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ABSTRACT

Fabrication of Composite Resin Block
for Dental CAD/CAM Restoration

Jin Hong Park

Advisor : Prof. Ko Yeong-Mu D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Fabrication of composite resin blocks by combining high strength of
ceramic fillers with excellent fracture toughness of resin matrix, which can
be applied to CAD/CAM restoration was investigated in this study.

Ceramic fillers were heat—treated quenched glasses in order to crystallize
the lithium disilicate phase, then milled into average size of 3.4 pm and
subsequently silanated. They were mixed with resin matrix, which was
prepared by mixing TEGOMA into Bis-GMA with weight ratio of 4:6 with benzoy|
peroxide as a thermal curing initiator as well butylated hydroxytoluene as a
polymerization inhibitor, and thermal cured into blocks.

Flexural strength, cured depth, water sorption, solubility, radio-opacity,
distortion, cracking, porosity, blanching were determined according to
international standard IS0 4049 Dentistry-Polymer-based restorative
materials, ISO 6872 Dentistry-Ceramic materials, and ISO 22112
Dentistry-Artificial teeth for dental prostheses.

Flexural strength of the fillers increased after crystallization in all
composition and reached maximum 323.0 MPa with addition of BaO, MgO, Ca0 and
Al20s3.

_iv_

Collection @ chosun



The optimum allowance of the thermal curing initiator was 0.3 wt%
cosidering stability in shelf, though the flexural strength of resin matrix
was increased with increasing thermal curing initiator. The optimal thermal
curing condition was 80C for 12 hrs due to distortion and cracking when
cured at higher temperature for longer time. Flexural strength of the
composite resin block was increased with increasing the content of the
filler, then reached 198.0 MPa at 70 wt%.

The fabricated composite resin block is expected to be CAD/CAM block in

dental resotration.

Keywords : Dental, Aesthetic restoration, CAD/CAM, Block, Composite resin,

Ceramic filler, Lithium disilicate
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2-isopropylalcohol 25 mLOl <E0  SEM(suspension)E US0H, 2.
3-(trimethoxysilyl)-propy| methacrylate 1 g1t acetic acid 7 mL2 &St =0
12A12F SoF 2t F(reflux)SHACH. A2DtX H=246 =0 A2t EHE X
Xt M=t =0ll, rotary evaporator
ANSES MIASH S0l -50CUHIA 48A12t

TOHA 2A12F &8 AXCHHA E
5Hod 3440 cm’'

-~
o
tet2 =olst¥CH. (Imazatoa

FotL, aspiratorE AMEotH = T
(70~80C)2 &BU A 3AI2E HEGHH &=
SO SZHXo0 E0E 2ol MAHsoR
o HHUMAMN B3ET=E ot
o mWIAJ} AAGLD, 1630~1720 cm 9 II3AJ¢t
S, 2001; Stansburya &, 2001)

Ch. 2al& M=

Fig. 30fl LIEtH RZE 2t= TEGOMA (triethylene glycol dimethacrylate)Oil
Bis—GMA (2,2-bis-[4-(methacryloxy-2-hydroxy-propoxy)-pheny|]-propane)E 40:
60 wt%2l HIE0l ZI&5 100 g= Bt=0 3000 rpmel &= Z=8ot®ct. =28 ot

st2 2XIoh)l 250 butylated hydroxytoluene(BHT)S 0.05 wt% &It
SIA2M, =8 MAIMZ benzoyl peroxide(BPO)E 0.1~0.3 wt% HIIGHH &l

JIES MZEoHACH, &&= Table 201 LIEFLHRACE.

dlidl JIE A Mels ZAE 070 wth EIIoHH ™Al =&l (planetary

mixer) 2 24AI12 E80otl), 83 HMeldtod JIEZE 231 MHE =0l 60~100TC 2
L0 20 1~12A12 St SHSIGIHA 2l A6t0 Table 30 LIEFH &2 A

Collection @ chosun



Batch

Melting

Monomers

Quenching

Remelting

Forming

Mixing

Annealing

Crystallization

Attrition Milling

Resin

Mixing

Polymerization

Composite Resin Block

Characterization

Fig. 1.
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Exper imental procedure for composite resin block.




