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a9 A

I9¥ 1. ALIKE™ (GC) silicone mold for specimen manufacturing - - -
2% 2. DLP 3D printer Max UV 385 (Asiga) - =+« =+« =+« « « « -
1% 3. FFF 3D printer Style Plus—A15D (CUBICON) - - « - -« « - -

2% 4. Milling machine OneMill 5X (OSSTEM IMPLANT) - - - - - - -

1% 5. Enhance® Finishing system Point (Dentsply Sirona)- - - - - -

1% 6. Spectrophotometer CM—3700A (Konica Minolta): - - - - - - -
19 7. Contact surface roughness tester SV—3000 (Mitutoyo): - - - -

19 8. ALIKE™ coloring solution precipitation 3 days,

3 weeks discoloration comparison -+ ¢ s o os s s e e
% 9. MAZIC D TEMP coloring solution precipitation 3 days,

3 weeks discoloration comparison -+ - s oc s e e
19 10. PLA(QA2-4) coloring solution precipitation 3 days,

3 weeks discoloration comparison -+ -+ s o oc s s e e
19 11. MAZIC Temp Hybrid coloring solution precipitation 3 days,

3 weeks discoloration comparison: - -+ + o c s s s s e e e
a" 2. Graph of color change (AE) of each sample on the 3 day and
3 week according to the coloring solution = = - - « « = « - - -

19 13. Graph of average surface roughness of each sample - + - + - -

1% 14. Scanning electron microscope (SEM) image - - - « - -« - - -
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1. Resin for making temporary teeth used in the study - = = - - - - - - - 3
. Method for making resin for making temporary teeth - - - - - - - - - 5
. Color change (AJE) of each sample at 3 days and 3 weeks + - = + + - - 17

. Color change (JE) between products according to time

(3 days, 3 weeks) in distilled water: - « + = = - oo e 19

. Color change (JE) between products according to time

(3 days, 3 weeks) in coffee = « = « =« = - o e e 29

. Color change (JE) between products according to time

(3 days’ 3 WeekS) in Wine ........................ 25

. Color change (JE) between products according to time

(3 days, 3 Weeks) il’l CUITY® = * * = = =+ + v s o o v o v o v e v v v 28

. Surface roughness (Ra) of resin for making temporary teeth - - - - - 30
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QAR AF wAEY ARG BA BAY AFE wIHT TRRAS
MAA AR A5e Asasl @k QAR AR A0S AERA, 7

AA eaBol FHHolol s, tEAA AvH LTAFAE A Aol
&

Agele= A o] & 4 FFHe dAA o AFE XS AREsHIT
AEAel A& sgsts AE ALIKE™, DLP(Digital Light Processing)
gnkal 3D 298 A~A MAZIC D TEMP 9 FFF (Fused Filament Fabrication)
Zew4 PLA(QA2-4), ¥ WA A MAZIC Temp Hybrid & AFg&3kgit}.
A AW yAE e 3D LAY, Uy gy ow Azs JAFo} #HE
(3 F2b s TR, A", A, Freel JAAN F A4

.
57 A EIEAAE

FEE mm Frekglth A P EA)E 5 &
o] g3} a P 4B k& AbEsto] AlRbel] uhE A% WS
Al A ek ek A5 xWxr)E olgste] A wwWrEV|(Ra)E
=783k

Aveh opRlell A A WEIE wlg- frefulsiAl rbskd o, Adeld EE

AEo] 3 Axpe}t 3 Fxjo] & M W (p<0.05)F Bl E3] MAZIC D TEMP &
Ay FAHNA FAS N WEE Yebdllth gl E folud A W)



eSS ™ (p<0.05), PLA(QA2—4) #A1%F& UH A AFE9 vlastgls o oplelA
3d F9 3 F F A W gk Aok 7B AA dersEth FJA ARG Ak
3 Fz2b el mE MAZIC Temp Hybrid & ©& AFEel vls] A4 WS (JE) 7k
Atk MAZIC Temp Hybrid & 7F¢ W& WA (Ra) S B3 ALIKE™,
MAZIC D TEMP, PLA(QA2-4) A= 2WAZA7] (Ra) gkl =tk

WAl A Ay, 9k, ghd 96 Algte] Aol wel Frbekla,
AA H o} AZE W FolA U W) MAZIC Temp Hybrid 7} A A3 LA},
3 Fabhel wet e AFEe vlE N we (JE)7F M Ak A7 AnE
TEERE W, 4 T dAA AR AE F uxd Az U™y P MAZIC

4
Temp Hybrid 7} ©7]91 47159l S A gyl 58

32
*

FHHE T wA, LIS, A A, AAHLE), dAAoF AFE A,
&

A
3D XHE A=, A} 48 A8, WA (Ra)



1. A&

gAd Ve A3 GRS fEoked A4S ThAgtew, HT dAH" JsEd
AV E ol &ek thekst Ul A 9 mE Aol 9] AMEHI 9ith. CAD-CAM
(Computer—Aided and Computer—aided Manufacturing) 7]< 2d& 23 B3
AAE 3D ZdEl9 Aty Wy AlA" e AAAHA olEofar §lor

&4, 293 gE AFe] sbed A RAEE

Azg A P A, Aok Hobe] AR mi-
4

Fujimoto 1987). A #PJelA &x=2] wA 7lE2 79 Hlwsd
710l Ads] Forow Az wgE, A T 7sA & taEol v
FALE 22 T8 QFAN oA & FEs AA ST ddabE oA e Ag e
AL A so]l Ead wbE g oR
AREEE YAl BAEC] g Mz Fxsh, AAe JE e A9 P 2
Eulalglo|ty, AMAF eFHA]L Au]d Qoa] =

EUALE2 Al AoF AjA Fel]l gk F7b H[E3 AZE Fo]l AeE
2020). Ajgte]l Aol whgh @Sk A Hoke] WAL ArAel wiE S Al
ko] mSEgl I Adte] FAA FFE vAE 5 Qv A Aol FERE
AR EE HRE Az o] web teket sheba, 722 SAS 7HAH, ole A4
Hd el g m AT (Turgut, Bagis 2011).

