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Table 1. Denture base materials used in this

study

Type (curing type) Trade name Manufacturer

PMMA/MMA Vertex-RS  Dentimex Co. Holland
(Heat-curing)

PMMA/MMA Vertex-SC  Dentimex Co. Holland
(Self-curing)

4-META Meta-Dent  Sun Medical Co. USA.
(Heat-curing)

4-META Meta-Fast ~ Sun Medical Co. USA.
(Self-curing)
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Fig. 1. Schematic drawing of specimen.



Table 2. Experimental Groups

Group Thermocycling Condition

Control No thermocycling
1 Thermocycling : 15 sec dwell time
2 Thermocycling : 1 min dwell time

Table 3. Mean shear bond strength(kg/af) between
metal and resin. (Mean=+SD)
Group Vertex-RS  Vertex-SC  Meta-Dent  Meta-Fast

Control 9.29+1.73 2548£203 83.17+222 90.2942.15
1 856157 1413t175 5028246 57.68:2.26
2 572+213 12.38+£2.01 46.52+192 52.49+1.96
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Fig. 2. Schematic drawing of shear bond strength
testing specimen.
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Table 4. ANOVA for bond strength by dwell time.

Vertex-RS Vertex-SC Meta-Den Meta-Fast
Group Duncan Group Duncan Group Duncan Group Duncan
Grouping Grouping Grouping Grouping
Control A Control A Control A Control A
1 B 1 B 1 B 1 B
2 C 2 B 2 C 2 C
ANOVA
F Value 152.87 135.02 830.83 928.68
Pr)F 0.0001 0.0001 0.0001 0.0001

The same letter is not significantly different (P<0.001).

Verex-RS
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Fig. 3. Bar graph showing bond strength of exper-

imental groups.

g kS

Iv.

Ok

H 5ol 35 FA A 2"l HHoR st
&3 Y1709 F&A Yol A 7H’$i5131_—_-
&’%9— A717ke] AE 713to] BadA =HH,
HBth Al Ho B $4E& 71 F e %@%
°] AR GEFA717] A8 esitta EaE
%1];}34).

Crim¥} Mattingly™ = X|ole} 58 Alo]e] AR
ANA WA FE-E Frtsted 37 Bl A1 A
A3t & 235l W 5T, 609 Bl 4248 &
2 AXshs guigtd o WS vud 43
773 Z:ﬁﬁr FAFeA B £t o %8st
U1 BRslgenz B d s e Ay
Figo 52}7‘54 H3E S48t

UN

41

77 Ul 2% W9l &3 Nelson 5V< 4T
Eo] AA 7N E 9TE, 60CY Coffeew
52CE JeRIt 319931, Peterson 522 774l
A 0T, 60T AZE F2HelA 15T, 456CE &
ALt stict. Palmer $9& 77 WollA W,
278 e HFA 3t AEoA 2xE ST
Az 0~67Tet 352, Michalesco 542 A&
Ho| GHSA] 17~47C9] BAVT AFsicia 3R
t}. Noguchi 5% 2 U7 A H¥elM &

W] HA3 255 4~60TEn Bt o
A 770 £ JA 4~5T, H3 50~6002)
Hole|ng B AFdaz g¥igA 5~55T9 ¥
A& A=stgch

35 £ oA AT #71A] thFeHAl ol F
ojA 1 Ut} Burger 572 3 7} AdolA
B3 Hzle 4§ Az A 93 AR ¥
vk 3193, Moody 5% EF #ldle] g &%
Ao A7zl A AFdA A 1,0008] 3
o] GBS AL w A= 2po|7} Jrha 3}
k.

GHA] AFAIZTel M Z BAlE 22004 2
A= AN 7R TgetA AldE s Slvk Retief &
¥ Munksgaard 5'®, Mandras 7, Wendt £
£ 152, Darbyshire ', Moore$} Vann®
Bullard & 30%, Welsh® Hembree®, Fayyad
9} Shortal®, Fuks $#& 189 A ez 99
B Agstgon, o|4A R G gt
AF7t 16%, 30&, 184 o|FAA 1 37T 3,
Momoi §%& 2%, Staninec %2 3%2] AlFAIZH



gugte] 29 &%, 3AF AFATL oJAHH
3 FolAa Jlov YR olg
Z7 9] z}po] 2 Ql3ld Guigtel g3v} th2A Ve

£ A% . old & AgdM e 53] AFAl
ol gloiA zpolE F F AFALESY WEE dot

dAEE APEA g &, ARALE 16

22 8l dRighE AT 7 AFALE 1S
alo] GRIZkS A Fo 7 BEdIen, L5
5~55T, £ Moody2 AU 1,0008] A8
Z osAdr| 2 AREATAEE S48

