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@, Griffith®7} H4dgto]l &S Fdled a3
A2 799 ARl get YA sy Il
UA 2 ) (release) Hrkn &n] HAEkA sl g
271 (G criterion) & AAZ o2, HAA s B3
g sty o yupuiol Aelslo] Fdlnlel] AF
e 89 ZxE 33 #uA 4 (stress intensity
factor, Ko) 2, HduigAtelolal FdAA o
47t dofubz AAAE YASH & A 4 (critical
stress intensity factor, Kio) 2 Ab%sln o) 44&
3w & 5} 5 9] A1 (plane strain fracture toughness) 2.
2 TFARste] HAEtA o A Y& 1FY A
A P AL-EA| st

ANz AHNGFY Holos spdgd o
who] =olso] acrylical| A%, ojatz}40 o]z}
A, A9 vl glass ionomer cement® -9} 3}
Aol dtsion, AL 23 39l
Aol Za| A Roberts] 2910 olef ojz] Aetse)
Hypieadesiizt gaan, LAy staield 244
# o 2 &= single edge notchy A|3e] 3HZFAY
w2645~5lo) ] o] L-5]v short-rod chevron notch
g A3 QAR Y double torsion 4]
BN ghE ™ F 5 ol g5 gou, ZAudo
g siFQl Aol & Aolst Qe Aog wysg]
T525638)

gL fillers Asbelrl ke Zelo glAlol
H)a slFqldo] Fon]ts fillerdtako] Zrlg4

% FAAA A AN EN} AR shPiAE F

7Hake ez oy AFAFeA  dEeigte
Lj2444556)  Ferracaned] 21** % Broutman 3}
Sahu*¥ fillerg#o] AGdx o4 F7Hg¢ AL
filler QJ&t7ke] Agl7t AUAA Zaslo] dPdd
7hof) AE Aol dojy sgiAel RopdE Bn
39l e, Lloyd ¢ lannetta®® gl Pilliare] 291°2¢&
shPQlAAld 3 shekd @S F3to fillergzbe]
azlol wel E@a A9 HAA 5l o7} el
A2z ARFE Qo] F4Ee Basigic.

ArE E@elale] sAAgAdE g7 Se)
Az B3 A5l e H8d ofss} dedda
telo] +F 5% 23y 4 fillero] o
A4S Hrhetn B4 AEE o4 vy
7ZAA )l Acoustic Emission® & A7 2o} shelad ol
FAAAEAA BALE va PEdH o] i
A74E A1l ofol ¥idh= wlo]r,

II. 48 xz ¢ ¢4d

gL A Ag=n e AAE @ FAF
54 SgaAd 5 &4 filler Y=o 7)o wf
2}  2E&31o] macrofilled typeel Clearfil-F119} Hi
-pol, microfilled typeql Heliomolarg} Durafil,
hybrid type 9l  Bisfil-1 2}  P-50(o] & CF, HP,
HM, DF, BF, o PF2 o}3h 9 6%S& AHSaich
(Table 1). ’

Table 1. Composite resin materials tested in this study

Code Brand Manufacturer Filler type Curing mode  Batch number
CF Clearfil-F 11 ﬁl:)raar:'ay Co., Macrofilled Self curing 53193, 53196
- Boopyung Co,, . U-paste ; 90301

HP Hi-pol Korea Macrofilled Self curing C-paste - 90419

HM  Heliomolar Vivadent Co.,  \po o cilled Light curing 408302
Liechtenstein
Kulzer GmbH | . . .

DF Durafill West Germany Microfilled Light curing  S138

BF ~ Bisfil- E‘S‘;" /{“‘:-* Hybrid Light curing 068307, 068237
3M Co . . .

PF P-50 U,S,A._’ Hybrid Light curing  8BL4
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2. dEYy

1) Filler 3tgke] 24

ol AR He) AL
T A A8 AL
No. 4049°V¢] 70}
A3,

724 By e A 950me] 3 )9 (2.5%
5x20m) & 34X Aztaled 1439 (R200D, Sar-

SE
3¢ 2492 A

7+ 2 e filler dtek
774 AHE1S0

u}2} standard ashing test &

Luol-

torius Co., W, Germany) o 2
o dr-Wt. 9
Vol =g Wi o+ it we, vy <1000
dr : density of resin( ¢ /cr)
df : density of filler ( g /em)
7} & 3 2 (Jelcraft, Jelrus Co., U.S.A)e] 4o
600C, 3087 7tdd ¥, o4 Feg 2Agor
A AW F1RAEE AYe T2 fillerF e}

3 (o] 3} Wt.
%2 E)E deel Aol deb fllrsi )
(o3t Vol. %2 E7))o2 Basidon], ofaf 2
A71de wxe 1. 2g/av, fillere) Wex 2.5g/
w2 Sgich,

2) sh3jel 44

) 58] 2.4 § 58] ol A
ASTM E309%8] 730
(SEN)%¢| 33Z3A%8L 7

7o) 3R

ARG g4 Ege

u} 2 gingle edge notch
11‘6‘}71 8l Fig. 1

o,

107449 A#E 37C F5
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Fig. ‘1. Metal mold (above) for single edge notch

specimen (below, ASTM E399) (a ; Notch length
=2 .5mm, W ; Specimen width=5 (mm, S ; Span
length=20 .0mm, L ; Specimen length=30.0mn, B
Specimen thickness=2, 5mm) .

