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ABSTRACT

Objectives: The purpose of this study is to assess the accuracy of provisional restorative resins
fabricated using dental three-dimensional (3D) printers. Methods: Provisional restorative
resins were fabricated using the first molar of the right mandibular. Three groups comprising
a total of 24 samples of such resins were fabricated. The prepared abutment was scanned
initially and then designed using a computer-aided design (CAD) software. The conventional
subtractive manufacturing system was employed to fabricate the first group of resins, while
the second and third groups were fabricated using a digital light processing (DLP) 3D printer
and a stereolithography (SLA) 3D printer, respectively. The internal surfaces of the resins were
scanned and 3D measurements of the resins were taken to confirm their accuracy. Results:
The root-mean-square deviation (RMS=%SD) of the accuracy of the resins fabricated using
the conventional subtractive manufacturing system, DLP 3D printer, and SLA 3D printer were
68.83+2.22 um, 74.63£6.23 pm, and 61.74£4.09 pm, respectively. A one-way analysis of variance
(ANOVA) test showed significant differences between the three groups (p < 0.05). Conclusions:
Provisional restorative resins fabricated using DLP and SLA 3D printers demonstrated clinically-
acceptable results.
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QUA| 4EL YR 2 2| HAE A2} 7|7 50t 2| Aske] g nhr e 515kA A2 gl Alte] A
F2HE] A& ookl |5 22 0] &2 WR[sHHA] S5 x|otele] 7HAS A5 {AIA1717] 9
aff ARGRITHL]. YRFA 0 2 QJA] EE- 2Rl AlAsl= WHHE A T 71R17F ek $2F 4 Uielld <
Al 58 2RlE A3 o= 213 HTH2), A1 23 Adol|A 2liRlS ZSHAA Aldst= 2ol QIeH3).
oj2{gt A WL Bxisla updo] ofst thyo 2 olsj[4], ZZoll= x|2k& Computer aided design -
Computer aided manufacturing (CAD-CAM) 2 & UA| £5-8 2|z Altsl= A7t 7 FsRATH5).

Z| 18 CAD-CAM A| AR ATHHE AREsto] 33kl A7HE|olE|E A/det &, 7lle =2 asis Fol 7
FEoM BAHES tARRlIgh. taiRlo] 24 Hole= HEA 02 77 |AIE ARESto] tieft Alg=
2| BEES AR 4 k. o]sh 7k Al 3] AAZ Mg {(subtractive manufacturing) 2 457+
(additive manufacturing) 0.2 5o HtHe.

AR HPAL2 Al x|} ool A ] AR E|IL QLo HEE AAY /\l 7—}7—?9] E50) 4 8==H

8 %) 112 AbgStolol 51, ) wle] ool Aleto] Q7] mhEol BE BAHS Asly] ofick. =
55 0] o] eiol ATt 2} 24217, A e 239 BAES Aol s
go] gIeh7). oleiat B F857] glsl e H3713 12 3D Ealek BA I~L ol it

axgo] Hom QU A= Bl thefRt 713 o] A2t of AR Hlg-2 efet 4= 9
5to] 7h-2 517 wlhzoll 5333 /2 Adst7] -§olsPHA] Hlw A AU =7h Ethe A | AH8 ].

3D Z = E}+= 34| Fused Deposition Modeling (FDM), Digital Light Processing (DLP), Stereolithography
apparatus (SLA) B} 0.2 FHEth, 1 FojlA] =7} H| w2 =2 DLP2HSLA Eijlo] 2|71 %|21-8-3D &=

HE 2 32 ARG QITHI]. SLA EfR19] 3D = g7dald Al 4=2]of| 2k} 2l|o|#1 5 ZAlslof
ol AFdke WAl 0 Z Zo| 9, o2 S0l 7 Tl (point) = AF-E SPHA Z37} Eh= WAl o]
k. =] HlulA sl 31 2 v FEsA| S E= 447o] k. DLP Efle] 3D ZE= SLA
Pl 2ol eligo] 42]of) 2ol d Blo]AE RAISIAIRE A Tl 2 ZJ3tA7 = 1Al o] ohd %(layer)‘:k?—li
FHoj| st 23:517] ulfzol] &t jiofl thaeo] SHE2 AR 4 Qlof AR ARES BEAIZE 4= ke
J70] ATHIL.

