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Effect of Immersion in Water and Thermal Cycling on the
Mechanical Properties of Light-cured Composite Resins

Tae Sung Bae, Tae Jo Kim, Hyo Sung Kim

This study was performed to investigate the effects of immersion in water and thermal cycling on
the mechanical peoperties of light cured restorative composite resins. Five commerically available
light-cured composite resins(Photo Clearfil A : CA, Lite-Fil A :LF, Clearfil Photo Posterior : CP,
Prisma AP.H.: PA, Z100 : ZH) were used. The specirhens of 12 mm in diameter and 0.7 mm in
thickness were made, and an immersion in 37°C water for 7 days and a thermal cycling of 1000 cy-
cles at 15 second dwell time each in 5C and 55°C baths were performed. Biaxial flexure test was
conducted using the ball-on-three-ball method at the crosshead speed of 0.5mm/min. In order to in-
vestigate the deterioration of composite resins during the thermal cycling test, Weibull analysis for the
biaxial flexure strengths was done. Fracture surfaces and the surfaces before and after the thermal cy-
cling test were examined by SEM. The highest Weibull modulus value of 10.09 after thermal cycling
test, which means the lowest strength variation, was observed in the CP group, and the lowest value of
4.47 was obsered in the LF group. Biaxial flexure strengths and Knoop hardness numbers significantly
decreased due to the thermal cycling (»<0.01), however, they recovered when specimens were dried.
The highest biaxial flexure strength of 125.65MPa was observed in the ZH group after the thermal
cycling test, and the lowest value of 64.86MPa was observed in the CA group. Biaxial flexure
strengths of ZH and CP groups were higher than those of PA, CF, and CA groups after thermal cy-
cling test( »<<0.05). Knoop hardness numbers of CP group after the thermal cycling test was the high-
est(95.47 £ 7.35kg/mn?) among the samples, while that of CA group was the lowest(30.73 % 2.58kg/mn
%). Knoop hardness numbers showed the significant differences between the CP group and others after
the thermal cycling test(»<0.05). Fracture surfaces showed that the composite resin failure developed
along the matrix resin and the filler/resin interface region, and the cracks propagated in the conical
shape from the maximum tensile stress zone.
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Table 1. Materials used in this study

Brand Code Shade Manufacturer
Photo Clearfil A CA A2 Kuraray Co., Ltd.
Lite-Fil A LF U Shofu Inc.
Clearfil Photo Posterior CP XL Kuraray Co., Ltd.
Prisma AP.H. PA 8] Caulk Dentsply Co.

B2 3M Co.

72100 ZH

—328—



ey o) AFEY S2E AN A Yol BlAE 55

Fastel 79 e FERA, 5T 55T FFelA
1000 3] 2] thermal cycling A]& % thermal cycling A3
F 7 Tk Axe] o2 EF8tdrh. thermal cy-
cling 182 5Ce 55°C 9 FFo 4] 42 A17F 152, v
T35 20°C 2] Aol A7 1522 =72 A8}
e},

2) 2£ZEAIEH U Weibull 244

B Aol At g AR G gls) F2 A4
o] 2 ke Aetm Aol d del AgEis el 2%

&3 23] (Bi-axial Flexure Test)-& “d*]8}%ic}. Fig.
of EAIFH A o), A 9mme] F-A FAbel 2A 1
smme] 7t 370E AR ﬂ?l*l?‘ th, A4 12mm
XFA 0.7mme] Uk AlHSE 1 fel &ES Al
A EdI ane AT-F *}%’3}04 AE FodelA
crosshead speed 0.5mm/minc 2 ¢}&2-& 713l gdr). 2%
875 (5)= Marshall(18)3} Shetty S(19)0] 1z 4]
ZL A ()& o]g3ke] Aatslglr}.

_ AP

l‘z
3 a B 2at—r’
A_w(w[zuw)ln( v V)<M2bz )
+(1+p>} (1)

= J(16r 417 —0.675¢

of7]ell A, P = Al 2] #4335
vy = Poisson #]
a = ARE Ak Aol WA
b = Ajzel wA
t = Ade] FA

r, = 58 #F o 9

ry = Al skFE Abe]l AEwe] ubA |}
Hood o4 B3t zle] Poisson H]: 0.282 A A3}t
(20].