3422 2437 9ol o] AR 39S
4 jigg mechanical testing machine (DCS-500,
Shimadzu Co., Japan)ol A2t 5, 20C9 A2
A HFEE 0 lm/ming A el $431%8
Hetod Aol sppEuiAel H5HE AHchaks
10kg% load cell (SFL-10AG, Shimadzu Co., Japan)
2 ZA38lx X-Y recorder (D-51P, Riken Denshi
., Japan)ofl 7]Z-3}ct,
»}‘Ei 7k Al o] wA (B), #(W), notchZe] (a)

£ caliper2 A&3 ZAsto] o}Z9 Ao uwhet
SHddA 4 (Ko & AHF st

7+ Aol 4] ofu] &3} %A (B) 2} notchZ o] (a)
of wpe} thge AB)e utEAA AS, A3E 5
Al (Ko) & adid e Ao dASH gl
AgKie), F sl 22 39t



3(a/W)'*(1.99-(a/W) (1-a/W) (2.15-3.93a/W +2.7a%/W?))
2(1+2 a/W) (1-a/W)*?

f(a/W) =

P, : peak load of failure(N)

3,322_5(%)2 ..................................... g CAERiE AAIS(events), AEAIE S 2718 et
y £ AZ(amplitude), 2]z A7ke] w}E AEg)
T2 LA 4 (accumulative events) & 243 & 2

#4371

oV . yield stress(MPa)

3) Acoustic Emission?] &4

SAAGAYS sl 33TIAUAY B
Zwo] Acoustic Emission(o]3} AEZ <kd}) gz}
(PAC 50, Physical Acoustic Co., U.S.A.)& 717
4 a3 3 (Fig. 2), 354% 0.0lon/minZ A]H
of #3355 7heted sitto] dojue AH7A 4
Ho) FAAA we} wEsHs eXgE AEs
o, ARG HAe Fabgd el 200~500 KHl

Fig. 3. Computerized AE analyzer (PAC 3104) .

P
AS
S
| PA
L B AA :>M&P

Fig. 2. AE sensors(PAC 50) attached on the specimen.

Fig. 4. Schematic drawing of AE detecting system (P ; Load,
s xo S ; SEN specimen, AS ; AE sensor, PA ; Pre-ampli-
TAHol FEE 52dBe FZ7]71 Wabsle] glo] fier, AA ; AE analyzer, M&P ; Monitor and Printer) ,
) yzer,

A, 22" e digitaldl sz H3lEs ER)0

13 $FEHn b ofu]FE )04 20dB, 3227 4) sde] FAAAAR A A

ol 10dB4 A3t FEsjo] AEE-47](PAC 3104, 7% Algie]  s}ehe jon sputter (E102, Hitachi

Physical Acoustic Co., U.S.A)o] 2/4e sjdz ., Japan)ollA WZZE2g T FAAAHRA (S

JHEE A} (Fig. 3,4). —450, Hitachi Co., Japan) 2.2 7}<AHq 20KV &
AEZA71E B3le] 7t A|3le] AEWZY AxE o FA3Gct.



B2E o™
. Filler St
A4l 5401] Agsl Eake A 9 filler Wt %+ hybrid

typed] PF7} 85.0% %2 71# 2
£ microfilled type 91 DF ¢]
CF, HP, HM, DF o2 ubehyoh, Filler W, %
& syl AddfolA FHog F= filler Vol %2
gakgk 73 hybrid types] PFs} HP7p 7H2b 73,
1%, 66.7%, macrofilled types] CFe} HP7} zb7h
61.0%, 56.2%, =23 microfilled typee} HM=}
DF& A7 42.7%, 33.5%2.4 filler Wt, %2} 7ho)
PF, BF, CF, HP, HM, DF%o9| fillerstekS  uje}

sotenl, AH4 Se @

51.2%% 4 PF, BF,

i

i

olck(Table 2)
" Table 2. Inorganic filler contents of tested composite
resin materials (n=3)
(Unit ; %)
Code  Filler type Wt %* Vol ; %**
CF Macrofilled 76.5 61,0
HP Macrofilled 72.8 56 .2
HM Microfitled 60 .8 42 7
DF Microfilled 51.2 33.5
BF Hybrid 80 .7 66.7
PF Hybrid 85.0 73.1