B A duigto] 9 47 #zIzke] A%
BEE 233 A9 ] 7HA HF 25 @93k A
3 Foll A AP Ert it F45 A W
Ab&aHe Aol whel uigto] Ao Aol 9IA
T AFREE FAA 7D B8 Yoshida 5¢]
A3 Ane AR ol F&% S HH
A7A 7 FEA AR s FAs F419
g3 Ag Aolz st 2259 Ao T
<= ¥z 4%, A o] HiELo] A=
o413k Fzho] A7a A& A AAFZE, Fert
dojr}r] AlRh A A]tE 7&% 7158 g0l
4 eR BAES ARREI) hdle AR
Azt

AFAIZ JoAM = 1526 Bl& 189 ZH$7t
A7} ert 2aste Rossomando®t Wendt™,
Harper 5% d725¢ AR et o) AR
AZtel Futgtel wiet FAUOA E 4 AlZtol
Z7td ez FEAQ5 dd 540 AdtE ulA
F&o] F7kgctn Azt

B AR F43 dA9 A AR T}‘]'X']X}
ooz B33 Ay IS AYsx e
dAME 4 7HA @A 5 ulAgk o] AL J&?SQZ]
ggtot AHghE Al oM e AHA ol
wAglo] Blum 5, Sparrius®t Grossman®®$
Bust X3 ol HAA Aol <t HIUA
U 52 A& wigl o3 Aoz Mzisn IR
Al Zol, Agt 5, GUEA Gol A3 F57
HAol| 7H&3A71 A2 Az

o guigte] 244 Eﬂﬁﬂ/ﬂ “LT°: HE2ET A
7153 =8 Michalesco 54 T
dhojl A L5221 2967, 2o} @?"ﬂ"‘i‘—\:‘ 27.1¢C,

42

N

M E 11.8CEA GRigA] dutd oz HH
2E MY e & AolE YR A4 o
£ tt2d 1 3199}, Rossomando®} Wendt™-&
AE FEE g vATE H7HA §X4E%
| Yomz AAF7hY 52 10~15%% AFA
oM FEEA gu AFAtE 07W74°]E g
o 3t

A% Aot vjAlF %:%
B2A FEAANE FE V1A
X337 FEFRES 7.5_5“474 %—O—‘/} AA| o]
& 7|AA fA 8AEE QE B A7 F7HH
o= opy|drt, Eg sEA o g AjE e &
e} ob 7] wjEel T AAE Alole] @R AF 5‘}
ol 2 9lala] m|A|gk F7to] A F 2w ole
AU Pl E 4 Etle] ARE 7 A st A, 4
2% A8 91, 2o} & F9 ‘5—71‘—31'01] & 714
o A3 A ety 34 F2ETF 94
4 A7) sbA Al F840] A 2}7‘4 oz o
FEom 4-META 9214 #2e] Mz Qlsid
T4 gAel BHEkA Adte] hediA 2HY
o] A E £Y § UA HUP0,

£ Ag0l|A 4-META #l7le] PMMA #%ej] vl 3)
=L AT 54tk 4-METAS F3E niudh
A3} 5% g7l 4% Meta-Dent?} Vertex-RSE.
o ARAEot A UEged, ke e
7395 Meta-FastZ} Vertex-SCETH 4 vebytc},
T3 FAAARZ FFA A= 4-META #39

X 25
=
T

ox i
Hﬂ—ﬂ

}

!

o

5 Aol Bol AA Uetgon, @EEE A
gho)) whet o] &3k Aol A YEE Aog X

ol 2% el #ARlel 4-META A&& 3534

#R7ke] AFAEE UL AKXk Yon o
nl-o o]x%_,] E.J_E-Tq' °]Z]o}9\iﬁ]-369104243’ o]‘— s
& g9 4kglete] 4-METAC] thall X13Hge]
wfj o] Aol gk AFserE ¥/dsted A
A 4 ik s