7F5e) HAre] T FHAANE ] mpA7)

Ao Fgslw, AHEIF o F  FeF
theory) 258 fF8 Weibull 547}
th(21]). Fdst A A FHE A7
o8 w3l o, HAHAL g9l AR} o
g 3HE P A (2)E BAIEICh

M

= 2E FA7
1 (Weakest link
o #1459l
7ol A7
2% olstoll4

2

opgh

>
o, AL

ﬂlpl

P, = l-exp[-(a/00)"] (2)

o 7)ol 4], m = Weibull A4~

A 51 Thermal Cycling®] &%

goo[ T YA AN
R 934} o Jo o b 4
- o CA l/ //o s 4 4
=2 o LF ¢ A a4 4
= e32f a cp [st%’v 49
© v PA ©/ £oP
-8 r o ZH /60/ I
ot 0 //DO/V /A ?( |
n 308 ( o y o 4
e v I
3 o/ &/ sl of
= L Iy / / B
& 127 1y ;o
F ):l/ ’//0‘7 A b
48 — b it . PRSP SR | 1
40.0 546 921 148.4 220.0
Strength (MPa)
(a) Dry for 7 days
99.9 p——r—
~ 934} .
X
N 1
>
= 632} :
o
8 1
e}
& 308 o o cal
g /:’ I o LF
5 { o 7// a cp
‘® 127t VA v PAR |
u wff" / o ZH
oy 4 J
4.8l A . P/ AN P
40.0 546 921 148.4 220.0

Strength ( MPa )
(b) 1000 thermal cycles
+ 5t

[

a3 2. 598 =58 5g
Weibull ME
Fig. 2. Webull Plots of biaxial flexure strength of
light-cured composite resins

&
pal
Io
N
]
I
it
03
HI
2
T

0, = BA)7} % (Characteristic Strength) o|t}.

A% delHE 25k oes wdste] £HE A
& thg median rank g H-gsho] 325E P A4
gkodek. o A5 AA N7W el wlole] & i WA &9 7
Soll g oIBE P (3o R LA

_ i-03
P=N T 04 3
A (2)F In In[1/(1-P) ]2k Inge] #AZ HHA]7 v}
+, Zﬂ%E-](Macmtosh Computer Inc.)& o] &8}o] w3

g3 Zrel PAE rAstgom, AR 24
Weibull #-52e} EA47 5 3-8 AAsFodc)

dEzn

Fig. 2% 737 Axg 3} 10003] thermal cycling

—329—



olaal3| A 1 A 17 B,

Table 2. Result of Weibull analysis data of light- activated
composite resins

Dry for 7 days 1000 thermal cycles

Code
m Oy m o

CA To11 109.52 7.75 68.78
LF 9.14 118.92 447 82.59
cP 12.06 164.53 10.09 127.14
PA 6.68 133.84 6.07 87.71
ZH 11.23 191.99 8.01 133.04
e WY e 4 7&59} sk

T 1
S\5hE o] AT s
;J', fﬂ'r r'>0.9 9]

ool FA A

o e, E
P ), Welbull Al m
2o CPito]l 2 thE ¥, thermal cyclmg A}& #] 3o

b ke ) g e

o o
Fig. 3¢ 797k 7 fcﬂ , 37T SRl T g
Z2AAgL o~ 5C 9} 55C°ﬂ H 10003] 2] thermal cycling

S #1&k - 2 thermal cycling 3 77 A58k 2] 2
7

Zeiddl b B ou|agt Asjolrh, 2& 37 m i Al

- e
3} thermal cycling A&+ 23] ’41‘14 g]toll wis) &
A8l ghaabe] freldk zpelE Holow(p<<0.01), 53
filler® barium glass& F&3}i= PA 58 5% A" L3}
thermal cycling A gl<~ Apolell 4] §F-2]gh #ho]& vhely)
cH(p<C0.01). *E3F, thermal cycling ¥ 2z e|gr A
of i~ “FEl7I vl 1A B Eue] Tzt Az:Felsr Fitb
o] afolell f-olgk xpolE W.olA] eFgtth(p>0.05).

1000?]9] thermal cycling A]3& 3gF o] 233
745l ZH o] 125.65+17.04MPax zwhg, CA o)
64.86i9.08 MPa_"rA 4aE Huewl, ZHW, CPE3}
PA<f, CFi, CASH Abololl 4] f-2lgh 2bo]E Hodrh(p<
0.05).

