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— ABSTRACT

The results were as follows:

ALERT, Solitaire, HI-Aristaloy 21 in order.

FRACTURE BEHAVIOR OF CONDENSABLE COMPOSITE RESINS

So-Young Kim, Ho-Young Choi, Kyoung-Kyu Choi, Sang-Jin Park
Department of Conservative Dentistry, Division of Dentistry, Graduate School, Kyung-Hee University.

In this study, compressive strengths of three condensable composite resins(ALERT, SureFil, Solitaire),
conventional hybrid composite resin(Z-100) and amalgam(HI-Aristaloy 21) according to the 6 types of cavi-
ty design(cylinder, trapezoidal, butt-joint, round bevel, long bevel and short bevel) were measured and
appearance of fracture surfaces were observed with SEM, thus evaluated clinical applications of condens-
able composite resins according to the cavity designs.

1. Compressive strengths according to experimental materials were the highest in SureFil. and 7Z-100,

2. SureFil showed the highest compressive strength(p{0.05), compressive strengths of ALERT and
Solitaire were lower than that of Z-100, hybrid composite(p<0.05).

3. Compressive strengths according to specimen design were the highest in trapezmdal shape(p{0.05) and
no significant difference was detected between other specimen designs.

4. The appearance of condensable composite resin under SEM was of a diverse configuration according to
component of resin matrix, shapes of filler and surface treatments between resin and filler.
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(Jeneric ®/Pentron® Co., U.S.A.). SuerFil ®(Dentsply
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1) N BA
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Table 1. Materials used in this study

Materiai Product Name Batch Number Manufacturer
ALERT 14841 Jeneric/Pentron Co., USA
Condensable - -
] . SureFil 545113 Dentsply Co., USA
Composite Resin —
Solitaire 020037 Hereous Kulzer Co., USA
Hybrid Composite Resin | Z-100 5904A2 3M Co., USA
Amalgam Hi-Aristaloy 21 0126941 Engelhard Co., Korea
3mm 5mm 5mm 5mm 5mm 4mm

4m

3mn|

k.
T

3mm
Cylinder Trapezoidal Butt-Joint Round Bevel Long Bevel Short Bevel
Shape Shape Shape Shape Shape Shape

Fig. 1. Shapes of specimens

gkl AFetdh B AHE mylar strip €& SureFil, Solitaire, Z-100, HI-Aristaloy 21)¢} 671%] Al
Foll 40%3F A4S B33 MBS FUIE 4027 B H& e (cylinder shape, trapezoidal shape, butt-joint
THE 5 AASE L, o2 ABL B 2443 B A shape, round bevel shape, long bevel shape, short bev-
Astget. el shape)ol weh & 3071222 £R7630HTable 2).
2) A@ e & 3) A EZA
AZd 300709 NHE 559 AFAS(ALERT, A 300709 AR S 37£1C FFRTC) 7L 2@

Table 2. 30 experimental groups classified with the shapes of specimens and experimental materials used in this
study

Shapes of

Speci C T B R L S
pecimens
_ (Cylinder  (Trapezoidal  {Butt-Joint (Round {Long {(Short
Experimental Shape) Shape) Shape)  Bevel Shape) Bevel Shape) Bevel Shape)
Materials
ALERT AC AT AB AR AL AS
SureFil FC FT FB FR FL FS3
Solitaire SC ST SB SR SL SS-
Z-100 zC ZT ZB ZR ZL A
HI-Aristaloy 21 HC HT HB HR HL HS
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1. ¢RBE

5%9| AdA 2 (ALERT, SureFil, Solitaire, Z-100,
HI-Aristaloy 21)¢ 67FA] Al# 88 (cylinder shape,
trapezoidal shape, butt-joint shape, round bevel
shape, long bevel shape, short bevel shape)2] % 307}
AEF(AC, AT, AB, AR, AL, AS, FC, FT, FB, FR,
FL, FS, SC, ST, SB, SR, SL, SS, ZC, ZT, ZB, 7R,
ZL, 7S, HC, HT, HB, HR, HL, HS)dA &4€ H7
HEZ e Table 3 ¥ Fig. 29 2t