*Weight percent of filler
**Volume percent of filler
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)% 4% Ak Table 33} 2bet,

sl fillersiabel a7l wE 74 R
K2 % macrofilled typee] CFe} HP 7}
MPawvm, 1.40 MPavmg vjeh} vla A 7
ol A& ¥eolon hybrid typee]l BFe} PF: zk7h 1.
34MPava, 0.96MPa~va2 macrofilled typey.c} o
4 e mh3olAde b9l 3, microfilled typeg)
HMa} DF: 72 0. 86MPavam, 0.69MPavam e mar-
crofilled type % hybrid typeo] wvl#l] Abdi"og b
2 A4S ehisiet.

w Ao
7+ 7} 1.46

7)
%:%P

r-'\-\

Table 3. Plane strain fracture toughness(K.) of
tested composite resin materials (n=10)

(Unit ; MPaa/n)
. KIC
Code Filler type Mean + S.D.
CF Macrofilled 1,46+0.08
HP Macrofilled 1.40x0.18
HM Microfilled 0.86+0.15
DF Microfilled 0.69+0.08
BF Hybrid 1.34x0.11
PF Hybrid 0.96+0.10

Significant differences between the each pair of K, data
except CF and HP, HP and BF, HM and PF at P=(.05
level

N

Fillergtek(Vol. %) ol wbet 7 E3kelalef Kie

2 v|md Ax= Fig, 590 2. Macrofilled type
9] CF¢} HP, microfilled typeq]l HM =} DF+= fillerg
ol We4E KA E ¥4 el 9h4g volo
4, CFo} HP SAA49 o4 214204 8
ok 2} (P>0.05) HP9} HM, HM3} DF Zbell &= -9
3 #olE: b ch(P<0.01, P<0.05). 2t

macrofilled typeel CFe] K,cx& AHAo g CFyct

uko fillersbekg- 2.9l hybrid typee] BF7b  9.4]#
e Kieal & vebligles] (P.05), A4 we

filleratek-& 3ol PFx 72 hybrid typeql BFof B8]

af ot KieAls vhehl o] (P<0.01) filler o]
2.0f
— HP CF
§ l.6r { i Bip
]
a .21 PF
\2, HM i
4o}
=0 8+
Y ¢
0. 4r
0 30 40 50 60 70 8 90 100
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Filler content(Vol %)

Fig. 5. Correlation of plane strain fracture tough-
ness (K,¢) and filler content (Vol %) of test-
ed composite resin materials
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3. Acoustic Emission2bAt

7t Sgelxe AES %7 5HE ¥4
6~83 7o},

Macrofilled type2] CF2} HPoj| 4} &= AEA}AMA| 47}
7t7t 426, 5122 viEbd 8@ we 4o AEs} whA)
ststeh. CFel 495 HelsiFel o 70%74 o4
AE7} 9t 4iat7] Al #telglon], AEAZRTE 280
2}4-29) 52dBY-¥ o 80dBAA Q) AEhE vhehy
ek HP& 22 macrofilled typesl CFol ula) chx
27158 AE7} wrallslgloy AERTE ukd o}

Aolalet(Fig. 6).
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olAte] AE7} @4 LAY F4E vy (Fig. 7).

Hybrid typee] BF$} PFoj| A= AEAFAMA|4-7} 7472}
391, 1143 macrofilled typedclte Aol mi
crofilled type Bohe B-& 49 AE7} A9l on,
A a5 oF 9% FAsA WA %k
Aololch. &3 72 hybrid typee]ziat PF& BFoj
W3 AEAMIA 47 dA 8] Zastdn, AFEZLo
Ax A 4429 AEE Jeblslch(Fig. 8).

AEA A A 4= HP, CF, BF, PF, HM, DF4o}lg)
o] 7+ Bt A e Kicxlo} vlidt 23 AEAMAI4
7} st A & A velstch(Fig. 9).
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Fig. 6. AE events-amplitude distribution (left) and accumulative AE events(right) of macrofilled type composite resin

materials
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Fig. 9. Correlation of plane strain fracture tough-
ness(K,.) and AE event counts of tested
composite resin materials,
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Macrofilled typeal CFe} HPoll 4} &= a2 71" 9] 3}
bl A7 10um olAte] wlmA Z fillers] zhs} 2
A71A7Ee] Ade] Feld ofAoldm, AA o
5~10um 7|9 fillergabe cha shalsl gt m
of AAlHog £2¥s) we BFad sioius o
e ol e} (Fig. 10, 11) . Microfilled typeql HMoi 4] &