Fig. 41~ 10003]2] thermal cycling #|8-g &gk +2
253829 $-9 shwlel gk SEM Apzlejch. s
e E—|°1 P Sk A Fod el A o] Al E
o] whalabo . Aspste] AAH shyjol mubale akAbg
wolch shule] wAA A Aw, Lol fillers =
§3li= CPatell A= tade] #lzlv]A, #1317} fillere) A
W oy CEA filler W5 7heAe] AdEs e W
ot v AddlFel e A3 L 39 filler
1 A “}3]"1 AT E = e Rt

Fig. 53 £% 323} thermal cycling Aol Uojil=
¥R visaAdnr WHEE gGrpslr] s 72 A9
Knoop A 5.7 & u|wdt A3}olrt. thermal cycling *]3

e wE el ARAUT #ahe] spole] FoR Aol E

kb \O

J

o

A 3%, 1996

T T T T T T
140 Mamay _
377 water |
120 + R 1000 thermal cycles
T 1000 thermai cycles + dry

100

60

Bi-axial Strength ( MPa)
3
e

a0}
20

CA
Group
et} s mle) 2t M=o mE 2&F

33 BEYH +28 =
|

Fig. 3. Comparison of biaxial flexure strength of light-
cured composite resins

BHek(p<0.0), FF3A+E PATE '“9]5& L
2] el Mi frelglk afolE BolA] 9kt

8k thermal cycling A& F-of 2zx3)k 7§—°r°ﬂ 2%
75w HFAR e} vbrl AR AR A7} (R o R 3R
AsEE Wk 10003]2] thermal cycling A &S 3sh
#2] Knoop % gke CPyto] 95.49 +7.35kg/m’ 2 2t
%, PAo] 30.73+258kg/mn’ i FHi% Hejon| CP
T3 b A S, ZHSE, LESRE CAS, PASS W CASH#)
PAE afele A f-2lg zlo] & vlelsirh(p<C0.05)

Fig. 62 thermal cycling *13 #3%-2] #st&iu]l A}l
olt}. thermal cycling 413 #e] oquiw e filler 7 F-2
gAE ez PATRC} FabsiAbE Egski: ZHA
oA ] & Hreol Felgl WS Ror). thermal cy-
cling 218 %o st Zol A1z v}5 9] AF3 oj4dqFde)
sHabEe, 2AEe) AHY) Friel FA AT Ash FA
& Rk

Fig. 79 0.lpm alumina sA7FA] Awodalgt Fo}
10003] 2] thermal cyclingg & 9] 2&ela $HE
SEMo 2 mag 7o i, fillero] nja) Amsl e =4
7)Aol Bl AlslAl vkl ofide] A Elvt s ldntgt

ol K= = A A3} fillere] ZAgA|wd A o] AF

o] =g} ruk, thermal cyclings 33t Heoj 4]

o] a3t A Hrob w@e F-glo) A mAlatade] tabe
o

e, olge e BAHE Felsa barium glass
=2

rlr
I
oy a2



el o) ATd Y pue Hgaa

o

1 7IA A QAo o) A1 5% 343} Thermal Cycling®] <3

Clearfil Photo Posterior

Z 100

Xé@@ éé.@um

. u " P
980038 15.6kV X1.

| Crack initiation

|l Crack initiation

8RBR20 15.0kV

0% 4. 252 EAIE o ool L8t SEM ARl

Fig. 4. SEM micrographs for fracture surfaces of light-cured composite resins

]
1
w

e

W 1000 thermal cycles
[ 1000 thermal cycles+ dry

N

o

o
T

-
(6]
o

100

102]
o

Knoop Hardness Number ( kg/mmz)

(o]

CA LF CP PA ZH

Group
08l 5 2EEy SgTiel zt MgzHol we Knoop AT
w2l 4
Fig. 5 .Comparison of Knoop hardness number of light-
cured composite resins

A ogsteR A ogt e de) P4

—331—

ot sleh 34 olvh 43 FEAIEL A W) Fof ulsh 4
Zel7k Zat, Aol o] gyl 2lah o] ol
T oodend, 2} BaheR So| Fztng wr)hs)v)

