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aFR ) 2A7tEHE ek ofe] e AJWER! Shofu Glaslonomer Cement(Shofu Co., U.S.A.)¢ GC
Fuji I(GC Co., Japan), KETAC- CEM(ESPE Co., West Germany)< ®%-9 v &8 @|dle] &A1&
HFY oA go]z HapAll S H AT F 1587 A2l WAFHATII} FH5 FHste] 37° C g2 B
#aAT BEF F 2402 R Y Fo RSN E AFHAPEE SYstn B g S
#&sto e 2 AHE AU '

1L 239 &S 1231 24747 43 A8 A 9slns KETAC-CEMeo| 71 &2 AA[AREE

YER o1 (p<0.05) Bt HEA 433 §&4lo 2ledla AzEm, Shofu Glaslonomer Cement®t GC

Fuji 1> F&AZ =7t o wgkeh,

2. 2L W &S F/MAEAY AFH R EE AR FUEE TS ZAvh

w

AR L] B E QAP AL EE WA R FUEE AR B

4. Beple) g 3 MRS HAA Y BARANN degste] A At AFAAL AL §le S

b W w8 v &(G42%)E A8, 1 thEL
B6.790)% v, R FA ok B FAFAN @ A (9.1%)°] 7 A At
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F& HAa Yl FEH oz golA g A
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WG Bl B-FHA] =g o] 8-81x ¢km B}
AL AR Koo RFATE A4 2o A
g olg), B A& o] 83 HF}E2 o] dAA d
2] o] &1 Qir} Hepll JAARE F2 oladY
¢ A (methylmethacrylate)# tho]o}=d & ) 2 (Bis-
GMA)AIY B3 & AL8-8tH, 549 A7k
71 @ ool Zeolle FFFUNE AMS-eFa STt
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o Mg AL Yoz ax gu't? BiyAn
ok A7} gol g Aol A meks ay I
dME HZ Bl HAFAAZA F8s ofo] L
A ES] Abgo] F7bsta o, HAZE WA
By v v Aegs Jepdde AgE
14.15.17-21)94 w7} w o] ARpe mwd 2
Autso] FuelAl ®ol AlRE R Qe 59 A7t
%33y Zekx olojown] AMES Hapl HAA
2 AMEA] QAARLEE 24X 9} YD Foll
=7 dlwsta, M & & Bi-o vgo] A
o) nRE GEFL Hlmete] BozM wgs H
A HAFAZA FEs ofol e AJAESY ¢4
A FEAS GoliaAt B A8 Ayt

I Mz e
1. GI2M= & AR

D A7tAE

2% ABE A3 EAG ATA TN 25
o] gEl x| ok AAZ 120719 AolE AFAEZE A
gt A7 EAG A F 52 B Ao
Aol o L o]l EF T AA I A A2 Es
of AAste] APE A Wj7tx] B@sAct AT
of AME-g HAAl= vlay Zo s
A Bol AlfE A e AEHE ks ofol ek
W AWE % Shofu Glaslonomer Cement, Type
I(Shofu Co., US.A.), GC Fuji I(GC Co., Japan),

Table 1. Classification of experimental groups

Group Adhesive  Subgroup P/L ratio Storage time
Shofu 1 1 ~ 24hours
Glaslonomer 2 15 24hours
Cement, Type [ 3 1 3months

4 15 3months

GC Fuji 1 1 1 24hours

B 2 1.5 24hours
3 1 3months

4 15 3months

KETAC-CEM 1 1 24hours

c 2 15 24hours
3 1 3months

4 15 3months

* P/L ratio : power liquid ratio.

CHRIWAA 26 35, 1996

KETAC-CEM(ESPE Co., West Germany) 33%F%
AHE L, BEble &3R4 HEY AR o2
Ba}Al(MicroLoc 142-45, Tomy International Inc.,
Japan)& AH8-81%th.

