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r—Abstract

ELASTIC CONSTANTS, SHEAR BOND STRENGTH OF TUNNEL
RESTORATIVE MATERIALS AND MARGINAL RIDGE STRENGTH
OF RESTORED TEETH

Ka-Yean Lee, Yeong-Joon Park*, Kyu-Ho Yang

Dept. of Pediatric Dentistry, Dept. of Dental Materials*
College of Dentistry, Chonnam National University

An alternative design to conventional class II cavity preparation for proximal carious
lesions is the tunnel preparation. It preserves the marginal ridge intact, thus making it
possible to maintain the natural contact relationship with the adjacent tooth and minimize
tooth reduction.

This in vitro study was purposed to evaluate the effect of the materials’ elastic constants
and shear-bond strength on the marginal ridge fracture resistance of teeth restored by
the tunnel technique, and to find the materials of choice for tunnel restorations.

Resinomer®, Ketac-silver®, Miracle-Mix®, and Tytin were used as restorative material.

The elastic constants of each restorative material were evaluated by ultrasonic pulse
measurement. Young’s modulus and bulk modulus of the restorative materials were evalua-
ted in three specimens for each material type.

The shear-bond strength of the restorative materials to the dentin surface was measured
after thermocycling 400 times between 6 and 60T, using ten specimens for each material
type.

For measuring marginal ridge strength, 60 sound extracted molar teeth were distributed
into six groups by size. Sound molar teeth were used as a Control group and unfilled
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prepared teeth were grouped as Unrestored. Another four groups were named Resinomer
group, Ketac-Silver group, Miracle Mix group, and Tytin group by type of restorative mate-
rial. Tunnel cavity preparation was done with # 1, 2, and 4 round burs in sequence.
Initial access to proximal surface was made through an occlusal access preparation started
at least 2mm from the marginal ridge, and the proximal opening was formed about 2.5mm
below the marginal ridge. After restoration and thermocycling, marginal ridge strength
was measured using a universal testing machine.

The results were as follows :

1. The Young’s modulus of Tytin® was 63.95 GPa, followed by Ketac-Silver® 27.60 GPa,
Miracle-mix® 18.48 GPa, and Resinomer® 10.74 GPa showing significant differences bet-
ween the groups(P<0.05). The bulk modulus of the materials showed the same order
as Young’s modulus. The value of Tytin® showed 59.57 GPa indicating that it will deform
less than other materials under the same stress. It was followed by Ketac-Silver® 23.57
GPa, Miracle Mix® 12.50 GPa, and Resinomer® 11.60 GPa.

2. The Resinomer group had a shear-bond strength of 7.41 MPa which was significantly
higher than those of the Ketac-Silver group (1.80 MPa) and the Miracle Mix group
(2.84 MPa) (P<0.01). All the specimens of Tytin group detatched from the dentin surface
during thermocycling.

3. The mean marginal ridge strength of the Unrestored group(46.14 kgf) was significantly
lower than that of the Control group (84.24 kgf) (P<{0.01). The marginal ridge strength
of teeth restored by the tunnel technique was, in order, Ketac-Silver group 74.06 kgf,
Miracle Mix group 73.36 kgf, Resinomer group 63.47 kgf, and Tytin group 58.76 kgf.
The Ketac-Silver, Miracle Mix, and Resinomer groups showed no significant difference
with the Control group(P>0.05), but the Tytin group showed significantly lower strength
compared to the Control group(P<0.05).

The results showed that the marginal ridge strength of the teeth restored by the tunnel
technique was not significantly lower than that of sound teeth. They also demonstrated
that the bonding strength of the restorative material to the tooth surface should be high
and the modulus of elasticity should not be lower than that of the tooth in order to restore
the marginal ridge strength to its natural condition.
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Table 1. Materials used and

their compartments

Group Batch number Manufacturer
Resinomer
One-Step System 069145 Bisco, Inc.,, USA.
Resinomer 069095 Bisco, Inc,, U.SA.
Aelitefil 039164 Bisco, Inc.,, U.SA.
Fortify 019204 Bisco, Inc, USA.
Ketac-Silver
Ketac conditioner 1722-006 ESPE Co., Germany
Ketac-Silver 1722-469 ESPE Co., Germany
Ketac glaze 1722-084 ESPE Co., Germany
Miracle Mix
Dentin Conditioner 190691 G-C Co., Japan
Miracle Mix 130651 G-C Co., Japan
Fuji Varnish 290311 G-C Co., Japan
Tytin
Copalite
Tytin 21189 Kerr company, U.S.A