[<) 1=}
flall S5 e Aas o) 88 25734 AHe
|51 9lrb{18-24). Wachtman 5{23]& 22533 A]3
el T &S vlehiln®, 3 o)
Algel el ke A g Adute] mpHe] A
ar, gk ofzh gl Aol E golEhA R E &
A 4 ool ARl we AwEAyeleln sga
Ban?} Anusavice(24)% t}2 7 &AW nls)] A9
719} Ful AL RS faEE de)g whyelelar
3kl AF-oll /3= thermal cycling A]¢] & w3}
9l *’FH°1 3% "’ﬂx] o) Zmel v1A= A Hrtalr)
r AdEEtd o, AlHe) T 2Ao]
°lgh A& 7&"{_5}"4 EyelAl W Fe] dsr) o
Az dFe 2abel7] S8 FAE 0.7mmE ¢k A whE-sic).
Watol i I AR RARE HrpA =

X

P

i

9

-
=

> r..‘

ﬁ

=2



o] 2537 A 17 W, A3 &, 1996

Before

After

Z 100

T2l 6. thermal cyding A|8 XMZEo| mEst

s | dasin, dutdo g w7}
wrb Age] A §4E #FAFE Weibull EA47)
wle] 445 9lck. McCabest Walls(25)1 A2 25
B Al4bE Weibull A4 mzhe] 95% 2] 415858 v}e}
W7l A= #4307 AlHe] Hgstoha shelar,
Anusavice 5[26]2 95%2] AlFdFm oA mzkS Ak
s17] SlallMe @2 o] Alge] aFFH AR, 6702 A9
& 7HAAE 90% olae] AlFghmel A Aol xw e
235 viwd £ Qi shedvh B dFeldE FE
& E-gle o] )3k thermal cyclinge] <33k-2 =37}&}~
S o 107)e) AR NREo R Aesert.

Weibull A4 m& A|Ae] 7w o] Fake] 2h&a5
e A, Aebe]l Agel 2rbA] FHAde] & A B
A EE 5-20 AHxe ow WIEIL 9lrp(29
23-27). B o) 4] thermal cycling A3 %2 2324
7o) gk Weibull 342 38 A3}, 28 o4
Weibull #|47} %F4:8}o] thermal cycling@] o3dke] vie}
wob, A7 Es ZHT A #HdE KA, Weibull

Ai= CP#e] #HE ¥o thermal cycling 3o 7}
A ouhe Zrr ) Bakg el

et Adelg ek et filler® Eaels 2gea

& FEAAev}t thermal cyclings #3795, $3e]

o SaleZie| B0l ChEt RSHH0|H ALK
Fig. 6. OM micrographs of light-cured composite resins

before and after thermal cycling test

AFE Qg AT e Fhad Z7H9-11), dAel
7HH el FHrFos otz %y filler A@e] vlA
A[13), Fol o Azt Aol ##(6-8) ¥ 7
o)t fillero} @71 o] g&HRAlell 2]gk FA#I}H{8-12]
F BEAH fqem <& s)AA AdAo] Aslglc}. Chen
3} Brauer(6)+ - H4ke] #7oA A3} filler Awel
A} Agto] spFRaE doyloz By xle] 7bwr)
Aslghchar 6k9l 7, Kamela} Neri[7), Soderholm(8-9)
71 AE 3 oRe] AFE SEexle] 293 W
ol & Azt Agke] 177} 7}58 et d9irt. Roulets}
Walti(10)+= 54 85 742 s =zhaql
o)l% fillere} #R7|A Afolo A Fdo] BAF} 89
i1, Soderholm(8]& F4F Azlzlel Almd xz]e 23
filler 2] “&5}357]' ZradbAlnk, whEg-E o] Abg Al 8-
o

] A
Balo) ml7ds)lzA] ke fillerEI AR

o
WrEEgslell 4 v =LA viebsdbelal 81935, Drummond
(12)+ =348 fillere] F9, fillerol] 137 =zl =
#2712 el 4 alold 4 glekm skl em, Troungst



13
H

sl A o] q Fae

e A A A

Aol ) %)

A F
b '1"579

i
i

A3} Thermal Cycling2] <4 &F

Before
Prisma
APH.
ek S .
80BB43 15.6kY X10.aK

Clearfil

Photo
Postenor

CrPeoes 15.
Z 100
' BBER34 1S5.BkYV Xe20.ak ' Zheese 15.8kv xea. Bk  9b@nm

7| 7. thermal cydling Alg M&E9|

AT EY Foeliziel oo st

SEM A}EI

Fig. 7. SEM micrographs of light-cured composite resins before and after thermal cydling test