AAHop Azt YO WMAS ofy|A7]E Qo RE FBE WO AR,

g
-
05}
=
j)
@]
—
®,

dxrel Aolemn T4 94, Amd 2add FF, s weA 5ol

2t} (Rutkunas, Sabaliauskas, Mizutani 2010). 2AF <HAAE H Ao Au|Zd
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2.1. d7A=

Brretd ek AEA A ZHe s d =
3D =dY #H 424 2 F

wo]l o 4 e AR oF A&E dlxe] A kg
A= ALIKE™ (GC Co.,
MAZIC D TEMP (Vericom Co.,
Korea), PLA(QA2—4) (QUVE Co. Ltd., Gyeonggi—do, Korea), d&8& PMMA
tA3 MAZIC Temp Hybrid (Vericom)E AFg-33it}
60 M= A& o, 7+ A e A2 (ALIKE™, MAZIC D TEMP, MAZIC

A ZF 15 714

Temp Hybrid) & Ivory 4 PLA(QA2-4)Z ARE3SITE (£ 1).

¥ 1. Resin for making temporary teeth used in the study

Resin Resin Resin Fabrication No. of
Product Manufacturer Type method specimens
Polymethyl Powder/
ALIKE™ GC Co., USA 15
methacrylate Liquide
Methacrylic
MAZIC D Vericom Co., Ltd., 3D printing
oligomer, 15
TEMP Korea Materials
phosphine oxide
PLA QUVE Co., Ltd., PLA 3D printing
15
QA2—-4) Korea (Poly Lactic Acid) Materials
MAZIC
Vericom Co., Ltd., Polymethyl Milling
Temp 15
Korea methacrylate disk
Hybrid

tlo

Illinois, USA) 9}

Ltd., Gangwon—do,



2.2. 9+ ¥4
2.2.1. A]l¥E A ZF}

A MBS Hrrekr] 918 RS A S ARgS B354 CM-
3700A (Konica Minolta, Tokyo, Japan)® 433 AA7 sdstHA] wfjd A
FFS Hastsls A4 13mm, 77 3mm o 94 2 AZsATE dEAQ
Ay Hx ALIKE™ (GO« AlEE W 2
YFAEE 3:11(P/L ratio)® st Fdsty Arteds AA 48 Ju9 Ads
Asrde (1" D). Aed == AAT 949 Al % @bk 15,000 rpm
£ 2 A= A7) 5 A= Ao FEE Wxy HF251CE 060 (NTI, Kahla,
German) & Awv}skglct.

3D ZRE 9 W™ FulE o]k uAH" Ao AlEe § 7wk CAD

2
i
o ¥
30,
s
i
Ach
ru
flkg
I
2
cl
o
Anj
o

X273 Autodesk 123D Design (Autodesk, Inc., California, U.S.A) & o] &3}9
13mm (F74) x 3mm F7) 4 AlHE HARlstn g G4 7H 2
2ol STL (StereoLithography)® A7&3le] 7} A&Ale] AxAGA A AAst=
3D ZTRE &} Wy Au]E o] gst] AlES AT (R 2).

AA Ao} AZe] ALgEE 3D THEHE F5FE @ MAZIC D TEMP
(Vericom)+ DLP %4 3D Z&E Max uv 385 (Asiga, NSW, Australia) (29
2)E Argstla, detdE PLA(QA2-4) (QUVE)& FFF ®2] 3D ZdE Style
Plus—A15D (CUBICON Co. Ltd., Gyeonggi—do, Korea) (1% 3)& AHE
Azt W WA MAZIC Temp Hybrid (Vericom) = OneMill 5X (OSSTEM
IMPLANT Co., Ltd., Seoul, Korea) (2% 4) 5% W= Q& o] &3te] A3kt



2.2.2. An} Wy

EE Ao 39 dvke 7] ARV 2535 A8 ddelA e ARgsks

Enhance® Finishing system Point (Dentsply Sirona, Caulk, U.S.A.) (18 5) &

ol

ol g3to] AZALS Ao met I WA PO A F ol AMHE &k
10,000~20,000 RPM ©.& AJH ] S 7} 20 =4 Avtstqltt.
¥ 2. Method for making resin for making temporary teeth
Resin Processing Processing Equipment
Product Equipment Method Manufacturer
Powder/liquid Powder/Liquid
ALIKE™
Handmix ratio(g) 3:1
Additive manufacturing
MAZIC D
Max uv 385 (DLP—Digital Light Asiga, Australia
TEMP
Processing)
Additive manufacturing
PLA Style Plus — CUBICON Co. Ltd.,
(FFF—Fused Filament
QA2—-4) A15D Korea
Fabrication)
MAZIC
OneMill 5X Subtractive OSSTEM IMPLANT
Temp
(5 axis) manufacturing Co., Ltd., Korea
Hybrid




2% 2. DLP 3D printer Max UV 385 (Asiga)



13 4, Milling machine OneMill 5X (OSSTEM IMPLANT)



ertspl
D mEr
Enhance®

13 5. Abrasive material Enhance® Finishing system Point (Dentsply Sirona)

2.2.3. A g

A xob AE W 4 Fo A ZAAA7I7] flal SFT (Distilled
water), 7A¥, <1, FtEAE AREEAH. Ad= AFEY KANU dark roast
americano (Dong—Suh food Co., Incheon, Korea) 9g = #+ & 1000ml o] ¥ 11
5 w3 &&ste] Alxska, ¢l VIVID TINTO (BODEGAS MILENIUM S, L,
Spain) = 400ml, 7}¥l& 7% OTTOGI CURRY MEDIUM (Ottogi, Gyeonggi—
do, Korea) 60g 2 #+ & 400mleo] Y1 5 #7F &£3tslo] 0|3t 2 g dlof
2 o] Al 15 AW AHAA7 AL "lo] ApvkE = G Hob A2 (23~25T) 4
Btk 22 gole 3o g WA wAEtY 35 2k A WA



2.24. A 54

S

& o fl

o

3
|\
)

N

ths  Fol EHEER o FEE& AAGAT. Y SAS

(spectrophotometer) CM—3700A (Konica Minolta) (2% 6)& o]&3}% 1,
=7 Bl E3ES T YHFEA (zero calibration) & EEW A
(standard white reflectorplate) &% X374 (white calibration)S Al33}3it}.

