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Comparison of three-dimensional adaptation as per the rinsing time of
temporary crown manufactured using a digital light processing printer
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Article Info Purpose: This study aimed to compare three-dimensional adaptation with the rinsing time of
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Accepted December 7, 2020 Methods: The maxillary right first molar abutment was scanned with a dental scanner. A

temporary crown was designed with the scanned abutment. The designed crown was made
of 10 temporary crowns using a digital light processing printer. The crowns were divided into
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FE S| ERE FAE AAHCE FH5H= Y 2 A7} 7]
JA] 71& SEo] wet 37t Ueh= @do] EA1dtH4, 51 4

A $E(temporary restorationy XTI} B X7 thA o] 9lo]A 2] wral9] oA FHA4skeh] 95l 19709 A #-& CAD/CAM
A AR Z APEE= 4 F sholtt. YA $£EEL X]o} o]F 1A, (computer-aided design/computer-aided manufacturing) 44
37 7419 QS sk AT FAO) AA, A, AF 2AE HY AT 9 =4S APsHAA sfdstE 1 ket A7-E CAD/
St 7154 Sl A, e B4, T2 38 SHoA YA 25 CAM FA19] T}iof] o5 A& 7Hgo] g A&20R HAHL 2

INTRODUCTION

dl

dl

25 5010 592 T & 9o, T HAEE I diF 2AE 3 3 AlAE0 o3t A& Y W =2 A0 E Qe e EolE
2313 4= SITH2,3]. A = AcH6). A8 CAD/CAM AlA”lolE A4t 7Hg(subtractive

71&9] A $£EEL FE AV A (self-curing resin)E At manufacturing, SM)@ &% 7I5-(additive manufacturing, AM)
£3}0] o] AZEo] gt THY ATIETSERE AFLEle] YA] & HrAlo] £Ashw, AAt 7hg wHAle] A9 1A AE9] polymethyl
HE A& Al A5 2SS (free radical polymerization)] 2 methacrylate (PMMA) HA £5& A-89] burg AM&sto] 9A] 2
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2 AlZSH =, A5 7419 49 AA| AdE ] PMMA #A
NS 32U (three-dimensional, 3D) ZHE FYS AFE31o] UA] 2
2he-9] 7kgol APHrH4-6l. F 7HA] 378 WA BF AgsEel &
HoA &2 FEE 7HAW, $29 7]9te] A2 A s P Al o
Al 22He-E AR 4= A= Al o] AT, 61

3D ZHJ(3D-printing)l&1 EEE HF 7Hy WA AIE
CAD/CAM A28 A& W & stz 1A 52 AA|9 ARE
O|AY &3 ARGl A3} £EES AlFsh: WAl 25 7
WAL 1A 9] A= ZHorA AlAskA] il g 34 Aot Z27]
wzo] EeHHAE Auek Xote] FEiE AT 4 A= A= 7t
A2 QJeh7,8]. TR, T 44 AJEH T HE] FF 7HE T
43l= 3D ZHE Foprt 24 WO HA| ofo #3t A7 A &H o R
HIET Y FA 0l

YA FEET Zo] 7] ALY £ ARE AT 7T F U=
wa19] 3D ZHEE A A& FA(stereolithography appara-
tus, SLA) 9413} A4 T 29(digital light processing, DLP) B
A& ARGt Al&to] 7hssttt. oA Fee AMgshe YAl Qe
A2 AT 22 AE W FAS ARgShe UAE F 27 WAL U=

A @A 2383](American Section of the International Association
for Testing Materials, ASTM) F420] 27439 & Z3Kvat photo
polymerization) WAl &sli= A2t 34 5 shto|thol. A Q14
& A2 Ao AL FolA LS St Ade 46 7HEA o
Al FEEO] AZE7] iz 5& =S AFotA, A5 o]
o A= do] EAETh ¥l YxE F 2 A2 I8
HE " g o]gsto] 3 5Z F5T w 22 AAQ HoE AF HA ot
= WHoE A AdE A T EGE T Hoj AT F
AR Azt wzol 2 HzHEofoll A Aol F7HE L = FAlolth
[10,11].