174 oF 20~30um 7] 2} prepolymerized filler¢] s} |
E3 DFJ A =
el Ayl g4kl river patterng vep e
AAH oz 3ol e g A4S vehd
Bgg sl ¥ 9ok (Fig. 12, 13). Hybrid
typee] BFell A= 27 oF 5~10um A 5 9] fillers) a}
b a4 s g A7 Ak Aol Hew
F3e A 2o o4 AP shde e Jehigl
o}, PRl A7 o 1~3um 2719 fillerg] zho}
A A7) A7k Almle] Rejd ok4al AAHog v
A EE24ES Jeie vlad 383 sioede
oot (Fig. 14, 15).
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B9 2487 2ot A% 22 7]
A4 E49 A7 L7 su i,
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AR s Lo E dAs o, =3 74
Al A%Ad WAL Moz ANAAE
fillerq) 2}9] pinning &9} FAAHE $3)4)7]&
bowing AL glool]A] wEel 7]ddsle] 2
F48 AR £ AL depd Aoz
SECLS

w3} hybrid typed] BF= AER £3} siciu] okAlo]
CF o HP9} w3l oy, PF+= BFo vlg w2
AEAZR 2o Adidoe AL 279 fillery A&
seieioll 4] vEbe] Qlzlell o7 QA ZstE )
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3o g WA uE Y] Aol AEA Fof
F%e olAcke B¢ DEA2 % 4 Aeh

Microfilled typed] HMzt DF= o2 23 2loj
s8] AEAGAIS7} ol AA wAsgi e o 8
dB°l"L9] A Z AE7} 43 Jepton] HosgA

H2olq AEFH A7 FAMA Fokske gde o
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—Abstract —

A STUDY ON THE FRACTURE TOUGHNESS
OF DENTAL COMPOSITE RESINS

Jin Hoon Park, Byung Soon Min, Ho Young Choi, Sang Jin Park

Department of Conservative Dentistry, College of Dentistry, Kyung Hee University

The purpose of this study was to evaluate the fracture toughness of dental composite resins and
to investigate the filler factor affecting the fracture behaviour on which the degree of fracture
toughness depends,

Six kinds of commercially available composite resins including two of each macrofilled,
microfilled, and hybrid type were used for this study | The plane strain fracture toughness (K,.) was
determined by three-point bending test using the single edge notch specimen according to the
ASTM-E399. The specimens were fabricated with visible light curing or self curing of each
composite resin previously inserted into a metal mold, and three-point bending test was conducted
with cross-head speed of (. 1mm/min following a day’s storage of the specimens in 37°C distilled
water

The filler volume fractions were determined by the standard ashing test according to the 1SO
-4049.

Acoustic Emission (AE), a nondestructive testing method detecting the elastic wave released
from the localized sources in material under a certain stress, was detected during three-point
bending test and its analyzed data was compared with scanning electron fractographs of each
specimen

The results were as follows :

1. The filler content of composite resin material was found to be highest in the hybrid type
followed by the macrofilled type, and the microfilled type.

2. It was found that the value of plane strain fracture toughness of composite resin material was
in the range from (.69 MPavmto 1.46 MPa~vm and highest in the macrofilled type followed
by the hybrid type, and the microfilled type,

3. The consequence of Acoustic Emission analysis revealed that the plane strain fracture tough-
ness increased according as the count of Acoustic Emission events increased .

4. The higher the plane strain fracture toughness became, the higher.degree of surface roughness

and irregularity the fractographs demonstrated ,
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EXPLANATION OF FIGURES

Scanning electron fractograph of a macrofilled type composite resin (CF) shows protru-
sions of coarse filler particle from the surface and fractures of smaller sized particle. The
surface demonstrate uniformly rough and irregular pattern(original magnification,
x 1000)

Scanning electron fractograph of a macrofilled type composite resin (HP) shows mixed
appearance of fractured particles and interface debonding (original magnification,
x1000) ,

Scanning electron fractograph of a microfilled type composite resin (HM) shows mixed
appearance of fractured particles and interface debonding(original magnification,
x1000) |

Scanning electron fractograph of a microfilled type composite resin(DF) shows strong
trend of unstable crack propagation, Note a river pattern of typical brittle fracture
(original magnification, x1000) .

Scanning electron fractograph of an hybrid type composite resin (BF) shows somewhat
similar findings with macrofilled type composite resins and more irregular fractured
surface than that of microfilled type composite resins (original magnification, x1000)

Scanning electron fractograph of an hybrid type composite resin (PF) shows small round
filler particles protruding from the surface and not distinct appearance of particle
fractures. The surface demonstrate not enough toughened appearance as composite resins
with the highest filler content (original magnification, x1000) .
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