A4 gololx R AWe WA wPw g AU F SCE AA,

N
o)
g

D65 FAL =
Austel L', o, b @& F35: JFUL /ISP 24 g Fd o4
09, 39 F, 3 Y

A Lo, b g

el HHE Lo, b'akE ol gstel 4

AE"ab: Al Mz zpo] ik
AdE"ab = \/(L*z—L*1)2+(a*2—a*1)2+(b*2_b*l)z

L w7 %
SRR I BT PR
b A F g

(L%, a1, b)) « A WA AHE Lab” gt
=

(L", a", b's) - WA A)He] Lab® gt



1% 6. Spectrophotometer CM—3700A (Konica Minolta)

2.25. ¥4 AA7) A

#EWA 2l (polishing) & AAIAoF A2E &AW 4 Fo B EUAL](Ra)
S =437 98 2 72 AH 15 AW H=A #HFE7] SV-3000 (Mitutoyo,
Kanagawa—ken, Japan) (1% 7)& AF&3ste] F435t AldS 54 HolEo
AAAZ F 2F AlEe TS AR o] FASRE 4 ¥ S Haks
Tttt =4 Zdole 1.25mm, cut—off IFL 0.25mm = Ra (average
roughness), Rq (root mean square), Rz (ten point medium height), Rt (Maximum
Peak to Vally Roughness Height)E S35t & AfoMes 71 ti®F
FAAAE7] AxR AREEH, kAol RolstA ALY F U Ra #
AREEF T Ra @2 54 Aol W FAMdorRRE W &37HA 9
AUgts FHAZE FoHe F W =4S YERAT (Setcos, Tarim, Suzuki
1999).

o

il
fa o

N

- 10 -



a9 7. Contact surface roughness tester SV—3000 (Mitutoyo)

M
2

2.26. ¥H &4
#o ¥

dA| o A FH FdE ugFE wER aFsr] 8 4 1

Al 1 7§A freeze dryer ES—2030 (HITACHI, Tokyo, Japan)® A %3t t}2 Ion
coater E-1010 (HITACHD S ©o]&3te] 100nm 7= @3 Coating ¥ FAF

AAE "7 (Scanning electron microscope) S—3000N (HITACHI) 2.2 413} t}.

7E&EA S 10kV skl A @@ AJAL] W 100 Hi, 300 Hi, 500 ¥j GAFS At}

-11 -



2.2.7. BA ¥4

E A% Aiye IBM SPSS v28.0 (IBM Corp., Armonk, NY, USA)
AXE O E AEste] EA ST A A oF AAE Hx AlEe] 3 Y %, 3 F

Gl (4B) 5 vlaLsk] Slsfl EA4 o= 0.05 oA W 54 4

B A7) 717HS #7798 AFSE A (post—hoc test) Bonferroni 3

(repeated measures ANOVA)-S G 3Fqth. 3k, 7} AlfoA] Fn|st A st}

=
= [e)
T3yttt

12 -



3. 43

dol AA Ws}skA]

(p<.05), PLA

2N A}

Wehrh w9 felulatA Sk AdeA BE
Z A wE (pK05EF ®Bew, 53 MAZIC D TEMP
WstE vERth ol E foudt A syl vEbs o
(QA2-4) AFS v A AFEZ vwshals o ofleA 3 o 59}
Wk gk zbolzb b AAl vEbgh AtElE e &de] wE A

Al

™

rr

3
W3le] foado] wigko} Alzke]l 2uya MAZIC D TEMP £ PLA(QA2—4) <A

3 A

Hs7E FEE AT (1" 13).

13 -



3%} 3FAL

B B B

(A) BF= (B) x| (A) 37+ (B) x|
(©) 22l (D) 71l (C) 242! (D) 71l

98 8. ALIKE™ coloring solution precipitation 3 days, 3 weeks discoloration

comparison

3Kt EESN,
A) BFF (B) 1] (A) /= (B) #Hxl
(©) 22l (D) 7t () <tel (D) 7t

a3 9. MAZIC D TEMP coloring solution precipitation 3 days, 3 weeks

discoloration comparison

14 -



3YXt 3Fx}

ki B B

R 37+ (8) #m| n 7+ (8) #|

(C) et (D) 7tz (©) et (D) 7Hal

I3 10. PLA(QA2-4) coloring solution precipitation 3 days, 3 weeks

discoloration comparison

3K} EESN,
A) 5+ (B) 1] (A) /= (B) #Hxl
(C) 22l (D) 71l () =tel (D) 7t

3 11. MAZIC Temp Hybrid coloring solution precipitation 3 days, 3 weeks

discoloration comparison

- 15 -



Distilled Water =STALIKE™ Coffee - ALIKE™

70+ ~=~MAZIC D TEMP 70+ |-=-MAzIC D TEMP
~=—PLA(QA2-4) —=-PLA(QA2-4)

60 + —=—MAZIC Temp Hybrid 60+ | ==~ MAZIC Temp Hybrid
—~ 501 _ 50+
w w
g g
g 401 g 40
5 5
S 3071 S 3071
O O
S 3
-} 20 1 s 201 x
wv wv

10+ 107 -

0 _,é_ 0Ly ¥ +

Day0 Day3 Week3 Day0 Day3 Week3
Wine == ALIKE™ Curry —o—ALIKE™
70+ -=~MAZIC D TEMP 70+ -=-MAZIC D TEMP
~=-PLAQA2-4) —=—PLA(QA2-4)

60 + ~a—MAZIC Temp Hybrid 60 + —a~MAZIC Temp Hybrid
~ 50T ~ 50T
w w
s g
o o 40
o o
c c
2 S 307
O O
@ @
: -
wv wv