AAW7FA] DLP2} SLA 3D =] 2 A5t 2|31 HAzo) wet Az e 2|ihg dAleEE eile =
HE = S350l UV 42 Aol wk2 7|A14 B/, A 5] AVHat Bl Sl oish S4d=d7 17}
AA[10], YA] 58 2171 2] mREL 4% gdol] et Ui-&-o] UTH11]. Z22fut @i7HA] 3D e 2 A)2RE
Al -8 7o) Aol 5t Aate BERE A7 ofeH12]. Aot Hetsiile nplofut Uid o] A|ThX|
o pdoj| 2 gk Y 2 A5l X‘]O]‘E&]—J‘,—]-% = 17} 9) 1—1;-” st = ol Ak- 0] =g kS
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Ul"é e T2k 24 Fof shto|th13]. oSt o= FAWIA] X3} Eotol M Afgtzo] et B A
77} ol Foi5la1(14,15], ARE=E W7 Fsh= o= 7HA] ’o] 271=I1HH16,17]. 2 2oll= HAE 71
of T} =0 33k A 2AYR0] i3] of= STL U} Reference ut S SHAIAA 244
S5 IRISh= o R, BEEe] 7|4 FEfA AlolE thdet A13elM 24T o ek A e = 23
A FollA Fol ARG= L UTH18].

2ol A kA AP R AR 571 A1) SLAG DLP A0 2 AR 3D male 2 Ajaet oA
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& Aol M ARSRE 3 B2 sfof —1‘2‘ 1o /g2 AA P o= ARSI shet Al
x|z 06X TR = F72] Sl A A2 B = X|oto]7] whZof] B E Aato] AU Bol o] Fojx]=
xloto]tH{19]. whzof] & A= 5tof ZﬂlEH?LXlE Adrg oz Aslti<Fig. 1>, V2 H Edfloje}

7 VAN (Dublisil, Dreve Dentamid GmbH, Unna, Germany)2- ©]-8-5to] 2}5-8- 5}
Aol 744 1(HI-KOSETON, Marulshi, Fuji, Japan)2- $-0iA] &2 A&} 519ick. A2k
base partial, Bowon dental, Daegu, Korea) 5 AF8-5t0] 2|71 4] e 0 2 #&s}eict,

Fig. 1. Working model. Solid cast for single crown.

2. YA 58 2T HIF

21 2Eg A7 Hlo] e S THE 7] SJalA el A7 (3shape E3 scanner, 3shape, Copenhagen, Denmark)
2 Ag3IITh A7H0] @7 H glojel: tjlel T2 1=H(EXOCAD 2.2, exocad GmbH, Darmstadt,
Germany)& A-8-510] %V\l 4\-19“ 27 HARISIAL 30 micron®] AJHE 37+ Foiaioi.

YA] 5L 2|X1] 7i4= Grpower 3.1.9.4 program- ©|-851%1 0™, $7t17]9] E1497191 0.5, 7]
2 0.05, 2= 95%, F@Zé 2 7oz DSt AR S IR ARG, Al AjAte] @ 4k5 31
B{5to] Z- 24711] AJHZ AAFSEIATH20].

TjzRlo] ehas mhle Al 71A] W o 2 A= ik A M, A4 71 W19l CAMAH] (Milling
Unit M3. Zirkonzahn, Neuler, Germany) A-8-511 PMMAE-5(Vipi block PMMA, Sdo Paulo, Brazil)
< YA 5L ERIeR gl ARSIt & WiAls, 25 7hs WAIQl DLP 3D Z=lE|(Veltz 3D,
HEPHZIBHA., Incheon, Korea)Z £332712 100 imS-2 47531 74-8-2] 271-8-H(DT-1 Temporary
Teeth, HEPHZIBHA., Incheon, Korea)& AF85t0] 8719] YA| +E-8 XS AJ&5Hict opx|eto 2
SLA 3D Z&IE{(ZS212, DENTIS Co., LTD., Palma, USA)Z &3 %71-2 100 ym 22 A5kt 7-g2] 2|7l
-89(ZMD-1000B TEMPORARY, DENTIS Co., LTD., Palma, USA)2 AF&3}o] 87]2] UA| £E-8 7S
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Ao =M, F-24710] YA -8 RS AlsIIti<Fig. 2>. 3D THE = 233 A 58-I
UVaZ(MP100, Meong Moon Dental Co., Ltd., Daegu, Korea)E- ©]-85t0] P2 HE2 108 59 ]
Sh= Z8gsiich

oN
ox rfo

Resin crowns

Fig. 2. Provisional restorative resins. Provisional restorative resins divided into three groups.