73 A9 3D ZEH | &b 9A Asle FA AT HA
g g 27 A2 HAY] B AT 7ol ARE: S 7IelR
A A (pre-treatment)?} & A& (post-processing) FHo 2 B2
S Qink A A B2 AFE AZEoloA APE= Ygow
ol7]ol ool FA A%, AXW 44, M ERE g, EXY 7+
& 7ol o]fojAct. & A2 AL 3D o] Ft A XY
B= Yoz AR ARt 3 73t A7t of 7)o &3 dubAos
4 73t Al 3D 2| A9 F A oA B2 #MFo] Lo
UA = & A2 B2 A1F5HA ZP = ojof Fr12]. AF B2
T AY 14 T AA AYE= oy 2HF A9 AA Frof
2t A FEEQ] Aot gebd 4 Sl F 43 A9 3D ZYE
2 AZS AA FER 1Y 3 F AR dxlo] EAsk: 4¢3
gro S £ 4 Aon, § yoprt AiA|e} YA Fekeate] F
A% (adaptation)ol]l B PIA|A Hof 2o} A1F, 2| A nlA|

FE9| elo] & & YrH13-15]

7189 JdE S HARE A Tt AA(direct view),
FEEI} P& cementE T2 & Hdksto] 2AstE Ady
(cross section) -2 F4 A&7 A4 AZES AHEoto] WA 2
WHARES S4shs A2 54 PHl(ilicone replica)¥t 2ol &
He dfofF H= 34 S ol ARSst3TH4,5,8]. shAE, 29
2§ 209 34 SH 22O FHo R Qe T os
AYEE 542 T 4 A =THo,11,13,141.

A A9 B &3k Flolof FA A4, AR 44, 2 &R

A
FATL chorskAl ZARTHG,8,11,16,17). Ak, A2 Alzke]
o 3 Aol FgolA WA AAsHe HAYNE BPSHTL AT BE
Agolet. £8, A HAolA B2 449 AA Ax: Sasic
A4 A7t o Baslt Hebd & 479 Bhe XY ¥ %
A2 Walow AR QA Azkeel AF Aol mE 339 A
£ WjalE Aolth AL AAAT) the A 2hee) 3
19 A Aol £AJGA Yk Aoltt,

B I o

MATERIALS AND METHODS

1. ACHR| 2 A2 2 AZH

A9 BAE= Fig. 10 AAI =t & AFoflA A= 4ot
= A1 (ANA-3 ZPVK 16; Frasaco, Tettnang, Germany)
7} AdEEl Qi) g A= A7 EA] A2Z(Deguform; De-
gudent GmbH, Hanau, Germany)2 Ar&3}0] B4 & o ZA] A

‘ Master die(n=1) l

Duplication
v

| Epoxy die |

Scanning
i 2

| Virtual study die ‘

CAD Design
L ]

| Temporary crown STL File ‘

k4

| Digital light processing ‘

Rinsing l
5MRTC 10-MRTC
(n=5) (n=5)
Scanning
5-MRTC 10-MRTC Interim crown STL File data
scan data scan data ﬁ (Reference data)

Adaptation

Figure 1. Protocol flowchart for this study. CAD: computer-aided design,
STL: standard triangulated language, 5-MRTC: 5-minute rinsing tempo-
rary crown, 10-MRTC: 10-minute rinsing temporary crown.
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(Polyurock; Metalor Dental GmbH, Stuttgart, Germany)< AH8-5
of AdAE AZstget. EAE o ZA A AR = AJ2H-g A7
(Identica Hybrid; Medit, Seoul, Korea)S AM&-3}0] A7 & 34
Ag=et A 2 AAS
(STD) = FA o2 A= IrH18].

91380l standard triangulated language

2. YAl A2H2 A2
1) LAl 32k=2 ZA|
g ZA STL g2 A= tAel £ZEF|o}(Dent CAD;
Delcam PLC, Birmingham, UK)E AMg-3t0] YA| ek A5}
gt ol A|HE 7H4 0.03 mm, HA9] 4], £, T2 LATEY
o] 7] o= HAstgict. AAE UA] -2 STL ohd FAlo=
A= At

2) CIAIE & 2T M2 AFESH LA F2H2 HI2H (M H2])

AAR QA FEe STL 4 tAE F 2% A A8 LZEY
o](Flashforge USA, City of Industry, CA, USA)° Y2E3}ch &
E2E FHojd JA] F2k STL 2 Fojo] F4 100 um, Ztx 45°,
UA] A2k o] gk AAUE F&sto] 7Mde] e E3HE 10
7HE wiXISHATHT,171. 10709] A kol tAE F 27 A ¥
419] 3D = E(Nextdent 5100; 3D systems, Soester-berg, Neth-
erlands)& AR§-5to] Al2to] = Qirt.