107
0¥ + +
Day0 Day3 Week3

1% 12. Graph of color change (AE) of each sample on the 3 day and 3 week

according to the coloring solution * p<.05

- 16 -



¥ 3. Color change (AE) of each sample at 3 days and 3 weeks

3t 15 /71% 34zt 373t D
=HT
ALIKE™ 1.40 + 0.70 1.76 + 0.88
MAZIC D TEMP 1.31 + 0.45 1.42 £ 0.62
PLA(QA2-4) 1.82 £ 0.97 2.14 + 1.17 219
MAZIC Temp Hybrid 0.43 = 0.27 0.46 = 0.20
A 1.24 £ 0.82 1.45 £ 1.00
A
ALIKE™ 2.22 + 0.98 3.03 £ 1.09
MAZIC D TEMP 7.48 = 6.17 16.70 = 7.81
PLA(QA2-4) 7.15 = 2.91 11.68 £ 1.71  <.0001°
MAZIC Temp Hybrid 1.41 £ 0.21 2.90 £ 0.57
A 457 = 4.37 8.58 + 7.13
s}l
ALIKE™ 5.45 = 2.71 13.65 + 4.42
MAZIC D TEMP 13.80 = 5.99  30.41 * 6.49
PLA(QA2-4) 19.75 = 5.74  31.94 = 516  <.0001"
MAZIC Temp Hybrid 5.80 = 3.90 20.70 £ 3.07
A 11.20 = 7.60  24.17 + 8.92
7}
ALIKE™ 19.88 + 4.41 25.39 £ 5.48
MAZIC D TEMP 50.01 £ 8.74  57.96 = 8.23
PLA(QA2-4) 49.13 £ 453  56.27 = 3.76 140
MAZIC Temp Hybrid 23.47 £ 7.90 27.73 £ 7.84
A 35.62 £ 15.56 41.84 * 16.72

* Statistically significant (p<.05) by Repeated Measures ANOVA,

Bonferroni test.

17 -



3.2. Al7]° mE PArIAoF A A ke MR (JE)

e =4 JARAEA (repeated measures ANOVA) A3}, ZFH4 7oA
IF 3 A wgkEke] fodk kel 7t vErs T (p<.05). whEbA] AFSEA S Bl 7t
O 2] AolE: FAIFROE FUslGlth 3 YA A4l A3 ALIKE™S$} MAZIC
D TEMP zte] it Aol 0.085 = FofobA] 9gtth. wbd, ALIKE™$F MAZIC
Temp Hybrid 7F9] H zkol= 0.971, p<.05 & o84 YEhskon ALIKE™ 9
Ay Asteko]l o 2 Zlo® yEhyth ALIKE™¢F PLA(QA2-4) 3+ St Aol
-0.417 2 §9&tx ¢kt MAZIC D TEMP ¢ MAZIC Temp Hybrid 79| H+
z}oli= 0.887, p<.05 & 28t 2ol 7t 91l om, MAZIC D TEMP 9} PLA (QA2—4)
kel 4t Apol= —-0.502 2 FoebA ekokth. EE, MAZIC Temp Hybrid £
PLA(QA2—-4) 7+ i Aol —1.389, p<.05 & F93HA YER, PLA(QA2—
4)2] Ay Wglgo]l o & ZoR et

3 FaF A= ALIKE™¢F MAZIC D TEMP 7Fe] S Aol 0.340 =
Fo8tA gkgtom  ALIKE™S} MAZIC Temp Hybrid zFe] H# zto]:= 1.299,
p<.05 2 i FosiAl vERsth ALIKE™$@F PLA(QA2—-4) 7+ Ht Aole —
0.375 2 F9&tx @kar, MAZIC D TEMP ¢ MAZIC Temp Hybrid 7+9] 3+
zkoli= 0.959, p<.05 2 F98HA vrebgth. MAZIC D TEMP £ PLA(QA2-4) 3+9]
He Zoli= —0.715 2 F98HA] 2k o}, MAZIC Temp Hybrid ¢ PLA(QA2-4)
o] it 2ol —1.675, p<.05 Z o8 YEbSTE (% 4).

-18 -



¥ 4. Color change (AE) between products according to time (3 days, 3 weeks)

in distilled water

Mean
A7) J) A= Difference  Std. Error D
IT-n
MAZIC D
.085 .239 >.999
TEMP
MAZIC Temp )
9717 .239 .001
Hybrid
PLA(QA2-4) —-417 .239 .b16
ALIKE™ —.085 .239 >.999
MAZIC Temp
887" .239 .003
Hybrid
PLA(QA2-4) -.502 .239 .240
34zt
ALIKE™ 417 .239 516
MAZIC D
.502 .239 .240
PLA(QA2—-4) TEMP
MAZIC Temp )
1.389° .239 <.0001
Hybrid
ALIKE™ -971" .239 .001
MAZIC Temp MAZIC D )
—.887" .239 .003
TEMP
PLA(QA2-4) -1.389" .239 <.0001
MAZIC D
.340 292 >.999
TEMP
353
MAZIC Temp
1.299" 292 <.0001
Hybrid
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MAZIC D
TEMP

PLA(QA2-4)

MAZIC Temp
Hybrid

PLA(QA2-4)
ALIKE™
MAZIC Temp
Hybrid
PLA(QA2-4)
ALIKE™
MAZIC D
TEMP
MAZIC Temp
Hybrid
ALIKE™
MAZIC D
TEMP
PLA(QA2-4)

—.375
—.340

959"

—.715
375

715

1.675°

—1.299"

—.959°

-1.675

292
292

292

292
292

.292

292

292

292

292

>.999
>.999

011

.105
>.999

.105

<.0001

<.0001

.011

<.0001

* Statistically significant (p<0.05) by Repeated Measures ANOVA,

Bonferroni test.
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HEE =7 A YR AHLA] (repeated measures ANOVA) A3}, Ay F7oA]
I% P A Wkl s Aozt e Aow dEhgrh (p<05). whEbA
AFFEAS F& 2% 3 AolE AAE AESIY. Ad FHAM 3 4t