Table 1. Composition of glass fillers used in this study

C°TM';'t‘:/3e"t GFB GFM GEC
S0, 66.6 66.6 66.6
Li,O 16.4 16.4 16.4
K0 19 19 19
Zno 40 40 40
70, 45 45 45
P,Os 52 52 5.2
Tio, 14 14 14
BaO 15 15 15
MgO 0 3 15
Ca0 0 0 15
ALLO, 0 2 2
Total 1015 106.5 106.5
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-

(a)

Fig. 2. Photographs of (a) glass and (b) glass—-ceramics.

CH; (o
o CH
H2Cf¢i\\ﬂ// \f\///\\crif\\Tfé 2
(o] CH;

(a)

e e e o

(b)

Fig. 3. Resin monomers of (a) TEGOMA and (b) Bis—GMA.
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Table 2. Composition of resin matrices used in this study

C°TM';'t‘:/3e"t RMO1 RMO2 RM03
Bis-GMA 60 60 60
TEGDMA 40 40 40

BPO 0.1 0.2 0.3
BHT 0.05 0.05 0.05
Total 101.15 102.25 103.35

Table 3. Composition of Composite resin blocks used in this study

Code Filler (wt%) Resin (wt%)
RM 0 100
RM10 10 90
RM20 20 80
RM30 30 70
RM40 40 60
RM50 50 50
RM60 60 40
RM70 70 30
-8 -
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SO 4049 Dentistry-Polymer-based
ANB 4 mm, FH 6 mm 3AJI2 AIEHS
15l 22 LSO

o] =&
HIER Y& =89 =& 20|
ialsOll 2t SHoIACH. &E ,
=&§st £, EBHsS AS22 20HMH EHE 3
0|2 ot Lt
.2 S ¢ 2Bk =3
M =&t 2ZEZ Al & =59 = ST SHEE | SO 4049
Dentistry-Polymer—based restorative materialsOl M2t SEGIRACH. &2 & 15 mm,
SH 1 mm 2J12 AIEHZS 50 EHIotW 37C2o =0 722 &3 FHE SEHGHH
e Aoz & Ex59 ElEE HASHHLE.
Wsp = (mE_mS) / Vv
W (m—mg) / V
HIIM, WpeE 8 E5, Wge EWE, me= 20 &0 82 2H, m= 20
722 &2 59 2N, m= 20 722 €2 F0 AX8 2HOICE.
A, J|EE 3 HEH 2F
Mgt HEX Y& 252 JIEL ZE=2 IS0 22112 Dentistry-Artificial
teeth for dental prosthesesOll tet SHGIKCH. &&F 15 mm, FH 2.5 mm 3|
o ANNHE =H|otd ¢0Ist 50 Zsa0|ZES 0/26+0 1008 BHEZ Z*&EGHA,
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DSC f{ntwing)

TG % Temperature G
P “alue 31 1 min, 9803 °C M’f’ o 1000
Value: 27 9 min, 8640 °C
Walue: 27 5 min, 8518°C
Peak 20.7 min 00,
1040 ‘Value: 26.9 min, 8339 °C
Gnset:19.9 min =~ 5
Ent 21 5min 900,
1000 i
Waluie: 20 7 min, 5481 °C
a0 [TOD
Value: 19.9 min, 524, N 8
990 e
- 00
Onset: 26,3 min
Peak: 275 min a5
980 alue: 21 5 min, 671.9°C s
End 27 3 min
) a0 [40
_— 300
25
200
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100
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0 5 10 1 20 25 ]
Time rin
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1 &
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120 o =
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80 4 IR 5
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Y T T T T T ¥ T T T k T T T ' T T 1
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Fig. 5. XRD pattern of crystallized phases of glass—ceramics.
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Fig. 8. Flexural strength of resin according

to the amount of polymerization initiator.

