATFE7t GA dehd 487 Bis-GMA 3% 20%,
30%, 40% 234 A1 A2 (p40.05), o] Al #2te]
Fo 3 Aol AR A it

3. oA phE

sdd] Ui v A4 2 A3} 59T AH Uiz
kst F79 AGHE e e 447 dF-Eelgler
(Fig. 4, 5), #EHoz2els 4% FdA9 g E &
9l A|AE] ARG ARATFE ] Alolol Yo FAAA
£ 53 E 5 UAATHTable 5).
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Fig. 1. FTIR spectra of the various bonding resins




Table 3. Degree of conversion (DC) of bonding

resins tested
Group I I m v Vv VI VI VI

DC(%) 3482 11.06 767 13.10 27.87 3667 4613 2819

Table 4. Shear bond strengths of bonding resins
tested (MPa)

Shear Bond St. Mean+S.D. Duncan Group*

Group VIII (n=15) 2921631 A

Group VI (n=15) 28414684 A

Group VI (n=15) 2488+432 A

Group V. (n=15) 2007+582 B
GroupI  (n=15) 18.03+4.34 B

Group IV (n=15) 17331497 C
Group I (n=15) 1588+527 C
GroupII  (n=15) 13241603 C

* Values with the same letter are not significantly
different (p) 0.05).

Table 5. No. of specimen(s) according to fracture

mode

Fracture mode* A B C D
Group VIII (n=15) - 15 7 7
Group VII (n=15) - 13 7 6
Group VI (n=15) 3 11 7 7
Group V. (n=15) 4 13 6 4
Groupl  (n=15) 6 10 8 5
Group IV (n=15) 11 9 4 1
Group [II (n=15) 13 2 4 -
Group I  (n=15) 14 2 1 -

*A * adhesive fracture between dentin and bonding
resin

: cohesive fracture within bonding resin
C ' cohesive fracture within composite resin
D : cohesive fracture within dentin

o9)

7 27 Abo] Aol 9] 34 (adhesive fracture, Fig.
6)o] F2 Yelston AFFwr} SolXHA gz A
2 Well X9 34 9 (Fig. 7)°] Bol vekgx, 33
AelAe s At g7l FHFEHoRE AT &
ol e & e H4 18MPa o3 i AT &
& 1Ol Bis-GMA 3 80%, 70%., 60%, 50% 284 3
A 3} Scotchbond Multi-Purpose 27 oM<
Halg 2 U 384 94 (composite resin cohesive fracture,
Fig. 8)3} 3ol Wi 384 72 (dentin cohesive fracture,

32

50 00
4500 ¢
40 00
35 00 +
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g 25 00
8 20 00
1500}
10 00
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000

i ) n W v vi ) Vit Vil

Fig. 2. Degree of conversion (DC) of bonding resins
tested.

40 00

35.00 T l

&
s 20 00

1 1 1 v v Vi Vi Vil
Group

Fig. 3. Shear bond strengths (MPa) of bonding resins
to the etched and primer-treated dentin.

Fig. 9)%= 4% Yebst.

4.4

=

A 24

Spearman J##A BAHE o83l felgE p=0.05
gtoll A Bis-GMA 38 S3E Ale|e] 4#AAE BA%
A7, F AEIe] F#AS(correlation coefficient) &
r=0.8262% v} 73 FEAJ-E Ho|r | Bis-GMA o]
S71kl e} F3HEe] $7IsKe AR EAE 4 JUth(Fig.
10). Z& ¥ o 2 Bis-GMA &3 A9AA T Alo]¢]
AHBAE BN A, F AR FBATE r=0.853
o2 9A] o ¢ 3 AAAE Hojr, Bis-GMA o] &
71gtel wtel AHA TR T F7hehe Ao R B ETHFig.
11).