2, My Wy
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€3} 600 grit silicone carbide paper’dollA]
F3te] dubstith. AlFE A|lES 100%
BOEE St B F 220 238 3.
AlH9 FAe IEE 7317 98ty AR
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A A2 wiol =2 v E (Mitutoyo Co., Japan) &,
ZAE #48& & (analytic balance, Sarto-
rius GmBH, Germany)& Z33l51c}.
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2445®, Tektronix Inc, USA) ¥ x&3i8
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Fig. 1. Block diagram of ultasonic pulse transmission method for the measurement of me-

chanical constants.
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where o = density, V| =transverse wave velocity,
and V| =longitudinal wave velocity.
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H.E applicatorol] F&-3te] W7 3.0mm o} A el
Aedd A4 AL F F618 93 2gU 9
dotddd F&E Af$x HsE: ANFES
AH8-8te] 100gm 3502 8 1Yt A3t
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Jotd W& 25% polyacrylic acid(Ketac co-
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vationA| A Agobdd TRVIE AHEE 8%
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Jold o] AFE FAAIAT
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£33l Resinomer®® FYF Whio = A
oldHd AMEE FFAZ.
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varnish& 23] EX3{t}y, 2IdZA8Y 743
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1A 238 & Xdd 2AA870 Aa4
FE=E 339 I(Fig. 2).
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Fig. 2. Schematic diagram of shear-bond st-
rength test.

Testing Machine; Instron 4302%, Instron Co.,
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&3stach.
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A% 60719 dFXE GUEZP L 243 &
aArg BAMANA 6oz EF39. Cont-

rolte &% AL A 3R && Ao}, Un-
restoredT2 B2 45F3E st FEA
829 24L& YA gL Aok, UHA 47
FAE 95 FEAFE Agd g 4z
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Fig. 3. Schematic diagram of tunnel prepara-
tion.
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1 5384
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HA= v HEY 945IHE S9390
(Fig.3).
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BAFR-A7A A9 BEEE &, B (Ae-
litefil®, Bisco Inc, USA)SZ EHE =A
3t 40T FF 3.

@Ketac-Silver®

ASAE AEE AE AFRA Y T4
Hog EHE A, AstE Ketac-sil-
ver®& applicatord] Z&sle 945 5 ol
FEIIAY. =&H TWS Ketacglaze®E =
EF 102 F5FNA.

@Miracle MixT

ASZE 488 AE ARAY F98 W

o2 dFHE Agsty, A3" Miracle
Mix®& application tube°1] o} syringedll &
g i ARG, 2 F
3l AslEety Hz

% Fuji varnish& =

28 PAsdh

@TytinT

9 5 HE AH Y F 22311 Copalite
varnish& 23 =X &%}, Tytin® capsuled
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10237 AQs3ta 9450 FH3styc).
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Fig. 4. Schematic diagram of marginal ridge
strength test.
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2 wyo g 6T 60T X004 thermoc-
ycling& 4003] A3 ¥, 37C, 100% 3
FAA AL 23T b8 AWAEE E
EA A8 7] (Instron 4302°, Instron Co., Eng-
land) & AME-3lY &A3A .

Al#-& X-Y sliding micrometer tableol] 3L
AANZ F uigd¥go g roundmg%l A7 4mne)
loading stylus €°] g4 S &5
ZE ZEA)A 0.50m/min®) cross-head speed £
35 Ukt mEAle ZAxE =23
(Fig4).
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#1844 Duncan’s multiple range ZAME

(ANOVA) & Alg3tsich

z

28&

2

m, &aznt
1. A= eteAs £F

2% YL o8ty FHF 4 B
A& Young's moduluse Tytin®°] 63.95
GPa, L T2 2= Ketac-Silver® 27.60 GPa,
Miracle Mix® 1848 GPa, Resinomer® 10.74
GPa¢] 2.2 7} A&7t fo 8 A2 BYo
(P<0.05)(Tables 2, 3, Fig. 5).
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rials determined by ultrasonic pulse
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Table. 2. Techanical properties of restorative materials tested by ultrasonic-transmit me-

thod (n=3)
Sample  Density Loné;tuimal Trzi;:’t;rse Young’s Bul}{
Group Thickness v Modulus  Modulus

ToF Vel ToF Vel
3

(mm)  (g/em’) (nsec) (m/s) (nsec) (m/s)