AzkEd AR A7 @FE AAY AR F
o gt A2PA=E vlud 2z PMMA 924
#7, 4-META o34 d3 2% Ap7ted g7lol
d5F AR EG EA Jebsket. Skinnerst Jones®,
McCracken®9] @3tellA oin] H3g npe} 7ol
ol FRA FEFFHol Ho] A Il Holuw
o, dF3 A3 WA &3 HEAF)7] |

p

Nlo ;o rl
oN M o



& #zlo] 24 EHE A

4, Asd g3l Bog dA s &

A EA B4 ARAT)7) g2 B3}

EAE HAAA Hol #Xlo] 349 8 AT

B3 2ol Frte7] wiolgtn s

o]/¢2 & w|Fo] B uj thermocyclinge] &4 9|

2% #7Y ARA=E 4RI ol A FAI7

o we} thermocycling®] &= o] gty Azt

1=

V.2 E
2 8FE Co-Cr a7 o248 PR A=
9| thermocycling®] W& G&S golr 7] 935t

CoCr &g, PMMA A% did o2 453 4

¢ Vertex-RS®, 27158 #1712 Vertex-SC®,

4-META 234 g7 ze 953 929 Meta-

Dent®, #7158 #7¢) Meta-Fast®E 271

¥ thermocycling® A &3] F& & 2T, 5-

B5TONA 15329 AFAIZLOR 1,0008) thermocy-

clingE A& T8 17, 139 AFATLE ther-

mocyclingS A3 & 2702 BF3o] AjFs}

A}, HeAEARYE AGAFLES 2353,

A& AWE FARAEN Aoz Base] o3

e ARE 9.

1. ThermocyclingS A2 gtel] whe} o) x] 4 gjxiz) &
&7te] ATt A on, AFA]
VS 2R3 =rt A2 THP(0.001).

2. BE FoX 4-META 234} #ixlo] PMMA <
A AAEY 2L A¥AEE Ygdg
(P€0.001).

3. A& A9 FAARAY 23 A3} ther-
mocyclings Al83HA] && iz FdM & vA 3
Eol A9 #FHA & ¥, thermocyclingS
AN AT e Bol Bo] #AHIoH,
AFAIZ] 7148 B 271 £3 4-
META &%) gl X Eth= PMMA 2l )4 & 7ld)
A o Bo) BA=

ol49] Ad= thermocyclinge] 43 x4 &)
el AFATE AaAIH AFAT ] Fotds

5 & A48 Bied, ol U exds) B

e AR SEE v S e

10.

11.

43

%7

Ao
rah

. Smith DC : Recent developments and

prospects in dental polymers. J Prosthet
Dent 1962:12:1066-1078.

. Brauer GM : Dental applications of polymers

> A review. J Am Dent Assoc 1966:72:1151-
1158.
Jacobson TE : The significance of adhesive

denture base resin. Int J Prosthodont
1989:2:169-172.

. Dunny JA, King GE : Minor connector

designs for anterior acrylic resin bases : A pre-
liminary study. J Prosthet Dent 1975:34:496-
501.

. Brown DT, Desjardins RP, Chao EY :

Fatigue failure in acrylic resin retaining minor
connectors. J Prosthet Dent 1987,58:329-335.
Tanaka T, Nagata K, Takeyma M, Atsuta M,
Nakahayshi N, Masuhara E : 4-META
opaque rein - a new resin strongly adhesive
to nickel-chromium alloy. J dent Res
1981:60:697-706.

. Laufer B, Nicholls J, Townsend J : SiOx-C

coating : a composite-to-metal bonding
mechanism. J Prosthet Dent 1988:60:610-
617.

Barzilay I, Myers M, Cooper L, Graser G :
Mechanical and chemical retention of laboratory
cured composite to metal surfaces. J Prosthet
Dent 1988:59:131-137.

Jacobson TE, Chang JC, Keri PP, Watanabe
LG : Bond strength of 4-META acrylic resin
denture base to cobalt-chromium alloy. J
Prosthet Dent 1988:60:570-576.

Sung MK, Kim KN, Chang IC,:A study on the
bond strenth of 4-META acrylic resin denture
base to cobalt-chromium alloys, J Korean Acad
Prosthodont 1990; 28(2):29-51.

Nelson RJ, Wolcott RB, Paffenbarger GC :
Fluid exchange at the margin of dental
restorations. J Am Dent Assoc 1952:44:288-



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

295,

Peterson EA, Philips RW, Swartz ML : A com-
parison of phisical properties of four restora-
tive resins. J Am Dent assoc 1966:73:
1324-1336.

Palmer DS, Barco MT, Billy EJ : Temperature
extremes produced orally by hot and cold lig-
uids. J prosthet Dent 1992:67:325-327.
Michalesco PM, Grieve AR, Abadie MJM : An
in vivo recording of variations in oral tem-
perature during meals. J Prosthet Dent
1995:214-218.

Retief DH, O Brien JA, Smith LA, Merchman
JL ¢ In vitro investigation and evaluation of
dentin bonding agents. Am J Dent 1988:1:176-
183.