+53 Bg79 ALERTE A¥AEZ A3 AC,
AT, AB, AR, AL, ASTolA 47} 248.15kg/cm’,
346.52kg/cm? 253.20kg/cm® 262.98kg/cm?,
269.06kg/cm?®, 259.74kg/cm*e] ¥EZREE JER|L
o, SureFilE A¥A 52 AHE3 FC, FT, FB, FR, FL,
FSZo M 7tz 298.43kg/cm® 398.47kg/cm’,
299.06kg/cm?, 304.43kg/cm®, 313.01kg/cm?,
325.82kg/cm’e] ¥EZEE YeRU L, SolitaireE 43
AMEZ AMEE SC, ST, SB, SR, SL, Ss#dAE 424
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EE Yepigit =3, E3E 53z Z2-100€ 4

858 =aERe YA H o7

AE2 AL 7C, ZT, ZB, ZR, 7L, ZSelA e 247
278.29kg/cm® 342.98kg/cm? 302.87kg/cm?
291 .14kg/cm®, 273.15kg/cm®, 282.16kg/cm’e] &&7%
=5 YEMI% R, 1% o} Hl-Aristaloy 215 A
& HC, HT, HB, HR, HL, HSZdA 47} 226.48
kg/em®, 292.85kg/cm?, 219.46kg/cm?, 228.16kg/cm?,
215.53kg/em’, 203.92kg/cm’?] ¢} EE YERNA T

EEAHAET F MR EL ¢4 EE STTY
398.47kg/em’ellon, 7} we dEAEE HSTY
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AgN g A W2 Z3E AT AARA
o & two-way ANOVA testE o] &3 52484 Ay}
Table 4] UYehY Sict. ol ddAg9 Al AG e g2
A& 7] FATAE e T glTt

Fig. 3% Table 5%+ 5% 4842 (ALERT, SureFil,
Solitaire, Z-100, HI-Aristaloy 21)¥ B# 4&3% 1
ANz} felat 0.05 $EAA Tukey s HSD testE A8
g ZAdtoltt, HAANRE Hd $EFZEE SureFil
(323.20kg/cm?®, 7Z-100(295.10kg/cm?, ALERT
(273.28kg/cm?), Solitaire(261.65kg/cm®), HI-
Aristaloy 21(231.07kg/cm?) £2.2 YolHt}. SureFil
3 7-100, Z-100% ALERT, Z-100% Solitaire Ztle=
94 e o7t UdRer (p<0.05), ALERTS
Solitaire Ztelle feld Sle Ael7k YehtAl &gttt
(p>0.05). =3, Solitaire®t HI-Aristaloy 21 tell= §2
3 de 2]zt UATH(pC0.05).

Fig. 4} Table 61 6712 Hejel AlAF e (cylinder
shape, trapezoidal shape, butt-joint shape, round
bevel shape, long bevel shape, short bevel shape)¥
it dSAE 2Pz FA 0.05 FFH Tukey s
HSD test® Aldst Za7t e vk AHEEE P73
¥ = Trapezoidal Shape(335.74kg/cm®), Round
Bevel Shape(269.58kg/cm®), Short Bevel Shape
(267.42kg/cm?), Long Bevel Shape(266.96kg/cm?),
Butt-Joint Shape(263.19kg/cm?), Cylinder Shape
(258.28kg/cm®) 22 Yol At} Trapezoidal Shapes
g2 AlEge 2o §o4 A Hit ¢S5 e
(p€0.05), Trapezoidal Shape® A& th& A|HYE 7H
ode o4 de Aol 7t et eisttHpr0.05).

Fig. 29} Table 79| 5%< @A &(ALERT, SureFil,
Solitaire, Z-100, HI-Aristaloy. 21)% 6714 Al H €}
(cylinder shape, trapezoidal shape, butt-joint shape,
round bevel shape, long bevel shape, short bevel
shape)d ¥ ASFZE e} HPA G W A1 HE
g7t BAE FR 0.05 $500A Tukey s HSD test
£ Al3% 277 Yeht o} ALERT, SureFil, Z-100,
HI- Aristaloy 212 4dAEZ AME3HE A5l Al HE
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Table 3. Compressive strengths(kg/cm?) of 30 experimental groups