6.09 1.71 1940 3141 3997 1525 10.74 11.60

(GPa) (GPa)

Resi
CMOMEL T 00e) (004  (5) (29 (64 (23 (055)  (046)
Ketac- 6.37 291 1775 3593 3350 1904 27.60 2357
Silver (0.33) (0.04) (58) (3060 (111D (162)  (443) (3.81)
Miracle 6.15 244 2030 3031 3588 1535 18.48 12.50
Mix (0.13) (0.08) (58) (104) (446) (247)  (4.64) (0.94)
) 6.20 1053 2100 2953 4090 1516 63.95 59.57
Tytin

(0.05)  (0.10) (36) (49 (36) (40 (0.80) (3.01)
* Standard deviations are in the parentheses

ToF : time of flight

Vel : velocity of ultrasonic wave

Table 3. Duncan’s multiple range test for the difference of Young’s modulus between

groups

Group Resinomer Ketac-Silver Miracle Mix Tytin
Resinomer — *oh * =
Ketac-Silver — *h ok
Miracle Mix - -

Tytin -
** ; significant at p<<0.01
* § significant at p<<0.05

Table 4. Duncan’s multiple range test for the difference of bulk modulus between

groups
Group Resinomer Ketac-Silver Miracle Mix Tytin
Resinomer - e NS b
Ketac-Silver - ok o
Miracle Mix - B

Tytin —
** | significant at p<<0.01

* 5 significant at p<<0.05

NS : not significant
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Fig. 6. Bulk modulus of restorative materials
determined by ultrasonic pulse mea-
surement.

dulus®} Z& =7 £ME Tytin®o] 5957
GPa& Eo g g Agd v3] T <S89
g 2 AHAEL FHLE U F U,
Ketac-Silver® 23.57 GPa, Miracle Mix 12.50
GPa, Resinomer® 11.60 GPa9] & X< Ke-
tac-silver®®} Miracle-Mix®¥ Resinomer®9)
v g i WY Ao 2L &
4 UK (Tables 2, 4, Fig. 6).

2, TEXZ A01E Mojo| MtABZiE
£y

Resinomer@& 741+ 1.94 MPaZ 1.80+ 0.
47 MPa?! Ketac-Silver3H(P<0.01) 2.84+ 0.
28 MPagl Miracle MixT-dl] ®]8] <344 &
(P<0.05) HWIZRATE BYPon, Ketac-
Silver™® Miracle MixT Ztdle daad7%
29 FATAA 3 2ol AATHP>0.

Shear Bond Strength (MPa)
to Dentin after Thermocycling

1 (]

Resinomer Ketac-Silver

Miracle Mix Tytin
Group

Fig. 7. Shear bond strength between restora-
tive material and dentin surface after
thermocycling.

Table 5. Shear bond strength between resto-
rative material and dentin surface
after thermocycling

(n=10, unit ; MPa)

Standard
Group . Mean Deviation
Resinomer 741 194
Ketac-Silver 1.80 047
Miracle Mix 2.84 0.28
Tytin bonding filure during thermocycling

05). ¥ TytinT& 4003 9] thermocycling®
o3 RE AHo] Fold WogRY EFE S
B xohflo MY #X8-& XA ZAHU
A AT F AE ¢ F IAFH(Tab-
les 5, 6, Fig. 7).

Table 6. Duncan’s multiple range test for the difference of shear bond strength to dentin

between groups

Group Resinomer Ketac-Silver Miracle Mix Tytin
Resinomer - * ok
Ketac-Silver NS s
Miracle Mix - o
Tytin —

** | significant at p<<0.01
* § significant at p<<0.05
NS ; not significant



3.

oI Ao

—

opEzZ: &Y

ControlZ] Mg HE3 e Hd 84.24
kgf ©]eu}, Unrestored®& M 46.14
kgf2 S+E¥ g o8 AAS] HiAE A=EE
BHH(P<0.01, Tables 7, 8, Fig. 8). B
Hell 98 & FEAEE FH F Xolg ¥
AEHY AEE L £22 Ketac-Silver®&
74.06 kgf, Miracle MixT& 73.36 kgi, Resino-
merT-< 6347 kgf, Tytint& 58.76 kgfo] ¥
Ta#S Bt