3) CIAIE & 2 2| E Ar8St
43H(F *2])
gAd F 2% AYE AHSS] ARE A TS HE E9E
oA EE3t F AR OE AZFC R AlE HEE sHATHGRE, 108).
o A% &AL 95% olAZE2 T FFS AT Edh 2 Ao
A AgE tAE 3 %9 3D ZHE(NextDent 5100; 3D systems,
Rock Hill, SC, USA)E= A& A% AFo] 5808 T & A 28,
5 APsfof 57| wfjFo] RS 58 AFoE AdLE 102 AF
2 BEF5lo] AdS APt 58 15 A AXGA A d
A= A Ate g gizZog HAYE9loy 28 B9 94| A8

YA T2 M L =

Figure 2. Temporary crown rinsing at different times.
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& 95% olAZEY FFET 25T} AlF7|E ARgSte] AlES A
Y3t & Y28 ojanzy IFZ WA 5] & Bt ulAY A
ot3itHFig. 2). 108 159 3¢ APFoE A on, 52 AH
3 IFAE HA 28 52t 95% o|AnEd AFEI 237 A|FH7]
£ g5t Al RS ATt & oA A2 ojan2d 4 84S o
Alste] 87 F< WA AJFE sHAthFig. 2). A& T2 AITHOE A
2 A A T2 T F37](LC-3D print box; NextDent,
Soester-berg, Netherlands)oll 60T =04 30& &3 2F A3}
A=t HE A5t A2E YA 229 o AA = 2 29
EQ A-8-9] A} burg AMSSH] 2AAHA A A THFig. 3).

3. 3% A
1) 33 BT S 913t K| 32420 LiE A Y 47

W glofg +3& 98 A28 27f(Identica Hybrid; Medit)S
ARgst] Al Z22he] WS A7HsHIT o], YRt A7HS e
UA] FhE WHo 270 AZH0](Easy scan; Alpha Dent, Goyang,
Korea)& T35t} 2t 15 vtk 5709 e A7 vlojej7} g =55
o, ojuf 334 F Al LA4F floi7] Asf WHolN E2 Qs F
A& A 9 g5tk

HHOH e H SH

=

2) 3zt A
3 FH A%
Stuttgart, Germany)S AR&ste] Z|tjx] A70 dlolg|e} JA| Fate
W A70 HloleE 36kt 4 WA A A E(auto align-
ment)iﬂr A Y (best fit alignment)S AF&-510] FSH = AL}, ofmf,
Z30] o HojA = &7 A3 5 Y= AFH A ne} A 45t 4

E9o}(Geomagic Verify 2015; Geomagic,

5-MRTC

10-MRTC

Figure 3. Temporary crown manufactured by rinsing at different times.
5-MRTC: 5-minute rinsing temporary crown, 10-MRTC: 10-minute rins-
ing temporary crown.
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Qe AAE AR/ AEE AT FEH A3 A HA; o] AREL
o, HFA A EE root mean square (RMS)E Ar&sto] AFEEA
t}H6,7,14,18]. RMS 5419 ¢ t}-23} 2t}

\/ZZ:l(xl,k - xz,k)2

n

219] ZAolA, A 22k AR 270 HlofE= x, 011, UAI
F2h20 W A7 gofEl &= x, 011, 181 & F8AH =
gt

3 APmol FA4H A BHS 93] 54 7 BAE £50
um, o 58 B £100 umE AASHACH19). 31 7Fs A}
£ 150 umZ AT o= vFA HAAEZ] oA AAEE No. 8
Aol wat AHE F7ke] W= 25~45 umZ AAJ5H7| gl +50
um O AASHHrH20]. B3, o 61§ HAH= £100 ymZ AT
olfE 24 M7 100 umE 2A5Hd HF A AR FES] AL
e 7] gEol £100 ym= AAstHeH211. ZF 159k 5749
34 AYE gole 7} AHEE ArkFig. 4). o] W Y oE BAH &
o] oA HEL2 A% vlole 9}t YAl A229] WH A7 Hlojg7t F
Hotgs o 7] FEHHE 2g Julsty, AMoz BAH G
o BEe AdfA] dlole e} YA A2te-o] W A7 Ho]E7} 3
StAS o F7to] EAgtHE Ag ojulgitt.