Munksgaard EC, Itoh K, Jorgensen KD :
Dentin polymer bond in resin fillings tested
in vitro by thermo-and load —cycling. J Dent
Res 1985:64:144-146.

Mandras RS, Retief DH, Russell CM : The
effects of thermal and occlusal stresses on the
microleakage of the Scotchbond 2 dentinal
bonding system. Dent Mater 1991:7:63-
67.

Wendt Jr. SL, McInnes PM, Dickinson GL :
The effect of thermocycling in microleakage
analysis. Dent Mater 1992:8:181-184.
Darbyshire PA, Messer LB, Douglas WH :
Microleakage in class III composite restora-
tions bonded to dentin using thermal and load
cycling. J Dent Res 1988:67:585-5687.
Moore DH, Vann WF : The effect of a cavo-
surface bevel on microleakage in posterior com-~
posite restorations. J Prosthet Dent
1988:59:21-24.

Bullard RH, Leinfelder KF, Russel CM : Effect
of cofficient of thermal expansion on
microleakeage. J Am Dent Assoc 1988:116:
871-874.

Welsh EL, Hembree JH : Microleakage at the
gingival wall with four classV anterior

44

23.

24.

29.

26.

27.

28.

29.

30.

31.

32.

restorative materials. J Prosthet Dent
1985:54:370-372.

Fayyad MA, Shortall ACC : Microleakage of
dentin-bonded posterior composite restorations.
J Dent 1987:15:67-72.

Fuks AB, Herschfield Z, Grajower R :
Marginal leakage of cervical resin restorations
with a bonding agent. J Prosthet Dent
1985:54:654-657.

Momoi Y, Iwase Y, Nakano Y, Kohno A,
Asanuma A, Yanagisawa A : Gradual increas—
es in marginal leakage of resin composite
restorations with thermal stress. J dent Res
1990:69:1659-1663.

Staninec M, Mochizuki A, Tanizaki K,
Fukuda K, Tsuchitans Y : Interfacial space,
marginal leakage, and enamel cracks around
composite resins. Oper Dent 1986:11:14-24.
Tanaka T, Hirano M, Kavahara M,
Matsumura H, Atsuta M : A newion-coating
surface teratment of alloys for dental adhe-
sive resins. J Dent Res 1988:67:1376-1380.
Taira Y, Matsumura H, Yoshida K, Tanaka
T, Atsuta M : Adhesive bonding of titanium
with a methacrylate-phosphate primer and
self-curing adhesive resins. J Oral Rehabil
1995:22:409-412.

Kang GG, Chung KH, Choi SG, Song KY,
Park CW.:The effect of thermocycling on
bond strength between matal and resin
cement, J Korean Acad Prosthodont
1996:34(2):233-242,

Yoshida K, Taira Y, Sawase T, Atsuta M :
Effects of adhesive primers on bond strength
of sel-curing resin to cobalt-chromium alloy.
J Prosthet Dent 1997:77:617-620.

Cho HW, Ha JI.:The effect of thermal cycling
on the bond strength of self-curing resin, J
Korean Acad Prosthodont 1997:35(4):697-
704.

Yoshida K, Taira Y, Matsumura H, Atsuta M
: Effect of adhesive metal primers on bond-



33.

34.

35.

36.

37.

38.

39.

ing a prosthetic composite resin to metals. J
Prosthet Dent 1993:69:357-362.

Hansson O : Strength of bond with comspan
opaque to three silicoated alloys and titani-
um. Scand J Dent Res 1990;98:248-256.
Tanaka T, Kamada T, Matsumura H, Atsuta
M : A comparison of water temperatures for
thermocycling of metal-bonded resin cements.
J Prosthet Dent 1995;74:345-349.

Crim GA, Mattingly SL : Evaluation of two
methods for assembly marginal leakage. J
Prosthet Dent 1981:45:160-163.

Noguchi H, Nakamurak K, Akama Y, Kakuchi
T : Endurance of adhesive strength of den—
tal adhesives. J Jpn Dent Mater 1986:5:
660-665.

Burger KM, Cooley RL, Franklin Garcia-Godoy
. Effect of thermocycling times on dentin bond
strength. J Esthet dent 1992:4:197-198.
Moody CR, Dewald JP, Ferracane JL :
Comparative study of luting agents with
composite resin cores. J Prosthet Dent
1989:62:527-529.

Rossomando KJ, Wendt Sl : Thermocycling
and dwell times in miocroleakage evaluation
for bonded restorations. Dent mater
1995,11:47-51.

40.

41.

42.

43.

45.

46.