FEARE T B4AF Fo] M =AW
gord Ao AAFFZEt A B Ty-
tinT & AFFA T FEE A &2 Unresto-
redZl MlaA WA Bt folohA) we
BEZ F7HIAT(P>0.05), ControlTel ]
A FA e MAded BEE By
Table 7. Marginal ridge strength of teeth res-

tored by tunnel technique

(n=10, unit ; kg

Standard

Type of Groups Mean Deviation
Control 84.24 2047
Unrestored 46.14 22.06
Resinomer 63.47 17.90
Ketac-Silver 74.06 29.15
Miracle Mix 73.36 22.21
Tytin 58.76 25.07

(P<0.05).

v, ot " Ad AAEI R
XA @A 7HE B2 Resinomerd &
Controloll Hl&] o 75% 9] ¥MAFH =3
B2 BPARE, 9k 88% 9 FE3E-S B3l Ke-
tac-Silverwz} F 87% 9] Z=3E-g H<Sl Mi-
racle Mix@* Bt} 2 HAgM ZEE 2
AcH(Tables 7, 8, Fig. 8.).

al 7;_!-

V.

=3
$J’_F

= e}

Aoke g4 51 Y& 71 B ohla,
AZA WR-gHo] wART. AWAAL A
Aste] & A AopsAF oz s Ado]
dose] $REE GAY B¢ WPeHe
WsEs A2e $YEE e GEUhs
FREA o8 HeUTh $£RE FAN

1+ J[]L

100. 60

90.00 |
80.00 +
10,00 -
60. 00
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Load to Fracture Marginal Ridge (Kef

10.00

0.00

Sound Tooth  Uarestored fesinomer  Kelac-Silver  Miracle Mix Trtin

Group

Fig. 8. Marginal ridge strength of teeth resto-
red by tunnel technique.

Table 8. Duncan’s multiple range test for the difference of compressive fracture strength
of marginal ridge between groups

Group Sound Unrestored Resinomer Ketac-Silver  Miracle Mix Tytin
Sound - wE NS NS NS *
Unrestored - NS * * NS
Resinomer - NS NS NS
Ketac-Silver - NS NS
Miracle Mix - NS
Tytin -

** | significant at p<<0.01
* § significant at p<<0.05
NS 5 not significant
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APAYG AHAHE EIF X0l ie] 2
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HEE 239% Yo RN AFER Y
HEy o5 uPHAA xoleHo] e
UHA7A AH o2 HIFgoan N AAE
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FAEC] 2 =2d SFIHHES BIY
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A8 F& vlEg2 WMzE QFEH da,
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HAgHeZ BEH 2m AT agdesw
FH AHAE Tt Ao g Kol
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A HEHQ] ol $4& FHAN Q3
ol HIHEE FF3 ik, Burl ¢
AE X2 & §2A fEEY2 W 2 =Hd
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U9 F4E 959 FEAR g2 AP
AN E Y3 F, gre FE EYA WI=E
7183 wedgeE 7€ ¥ FAE o,

Kanca®= 471 =&HAoEse 298"
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By 2995 d4A Td Aevh ozt
=EHe 29t oW, EREdAde 22
ARdoZ ATl AAT T Aobd ZHA
To2 AYstd AFE 43 Fstd &
Od X49 AEre dRF A2 FAEh
Hdyog FEE xopdA wrd spdo]
Ad sheEtE awstA oA AEREQ 2F
g ABAEs £EE F AT
Fasbinder$®-& X|o}o] A&7 4=
2zt (4 95S 34T TF I4E B
5o FANEE AMSl FET T ®
AeA HAREE vag Fdo, 2459
AE&LAE FT Zl7F AL, TAF-AA
#8 burd 77X EHUELS S FAsIEE
F5 Fole AAAL 77 Zol7h glo] ¥
dEH FErt FJERHAATGL B, &
AR Me 7y Aol7t dHFET o
e ZAZY dIAT S-S BAAT.
FEA 8] AA XA e] @A 23}
A 5 F2e shdo] FY WHIF
A o) B} F3] F ¢ 8.4V €k, B

g8 FEANE AohsAILE AAFEA
Adg NI GES S5 27 F

o ot 39, HEY JEYAAHd o3
Sk W Aote] AEE FEAES AFoEZH
dFFHoE FEE AR FEA HEAA
Z 5 Jlojok 3, old FEAEI HATER
o]}-¢-4] S WAL WAFAHY HEA
AL A & FAAE & Jd=XE L)
ojok gt