2) Al A2

WA ATA Y & RS BAE FHA g2
pumice$} rubber cup ©]-&3td Anlet T EE 7
Fo] Az AZE EUE Hol AxAZY FHE
120719] AlA-E& T4 2 10704 127) o & Table
13} Zo] B73ta 27} s g el Sk ofol L
AHMEES 3 & &7 g9 5 Bapls 9
AAZ g AHES] $AE FHAEE7] 8 4
< 7kt A H Ak AMESL @8] 7 3tetr)
Aol HepAl 1ol #Y AMEE 24297 AA
3o 1587 Ao WA 3 SH AA s 37
"C g2z BR#siit. 48T F Al A2, Bl, B2,
Cl, C2a& 24N 7 ¥ JAZEE S4s1Hen A3,
A4, B3, B4, C3, CAx2 309 ¥ HAREE 43}
At

2. Oi-2EE

DI e e AR

Zt Al & A1 E 71(4202, Instron Co., U.S.A.)el
92 A17] 3, 1 mm/min®] cross head speeddloll A 2
gAo] ggse €ty Ha dFkehHs 58T
F, o] Z3AE A 7AW g0 R 1ol
MPat9] 2 @4tste] QIAH A= ATt

2) B g e #F

s @2 F XA AEdte H A IS
7¥et7] $18le Artun® Bergland®7} 2118 Adhe-
sive Remnant Index (ARI) System< ©]-&3}%1t}.
ofgf &} #o| 4FFE EF3 AFE Fosqrh

Score 0 = 2| &) &3l A&A7F &
1 = XA Z&Este JAEAA7) 12 ostd
2 = A ZEstE= HEZAA 7L 1/2 o] 3Ll
3= RE H2AA 7} XAl &t Bl 7]
Ao e & B2l shs )

a3 2 B47F AR ehe M1Ee %2 YRR
o
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3) &A A _
Zt AT A AL RS B 3 EEUAE

AES R, TR &) W3 gl JAARe] Wk

QLT vAe P& Briabr] fste t-

test, 3712 S8k ofo] Qv AHE A Ezte) vl

AR & A LA FEX Y (one-way ANOVA )
3} Duncan’s multiple range test® A8 8}5]ch.

my X
1. QIEERAC

7} 9] AR AR =] Hit L EFHUAE Table
29} Fig. 1o AAstATt A 23]A} Z|Al9] £
&2 E838te] HEA 24213 Fol S QAR
HAREE Al FF(A1-Bl- C1) kol #2J & 2jo] 7}
AR, e Foll A AAF AL =S KE-
TAC-CEMe] 25MPa& 7} &¢k3 o&& GC
Fuji Ie& 178MPacl o™ Shofu Glaslonomer
Cement 061MPaZ 7Hg S tHp<0.05) (Table 2,
3). g3 A ZS|AF A A 9] 158 BE- v &2 &
gt H 3 7ol = KETAC-CEMo|] 24713t %
s} MY Fo| 77} 3.22MPa, 38IMPazE /M4 H&
A A7 EE YER ATHP<0.05)(Table 2, 3).

E-o B &o Aolo w2 IAH AT W}
& Shofu Glaslonomer Cement (A1-A2, A3-Ad)s}
KETAC-CEM(C1-C2)oll A <l gt #ko| 7} vebskth
(p<0.05)(Table 4).

Hep H3 3 ZAZHA T wE QAP ATFEY
W3l GC Fuji I(B1-B3)3} KETAC- CEM(C1-C3)

8
] Prratio s
- PR ralio 1.5

%%%

?4Hrs.  3Mons, | 24Hrs.  3IMons.
Shotu GIC. . GCFujil

EN

@

~

Tensite Bond Sirength{MPa)

iy

24Hrs.
Ketac-Cem.

3Mons. Storage time
Adhesive

A4 % Efoloio] IHE BANe BP0l OxE Yg

oM 1@ o) 7k UEksTHp<0.05)(Table 4).
2. R Bt Qi
gete HalAle {2 oA oy BAR AE

Table 5ol AASIATE JFA D HAA BA KA
gesle XA} BEaks BZA 7} 15 score 0¢]

ARSIt 54292 7V ke, AR WA B
A Wl BEF o2 EojA '3t score 1, 29 A

Fig.1. Bar diagram of the tensile bond strength. .