3. 3k Hetr 2

32 AR A2 915 3 T} A2ke: 2fslA shet 95 AllTh7HA] A|thx| 9] w2t 7 871
A, Z24719] AA] 5827 U E;Lﬂ_aHLi(TRIOS?,Basm 3Shape A/S, Copenhagen, Denmark) 2
SR 27081l 3 27U oA S E st Halths AlE ARSIl | whzel] ow]A] Hgke] 2
AHE Z£0]7] flsiiA A2 H} PA| 582 U o] SYPol| A FE] A7HS AASIA AAMSRe =
Y5t AUt A70S 9JalA] 10~202 B9 100~200712] 24 Ze o, LRl = Al 2RAL] 2] A]
iz A7HsIIC
tlolEE 53l &2 YAl 58 Rl e] Uit A|eiz] 2] S & &3 A esE H7Islr] flsl 321l
2] ig7} =2 73)(Geomagic Verify, Geomagic Gmbh, Stuttgart, Germany)& A5ttt Zg2het F-d}
SLTGAIES flslA 273/ oFll 2B 25 R-22 A sk, Althx| 2t YA 5-8- 2SS A7 A Best
fit alignment AIZAt}. 71 2, Difference imagesE- &l 3%k H]a-E- ZI8¥s}ar, Z|cthx| e} 24712] A 5
£ 27 Aol 9] HA}S Root Means Square (RMS) 4102 AT RMS ah 4l 2tk 22] gro] 5=
She S7dEkolIA AR = ko= ofe] AltAlE whEt.

RMS=

4714 X112 A|ch2]9] 574 ZQIES 55k, X2= YAl 582K 9] %é ERIES LtERCE npx[ 2.
2 n2 574 © ZRIES] F45 HERT, RMS gho] W45 33l Aoer a2 20 2 7ot A3
| 77} o] lol| %732 371 A3hA color difference mapS ARSI WAPRHAR= £ 100 ime] L, 5
£l+z}ﬂ4ﬂ4( dfe + 50 umE 27JSigITh Ao M7h 0 2 248 7] 0] H]s o) Zfol S LERU

Aol afhd 0 2 Zpg 7150l His) 52 AtolE HeRi= Zlolct.

4. SAEN

oy |
4715 AFE = Statistical Package for Social Science (SPSS) 22.0 for windows S A5 AFe X 2|5
Q1o ARESHFAREA] ’PE2 o2t 22k A8 2531 Kolmogorov-Smimov and Shapiro-wilk 7782
AA5IAL, P MMAQP DLP %! SLA YA] 582 Ate]o] Folgt o] 5 274517 ] flsto] Liulix] 24t
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o 2495 QI RMS 32 <Table 1>3} <Fig. 3>0f| LhehLt QT Al 1552] RMS 2te] 2tol & ERlIsH ]
9Jal LuiA] BAHEEAE Sl e 27 AT PMMAE 52125 0170013, DLP9F SLAE 0.2002.8
Leh} 237 7 =] ik S-EAtol] thgh 772 Fgho] 22850111 -Rol8-E0] 0,126 0 2 LEhLt FAT]
A4 A 7P|t fof8kE-2 0.001E 0t 2HA] LRt PMMASHDLP 2! SLA 94| 4+5-8 271e] i
T RMS Zlolk= f-2fgt 2ko| 7k QIATHp<0.01).

3784 B9 I8t color-difference map2 <Fig. 4>0fl el it 24 ik PMMAS] 79 4E4%I
Aol 212 Holat )k Higo) DLPU SLAE 23} 24 2] 0] YE2jo| 2] ¢HA| Lrehtar et

Table 1. Comparison of provisional restorative resins Unit & pm (N=8)
No. LS
PMMA DLP SLA
1 68.9% 70.6° 66.5°
2 62.9° 72.0° 59.4°
3 68.5° 78.9° 57.8°
4 66.8" 77.7° 63.8°
5 64.1° 77.2° 68.4°
6 68.7% 71.8 61.5°
7 66.9° 74.8 57.7°
8 67.8° 74.0° 58.8°
Mean (SD) 66.83" (2.22) 74.63° (6.23) 61.74° (4.09)
P <0.001

"by one-way ANOVA (post-test Tukey) for three or more groups
®The same character indication shows that there is no statistical significance
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Fig. 3. RMS of provisional restorative resins. Accuracy of three types of provisional restorative
resins.
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Fig. 4. Color-difference-map of PMMA, DLP and SLA. Color-difference-maps showing
superimposition of 3-D data comparisons among material types. Green represents good fit,
yellow or red represents positive error, and turquoise or blue represents negative error.
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