Fig. 9. Thermal cured composite resin blocks showing

(a),(c) crazing due to distortion (b),(d) while no cracks.
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Fig. 10. Flexural strength of composite resin block

according to the content of filler.

Aluminium Sample

step

wedge

Fig. 11. X-rated photos of composite resin blocks with aluminium step wedge.
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Table 4. Grey value of aluminium step wedge

Thickness of Al step
Grey value
wedge (mm)
1 42
2 87
3 131
4 176

Table 5. Cured depth, water sorption and solubility

Cured depth (mm) Wa(t:; /:n°r:"°3t)'°" Solubility (ug/mm?)
16~55 17.8 0.9
- 18 -
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Xejstel €& CI=20 XI0tel JlsS =2=ot= OO0l Bt=otkl &1, 0= Of
SURAXN LR ot= &0l === &ote AIt SItotHA X0t OlgolLt 8 XIS
a0 22 52 &0 X0l tHet =2t SItetd ULk 801 ==2 =82 X
HAS0 UALEZ, X0t ststd £d = Otllct Scl& d&Z20l |RAHE Alct
o =0l et =20t Botots H2 6ttt g = ULk (012 S, 2015;

H&ot=d AFSED AlI&EGHH, (Shetty S, 2015) OlF ZXNE IS0t At
H=02 AIEots SMet2 0l SEGHRUCEH. (Attia S, 2006) otXISH MXIDI &Ch
= Mcte M=o eHE 2=6t)| flol Mt JMECEZ 2S4S S4AIl=e ¥
8 & otulet, (Aurelio S, 2015; Inokoshia S, 2015) Ct2 M= 2t =& 3t6tH
ArEStE YEE O2otH AISE/R2LE, (Award S, 2015) AR2ASEAUAESE
M= £ Vo2t SEMEE X

(FRP; fiber-reinforced plastics)E & A& At
toll 888t A0l =2 el MAEEHE & E
HEJE X ==SHEE 2&2S 2H A2 As3 AIAE0] [
CHAREHOICH. ZFHE 0100 CIXCIot) L 5t= CAD/CAM Zalg MSH
oI 2tA ABH (lost-wax technique)Oll BloH HLatD, 22X H2M, AFZ0| #
clotl e HMZEOl Jbsdt)l 20 AF=0l HEZHRC=Z SItotd UCH. (Kern,
2015) &M =L 0= SA2Z Nobel BioCarell Procera, Sironall Cerecit
inLab, KaVol| Everest, Straumann2| Etkon, Dentsply2l Cercon, Wieland2l Zeno,
DCS2l Precident, Hint-ELs2 Hint-ELs, CeraSystems2l CeraSys, XPdent<
Wol-Ceram, Begoll Medifacturing, U-Best2l TurboDent 2| Ctst EHIJL Al
D Ao, g2 L2UAHUHAME Katanacte HHIE EAlct] YD, (A=Y
o

g, 2014; A&, 2008) BUUAME Ocd SIAMMIA JHE SO0IAL SAISHD U

Ch Ol8r XHl= 222 G0 At HEHR IIBots PA0/22 220
SHO W ZHIol EBD H5E LeX Ho BEE ZH AWM 225

20| A4S0 AUCH,

CAD/CAM EE2=2= =&, Mctd, DEXS 2 MIIt SAEN UAKXILH, L

A
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0C =220lM lithium metasilicate (Li,Si0;)&01 A=%D, 800C =220A
lithium disilicate(Li,Si05)2F lithium phosphate(LisP0,) &0l AEE HE & £
UAUCH. OIEAH Z2&H3 ExclotH Fig. 70 LIEHH BI2 201 2= ZEUHM &
SO Botote AE & = ULH, ZHEZ2= Mg0, Ca0%t Al.0:E 25 &ItH&h
GFC2l Z&Dt JtE =0tM GFC2l Z&3st ®=2lJt 323.0 MPall =0 =2=22&E Lt
EtLHACEH. T2tM, 2 47 2% 3.4