HFH o2 F3EY AGEFAE Alold= AHA
r=0.78622 HA] vl et FHdE Holn], F3HEC]
7Vl whet AYARRER FVRIv EAE 4 9)

U oofN x
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Fig. 7. Cohesive fracture within bonding resin

Fig. 6. Adhesive fracture between dentin and bonding
resin

i1

Fig. 8. Cohesive fracture within composite resin

Fig. 9. Cohesrve fracture w1th1n dentin

(Fig. 12), Qel weh A2l gt 48 877} FolupEA] Aokl
Aolehe WAL $RARYS F03 352 0= o
V. &2 o na ek,
Holdsh G o) 7/] et =B A, Aobde
A4 AAT AHEA 5o PRoR AQA BRIl Qoo BhE FRA WE, £2% B Q00 144,
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Fig. 10. Correlation between the BIS-GMA ratio and
the degree of conversion (DC).
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Fig.12. Correlation between degree of conversion(DC)
and the shear bond strength.

a8 F3rEd wE §8 5 Be BAME S5k &
o0 @At ol A A S B3l =
T2& WY A A A, e g7 dga) Argoz
Aot 71A W i uld ZAeAE gol SEE.
Nakabayashi 7¢I ¢]&} zAtd E8F9 Mg 44 &
Z A7} ok AT U= 4t - ARl nlAlzAE
3he PAske Aotk AR Tl €3 & w3% ugl
5 B oflet AopAld o, 2} A& 7 anastomoses
A7A G vA, AEA et E NaOCIZ 294875
S AAZ A9l A3 7+ anastomoses WES| AFHo] &
7kl A=) e A0S Jehls A4 gig,
o] 714 Aot A2 738kl (dentin primer) &= T2HE
ShAgk =5 wjA) 7} BV ed Aokl 7180 A& Rlo] &8
Ho B AR & 9le 2AE P48 Fo=2A A Z3t
o] 71{8HA ATt

2% oo A3twd Agsle TUE AR T F 8
A A ks & 4= ek BA4do] A3t #HE 4] ¢
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Fig. 11. Correlation between the BIS-GMA ratio
and the shear bond strength.

3lo] Fanning 522 A&# A0l v]AJAHmicrofiller) & &
fAZ 2R ARAEE £ Buvl glen, Miyazaki §
®9] B oA = H& e nAUAEE 30% o1 TFAIL
Atele d719 E2A AL = i, A5 7
Ast3 BAAIG7) golA $ETol AstH B2 AYA=st
Aasle weke 2 gty 3.

dutA o 2 Aold H2A & vAUAS Te3IA) gon
2 ZA R 227 AL g 24 we} theksiA
vepdt), o4 @249 Bis-GMAE A m.w.512)°]
A3 Z%7t gol T3 v ¢ ddd Eo] HY, A5 o
24 HEMAE 22413 (m.w.124)0] 2o Aty o
< AR FHg Eolt), 3, gxlo] B A&
Hohe A2 S Jeir) ofet 3 o| 3¢ Adeo]r] o
ol F§EC] 88 u|E AU, o2 g FFEL E3
o s A B £AF 2] 9 A €
.

34 3 2] F9E S4 o= gas chromatography,
2 9] B339 (Infrared spectroscopy), EF A&
(calorimetry), 729l Ax 3% & e 714 W& o
£ 4 9lom, o] 5 HYA Ego] vimH AFwr} B
A2 gA Sit}, o= HA g el A A Abgel
¥ 349 functional groupd] ¥4k &5l 7]<18 FA 9
T dEd 72g Ao, FHEAT A4 AF e 2~
AEZ Y £ AFFoMT AN S Faitt. A %
el E4me] Mol B4 ) 5o} AF=M, functional
group®] T4 A9 ~HEH o] F5uE vehhs &
A AFTE AT EZN ¢ 5 AT,