Tyas(13)i= Hga#1e] $ 520 gk v
o5 s AR} filler Aol A aldlarede] #AAE A
T 2EEstel A2kl Sog o rdAlAe
Ao A fillere} #jxl 7ke] Ao] oFatxlcia ahgdu}. =
gk, Miyazaki 5-({15)& %343} thermal cycling 4]
of #xle] stz als) st Ashgkela Haskbgdoen,
Hirabayashi %(16)-¢- thermal cycling A& 3ol|mx

FUA e GEBEE L obskE wolx) ko,
FIEE, vhEAE W e} sk, fillere} 2717)
Ao Aol Felo] A EE Basldrh. ooy
43343} thermal cycling A|§le] 25§ 2wt £l
AEel vz dds AR A, 25F AR FF
A A3} thermal cycling A8 do] Az e]+ §2)3F
2polE R A p<0.01), EHE2) AxI= thermal cy-



o]ats A A 17 W, A3 F, 1996

cling A&t Fol@ AfolE Mg oh(p<0.0D), %
AL PATS AL vheA] Fell i frelgt o)
U TH(p>0.05). FEF AN A el 7
X Ak FEErR A AR vt kel
ol elgt Alvk Age] shadal], ol gt fillere} ¢
4 whol| 2o o] gt G0 A%
ulte 2 Az =g $EA-THEY thermal cy-
cling AlgTelA o 2 A5 ZaE vlebd olf,
thermal cycling A& o] $Fo4] o)|Rojxn g $F 3=
o] &Fbell H7FH o Z thermal cycling®] edgko] %=
off wel, NN Aol dstel §A #H A3} fillere]
AgpA e 4] BHup A& d I 80 Bhake] alof
vhe, meba AxAed el e s Horha
A2kt B-3ke 419 thermal cyclingg & A$-, 43
Ao Apol7l 2 @xw fillero] WEHo T oA
(Thermal Shock ) ] 7Vl Aan, Ao R ulEg 9

27
ForEew ddal MAsse] B, w0 43

E fillerZ 3
s <+-4-3ho] trM S fillers zd

3]'-13 Aol SR e R fillere] FAlo] 14 aloi}
= 2

= =1
b 2@t Aol o] whge

Iy T 1o d

2 AR it (26290 AR ool 3
g Y PAde zhi=thar Azb¥lc)l. ek thermal cycling
AlE F AxRAEE 9 AskE 7 Eﬂ fEEE A
Holi=dl, ol #AI3} fillere] AggA RN FEo] A A
Hell whzh 7)Ao 7paA] A #xis) filler AW
o gk Agtel AAFES] GEoT A2Hc) 7524

Alell 2577w BE AR ]‘ AzxzAeliddt F2g
el g HolAut, Ax= PATE AlLgh vpmA] Fell A
= elEt AfelE HeolA] ¢bizd], 2 oolfe WAl

W ARl Ho Qgse] MAREE £ 4w
Askg hebARE, ARAGAN AL hAe) ghalel o)
EWFE GEHER feA fillers] gHYAo] AR

PARLS AlSlalat 218 Aol wolx ghakeli 4

25;}?51] el @A oftell T}, Lloydet Iannetta[SO]
i fillere] gefo] AL Afoli- =F AtE AlolE
Aol A= A, fillere] ghaf Fvlell wie} Fdeol filler
2 7249 AstdE 4 gvba 3t¢lx, Drummond(12)
1= small particle ¥ (1-8an)3} hybrid 3 (0.042} 1-54

me] 23 23 Alo M= 4 x5 fillere] Alw 9 filler
o] WHEE vIEAR Fde] HI =R, microfill ¥

(0.04/m) HgtezlolA= 7158s da=2] Aol W
5 7hRAR tde] AupH ek sdch B Aol A
shwe) BHA s}, Fele das140 2 A filers] A
<= uehA AstEe e Bock g, 24907
el Bzl e =24 fillere] s}de] 334
Elﬁittﬂ o]2= Az} A FAE vl Ao R filler
o g3 AR} Adaghel uhe), FdAdste] @ FlFt
fillere} ZAgAIwE wteb 2= 2] ¢t 7 fillers F-8}o
zlagsto] ol ke fillere] -2j7b dojutria AYzhglc).