4. SH &M

=7 =2 7A(IBM SPSS 25.0; IBM, Armonk, NY, USA)S AR&
sto] 249 339 A3 Hay #EHA glolg o tig H4d A
AL AASHALE A4 AAL Shapiro-Wilk testS AHE3to] A

g A2 AASH SR, S TESHA] 2510(p<0.05) Hl

| Temporary crown scan data | | Virtual study die

Best fit alignment

Calculate three dimensional
adaptation data

Figure 4. Three-dimensional adaptation superposition process.

A7 Mann-Whitney U testg AH-5t0] & 159 -9 &
ol& BAsI A 1§ 279 52 0.052 511 tHe=0.05).

RESULTS

1. M2 A|ZHof| hE M3 EoH 24 Zat

2 AFolA FHH 7 B4 Z3= Table 19 AX = F
I5& 749 33 APE &4 g2 52 AH(5-minute rinsing tem-
porary crown, 5-MRTC) ZE°lAl+= 71.42+3.08 um% 2™ 10&
AZ(10-minute rinsing temporary crown, 10-MRTC) &A=
67.5240.92 ymZ F 1§ 7o)l ARt Aol #3 FFH 57t
A 43 BAF R Fo% o 7F EA5HTH(p<0.05).

2. MIA AlZHo]| [h2 A& EIHEA At

B AN F42 7} A #E Fig. 50 AA Fojdeh w3
AE 5-MRTC 183} 10-MRTC 189 A$ 2502 27|¥&7}
u] A& F7to] JAEJAAT 10-MRTC 189 %7] A&} ] H=
3710] 10-MRTC I1EEY A[Z4 @27} FAske o] eyttt Wi
o] FY, A, 2AY, YAHY] A9 5-MRTC 159 A ZE WH
oA 27] AZo] LojuA] &Yt} 10-MRTC 152 3% 5-MRTC

Table 1. Mean, standard deviation (SD), 95% confidence interval (CI) for
three-dimensional adaptation according to different temporary crown
rinsing time (unit: pm)

95% CI
Group MeanSD p-value
Min Max
5-MRTC 71.42+3.08 67.59 75.23 0.008
10-MRTC 67.52+0.92 66.38 68.66

5-MRTC: 5-minute rinsing temporary crown, 10-MRTC: 10-minute rins-
ing temporary crown.

Occlusal Buccal Lingual Mesial Distal 8
I e
5-MRTC L
10-MRTC 1
Three-Dimensional
Adaptation

Figure 5. Quantitative color deviation of the three-dimensional adapta-
tion of temporary crown rinsed at different times. 5-MRTC: 5-minute
rinsing temporary crown, 10-MRTC: 10-minute rinsing temporary
crown.
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25 o] 1] 4% g7ko] EAFEo Ao R e vf 5§ 7
5 WA F2o| ol EAsGch. WA FLY A 5-MRTC 15|
10-MRTC I1& Hr} 27] 0] 27549}

DISCUSSION

2 AP E gAE F 27 TAoZ At YA k9 AlF
Azt 2 3234 APEE 89 FH ALEF oIS ARESto] Bt
3}4th 5-MRTC 183} 10-MRTC ZENA SAH L2 f2J3t 2ho]
7t 437 wliol AR/ 712 Yk

2 Ao A AA Azt w2 33 P o] FFS Loth7]
S A A2 P F AP P2 vhat 2ol AYshgiet. A A 7
A9 AL AS 4= 457, Holo] 7= 100 um, g AAHE A+
Gsto] YAl Ze AR oS HAasketlrH7,17]. & A 23
o] 3% AF Azt £3H= 5-MRTC, 10-MTRC 1§ 2% 24 1
ol RS AP, F A3 A= Az A AFl w30
& HF A3 Asto A5 Hastelgirh. E3, AAH(direct
view)9] ¢ #Eol: 2o weth e S A7 B E, A
@H(cross-section)}> A A PA| ek T & S 99
Aol Yo Foll 93 A7t 7w, AE BA Hsili-
cone replica)?| -9 Wo] A== FAL Z4 ol Aq A2
o] 53 AES ddohe A U4 771 HiAIE & gleE
2 2 oM EEog AAEs 34T & U 3AYE 3H
ALEoE AMSSY APEE SASHATHIZ, 14]. 334 35 ¥

= AT Al S0 g% oA EAE 4= QLo Kaleli®t Ural
[22], O'Toole 512319] Aol FH It oAb HFH 4 4
B4 Azt #Ao TS WA A Ferhal Bstginh