F53 449 718 gl HE Al 9] EAEe
vinyl group®] &40]5 A%< 4o Wl monofunctional
monomer$} difunctional monomer® FEHM, tF-&
aromatic difunctional monomer¢! Bis-GMAZ} A€

ok, DA Akl o2l groupel HAFAQ FHAL 40



G MAY 7MY 83 B9 A9 & 2o gA
&olgAgoelt}, o]# % vinyl groupS A H7Hikgd)
OJg F3l 7] g et o2} A Yol = Hed gt Bis-
GMAS] 7] Al&2 2 methyl methacrylate® AHE-H A
RO SEF2 S Foln, ALY ¥ A& U
VA e =X Q14 (rigidity) ] 718k WaFez S3A <
B3 A& HAATA ",

B oA A Axg Add H27E Bis-GMA 3
& 20~80%7MA 2, 1027t F2AE $8ES Bis-GMA &
F 20% A&ARNA 11.06%, Bis-GMA & 30% %
A X 7.67%, Bis-GMA &% 40% A2 &7 A
13.10% 2 ¥A Jeiytoy, Bis-GMA 33 50% Had
AME 27.87%2 FHol Folde AFE HolH, Bis-
GMA 3 60% #2kezlelA 36.67%, Bis-GMA & 70%
AN 46.13% % Hnzd 2¥TI7L Bis-GMA 33
80% AAHAANE 28.19% 2 THA] 7HA4sle S e
Wit} Bis-GMA o] w2 HaA L& Jrjg oz 315
A @2 HEMA H|Zo| o2 234 ] Aol <]
=7} v ol t)7] Fo] Ay} DA BHFOE A
g4 - 5leme Bl e FEEE Ik A
o 718t $EEo] WA vehd 222 AlgHEY

Finger 579 A7 AE acetones Sl 2 3 Bis-GMA
gt HEMA &3 4% &4 Bis-GMA : HEMA H]
£ 100 : 0°llA%E] 80 : 20, 60 : 40, 50 : 50, 40 : 60 £
2 Abhol o3t F3sl o] A ST Bag vt gl
on, B Aore FHEL ofo] FH e AHE VeI
o}, 3, A7) A ATl M ofg] 7k Aol HEA F
9 L7 A Fo] BE-EIA ) v 22 THES YEM
), B3I IAFEY DY 871AIENA Bis-GMA e
O st HEMA 30| 52 208 4o & 439 27
o} Az vlolu, AlgE 2 9e A 3R Bis-GMASH
HEMA £l¢] UDMAY BPDM %9 9#AE 3 slal 3e
AELE 9lo], o8] 71A] theFg v e S BFgoz
uol7] W0 2 AlREr}, Vankerckhoven 592 Y3 ©
S 28 AR Bl $3ES vlwd 29, Bis
GMA &io] Fae|zle] 201 B AN R FHES
Uelor, Bis-GMA &ge] & Ao $FEE #44
QA Aoz HxghHk glont, Pzl g B3 #7l
ool 23 ARl whe} A 5o EelA o] B 2
2 ¢ 9leng nlwel ez FAsitia Byl g€ 3ol
ATt

B aA7o] Ad7 HA el Bis-GMA &3 70%7H 1= 5
80| S71319 2} 80%0) o2 Q381 Thi HaslE
& 2l A& difunctional monomer$] Bis-GMA9] %¥H&7]
7} F7piks 2 wabA R o]gk SR ek 24
F e 7FeAE AT ey, AURA & H T sl

= HH3ol B 83 free radical® Fitolghes QAR BAld)
o8 $E0] HolAls A2 EAHM, Ruyter 7%
Bis-GMAS] £& A=x ZHWHSA] free radical®] ik
At FEEC| FHashes 2945 VeIt Eug b ¢l
o} & d¥e] o] mEAY, Bis-GMAS] £ JTr} &
e 4oz 2g-slHd ik 80% W9 ol de] &&F
= Ad 7ol BR, UnrEQl YA KldA FY 8L
Y o= Bis-GMA &&o| &5 $HEol ¥ & 4
gor, AV dEA FHER EEd & o Al
%1 & Scotchbond Multi-Purpose H2#%1& Bis-
GMA &% 62.5%, HEMA 37.5%2, B 24u|7} H]s:
3 Bis-GMA 60%, HEMA 40% 2384 H&)zEct 5
£o] b WA vERd Ae(34.82 ( 36.67), A¥A A2
719 Bgolle FEAAAN AsPERA] G2 FH31A G
A dfahe vl7h A ke,