ﬂllnl r&

A5 §
Z7]0] :IL7J'L yj{]‘ﬂ]ﬁ _)f:lvi% ] 7]741131 ‘Aol iz
AF%E Hrhslr] g, 559 18
22 A9 o, 797 AR 1‘1], CQ] F5el
AL pE A, 5-55Cel 4 10003 2] thermal cycling
218 = thermal cycling A8 ¥ 797k Axxe] Al 2
U7 et 2o ARE AR A3, o33 2

1. 25337 =9} ZWALES thermal cycling # &%
I A

Fag Wderk(p<00D), T A FrhsH: F

2. thermal cycling %¢] Weibull #Al51= 7% 9]
o] 7} zhe CP#o] 10.092 2 th2 Hdow, 7}
Ate] Zhak Tt LFire] 4478 A4 E Hoch

3. thermal cycling #2] 2% &7}xl= ZHI o] 125,
65+17.04MPa® 2|5, CATo) 64.86+9.08MPa®
2% ®glow, ZHF, CPE3 PAF, CFZ, CAF Aol
o & Felgk zfe]E vhellloh(p<<0.05).

4. thermal cycling #-2} Knoop A %®i= CP-e] 95.49
+7.3bkg/mm2& =, PA-o] 30.73t2.58kg/mm2§
Hes wglew, CPEa el & Abolol 4] foldt 2
o] & el p<<0.05)

5. wpe Fujelgg o] W AR Fokiol 4

TFodo] whAsle] wiabilo & Adlale] ulAd g okaE M
Qeow], Fdo gz A, A} filere] AW R filler
H -5 } eE'] 75'_]—“]'% c}"% 5’«)\& ]’

& 38 o

1. Powers, J.M., Fan, P.L, and Marcotte;, M. “In
vitro accelerated aging of composite and a sealant”,
J. Dent. Res., 60:1672, 1981.

2. Roulet, J.F.,“Degradation of Dental Polymers”, 1st
ed. New York : Karger, p77-80, 1987.

—334—



10.

11.

12.

13.

14.

15.

16.

. Asmussen, FE.

shef A o BF T Y F8E Bl AE dAdel vlAs 5F A2 Thermal Cycling2] 4%

Draughn, R.A.,“Compressive fatigue limits of com-
posite restorative materials”, J. Dent. Res. 58:1093,
1979.

and J K.D.,"Fatigue
strength of some resinous malerials”, J. Dent. Res.
90:76, 1982.

rgensen,

. Mazer, R.B., Leinfelder, K.F., and Russell, C.M.,*

Degradation of microfilled posterior composite. Dent.
Mater”, 8:185, 1992.
Chen, T.M. and Brauer, G.M.,“Solvent effects on
bonding organosilane 1o silica surfaces”, J. Dent.
Res. 61:1439, 1982,

. Kamel, LL. and Neri, G.A.,"Radiation modified fill-

er for dental restorative composites”, J. Math.

Phys. Chem. 14:603, 1979.

. S derholm, K.J.,“Degradation of glass filler in ex-

J. Dent.

perimental

1981.

composites”, Res.,

60:1867,

. S derholm, K.J.,"Influence of silane treatment and

filler fraction on thermal expansion of composiie to
resins’, J. Dent. Res. 63:1321, 1984.

Roulet, J.F. and W Iti, C.,“Studie ber die Mundbest
ndigkeit von Komposits”, Dt. zahn rztl. Z. 35:516,
1980.
Bascom,

W.D.,“The

ture-indused composite failure. In . Interface chemis-

surface chemistry of mols
try in polymer Matrix Composites”, vol 6 (ed. E.P.
Pluddemann), Academic Press, New York, p79,
1974.

Drummond, J.L.,“Cyclic  fatigue of composiie
restorative materials”, J. Oral Rehabil. 16:509,
1989.

Troung, V.T. and Tyas, M.J.,“Prediction of in vivo
wear in posterior composite resins.! A fraclure me-
chanics approach”, Dent. Mater. 4:318, 1988.

WA B, OB, RN, EEEFE, THOL %
MAamsERa vy KV o LY V2B 2HECGE
3. EHIODILREE OEE > WT7, WG 26
(2):498-505, 1983.