Harper RH, Schrell RJ, Swartz ML, Phillips
RW : In vivo measurements of thermal dif-
fusion through restorations of various
materials. J Prosthet Dent 1980:43:180-185.
Blum J, Weiner S, Berendsen P : Effects of
thermocycling on the margins of transition-
al acrylic resin crowns. J Prosthet Dent
1991:65:642-646.

Tanaka T, Fujiyama E, Shimizu H, Takaki
A, Atsuta M : Surface treatment of nonprecious
alloys for adhesion—fixed partial dentures. J
Prosthet Dent 1986:55:456-465.

Yasuda N, Sasaki M, Shinogaya T, Ai M : The
interface between metal and resin on the fin-
ishing line of Co—Cr dentures, part 7 @ A
clinical evaluation of 4-META systems : A five
year report. J Prosthet 1985:29:761-767.

. Skinner EW, Jones PM : Dimensional stability

of self-curing denture base acrylic resin. J Am
dent Assoc 1955:51:426-431.

McCracken WL : An evaluation of activated
methylmethacrylate denture base materi-
als. J Prosthet Dent 1952:2:68-83.
Sparrius O, Grossman E : Marginal leakage
of composite resin restorations in combination
with dentinal and enamel bonding
agents. J Prosthet Dent 1989:61:678-84.

Reprint request to:

Mong-Sook Vang. D.D.S. Ph.D.
Department of Prosthodontics, College of Dentistry, Chonnam National University

8, Hak 1-Dong, Dong-Gu, Kwang Ju, 501-757, Korea

msvang@chonnam.ac.kr.
Tel. 82-62-220-4430



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10.

11.

12.

13.

14.

15.

. Scanning electron microscopy of interface between Co~Cr alloy and Vertex-RS resin(control

group). X 350.

. Scanning electron microscopy of interface between Co-Cr alloy and Vertex-RS resin(group 1).
% 350.

. Scanning electron microscopy of interface between Co-Cr alloy and Vertex-RS resin(group 2).
X 350.

. Scanning electron microscopy of interface between Co-Cr alloy and Vertex-SC resin(control
group). X350. '

. Scanning electron microscopy of interface between Co-Cr alloy and Vertex-SC resin(group 1).
x 350,

. Scanning electron microscopy of interface between Co-Cr alloy and Vertex-SC resin{group 2).
x 350.
Scanning electron microscopy of interface between Co-Cr alloy and Meta-Dent resin(control
group). X350.

Scanning electron microscopy of interface between Co-Cr alloy and Meta-Dent resin{group 1).
% 350.

Scanning electron microscopy of interface between Co-Cr alloy and Meta-Dent resin(group 2).
% 350.

Scanning electron microscopy of interface between Co~Cr alloy and Meta-Fast resin(control
group). X 350.

Scanning electron microscopy of interface between Co-Cr alloy and Meta-Fast resin{group 1).
x 350.

Scanning electron microscopy of interface between Co-Cr alloy and Meta-Fast resin(group 2).
x 350.
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ABSTRACT

THE EFFECTS OF THERMOCYCLING ON THE BOND
STRENGTH BETWEEN COBALT-CHROMIUM ALLOY AND
DENTURE BASE RESIN

Su-Yeon Lee, D.D.S., Mong-Sook Vang, D.D.S., Ph.D.

Department of Prosthedontics, College of Dentistry, Ghonnam National University

The purpose of this study was to evaluate the effects of thermocycling on the shear bond strength
of Co-Cr alloy to denture base resin. PMMA denture base resin such as heat-cured Vertex-RS®,
self-cured Vertex-SC® and 4-META denture base resin such as heat—cured Meta-Dent®, self-cured
Meta-Fast® was bonded to Co-Cr alloy.

Samples were divided into 3 groups : no thermocycling group as control, thermocycling
between 5T and 55T with 15 second dwell time as group 1, thermocycling with 1 minute dwell
time as group 2.

The shear bond strength was measured and the interface between metal and resin was observed
by SEM.

The results were as follows.

1. The shear bond strength decreased significantly according to thermocycling and dwell
time(P<0.001).

2. The bond strength of Co-Cr alloy and 4-META denture base resin was significantly higher than
that of Co-Cr alloy and PMMA denture base resin(P<0.001).

3. In SEM, there was no gap in control group, but there was much and large gap in group 1, 2.
The longer dwell times, the lower bond strength. PMMA denture base resin had more gap than
4-META denture base resin in the interface.

These results revealed that thermocycling decreased the bond strength between Co—Cr alloy and
denture base resin and dwell time of thermocycling changed the effect of thermocycling. The results
suggested that oral temperature change affect the bond strength of prosthesis.
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