U 9 Heo] Haw e Abd gabs 4] 3183 F
AL TS P2 SRES A Ha, vF- =
2 A= AL F3ESA] free radical?] F4tE A3
s =o] FFEC] BA vERR H3Kle] A F
FES 2V HsiM e A4 HT g FAStedor oy, B 4
ol X)) A} 2J5PH Bis-GMA % 60~70%2 42|
o] =& FHES VeI it}

AA AN FRAFEE] A3-e D] HFeRle] F

[2)

T2 N e Bo] ¢Etta & 5 Jloh AR 5
Aolle A7 A e 9 Ay, ARt A&
A3 =S X A, By, S S B
H7h e

Aol ARS-E A7) Adelel flo1AM Pashley 540l ©)aha,
WAL 9o met Gold o] G877t thEn, Qo
U FAR ] v e 2FFEE Yehdrka algith IS0
THAT s, Gotdd g APYE S WE F0|
2 Q17te] G, 53] 18~254] Alo]e} EAjell A WA
g A 3 oA FHel B3 dobd S FAHska gl £ d
G Alote] ol el WALt 2R A5 FU3 24
A dojunz, 2% SA7Ie EAF AL A3l
vz st 67198 @717 e Aol T aiirt. $44]
7S] Aole] B 3R] A% Sl BasiAY, 0.5%

d

4

chloramine £l At 17U RA}H I} o] F S/
of WA Bk Blo] £33, F7|1H 02 HRgA-E wikst
o BAS FHaskele Aol £om, SR/ chloramine &
of o]9)e] g8t oFF-E XA FEAY A E S "B 2
2 AR 23 ¢ dai e AgeA doka sk
A= SHole AFA = AT F 7119 ol
o, Qitold AE F A A3 AYstA] = AlRIE]
Hair e A o8 AW E 4 & Al govt 22

15
3L,
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3 2 o]F& g AMEY el e A3 s 2o 9
Vel M T 53 ks 2] 430, Retief® &
Qe Bla) AL ET} Tk o 4 0] Hoejurle i,
oA FEE 7lelA = 98-S AP AgHe}
g e s Adsl]e FE3tha st

2 Ao 7 FAR 2EE 1657) A9 Ko} AJH &
A2 sl Adolael sl Abe-A 3} 27 sHA "4 7‘131 A
A& T¥atn 1027 Fegstn gl 345 402
2t BFFeI] ARAFEEE 23190, @%’31 ZERSpe
Ao A HF AR Y EE Bis-GMA o] 20%% ) 13.24
MPaZ YERto™ Bis-GMA 8 37}l whe} a4 oz
ot tigt AHAFRER F718td Bis-GMA &
80% A&y A e 29,21 MPadl o] 231t}

Bis-GMA & Z7lol et Had 4= $37} ©413
o2 ol S Yeb Ao tig AR zE, o}
Aol U3 AGAFR T} 13.24~17.33 MPaZ @A et
W Bis-GMA &% 20%, 30%, 40% 4383 F&g2L &
A3t TS A3 en, Hi AL E 24.88~29.21
MPa¥ 7123 Bis-GMA &% 60%, 70%, 80% 284 3
A Rlo] Fobde] sl FAH R {eJstA & ADET
AEE Yepe 222 BREUY $2 T o2 Bis-GMA
& 50% 84 42823 Scotchbond Multi-Purpose
HaAgzlo] BAH R LT #2 FABI