Group
- » - n mean S.D.
Materials Shape of Specimen Code
Cylinder AC 10 248.15 11.94
Trapezoidél AT 10 346.52 12.77
Butt-Joint AB 10 253.20 31.56
ALERT
Round Bevel AR 10 262.98 8.42
Long Bevel AL 10 269.06 10.41
Short Bevel AS 10 259.74 8.30
Cylinder FC 10 298.43 29.36
Trapezoidal EFT 10 398.47 21.85
. Butt-Joint FB 10 299.06 24.95
SureFil
Round Bevel FR 10 304.43 16.39
Long Bevel FL 10 313.01 26.89
Short Bevel FS 10 325.82 6.60
Cylinder 3C 10 240.04 31.16
Trapezoidal ST 10 297.86 33.44
. Butt-Joint SB 10 241.35 16.56
Solitaire
Round Bevel SR 10 261.17 23.32
Long Bevel SL 10 264.03 10.57
Short Bevel 3S 10 265.46 2451
Cylinder Zc 10 278.29 29.30
Trapezoidal ZT 10 342.98 19.72
7-100 Butt-Joint ZB 10 302.87 15.01
Round Bevel 7R 10 291.14 16.63
Long Bevel 7L 10 273.15 27.83
Short Bevel ZS 10 282.16 24 .38
Cylinder HC 10 226.48 32.48
Trapezoidal HT 10 292.85 53.15
Butt-Joi 1 . .
HI-Aristaloy 21 utt-Joint HB 0 219.46 30.52
Round Bevel HR 10 228.16 39.15
Long Bevel HL 10 215.53 36.70
Short, Bevel HS 10 203.92 41.39
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Fig. 2. Mean compressive strengths of 30 experimental groups
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Table 4. Statistical analysis of compressive strengths according to the materials and shapes of specimens

Source of Variation Sum of Squares DF Mean Square F Sig. of I

Main Effects 501,233 9 55,692 80.758 .000

X1 289,290 4 72,322 104.873 .000

X2 211,942 5 42,388 61.466 .000

Z2~way Interactions 33,073 20 1.653 2.398 .000

Explained 534,307 29 18,424 26.717 .000
Residual 186,198 270 689
Total 720,505 299 2.409

X1 : Experimental Materials
X2 : Shapes of Specimens

Table 5. Results of statistical analysis on compressive strengths(kg/cm?) between experimental materials

Materials n mean S.D. Tukey s HSD
ALERT 60 273.28 37.06 B
SureFil 60 323.20 41.26 D
Solitaire 60 261.65 30.44 B
7Z-100 60 295.10 32.17 C
HI-Aristaloy 21 60 231.07 47.70 A

- = N W W
B e 2 a8 g
T & & & © © ©

Compressive Strength(kg/cm?)
=]

ALERT Surefil

Soliteire

I-1080

T

Hi-hristaley 2%

Fig. 3. Comparison of compressive strengths

between experimental materials

Cylinder

Frapezoidal

Butt-joint  Aeund Bevel

Long Bevel Short Bevel

Fig. 4. Comparison of compressive strengths

between shapes of specimens

Table 6. Results of statistical analysis on compressive strengths(kg/cm?) between shapes of specimens

Shapes of Specimens n mean S.D. Tukey s HSD
Cylinder 50 258.28 37.68 A
Trapezoidal 50 335.74 4918 B
Butt-Joint 50 263.19 40.65 A
Round Bevel 50 269.58 34.80 A
Long Bevel 50 266.96 39.32 A
Short Bevel 50 267.42 46.16 A
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Table 7. Results of statistical analysis on compressive strengths(kg/cm?) between shapes of specimens according

10 experimental materials

Experimental Materials

ALERT SureFil

Solitaire Z-100

HI-Aristaloy 21

Shapes of Tukey s Shapesof Tukeys Shapes of

Tukey s

Shapes of Tukey s Shapes of Tukey s

Specimens HSD Specimens HSD Specimens HSD Specimens HSD Specimens  HSD
Cylinder A Cylinder A Cylinder A Cylinder A Cylinder A
Trapezoidal B Trapezoidal B Trapezoidal B Trapezoidal B Trapezoidal B
Butt-Joint A Butt-Joint A Butt-Joint A Butt-Joint A Butt-Joint A
Round Bevel A Round Bevel A Round Bevel A Round Bevel A Round Bevel A
Long Bevel A Long Bevel A Long Bevel A Long Bevel A Long Bevel A
Short Bevel A Short Bevel A Short Bevel A B Short Bevel A Short Bevel A

Bl & Trapezoidal ShapeZt #94 UA && o 4%
52 Jehlen (p0.05), UdA AldEFedMe &
o4 e A7t $1%TH(p»0.05).