3 AFEO AFA 7t A T 15 Tole F93 &o]
7t EAItAtH(Table 1). B44 7t BAA= F 1F ZF 384
o7 o] A9t 29 A7t = YUAHFig. 5), olETt B/ o
A" F 29 FAA Yephs Ad @/ (stair-step effect)oll 2Jg
QA2 vt @4olth24]. ol2d @42 B B7F EA0A
FFe vA Aoz Btk F7MH o2 wwo] B9 JefshHel +
27} Bl g2l A 718 Al UEhde 500 o8 YHe] ng
HolA B4 |7t e A0 waEnH25]. ol#et a7t
FAE A= ot nFHNA ] F9A Frlo|A 10-MRCT
1F°] 5-MRCT 1FETE 49 Qa9 59 o417t A7 FHE e
o AFA grlo] Adjo] FFE & 202 Btk

ol 5o g9, Ad, 24, 94 3 FFA 97 B4
oA FEHCE ¥ X7t WSt rHEig. 5). ol LAt tA|
o 4 27 A2 WA 07 AF 7Edks BF YA Aol EXsk:
Zjoto] Ao F&He o] A FoolA uoN HoR 45 &
ol dojuy] Wigol BFA, A4H R BAo] TS & A=
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HQITH6,19]. E3H A3t 1S mgaliAl T A3t 4 EGY A
Al A2H29] 50| dojun] F A3 $AE 7H35k= 3D ZHH
S48 15004 HE 9 50| dojiy] wizo] TAsks BFoRE
ke 4 QloH20]. sHAIRE, o] 23t Y F= 847 EATE B
Fat2 FAA A £40A 10-MRTC 1E0°] 5-MRTC 1EHt}
& 7Fsst WAt wol EAlstoH, AFA FrtolME 108 A1F 1
Fol B2 AYE A& HolFt). ol2et FFH, B4 HA B
A 9] A3} Jang 52719 A+ Aot X3t

HARO B A2 oA 5-MRTC 153 10-MRTC 1§ &
T 53Rl o] HAte 29 WAL FAHUAIN ol I H
ARAY G712 FRAA WH 27 HolHE HSsh= 5% 4

L A9 9T 2F(some rounding effect)® QI3+ FAro & 1k
HrH28). F7H oz, HARNE JA| 22k HAE F £
02 HZ 7hg Al YeftE Ad 8312 Q18] 3349 FT: EA
P vH AR Bk o] AARA Q] HH B4
B4l wA7 vehs @42 AgEoldl d Aet I3t
(13,14,19,271. E3F, o]t exet 4] AF4 9 A4 A £
Aol FFE FYLo= B3 10-MRTC 18°] 5-MRTC 1EH
ot A BA ZA0NA EFA #A7E AA UehtoH, A7 5
A BN E W2 321 AL e BolFYe. F7HEeg & 1
F 2% Mclean¥ von Fraunhofer [29]7} AAIg 120 pm $24] o]Hf]
o %121 5-MRTC 1&°| 7H W& AYE +25 HojFqrt

2 AFolME 2 7HA Aol EAstT. |A 2 1guth Al
o 27t s/ Mo AlEY 9 EgEE SEsH] o AlgkHolgith E
g, AlEE she oA et o] A5, olAng Y UdE
ol wet AlA Wio] 9ebd Sk Qlrk. 7Mo% o FAQl A
oA Aol APE|don, 273 o] &2 AEL 4 AU o
A, FE At G2 9 AlH FRe) oot A1E 2o uhet A
P BAs|of sl thafst o] A2 ¥F-gof wet A FS 5o
AFE APsfoF & Aol F7HH R, Al IgofA] 27 #7lo|
AARA Fod AA] A2k e} YH FAdo 9= & &
Uote SN BY, T At AlE A7) w2 44 29
YA B71E F7HH 02 219 Holof & Aoz HojFr,

o

CONCLUSIONS

1. AR A7) Aol Q4] F2ke AR} Haiyo] g Aoz
Rt

2. A¥#9 10-MRTC ZEA 27 5-MRTC 15X} A
A7} vto} g2 AL BTt S45gom, AFZ rzolA
APEL BE 3ok L 47 G120 um) W9 ol A5

&% % 9t
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3. 2 A3 Ax 2R gxd F 29g(digital light processing) 4
210 oJA] FE+e-g A&t w QA aa} S 7 102 F= A
otz Ao| $EE A& o] 2 A o= YzHHrt
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