Vertical lines denote standard deviations.
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$7F 36.7%, 223 HAA S} BepAl BAFANAM &
gho] dojut H &R 7t Ao 2E3HE score 39 7
+E 91%E AR5

Table 2. Tensile bond strength (unit: MPa)

Group Mean SD
Al 082 0.33
Bl 1.04 0.28
Cl 0.85 0.35
A2 158 059
B2 1.26 0.33
C2 3.22 0.77
A3 0.61 045
B3 1.78 0.77
C3 2.07 097
A4 1.76 0.52
B4 1.16 0.79
C4 3.81 1.99

Table 3. Analysis of variance between each group
using Duncan’s multiple range test

Al Cl BI1 A3 B3 C3
Al A3
Cl NS B3 *
Bl NS NS C3 * *
B2 A2 C(C2 B4 A4 (4
B2 B4
A2 NS A4 NS
C2 * * C4 * *

NS ; Not significantly different.
* ; Significantly different, p<0.05
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Table 4. Comparison of the tensile bo_nd strength
. “according to the P/L ratio and storage

time
Group Significance
Al/A2 *
B1/B2 NS
P/L ratio C1/C2 L
difference A3/A4 *
B3/B4 NS
C3/C4 NS
Al/A3 NS
B1/B3 *
Storage time C1/C3 #
difference A2/A4 NS
B2/B4 NS
C2/C4 NS

NS : Not significantly different.
* U Significantly different, p < 0.05

Table 5. Distribution of adhesive remnant index

(ARD
Group 0 1 2 3 total No.
Al 10 0 0 0 10
A2 4 5 0 1 10
A3 10 0 0 0 10
Ad 8 2 0 0 10
Bl 9 0 1 0 10
B2 9 1 0 0 10
B3 1 4 2 3 10
B4 6 3 1 0 10
Cl1 4 4 0 2 10
C2 3 5 1 1 10
C3 0 5 2 3 10
C4 1 7 1 1 10
Total |65(54.2%) | 36(309) |8(6.796)| 11(9.1%) [120(100%)
v.1 &

WA B QoA T F4& o] st gl
o 7154 HA2 E8 A4 BAoR A8
& We 8271 F718ka e FAlolth ey A
el WHAE F A7)A Fe WEE DGV
Agd 24 9 39 59 #2480 opld Fx 3l
ok mebx Holle AR g Aok st S3
A Al S ofo] Qiev] AJMEE HepA 3 24|

CIA &Rl 263 35, 19964

2 o] &3t A7t AEHR ) 8 ofol
W AMEE E4fe, @3A, dEd &4 1A
2 AAZ &o) divhe T FHES 7

Fekx ofol k] AHES Hgllo] F & o
A D HFALEE S B AP, A4} A
Ale] Ed-o v &R EFea 2403 & S8
W& A 9lsliye KETAC -CEMe] 71 & <14
HAREE YA tHp<0.05). GC Fuji 13+ Shofu
Glaslonomer Cement+= 14|t 28X olo] @ 1] A
HEZA Ho] Jwr} ol FEg AT oy @
o] glom ZslAlTte] A gl L& Holr}, o]
o W&} KETAC-CEM<2 47 8} (water harden-
ing type)q] 24t Sek2: ofo] Qlew] AJHEZA, o
o] FRFIBE HEI} Wolr] A &g A o] sbe
st BepAda) 2] A Abol o] g 3a)e] FAl|7h Al
Ao g ghotr FAHo| o ZA Yyt AZtd
t}.
-9 v &o] AFHFAZEA A= Y&E Y
WA, A ZZAF 2| Al 18] H] &R U= 150 e] R
o vl g2 EFsIE o 2 FAFE -2 St
Y0 o] White”, Cook™, Hamula £'%9] |+
A3} XA} &, Bl H A 7hed R
FE TN EN HAREE FT7HE ¢ UE
W ool Bepzlo] S8 o) nlunyals AL W
Aoz Beat A Beple FFHAE A
ozg AZEn.

AP Ee AVNNE Q3he HJolngE A T
A Akl & IGH ALY WsHE WA,
o] 3 Fo BErt 243 T HAG TR
o A Jehte A o] itk Pilips$t Bishop™,
Tavas$h Salem'?e Ze}x olo] v A|WIES] 7
3} 3o glolAM BE g0 23 7577} 87
Hol| ¥h-g-3lo] AAlo H& FAdste Ao] o gn
Hadar, B2 A G 28 YEE
Ve Al & &80 24417 38 Y F717] dhgo]
ALGEHA ZA5e FHEe] F7W} A&EY, 318
Al onjoxe] Agutge] FRde FYol &
s9da St & 24A2E F9 Y Folle HE
Ael F3ol EE Fro o7} Lo §A
B A7 22 A3 yskoelg Azt