Solitaire® 4¥AE 2 AHE3 Ao Trapezoidal
Shapeoll Al 714 & H 4EHAEE YERIU LT o]
FuAZ 52 g7 ¢EHUEE 7= Short Bevel
Shapest #94 e Aol= §A 2 Hp)0.05), THE 47}
# A A& e (cylinder shape. butt-joint shape, round
bevel shape, long bevel shape) Bt} 94 A Het
A&7 e7t F9Hp<0.05). E3 Short Bevel Shapest
Cylinder, Butt-Joint, Round Bevel, Long Bevel
Shape = #o4 Je HT 25 2ol fATt
(p)0.05).

Fig. 5. Scanning electron microscope shows frac-
tured surface of ALERT. Dislocation of rod-
shaped fillers from resin matrix and fracture
of rod-shaped filler were observed(X 1000).
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ALERT A9 dgdolM 2teh7] 3 fillerst @27 o]
A ggd 2143 7)Y fillere shdo] #AHUG
(Fig. 5). &g, AupddfA g@ddo] 21 fillerst &
A7 A AWE vt AA 1w Y 2742 Fig. 6) 2l
714 fillere) shdto] B SITHFig. 7). SureFil AJH <]
FhH A macrofiller?] Fhe] #EFH Ao (Fig. 8),
Aupdel s spdde] dA71d Yol A=z oSS &
28 4 JAcHFig. 9). 3 macrofillers] s¢te] 2y
ArHFig. 10). Solitaire A1 H] st A organic filler
o] migo] WA (Fig. 11), Aebdelr Mo
macrofiller, organic filler®t #Z171& 7te] A¥Z w}
AAE 2 e a0 ZEHAHFig. 12). Z-100 A1He
st o)A fillers] Etolu} vdo] #AAHA| ¢gkon

x1l.59K

ALERT

Fig. 6. Scanning electron microscope of polished sur-

face shows the fracture line propagated
between rod-shaped filler and resin matrix in
ALERT(X1500).



#1.5k 2466

Fig. 7. Scanning electron microscope of polished sur-
face shows fracture within rod-shaped filler
in ALERT(x1500).

Fig. 9. Scanning electron microscope of polished sur-
face shows the fracture line propagated with-

in resin matrix in SureFil(x 1500).

3 o b

Z8kY SOue

Fig. 11. Scanning electron microscope shows frac-
tured surface of Solitaire. Fracture of

organic filler was observed(x 1000).

Fig. 8. Scanning electron microscope shows frac-
tured surface of SureFil. Fracture of macro-
filler was observed(x2000).

Fig. 10. Scanning electron microscope of polished
surface shows the fracture of macrofiller in
SureFil( X 1500).

R

Fig. 12. Scanning electron microscope of polished
surface shows the fracture line propagated
between macrofiller, organic filler and resin
matrix in Solitaire( X 1500).
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Fig. 13. Scanning electron microscope shows the
fractured surface of Z-100. No dislocation
and fracture of filler were observed(Xx

5000).

Fig. 15. Scanning electron microscope of typical

fractured surface in high copper amal-
gam( % 1000).

glof] ek 34 .9_03 2 [AN8% °ﬂ & Hﬁﬂ"é 9 A
o] of7]=lof o2t thA|Fol i3t B oA o] EolA| 3 §)
t AS7A & opdte dAEZMA gallium alloy,
condensable silver tin alloy9} 73| §-& B e|=lo] 54
gk 9lem | o] £ gallium alloye ‘_§¥ Zof| ojmztyt &
Abet 2288 AU glom | creep ¥ A AW e =7}
E 59 e g3, VAH AR opdtE fAkslt 1

454

foioa 1. !
x5.0k 2478 2bkV 18w

Fig. 14. Scanning electron microscope of polished
surface shows the fracture line propagated
within resin matrix in Z-100(x5000).
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PRIMM system (Polymer Rigid Inorganic Matrix
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AR S 2|48t 5 ) AA, §53 BRI Aok
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