WU B, Sk BE, ENAMEEY et A 20 EidE
BHooarERY s b Yy OBMEEE I RIE TR,
Erfb - 250 5(2):187, 1986.

Hirabayashi, S., Nomoto, R., Harashima, [, and
Hirasawa, T.“The surface degradation of wvarious

17.

18.

19.

20.

-21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

—335—

light-cured composite rtesins by thermal cycling”,
Shika Zairyo-kikai 9(1):53, 1990.

Wendt, S.L., Mclnnes, P.A., and Dickinson, G.L.,“
The effect of thermocycling in microleakate analysis
”, Dent. Mater., 8:181, 1992.

Marshall, D.B.,“All Improved Biaxial Flexure Test
for Cramics”, Am. Ceram. Soc. Bull, 59:551,
1980.

Shetty, D.K., Rosenfield, A.R., Duckworth, W.H.
and Held, P.R.,“A bi-axial flexure test for evaluat-
ing ceramic strength”, J. Am. Ceram. Soc., 66:36,
1983.

kg, whel A, oldE, “A3tg glvjdlelE =ai 9
s 2utzle] g A7, digkR|spR A=, 30:
469, 1993.

A7, Aag, Ay, gedE, v,
8 A A 8 E. FAFE AL, pdd, 19965.
ANSI/ASTM F 394-78.,“Standard test method for
biaxial flexure strength (modulus of rupture) of ce
ramic substrates”, p780, 1978.

Wachtman, J.B., Jr., Capps,W. and Mandel, J.“
Bi-axial flexure tests of ceramic substrates’, J.
Mater., 7:188, 1972.

Ban, S. and Anusavice, K.J.,“Influence of test
method on failure stress of brittle dental materials”,
J. Dent. Res., 691791, 1990.

McCabe, J.F. and Walls, AW.G.,“The treatment of
results for temsile bond strength testing”, J. Dent.,
14:165, 1991.

Anusavice, K.J., Shen, C., Vermost, B. and Chow,
B.,“Strengthing
susequent lo thermal lempering”, Dent. Mater., 8:
149, 1992.

Ban, S., Haserawa, J., Anusavice, K.J.,“Effect of
loading conditions on bi-axial flexure strength of
dental cements”, Dent. Mater. 8:100, 1992.
EIEH R =2-4 7 3 v 7 ZADiGH-F DR &1
i-. (¥k) 7 7+, p24-26, 1985.

ol y v}t F

o, A=

of porcelain by ion exchange

FREL Wk kT I 2B (BT A,
p138-142, 1981.

Lloyd, C.H. and Iannetta, R.V.“The fracture
toughness of dental composite”, 1. J. of oral

rehabilitation 9:55, 1982.



o] 3-8+3)#] : A]174, A|3%, 1996
J. of KOSOMBE : Vol. 17, No. 3

g o] HolHy xR 759 A= IF

O|S7t- ol &gt ofAIEt

= Abstract=

The Effects of Flow Wave form on the Flow Characteristics in
Tapered Vascular Grafts

Dong Gyoo Lee, Sang Man Lee and Kyehan Rhee

The patency of small size vascular grafts is poor, and the blood flow characteristics in the artery
graft anastomosis are suspected as one of the important factors influencing intimal hyperplasia. Dis-
turbed flow patterns caused by size and compliance mismatch generate unfavorable flow environmen:
which promotes intimal thickening. Tapered vascular grafts are suggested in order to reduce sudden ex-
pansion near the anastomosis. The photochromic flow visualization method is used to measure the flow
fields in the end-to~end anastomosis model under the carotid and femoral artery flow wave form. The
results show that flow disturbance near the anastomosis is diminished in the tapered grafts comparing to
the tubular graft. As the divergent angle decreases, we can reduce the low and oscillatory wall shear
stress zone which is prone to intimal hyperplasia. The flow wave form effects the wall shear rate dis-
tribution significantly. The steep deceleration and back flow in the femoral flow wave form cause low

mean wall shear rate and high oscillatory shear index.

Key words : Tapered graft, Intimal hyperplasia, Wall shear rate distribution, Flow visualization
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at various locations in tapered vascular graft

Table 1. Mean, maximum, minimum wall shear rate distributions and O.S.l.

models
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