Young's modulus® B4 ¢HA oA WEg
(strain) o) Th3t 53 (stress) &} H]2A], ojuj{t
A8t TLF Yo W3 g ¥EL
RAAE Yep= Algelt)h. 8o g o™
EAol AFAste] digh AY=EE Jeple
bulk modulus of elasticity(K)= @44 ¥
8}o] ) & hydrostatic stress®] ¥ 24 EA] €k
38—40)
E A3d Aed APAEY v8AF &
AL 98l ALeE 22T E2HPLE AFW
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F e ge g, gA9ME fluoroapatite
?, Y&, PMMA bone cement- cancellous
bone E3H* Fo tiste], XzA g lo]
Mz X F-g olEziew, G ARED X3}
TEE #20? 2 X#48 A2 i3l 2t
ZF% FHPE 0|83t MY BAST)
b=

2jol9] Young’'s modulusE Arol&o] 183
GPa®, HH3A& 84.1 GPa® & HiEoj=|n],
o] H|3} Resinomere X|o}H o] e AG
ARLEE BALE BT I Young's
modulus”t 10.74 GPaZA ¥& ©AASE
ZFA7) wgel shgol olFo]l MY Wag
e B F831R) 28td A Ketac-Silvert}
Miracle Mixoll ¥]8]A] @& HAgH Bz
2,

£ A Tytin® Aotd Hojl HEAR
¥ thermocycling® Al#3te o] Aola
"oz RE 2239t Tyting UE AYA)
B vl8 2& @YASFE JtAT YA H(Ta-
ble 2, Fig. 5), @445 Roigs XA}
AGEAIE= e A8=2 F2E e 4
WL Aol vs) g de HAgH Fre
B AH(Tables 7, 8, Fig. 8). ©]& Ketac-Sil-
vert} Miracle Mix= X 39] 38t3 AL
S8 Ag T AdgAded S o] spsi A
AW AT (crack propagation) & AT 5
oAA HAGHY FEE AAR Y A 3
EAE = Qe Wb, Tytind B9$e A8
A & BAXE 7D YA X A3}
ZF o] HA o} HAFHY BTE 23
EE & U Aoz Algdr),

£ 43 AM-E Resinomer®e Zgt2g
29 of dylo] Ut Fepiolo]Qxr
AME ] B3 vj&3 2D 2 T4 o
A, #HZ DFA+= Bis-GMA, hydroxyalkyl
methacrylate ¥ Xdoju} F4EH 3ad
e =287] 9% diarylsulfone dimethacry-
late (DSDM)E 7459} gtk 28 93l
A= base paste®} catalyst pasteE EFFO
2N A7bEde] Hi, 1 9oz FEFe
#18}t ketone photoinitiator”} Ef-= o] o]

Al ©lFF¥(dual cure)ol 7538,
27}t Jhe s,

Resinomer® F33}7] Ao XolHe A
AaZeg Helg slojop xojst FEAg
Atole] stetA Aol o] FojAA AFAEI)
ok, WAFEe]l UXE 5 Uk B A
Foll AH-8-# One-step® bonding #2-2 dentin
primer®} adhesive resin® FHe] FAPo =
FE MEE HEAAZERAdHSe, 247
obAE AT HWRAFIE AR g x
€¥ Zg4 714 (collagen matrix)©] F Ak

b B71d HRo] Hohd BAlolz %A

E o] ARY £ glo] FES 430 342
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T gUASER 1 AR =T ZA ZAHG”
®, 3, One-stepe 2~339 =%J} 3%
Hi Qiope, 3R g, $AE X0l AMEF
AYMe Aol ZEAE AT o 4A
7739 ede tdEnz gold ARASL
A 2ld 284 meshworkd] $E£3] 2HEL
B &9 AFA|7E dol B Feo]
JEH7HA] g Fol AVI=E A sty
Fojok AT Aotd AFA Y A7) .
E AgolMe k33 o] F it Ao g & ¥y
B FHo] g WA wEHoR & X
3led FzAlo Q8 FHFAZ F ResinomerE:
28 A1 H

Ketac-Silver®e] £2AE L Zg}2ojo]ox
o AHES E&7 50% 2] glass-sintered sil-
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glass-cermeto]®], £dL Fel2olo]Qxn
AlMES] o HRog AR A} Mi-
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%9 F4, 15% ] Fo2 o] R LS
A Este AMEEI, 9L FEpiole]
2=ne] g9 HRoz FTAE lojA,
Zef2ololen g 3 BafEe X
Ao FFAA o] FFHI, FHAE9] T
& @dAs7t FFE Yo g A
& F3AZ £ e £t Kerbys*®
2 o8 Foj§ Ao I BardEF &4
AYA 429 Fo Miracle Mixe 1126