] A3, ALIKE™S$} MAZIC D TEMP z+e] 33t #}o]i= —5.266, p<.05 =
Fo & A UEbon, o] MAZIC D TEMP ¢ MAF wislgko] ALIKE™HU} ¢
A5ES sttt ALIKE™¢F MAZIC Temp Hybrid 7+e] i 2ol 0.801 =
Fo8kA otk Wb ALIKE™$@F PLA(QA2-4) 9] - Aol —4.935,
p<.05 2 5984 vebstth. MAZIC D TEMP £ MAZIC Temp Hybrid 7+o] H+
Z}olE 6.067, p<.05 & +2latgl e, MAZIC D TEMP ¢} PLA(QA2-4) 7+ A3t
Z}olE 0.331 & FoskAl &9kt MAZIC Temp Hybrid ¢ PLA(QA2—-4) 7+ A3t
2ol —5.735, p<.05 & W FJu kAl VERS

Aul 3 F2F Aol ALIKE™<F MAZIC D TEMP 3he]
13.674, p<.05 & f2l&tA e om, ALIKE™¢} MAZIC Temp Hybrid +e] 4
2ol 0.133 2 F9ahA okth. ALIKE™ ¢} PLA(QA2-4) 7+ o Aol —
8.650, p<.05 2 934 YERstE. MAZIC D TEMP ¢+ MAZIC Temp Hybrid 7+
HiE 2polE= 13.807, p<.05 2 F98k9lal, MAZIC D TEMP ¢ PLA(QA2-4) 3+¢]
H Aol 5.024, p<05 2 FSHAl yERRTE wpAlgre®, MAZIC Temp
Hybrid ¢ PLA(QA2-4) Fo] F+t Aoli= —8.783, p<.05 & FJsHAl vrebit
¥ 5).

AV

@ Aol -

O
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¥ 5. Color change (AE) between products according to time (3 days, 3 weeks)

in coffee
Mean
A7) O AF J) AFE Difference  Std. Error D
(I-n
MAZIC D
—5.266" 1.258 .001
TEMP
ALIKE™ MAZIC Temp
.801 1.258 >.999
Hybrid
PLA(QA2-4) —4.935" 1.258 .001
ALIKE™ 5.266" 1.258 .001
MAZIC D MAZIC Temp
6.067" 1.258 <.0001
TEMP Hybrid
PLA(QA2-4) 331 1.258 >.999
349k
ALIKE™ 4.935" 1.258 .001
MAZIC D
—.331 1.258 >.999
PLA(QA2-4) TEMP
MAZIC Temp )
5.735" 1.258 <.0001
Hybrid
ALIKE™ —.801 1.258 >.999
MAZIC Temp MAZIC D ‘
-6.067" 1.258 <.0001
Hybrid TEMP
PLA(QA2-4) —5.735" 1.258 <.0001
MAZIC D ‘
-13.674" 1.478 <.0001
TEMP
3F2} ALIKE™
MAZIC Temp
.133 1.478 >.999
Hybrid
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MAZIC D
TEMP

PLA(QA2-4)

MAZIC Temp

Hybrid

PLA(QA2-4)
ALIKE™
MAZIC Temp
Hybrid
PLA(QA2-4)
ALIKE™
MAZIC D
TEMP
MAZIC Temp
Hybrid
ALIKE™
MAZIC D
TEMP
PLA(QA2-4)

—8.65"
13.674"

13.807"

5.024"
8.650"

—5.024"

8.783"

—.133

—13.807"

—8.783"

1.478
1.478

1.478

1.478
1.478

1.478

1.478

1.478

1.478

1.478

<.0001
<.0001

<.0001

.007
<.0001

.007

<.0001

>.999

<.0001

<.0001

* Statistically significant (p<0.05) by Repeated Measures ANOVA,

Bonferroni test.
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W =74 JARAEA (repeated measures ANOVA) A3, 18 7+ AA
walakel] 593 AFo] 7k YERRTH(p.05). o] wel AFFEA S AAEle] T1F 7+
Aseleh. 3Yzake] AFFEA Ay ALIKE™$F MAZIC D TEMP
|== —8.343, p.05% FsHAl vt ew, MAZIC D TEMP7F
ALIKE™K ' A ®istgko] o A%las Holeth. ALIKE™$ MAZIC Temp
Hybrid 3+ H# Aol —0.350% -9k ¢kgkout, ALIKE™S} PLA(QA2—4)
7kl i Aol —14.299, p<.05% #-9&HA YEFsth MAZIC D TEMPS MAZIC
Temp Hybrid 7+e] Hyt Aol 7.993, p<.05% F98klal, MAZIC D TEMPS$}
PLA(QA2—-4) A}o]9 H Fol= —5.955, p<.05% 23 Ao]7}F 3tk MAZIC
Temp Hybrid2} PLA(QA2-4) Alolel Hy xfol= —13.949, p<.05% v

o 8HA HERsiT

-
2
Y
rO
_>|~1_',
o
il
S

s
1o
ot
X
Wi
Ay

o

9kl 352+ A9 ALIKE™¢} MAZIC D TEMP A}o] o] 4t ztol= —16.761,
p<.05%2 FeJ8HAl vEbsk e, ALIKE™S$} MAZIC Temp Hybrid 7+ B4t zpol+=
—-7.051, p<.05%2 F93tach. ALIKE™9l PLA(QA2-4) Alo]el A4 o]lm: —
18.289, p<.05% vttt MAZIC D TEMP$ MAZIC Temp Hybrid Alo]<]
Hit 2ol 9.711, p<.05E F23F3 2, MAZIC D TEMP2} PLA (QA2—4) Alo]9]
Hi 2ol —-1.528F FoaA @tk mpxjwto® MAZIC Temp Hybrid}
PLA(QA2—-4) 7ro] S Aol= —11.239, p<.052 234 YElt (£ 6).
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¥ 6. Color change (AE) between products according to time (3 days, 3 weeks)

in wine
Mean
A7 D AE O AF Difference  Std. Error D
(1-7)
MAZIC D )
-8.343" 1.745 <.0001
TEMP
ALIKE™ MAZIC Temp
-.350 1.745 >.999
Hybrid
PLA(QA2-4) —14.299" 1.745 <.0001
ALIKE™ 8.343" 1.745 <.0001
MAZIC D MAZIC Temp )
7.993" 1.745 <.0001
TEMP Hybrid
PLA(QA2-4) —5.955" 1.745 .007
34zt )
ALIKE™ 14.299" 1.745 <.0001
MAZIC D )
5.9557 1.745 .007
PLA(QA2—-4) TEMP
MAZIC Temp
13.949" 1.745 <.0001
Hybrid
ALIKE™ .350 1.745 >.999
MAZIC Temp MAZIC D
-7.993" 1.745 <.0001
Hybrid TEMP
PLA(QA2-4) —13.949" 1.745 <.0001
MAZIC D
33  ALIKE™ -16.761" 1.804 <.0001
TEMP
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MAZIC D
TEMP