HANAME GFC 283 =clE Ot2 =48t
umel EUS ZHZ AISOIACH. ©Y 2 =
(Lim &, 2002; Turssi &, 2005) 2 A0 A= Fig. 100 LtEtH 242t 201 70
= As EHUA20, Ol 198.0 MPall =0 =2=ZTE UEHUHU
=01J] RloiM= g 3012 22HE AMEoi0F o, Ol0 CHoHA

LU
(]

It |ot=

S, 2003; Ito S, 2005) &lgt ZEHe LB 22X = RAnSiX4-nl&2, RE RIS
BISE = U= HIIIEdEIIe RIISS Z6t0, X J2d0t LoLie =
2Ill2Md, 28 Z3Al OS0ICt. (Weinmann S, 2005) &gt Z&HO0= Ot0l%=
H, HIZAIAH, OFAZH, BILH SO0l USM, Of0I-H &gt Z&tHle ot0lw=D|
£ Lgole RI| 2312 L2AJI 22 Ji=EHdIIE Zeotl U0, =
AAH, OL3EH, HIEH= L2AII2 22 Ji=2dII2 RI| 2s5IIE Z&
ot U |II did I A 2te ZBEES SAAA M= =S 4 AT
= dgs S A2t Of3EH dets F==2

AESHH, 2 HF0A
silane (y-MPS)S AIZotRUCE.

UM AN Use BER HEAS 0l= 3M/EPSELl Filtek, & GC2
Gradia?t Kurarayll ClearFil =2 =& N33 Jlet =W HS< UL+ OIS X
2 I 2o =7/ 0| CHYGICH. (Ferracane, 2001; Lutz S, 1983;
Moszner &, 2001) Filteke Bis-GMA, Bis—-EMA, UDMA, TEGDMAS =§&&t dI&lo
Z 2 0.6 umQ AlgI2tet XI22LI0LY =28 ZHHE 77 wth At
Gradia= UDMA St gl&I0 &2 &£& 0.85 umll Aetxclst Aelatet Rele =
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g ZEHE 75 wt% AFE0tD U1, ClearFil& Bis-GMARF TEGDMAZ =g&tst dl &0l
27 €& 3.0 ume Agtxelst Aot Rell =8 ZHE 86 wth ALESHL
UCtD LHAM AUCH (Sideridou &, 2002; Sideridou S, 2003; Sideridou S,
2005) Ol=2 =42 HluwalE2™, ClearFil0l Jt& <=ot1], Filtek® ClearFil
b 1ol RASH BEE UEHWHE BHH, Gradiaz JHE 22 32 UEHWHD U=
&l ZX0| E0lotCle 382 20 UL

Bis-GMASt TEGDMAZE dI&l JIEZ
Z0tULH. Bis-GMA= 2912 -0H JI1E =1 U= dimethylacrylate2 HEIIE
JFRL chEEAIol Hloh X 3210 HA Zsot e or &
OrM g2l AHES D QUCH. efLt, methyl methacrylate(MMA) St 22 CE Ot

IS0 Hioh 20l e HAAM E&IH e =) W20 Z2HE 7L
H =24tctJ10F 2etotd, XI0te DIMR|Z2 EFIot HHARIA Bis-GMAZCH Xt
Ol &0t %It £& dimethacrylateXl SHEAISl SHLIR! TEGDMAZE SIS MZ Al
ACt. (Barszczewska-Rybarek &, 2009; Floyd S, 2006) Ol SIAM2l <&

SototH, 2XE0l ZA0tHM S8 =501 SJtotdl ME0l Bis-GMAL
TEGOMAE 6:42 Z&0tH ALZSHRUCEH. SIAMZ AL=2E #= U= dimethacrylate|
HEMZ= TEGOMA 20l ethyleneglycol dimethacrylate, diethylene glycol