Finger $%¢] 47X %= acetones &1 & g Bis-GMA
ot HEMA &3 4383 H2e71olA Bis-GMA : HEMA ¥
& gElsl] HPA D ol v AT : ¥EE
2431921, Bis-GMA : HEMA H& 40 : 60 A #elo]
50 : 50 60 : 40, 80 : 20, 100 : 0 A&z} {2l o
3 e A s JepT. Bls-GMA ghgo] S5 ¢
Z19) 74}7‘] Aert oA A o] A Jehd A& £ AY
o Aael dAsle e BAlrtk o, Aol dalre
Bis-GMA : HEMA & 50 : 50 H2kede) 71 & 4%
Hg HAT o2 40: 60, 60 : 40 AR $oigle
o, A7t 52 80: 207 100 : 0 AFHA L w2
S Bt HA7]ded mel Jago] AbolahA vehde
A3, B AFdA 9 9] Finger 579 A8ME ¥x9)
Ford HASAE AH3IA] Y Aol Afehe vzt & A

[ LSS S

o7 BN 450 9Jere wo] Wk Atold 7] A )
A TEE ol9d A7l Fad 228 AgIve RS
%+ a0

Bis-CMA &3 80%2] A &H AN A& Bis-GMAS] 3
o] golAld wle} detela AL Bl o s 3
A 9] 7=t 7kt A §549, Bis-GMA &% 70%9)

Ay AR F9g0] thd ol Qo Epetn A
Few 288 o 27 vepE 20g BAEY. a8y, 2
PHH o2 AkdIlee w7 veidta sitjeke Bis-GMA

kol AUAA Zod FaaAFo] $7A G4 1, o=
T XA 232 AvA B8 A 242 A4 5
Qoo uigzsita Br| et 23, FEHA Az 7
Aol M= Bis-GMAS AUAA £ AEE o 714 A&
E7e #Ug A AL oA sk Aol AUtk

<Y 24 i AFE A8 B < 80%A A
DIt 2 S4E 3 oy, AT SF ke ulE A
FE Fiog shgo] o] oA B2 HA] HEA| ) oJ5) e}
s e o} wiea] BikeiA & gt BheAEr2
AHAFAE SHA AU U] H-E de] FA F3
A o] Mo FAE fillet W Fol| 3 siA HAARA A3k
] —‘9—6}_.2 Aol 71812 v bending moment7} 7HA =)

7o) 91, AFAFAE S Ad e HaAA W 214
& -roqzé} wf 52 Wekg 9377} wl$- ook AT 9
2“%‘”’. 2429 A A=} QAN B 2A Yepdrt

\=] )_\:]?‘5], HIg o}\q_éf»

4:‘4 dold FEA e A dis] dold ol $34 7
g gol vehled], o| AL ot HAA Ao 48
B0l wh AR dHep] Boe \_‘4@1 =44 §Eo]
Fojse A A AAAHN &8 HFo] ddeA] &
"4*— glof] 718ks vz} A0 A9 ® S84 AlH DA

o] ko] g FAaA HAAW %’—14"1] A FEE tis)
’\1‘“ dEYo g opdole A3 AHH oz 43t
cracke] BAE I, o] ¥ A& 7}?5]174 AU o ol A
A GFE njAA] Kt doldolghs BdAld W=
(monolithically) crack< AstA| €}, Hobd-& A
o2 A% disire Fsl7] il HEARE ot
R destA |, 2940t 225 Jobd W= 3y
727} AuEe Ago] AAA Arhz 2| tensile mono-
lithic fracture hypothesis' ©]c}.

A= 3w we $39 F58 3] o2 ve)
= A8l Kitasako 57 M= AF=AoH,

T Sl AR 7R d] ElRlo] ot Sle
‘1’%’ | Holet Hl3) AT F Aol #zlo] 3Ed &

disgel vid 2] HAE WA He At & A

N2 o2 Fee] $8 FFo| crack A9 HZoM = t}

FH 2 Yeldtis 1 o Z2Agthe Aojtt,

AARE 2AA BT AR T 2R A0 Aotz o] 2214
o] Bol Yehte A& 58 A o] dgxod o
27] g &l Zold f S g2 3;;—3 Az vie
Al dABIA = o, 9 5Yd WY UM w2