PLA(QA2-4)

MAZIC Temp
Hybrid

MAZIC Temp
Hybrid
PLA(QA2-4)
ALIKE™
MAZIC Temp
Hybrid
PLA(QA2-4)
ALIKE™
MAZIC D
TEMP
MAZIC Temp
Hybrid
ALIKE™
MAZICD
TEMP
PLA(QA2-4)

—7.051"

—18.289"
16.761"

9.711"

—1.528
18.289"

1.528

11.239°

7.051"

-9.711"

—11.239"

1.804

1.804
1.804

1.804

1.804
1.804

1.804

1.804

1.804

1.804

1.804

.002

<.0001
<.0001

<.0001

>.999
<.0001

>.999

<.0001

.002

<.0001

<.0001

* Statistically significant (p<0.05) by Repeated Measures ANOVA,

Bonferroni test.
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. =7  PEAMEA (repeated measures ANOVA) A3}, 7hd] F7of A
OF 7 A wgEge] Golst ztolvt gllom (p<.05), o]F VNl R AFEREAM S
S 2F 3 AbelE FAF R BAST Fhel 3YAF ARsR-A A, ALIKE™S9)
MAZIC D TEMP Atele] i #oli= -30.133, p<.052 oAl YEb o,
MAZIC D TEMPS A2 wgtako] ALIKE™H T o A5 ondtth, ALIKE™¢}
MAZIC Temp Hybrid Ate]] Hi ztol= —3.591% f98kA ¢gkov}h, ALIKE™¢}
PLA(QA2—-4) AFol9] H Zpol= —29.251, p<.05% F93HA LERs T MAZIC D
TEMP$ MAZIC Temp Hybrid 79| ¢ ol 26.541, p<.05% 93+,
MAZIC D TEMPS} PLA(QA2-4) Atele] it ztol= 0.881% FoJstA] &ttt
MAZIC Temp Hybrid®} PLA(QA2-4) 7+ HAF o]+ —-25.660, p<.05=
ol atAl vEbskTt

7he 3FAF A= ALIKE™¢F MAZIC D TEMP Afole] i o]7} —
32.569, p<.05Z Fo&tA el o™, ALIKE™$} MAZIC Temp Hybrid Ako] 2
Ht Aol —2.341F Fos8kA otk ALIKE™<F PLA(QA2-4) 3o 3t
Atol= —30.885, p<.05E FostAl HErwt. MAZIC D TEMP$ MAZIC Temp
Hybrid Ale]e] Hit xbol:= 30.229, p<.05% F938F¥ 1, MAZIC D TEMPS}
PLA(QA2—-4) A}ol9] 4 ol 1.685= FodA ¢kgkth. MAZIC Temp
Hybride} PLA(QA2-4) Alo]9] H ztol= —28.544, p<.05% +9&tA vrelytth
7).
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¥ 7. Color change (AE) between products according to time (3 days, 3 weeks)

in curry
Mean
A7) O AF J) AFE Difference Std. Error D
(D)
MAZIC D
-30.133° 2.440 <.0001
TEMP
ALIKE™ MAZIC Temp
—-3.591 2.440 .880
Hybrid
PLA(QA2—-4) —29.2517 2.440 <.0001
ALIKE™ 30.133° 2.440 <.0001
MAZIC D MAZIC Temp
26.541" 2.440 <.0001
TEMP Hybrid
PLA(QA2-4) .881 2.440 >.999
34zt
ALIKE™ 29.251° 2.440 <.0001
MAZIC D
-.881 2.440 >.999
PLA(QA2—-4) TEMP
MAZIC Temp ‘
25.660" 2.440 <.0001
Hybrid
ALIKE™ 3.591 2.440 .880
MAZIC Temp MAZIC D ‘
—26.541" 2.440 <.0001
Hybrid TEMP
PLA(QA2—-4) —25.660" 2.440 <.0001
MAZIC D ‘
-32.569" 2.405 <.0001
TEMP
33} ALIKE™
MAZIC Temp
-2.341 2.405 >.999
Hybrid
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MAZIC D
TEMP

PLA(QA2-4)

MAZIC Temp
Hybrid

PLA(QA2-4)
ALIKE™
MAZIC Temp
Hybrid
PLA(QA2-4)
ALIKE™
MAZIC D
TEMP
MAZIC Temp
Hybrid
ALIKE™
MAZIC D
TEMP
PLA(QA2-4)

—30.885"
32.569°

30.229°

1.685
30.885°

—-1.685

28.544°

2.341

—30.229"

—28.544"

2.405
2.405

2.405

2.405
2.405

2.405

2.405

2.405

2.405

2.405

<.0001
<.0001

<.0001

>.999
<.0001

>.999

<.0001

>.999

<.0001

<.0001

* Statistically significant (p<0.05) by Repeated Measures ANOVA,

Bonferroni test
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=

AA x| oF AZE HF L THAAY|(Ra) v
FUAA7IRa)E 2% W2 MAZIC Temp Hybrid7b 7H¢ #&
Ebola, AE Al A2 ALIKE™, 3D Z#E DLP ¥4 MAZIC D TEMP, 3D
ZUE FFF W] PLAQA2-4) o2 & #S Yeusld (2¢ 13). HkE =3
QA AEAEA  (repeated measures ANOVA) A3 BE A=A 7ho] Folw sk
Aol 7k FQlEgon], AT BAS ol AR A 719 TAX ol & st
Az el e 4ERY AF 2T YW AL/ Ra) gelA folrE o)
Helow, 53 MAZIC Temp Hybrid7b 7H¢ wjmelf WS AlFd ¥hd,
PLAQA2-4)7} 74 AR BHS A8t o= Uest (3 8).
¥ 8. Surface roughness (Ra) of resin for making temporary teeth
Resin product Ra(N=15) )2,
ALIKE™ 0.657£0.047
MAZIC D TEMP 0.862=£0.060
<.05"
PLA(QA2—-4) 1.649%0.106
MAZIC Temp Hybrid 0.529%£0.055
* Statistically significant (p<0.05) by Repeated Measures ANOVA,