1, d3t 29 g ==

Hh

ol
a

00 op
ell

dimethacrylate, polyethylene glycol dimethacrylate S0 QULCH. (Ellakwa S,
2007; Lu &, 2005)

o
Y
]
ﬂ
[
00
0y
Hel
»
&
>
o
O
o
K

N

82 AMA dsatotA Zl=d, Sgols
stet=g, 2 32 30tA Y0l ACH. 1960EH0I= benzoyl peroxide
(BPO)E =& MAIMIZ ArEotLd, 33Xk 0t2lel N N-dimethylaniline2 E&RHMZ At
2ot Ot EH =XE 3s&tsgot= -0l =2 AZEJACH. OHL, o2
=X JIHE Z2EI R0, =52 = Ot€d RTAHOU 2o X+EH0l FEEH,
HAMEIC= HHEsS 220t 2o N,N-dimethyl-p-toluidineS E4&HMIZ ALE5tL
Aot AIEE AAR2U Ml FoHE0l 2HAIZIH &4E30l= AIHGHRUCH. 3tet

al -

A D=2 A

&2 base?t cat =
= HED, (Atai S, 2007)
o=z

=
—
| 2 4otk Robll =0 s=8 22

E46t= camphorquinone(CQ)S ZIMAIMZ

, ethyl (4-dimethyl amino) benzoate(EDMAB)S Z =2 HZ &JIot &t

=
OtOO
ol
|:|ﬂ‘?ﬂ
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0.05 wt%, BPOE Z =& JHAIMIZ 0.3 wt% EItotH dI&l JI2E MZXotd, 2ls
CHOIAICIAIOIEE DI RE22 Gt Bal, Mg0, Ca0E 2 1.5 wt%, Al:0sE 2 wt%
HIIGtH  1650COHA S = Z4olld, 800CHAM EXelotH lithium
disilicate(LiSi0;) % [lithium metasilicate (Li,Si0;)2F Iithium phosphate
(LigPo,) &2 ZESoH0 B2 3.4 um2 3AJIZ2 EME =0 &gt Helst 2HE
70 wt% ZIIStH  80TCOIAM 12A12t E=&6tH =HE=ZA IS0 4049
Dentistry-Polymer-based restorative materials, [SO 6872 Dentistry-Ceramic
materials, 1SO 22112 Dentistry-Artificial teeth for dental prosthesesOll [+t
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 HelE S8t = Z&0ot CAD/CAM E52 M Xot)| <
p=) (o]

1. 2l& CIOIAZIAHIOIEE JIE8 42 = ot Ba0, Mg0, Ca0, Al.0s2 &JIotX
1650CHAM 28 = 4ol FYot RelE Mg = JUU2SH, ZXclotH
700C 220A lithium metasilicate (Li,Si0;)&0l A&, 800C 220A
lithium  disilicate(Li,Si,0s)2  lithium  phosphate(LisP0,)&t0l  SA T O
RUEMOZ BHOIHN =2=22TIt SIot GFCE Z &= M ZICHat 323.0

MPaS LIELHRULCE.

2. cdld2=2= Bis-GMAZ TEGDMAE 6:42] Z2JHIZ2 Z&otll, & ZAHM=Z
f

BHTE 0.05 wt% &Eotet =, @& JHAIMZ BPOE ZFItotH, BP0 &0l
StgsE =225 SIetR2L, E22A t83d=E <ol 0.3 wivsS =A
SeoZ 8ot

5. &H 1 mm2 AIEHO| Al step wedge2l SH 1.53 mmOll oiEdl= S48t 2AlA
SEENTE LHEIHUASD, Ol =& 20l= 5.5 nmm, 2E42 17.8 yg/m’, 2
== 0.9 ua/mn0l ALt

ckA Bis-GMA/TEGOMAOI cl& CHOIAZIHOIENH E =
BOCOIA 12A12F SSgotH HEl 220 fle f=8t 25 = =5=

Mg = JAU2MH, CAD/CAM EE22 =26 HE0| Jtsotttl JItHEC
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