Ao} Aol ] LA ae {}P{mo{ deAcz 7t
T & 3l F—’é"“’ﬂ’i‘?— oo HgEE AoE don,
ASGAFA T} & AP AH A Aol W) ghdo]
Zo] Yeh g, ATy} v TolMe F2 42AY
ol xel gxo] W Adopd W sHE-& ZolE & QI

r\m r1o _‘s;_. m\o oN r‘



2 AN thF-2e] AT L o 3 FollAe] Bdrks o
302 Yehlle 4% 289eH, sl AlHdMz
HHZ ket ZolM e BA4E FAlol Hole A7t Btk
(Fig. 4, 5). €% H&7]14 (dentin)@ A 2A| (bonding
resin) ¥ 84 (composite resin) & & Wi, 7k ¥
2 - E ER3t] BH, FA7) A HEA Aol A
o412 34 (adhesive fracture) & Hdt AFATAE] &
A VEREE Bis-GMA % 20% A&7 79 A1A 1570
Z 14709 A Aol ARG om, AFAIIET} S715l
ue} aA A A - E Bl Al 2 CAEOE A
3l Hit AGAFIE 28.41~29.21 MPag! Bis-GMA
% 70%, 80% AN A8 #AHA gkt 33,
HFAZ Yol X9 $-34 34-E Bis-GMA 33 20% H &
#71 2e] Al 1570 5 2709 AlHelA] FFFHJon, HT
AYAErt F7hetel wi Al E e SAF 0 T8 3
T AGEIAT 29.21 MPa?l Bis-GMA &% 80% 32
oM 1570 Al 2R 334 abd FdE vehdo

HAARANA Y sido} old o, e B34 W &
A4 BaL vud BE3A TR e, F 3R el
A9l B B3] AJold Y] 33 UldAle BdeA], &
& AR AAHATY F7E el FEAA], e F
AY 73} Bt R AR A9 A Flo] FEdt
71 YEUD. AR FAHH ) 34L& Burrow 579 4
TollA e} 2 A FelE oA N BAFHE H3 YN
o (Fig. 7), B2FH7 547 A9 2% 92t 534
7 L ¥ s THFig. 4). g AlH] tlF-HolA &
gHlzlo] BAE Aol A9 vreRge] 89S Bole
797} BsteH (Fig. 8), g AlHelA o2 714 efe] =h4d
o] FAlo] UehtE 7ol =(Fig. 4, 5), HHERYE oly$l
S AR F4 59 7P 7R A E o] s ol et
do M AFAE 49 A9AYE FARE adhesive
fracture® Ho|x 7PgAE] ot B89 -& VepllE 7 ¢
s b Fs By

Aok W $-34 oM (Fig. 9)& AeAE 4
Ao g Wol Yehue o g B AFdMx #7le
2ol 2 S &g + Y& 18MPa ©]9] 4
FEE B2 AAHR FolM O dElge, A
2 ol Zo] Hol¥e A47F Boka, Al 9] AlH A
A9 202 Hol=o] FulA]2RE }HH] 2L 7
A L H R0 Versluis 592 A7l H5H ‘tensile
monolithic fracture hypothesis 9 385 e YEHE £ -
At

Al-Salehi $9& AYAT SGA) Ti2A] O HAYHE A
Hote Aol dlolehe AR Aol 34 A& %
#ohs F o FoE AYE S ST AL F93 Ao
ioka sl o, AA QoA Ad 2 FEE 7R =

A A

¥ oft

L
5}
2

4
]

o =

3]

o

fo

A

e

—

o 3

Al 2T &8 AT 3 Aveke o2 S A3
ol vehhe ol S s e HAZe F=E A
stof Ashe 21L& v o] 849 Asietn & < gl
Annt S0l $He) £ FLotA AT + A
AT =S4 o 7l o] A Eofof & Aot