Bonferroni test.
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*

* 1 *
I 1T 1
08
0.6
04
0.2
0.0

ALIKE™ MAZIC D TEMP PLA(QA2-4) MAZIC Temp Hybrid

23 13. Graph of average surface roughness of each sample
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FAF AAE) A (SEM) 48 S8 A ¥ 1vflg (x100, x300, x500)

o

Fd ANE A9 (29 14). ZE AEe 27 AZAY] £F3E 93 Enhance®
Finishing system Point (Dentsply Sirona) & ©]&3F dAn} 3o ¥ Aoz U
W2 MAZIC Temp Hybrid7F 7F¢ w2 & vl AdHE 230 (139 14D).
O ggow HEAQ Ay ALIKE™, 3D =g DLP W24 MAZIC D TEMP,
FFF %2 PLA(QA2-4) A2 29 43S vehdls 343 vngs Jxe
zo] & gelsr 4= QIgith DLP W] MAZIC D TEMPolM = #d3dkA] ¢4 A +x
Fejol 2 AEHE g 4 A (2" 14B), FFF %2 PLA(QA2-4) 2
x500 HiE& A= AdiAer A7t A3 Eddd 32W AHE G

ARt (27 140).

ALIKE™ MAZIC D TEMP PLA (QA2-4)

MAZIC Temp Hybrid

193 14. Scanning electron microscope (SEM) image (A) ALIKE™, (B) MAZIC
D TEMP, (C) PLA (QA2—-4), (D) MAZIC Temp Hybrid
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4, E9]

b 2 AvAEQl FoOAM EAVE 2 o vk wEk 2 ddelM e b))

A714Q SHelA dAAoF AAE wxle] A FFYS v, BAs] 918

o
o
o 4
i
s
(1)
)
d
=)
O
x 0
il
X
2=
[.4‘91‘_11
k)
-
%0
o
=
[o5)
0Q
=
[o5)
o
Q_’
[\l
(@)
=
3
i
Tx
e
o
rE
rlo

dFHer S dd AR AolE SAE A, AFHI FHUh
7} 3tk (Chang—Mo 2003). 33 WS AlEof H|Fo] A 7pAd e dA
Zkzkel  wae] oist 35S (spectraltransmittance),  EHHARS
(spectralreflectance) S =7%3dto] AJHe M H»x AuyxE stz AAze A
BhE & 4 e 7171015k (Seghi, Hewlett, Kim 1989). ®#Z47+ CIELAB
S92 SAsa A A zpo] ge kAo Aite 4 ltk(Lee et al. 2018).
uebs EFSAAE SHE LY a', b'gks ol &ste] ARt wE ARl JE @&
DAt e mbzbAn) o alo]o

e wdA T ThA Abol o] Ay 5FL vhehuith o) F wgow

o>
i

e

-

30

v

.-

=y

rlo

il

20

1o,

T,

N

w o
1z

oy

-

AN

o,

W7
Az = AApol7 3 dle] FdEd Agel di&stes st AFzh) o
Y= 2ol 7k st
AE kol 3.3 ool AlZpH o g ol 7heds AdAdFolA KB

it} (Eldiwany, Friedl, Powers 1995). o] JE o] 3.3 o|Ato]H <¢i7te] o7
A Aoz gGA AAE F e Qvletal, JE ghol 3.7 ol o

A7 Atz B8Rt (Shotwell, Razzoog, Koran 1992). & Ao A+= 74,
ekel, Zhel T AdelM AEAQl AFAN ALIKE™eE 9 w4 MAZIC Temp
Hybrid & #1918 2E ZFA Ht JE @l 3.7 & 298t A3t Vs
ol= Aol AEE A A oF AAG HxlE Z7|zE AR o] SATE glon, 53]
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AT, ofl, FheleA HH Algte] e @jE ;S A kA
UERRTE S AlRRo]l Ade] whek Al A Aol gk JE & FUFeRlal, 3D
U A5 MAZIC D TEMP ¢ PLA(QA2-4)°x o &93tA YErsth o]+
A714Q1 SHolA A Ao} MY kg #ele] FeAs Tt 4 Stk

MAZIC Temp Hybrid & & #AHEs 28 A4 W Aol dii-ie
Z0A4 f-9ueA vebgth. 53] PLAQA2-4) 9 vw @S o, MAZIC Temp
Hybrid & #ARbA oz ¢ A2 A4 WHstE HQlvh o] dATolA MAZIC Temp
Hybrid + XWAA](Ra)7F 7FF v AFox ZUAAZ 7 &2
PLA(QA2-4) 8 Bl gt FAF AN 7 (SEM) olv|x Azt %= 7 w113 s
Fget 2w AduE z2ta Stk dld AR g muARr] JmE7F A
71998]1 F = (Wendt 1987) B2 AN, W& 2o AMREHE= 3+ A8
g dE 3 SEY 37 AR S ZIAIARD kel o3 Fte] miRTL
g3k (Cho, Lee 2007), A2 &57F viR A HAYSH tholotrE I8 Q=
HALS W AHVE 712 & Atk (Yara et al. 2005). A3 A<+ PMMA
98 Q87 A bgAol sttty Bad wbb dvh(Elagra et al. 2017).
AFe A AFE @72 7 dAEW A AnE, 2 AT 3 T Aok
A5 ALy dxy 3D Y G 2 F& BF vuds o A HgAge

)