39 Uy AAAEE 3 g Mg
o d7 d#g B 479 ZAAE vud By
Fajen 52 ConciseZt A& 3 24413} Zol] 1127
MPasl¥] ¥+all Ketac—Cem2 391MPac| v}l K.l
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391 E AFoA & KETAC-CEM®] 3.22 MPa&
3R wE wl$ e AEE JEMAG.
Klockowski % McCourt ' Lega®} Ogaard® =
Zoh2 ofo] Qer] AJWELE Bad Ha) u
@ JAATE TR ER QA AMEAl 1 o3
7} oA ATk 849 o1}, White™, Cook™, Comp-
ton 5%, McCarthy$+ Hondrum™, Fricker™& v] &

Fe}2 ofol okev] AMES} BgHARY AARE

7} SRR Qe A AMgdhet E Al glvka B
A N Y =8

ol Aro] FAYLTr} wgEd BepAl 3 Fe A
7L JUigl & dole Be =0 v} 7+7
Welle A8, Ade, aga vEee § & o5
EgHos o] FEotn YJOER oz F spA
g SHE ¢ e dol glg ¥ ol A
d, A, ARYE, 2P 5ol wel mEo] vy
£ ohgsitt, aeln w4 FA Y FF ol vk m
AEE n)$ gslns ey nd€s 25 A
d e HAe HAUEE ol AgEe o
T AY % theFaitl, Garneret Kotwal®, Proffit £%
7} Proffit $7& A %9 PF nFYL 139-176
kgoli FAFY Hz wmFFELS AL AdA
35.6kg, HA oldoldlA 155kgel™ A zE e A4
AL 162kg, A4 o) @ol & 94kgol e st mA
e Hold 19ZE YA wevdn Ao
Newman™-& B}l 7182 & AR} EE oF gkg/
cm’ol 3 JAelA mAFR o sl = e 1
e F Wkg/em’2 1 A=) AAF=ebd 249
I AR wEY S A4S vk st olof 7]
o] ErbA & Ao Huo HAUEE e
Wl KETAC-CEM-& 381MPa (3%g/cm’)& <44
F8A40] & Aoz Azt A9 Shofu Glaslono-
mer Cement®} GC Fuji 12 m% &0 2 Al&-3}7] 4
2 =7 R ok B4 9le} ¥ Reynolds¥e
60-80kg/cm™7} AN L7EE AAYER AH
&1 in vitrool| A 50kg/cm? A E9] AL T oW A
FHoR olg¥ F vtz J% I, McCarthyt
Hondrum®”& 7MPa A %9 #HaA7w7 A43it)n
A, ofdl 7]Este] B & ATolA ARS-d
ZeA ool ew AMEE FE7F BF golx 9
AR E 1 fEAo] AT

AFHIAZFE 24 T v gg i3S a3
g A7} Agtgo] A7 B A2 vd
e g FFE Yo
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B dFo e Cook®} Youngson'”, Wiltshire?”
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goid g £ o Y 4 deg g ydEr). o
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Shofu Glaslonomer Cement (Shofu Co., U.S.A.)<}t
GC Fuji I(GC Co., Japan), KETAC- CEM(ESPE
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-ABSTRACT-

Tensile Bond Strength of Glass lonomer Cements

Seung Min BYUN, D.D.S., Oh-Won KWON, D.D.S., M.S.D.. Ph.D.

Depariment of Orthodontics, College of Dentistry, Kyungpook National university

This study was conducted to evaluate the tensile bond strength of three commercially available glass ionomer cements

as orthodontic bracket adhesives.

120 premolars extracted for orthodontic treatment were prepared for bonding and standard edgewise brackets were
bonded with Shofu Glaslonomer Cement (Shofu Co., U.S.A.), GC Fuji I(GC Co., Japan), KETAC-CEM(ESPE Co., West
Germany) with different P/L ratio. The tensile bond strength was tested by Instron testing device after 24hours and
3months from bonding. After debracketing, bracket bases were examined to determine the failure sites.

The results of this study were as follows:

1. KETAC-CEM showed the highest bond strength other than measurement after 24 hours and at its original P/L ratio,
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and seemed to have clinically a proper bond strength. It seemed, however, that both Shofu Glaslonomer Cement and
GC Fuji I had an inappropriate bond strength.

2. The incorporation of additional powder into the mixture improved the tensile bond strength.

3. Prolonged storage time improved the tensile bond strength.

4. Of the failure, failure occured at the tooth-adhesive interface(54.2%) was the most common type. The second type
of failure(36.7%6) was combination type, where part of the adhesive remained on the tooth and part on the bracket.
And the last type of failure(9.1%6) occured at the adhesive-bracket interface.
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