Bis-GMA 3] woHd45 S0l S7Ishs 243 o
of eaA £ A3 F A#Ite| dHAo] vl Zeta
(r=0.826), I8k (p(0.05) Yebstt. Bis-GMA $3-&
T0%7H1 2 A}, F3HEe] thd 7H4¢ Bis-GMA 3%
80% A T& AL I A e v% T A
olty. TAIHQ WAE BAE £ A Bis-GMA g2
2 T2 TS SHE o 714t & 4 3l
th. Bis-GMA &3] solds% A3 ert 71eke 2%
o thaj X = FuAA £ A F A #3ke] AHAo] v+
B3l et e (r=0.853), A& AA <] A= S
upe} Jotdte] AR SU1e A ow EET FHE
I A= Aol = e S de A0 Yeykon
(r=0.786), ol 3 &l Ztole & FHEC| WEA 2
ARFEE HAshke AdAq Adgga & s AT
P9 LT TS e I HelM e SRE] ZETE
e} A 77t wobA HEFY AxE Foled 7ldshke
A2 A4 ¢ ok

w289 A3 wam Eaio] 2 Bis-GMA #io] 4
A M woHdes FHE 3 AT A fEId A
o] & AR vehston, Hxrt g2 dFA ] 2uls
zoletle HAl Az 4739 ofglEo] B A0E ARy
nE, A JHuRA 9 AHE-E ned & 5 S0

ol gARl “dotd AR E okl 57, el &
offoixIv, Al o] EApFo] AXN AA| F=rt w1 FH
F50] Hofok ke Aot F4~ge] A2 EIA] AHg <
3, AF2FH #dglo] #E FFa e ot o
g Rl Y AL AT HE A9E Hu gler W
o) HAZSA AH-2 AAHR AA el 84 F A= Bk
2 oJulE FofspA A0tk A=t 2 A 35S 2] AsA
T 718408 EAo] Am gt A & o] galo] 2}
#30& 78k, of7)d B FHELS F3lo FFHA F
TS A=g Frajof gt

dutE oz q73A Tl% & 9

ffr g ¢

£ Wol W ¥ A}
H e FEA dEiA B492 A7 9 filler T
< ol 59 8L dhe AN, AN A= =Y
F28A Agstuz FAR A BAS AT 9
g 58 g Eolol & otk = EA o] glolA A& H-9
o] EAo| ute} AnlEE AAAY BAL AelEle 5 &
= HE AR Sl Hhe} Zo], HAAY A olx AL 7
el upe} G 27 R3ste B3 A2 AHEE g
27} dtta Alg
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Vv.d B

AR 7 8a A9 24gvled e 294 A
49| zto|E R Eual iy dFAA Bis-GMAS
HEMAE FAEL R Z7te] AW & 228 739 H&
#71& A¥3 o2 A 23k Scotchbond Multi-Purpose 3
273} vl mate] F3+E 2 Aolddde AgAPARE &

3

% sl g dn|R4 43 29 oest 2 28d

.

[y

38

AEE AR A Bis-GMA o] 20%58 70%7}

A Z7¥el viet $HER FIke ¥ ER oM, Bis-
GMA &% 80%lAE &0l 2318 2t

. Bis-GMA 3% 80%, 70%, 60% 434 &AL o

Bl HF R HG ol el frof A =& A9A
AFeE Hyon, tgog 5L & Bis-GMA &%
50% 484 A2k A 2 Scotchbond Multi-Purpose 3
Fgzlo|i e, Bis-GMA &% 20%, 30%, 40% 4%
A 3AYRNE Fe ARBEE HSoH(p<0.05).

AT} e ABYSE Aoldst A Ao A

ox9] shdo] Bt ZIFErt FokAlHA HAHR W
oM} spdo] Bol Yelgth. Wit 18MPa °|4<] 2%
Z=E Ve AT TollAE dotd W SR o
2 B3 W 44 AR vEET.

. Biss=GMA ¥%3# $8E Abol(r=0.826), Bis-GMA

Tt AGEJLE Ao (r=0.853), 28] FHEH A
SAIAE Ao (r=0.786)2 ol IEdaAA7} AF
A2 (p<0.05).
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