948 vhobd

(o}

N
ox
o
pIw
2
3
o
i
I
v
R
X

0_|.4

|

1:

p

o
off
=5
DY
rEl
w
-
Wi
2
)
D
1o
=
o
rO

N

PMMA 2 Az7F 7 53
Aoz o dEm oo gt F7}2

2 AelA 3D ™Y &4 MAZIC D TEMP ¢ PLA(QA2-4)= 79, €<,
geleld 3 A}, 3 Fa B vke A g4S mgch Y A3k DLP 3D
g AzZAy A}LE A0 EA zpolg AlmEch 3D ZdE R AAS
A= & o wATxE EHe AsHA

e Fol A A g AU}
HEsto] Ak kA Aste Y¢S = F vk (Kharat et al. 2023). 3D Z#H
A

g7 WA eomi mnv-Edv ABEY FH AEE TP AE
T e o, obulst FHOAA, FREFY, FAAA Sol drk(Asmussen 1983)

DLP 3D =#¥ 2= foPrE UV 343 $AE bisphenol-A

glycerolatedimethacrylate (Bis—GMA), triethylene glycoldimethacrylate
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(TEGDMA) w9 @A77 8 Aol F/HAAZE test +99 bis (2,4,6-
trimethylbenzoyl) phenyl phosphine oxide (BAPO), diphenyl (2,4,6—
trimethylbenzoyl) phosphine oxide (TPO), camphorquinone (CQ) %9
FFEG(PARK et al. 2019). TPO Y BAPO + FT&34 < dol o8& A%
1 o] WAle] &g Fv, TPO Rt} BAPO 7} & A Wgs dovja
A9 (Bertolo et al. 2017). FMA A= AA2] A3}
HXo® 3D Y AAES A5 F UANE FUNAIA

Tl skol wek Awste] J¥FE Foh(Kim et al. 2021). DLP &% %23
g W 3D ZdH & PLA ARG E8H d3s Abgste] v
3 HAE Ao Aak Abgo] FdiEa glow, F+x7}
deste] o]l 1 1F 7)E flolE AAX oS A FE 5 glth(Dawood et al.
2015). DLP WAooz Azst BAHEL ojaxzd 43L& (IPA) T A8 AF
gdoz  AHsta, UV A3 JAE olgs  $As AP WEA
g o3l (Revilla—Leon, Ozcan 2019). ¥t FFF &3 w2 REES &9 %
A A5 ezt taste o] B9 o5 EEoA Aedhs A, AA

A BA S @GEAD 4 i (Cattenone et al. 2019). A9 PLA A2Al= E3] A=
bAo] A3 EHES UHF A WAy A% gk, dHWE d% 59 o]f wZel
Ay el o] B whe Ao w Algdth PLA &A= DLP W3 vl mshd A ZHE9)

.
A 8 FR8 Ago] tastEe] BFS FEAW, Ag APl the o4

A7} W Ry ma QA Ao} A

y
ofo
g
-
>
[
=
2
=
=
e
1z
to
r o
2
39
2
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5. 4&

dEAQ AAR A 1 F3 OAd Az g 3 Fo s Aselt. §

&7k Qe AT, 991, el SN Azko] Aol et
ZAgow, Adsh el mE A A W g FEeA

2) HAA A3 Y, 3F)e] wet MAZIC Temp Hybrid & t& A|E S| H] &)
Al W3 (JE)7F At 3 dxatolA = ALIKE™S} PLA(QA2-4)7F &

Ag WsE YER o, 3 FAf MR FAds F o] aEH AT

3) EHUAAYI(Ra) k> MAZIC Temp Hybrid 7} 718 wokom, ALIKE™,
MAZIC D TEMP, PLA(QA2-4) <o& & & RYoh wU=" w2
PMMA 7} Adjd oz wne]s ®del 84S 7ty 9o,

MAZIC D TEMP ¢} PLA(QA2-4)7} AAF kg do] w2 Ao F ElRLT

odel Aytz & u 4 Fo dAAr A Am T AN SAeld fAE

A L= w2 MAZIC Temp Hybrid 7} ©7]1 ¢ 471291 SHolA] A4 qb7g Aol
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ABSTRACT

Compar ative Study on the Color Stability of Temporary Tooth Resins
According to Production Methods

Purpose: This study evaluated and compared the color stahili temporary tooth resins
produced using conventional methods, digital 3Mitprg, and milling materials. The resins were
immersed in commonly consumed staining beveragestfort-term (3 days) and long-term (3

weeks) periods.

Materials& Methods. Four types of temporary tooth resins producedgugifierent methods
were used in this study. The materials includedveational method resin (ALIKE™), DLP 3D
printing resin (MAZIC D TEMP), FFF 3D printing matal (PLA QA2-4), and PMMA milling disk
(MAZIC Temp Hybrid). To measure color stabilityspectrophotometer was used to record L*, a*,
and b* values, and the color differen@eE] was calculated to analyze color changes oveg.tim
Surface roughness (Ra) was also measured usingtactdype surface roughness meter, yielding

the following results.

Results: Significant color changes were observed in coffebvaine, with all products showing
substantial color change in coffee at both 3 dagsaweeks{<0.05). Notably, MAZIC D TEMP
exhibited a rapid color change in the coffee emuiment. Significant color changes were also
detected in winep<0.05), with PLA (QA2-4) showing the largest di#eice in color change values
after 3 days and 3 weeks compared to the othemuptedOver both short-term (3 days) and long-
term (3 weeks) immersion periods, MAZIC Temp Hybexhibited the least color chang&H)
among the materials. Additionally, MAZIC Temp Hytrad the lowest surface roughness (Ra)
values, followed by ALIKE™, MAZIC D TEMP, and PLAQAZ2-4) in ascending order of surface

roughness.
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Conclusion: The degree of discoloration increased over timecaffee, wine, and curry
solutions. Among the temporary tooth resins, MAZI€mp Hybrid, produced by the milling
method, exhibited the least color changE) over both short-term (3 days) and long-term ¢2ks)
immersion compared to the other materials. Ovetadlresults indicated that MAZIC Temp Hybrid,
fabricated using digital milling technology, demtraged superior color stability in both short- and

long-term evaluations among the four types of terapotooth resins tested.

Key words. Color difference AE), Color stability, Dental 3D printing material,eBtal milling

material, Discoloration, Spectrophotometer, Surfacghness (Ra), Temporary tooth resin
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