B =

pg/em, Ketac-Silver= 98.7ug/cie] BAE &
& BusHr). o]E Ketac- Silver$ Mi-
racle Mix®= 24E #33lx, Xots} &3
S =R F e Sg2ololexr A
4 71AR A=E 29T ¢ de opnzt
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M 28 AGEJAEE HYde BE3in
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Ketac-Silvera®, Miracle MixT, Resinomer
T, TytinTe] €22 ZEE HS Ao A}
g9, AR, FANY 8344 2o F
7140 €4 H3lE AA ©o}d Resinomers
AT & AYFo| XAy AxE BHFP
sted JAM AHoz FHEdld WA
Bt B A FE e g &
Atk

¥ AgEs EEFHA HE 53¢
o3 HAFAL olFH AXNE A g A
obol| Hl3| ZA| ASHAA T, FAN AEE
ARSE B3R Fode 2 gEAEgge] Ad
A& FARE £EOE JREAY. Fold |
o] Ad ZFAEIL 7 2UAT #4A
F7F 71 B2 g2 1.2 Resinomerd-& Con-
trolol H]3) ¢ 75% 9 WAGH FEIHES
BRA, oF 88% 9 Zx3E-S HQl Ketac-
Silver# ¢ 87% ¢ Z=31E8-& 2 Miracle
Mix7 Eve 232 Haed A8 B3,
OE AFAE vE FoaA 52 @44
FE JHAL UAAT, XA ¢ e Z
&g B TytindL ¢F 70% 9] HAgA
AEEEE BT

olde] AR doE Y-S 538 B4
FEFFES AME HEY 59 AHgHe
FEANEE XA 3l 2 AFYHE 2o
HA, @5 A @44 ¢ B ¥y
g o AAgHY Axrt SEFFA8 A 3
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FEARY 7IAH 5 AA
¥ A= 339 EHdgem
Aote] WA HEAF YT A
2 AEE FYsin.

AHANEZ= Resinomer®, Ketac-Silver®,
Miracle Mix® % Tytin®& Al&3lgod, z
FEAEY YAH 4= SUE
ol§-3te Zt AFETF 3N A|HE A7}
Young’s modulus®} bulk modulusE 733t}

Jold W FAAEIe FSHEARAREE
Z FEG AR AT Fold WAAMYE
3t FEANEE FJolde H&st3, 40039
thermocycling® AP F 2 FEARY F
Foll g} 5 ¥ ResinomerT, Ketac-Silver
T, Miracle Mix?¥ ¥ TytinZdl t&] #5E
AAR7E AMS-8E 27 &2 10718 9] AJE-E
A zst ZR3 AT

HAGAMe FHAREE ZH37] 8 ¢A"
AR 60719 FRE 27 EHAIA 6T
22 Y=, ControlZe 9% FAS A3
312 @& #, Unrestored™2 EIEE 9% Y
A& 31 FEAEY FHE PR ¥ T,
U2 478 FAZE S5 F£E3= A8
w2} Resinomers, Ketac-Silver™, Miracle
MixT ¥ Tytin? 2.2 3tk FFHAYA &
g4 H2e HA 2me] HAAS HA§Ho)
ZEIEE Pstar, JAFHEY 77 AdeA
oF 2.5mm dpto] HXB=E # 1, 2, 4 round
burg A2 AMRSte] BdY o5& FAs)
Aok ZF 79 A8 A2 4003) thermocyclingdt
T TEEAANRTIE AMESt AdgAe] 9
AZEE A3

= & o
s

o)< AddA g3 2 A7E A
1. Young’s modulus® Tytin®°] 63.95 GPa&
o o ¥ f3HA =2 3 BERA,
1 -2 2 & Ketac-Silver 27.60 GPa, Mi-
racle Mix® 1848 GPa, Resinomer® 10.74
GPa®l ol or Z A5 el Fo3 A5
HAH(P<0.05). %37 bulk modulus?)
A7]= Young's modulus®t #& =7 &
O & Tytin®°] 59.57 GPa, Ketac-Silver 23.
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57 GPa, Miracle Mix® 12.50 GPa, Resino-
mer® 11.60 GPad] #& EHth
2. dolAde g AGEFAE= Resino-
mer-°] 741 MPaE 1.80MPa¢! Ketac-Sil-
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gt 7ldE & ASE & F YU
3. Control7¢] ¥4 HAZx] HFFS
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