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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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AN 4B S YR =2 2| HAE AR} 7|75t 2| Aske] g nir e 5151A A2 gl Ale] A
FEEE A5 Bostal 2|5 24| 0] &2 WAl 1 2]otee) 7HAS A7sHA| -A1A1717] 9]
3 ARERITHI]. YRF o2 A AEE 22 ARfshe {2 2] 7 717 Aok 2EAF 717 UieflM o
Al 58 RS A Eohe AR TH2), Ao 2 AollA 2Rl ZSHAIA Aldteh= R0l T3]
ol2{gt Al WL Bxisla updo] ofek thyo 2 olsj[4], ol x|2k& Computer aided design -
Computer aided manufacturing (CAD-CAM) 2.2 YA| 58 2|12 AlAtsk= A7 HS7FsHiTHs].

Z|2+-§ CAD-CAM AJARL2 A0S ARESLo] 33Hd AFHE|olE} S Aot &, 7 e =272 55) 7
FEIA BEE2 vrIRIght) tixilo] &2 ¥ lofe= 2FA o= 77 |AlE ARgsto] Rt A=
2E BAEES AR 4= Uk ol2igh 7R Al 2| AA R subtractive manufacturing) 2k A7+
(additive manufacturing) 0.2 F-5-o] HtHe.

AN AR @A) X2} Zofoll A BEs] ARG AL QLo HEE HAL /\l 7—}7—"9] =500 Ag==H

8 %) 112 AbgStolol 51, ) wle] 2elol Aleto] Q7] mhEol SE BAHS Adsly] ofick. =
55 0] o] efol ATt 2} 2217, A 2 239 BAES Aol s
go] gIeh7). oleiat B F857] Sjsl e H2713 A9 3D Ealek WA I~L ol it

ago] Hom QU A= Bl theft 713 o] A2t of AR Hlg-2 eret 4= 9
5to] 7h-2 57| ulhzoll 5335 /2 Adst7 | -§olsPHA] HlwA AU =7h Ethe 44 | AH8 ].

3D Z = Ef= 34| Fused Deposition Modeling (FDM), Digital Light Processing (DLP), Stereolithography
apparatus (SLA) Bt} 0.2 F-Eth, 1 FojlA] =7} H] w4 =2 DLP2FSLA Eijlo] 2|71 %|21-8-3D &=
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15 VAN (Dublisil, Dreve Dentamid GmbH, Unna, Germany)2- ©]-8-5to] 2}5-S- 5}
Aol 7441 31(HI-KOSETON, Marulshi, Fuji, Japan)2- $-0iA] &2 A&} 1Ak A2k
base partial, Bowon dental, Daegu, Korea) 5 AF8-510] 2|&7Fd4] e o 2 #&ts}eict,

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

2. YA 58 2T HIF

21 g A7 Hlo]E1 S THE 7] SJalA] el A7 (3shape E3 scanner, 3shape, Copenhagen, Denmark)
2 Ag3ITh A700] 27 H glojef tjzlel T2 1=(EXOCAD 2.2, exocad GmbH, Darmstadt,
Germany)& A-8-51°] %V\l 4\-19“ 27 HARISAL 30 micron®] AHIE 37+ Fofaiei.

YA| =58 2|X1] 7i4= Grpower 3.1.9.4 program- ©|-85131 0™, $7t17]9] E1497191 0.5, 7]
2 0.05, 7= 95%, F@Zé 2 7oz st HARE SR AR o, Al AjAte] @ 4k5 31
Bfto] - 24711] AJHZ AAFSEITH20].

CjzRlo] ehas mhle Al 71A] W o 2 A= ik A M, AAF 71 W19l CAMAH] (Milling
Unit M3. Zirkonzahn, Neuler, Germany) A8-511 PMMAE-5(Vipi block PMMA, Sdo Paulo, Brazil)
2 YA 5L ERIeR gl ARSIt & WiAls, 25 7h ARl DLP 3D Z=lE|(Veltz 3D,
HEPHZIBHA., Incheon, Korea)2 £332712 100 im-2 475}l 7d-8-2] 271-8-H(DT-1 Temporary
Teeth, HEPHZIBHA., Incheon, Korea)& AF85t0] 8719] YA| +E-8 XS AJ&sHict. 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
-£9(ZMD-1000B TEMPORARY, DENTIS Co., LTD., Palma, USA)2 AF&3}o] 87]2] UA| £E-8 27l
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AR 2, Z 247110] YA B2 WS A RksIQITI<Fig. 2>, 3D TE & Z83} oJA] 428 2|7
UV Z(MP100, Meong Moon Dental Co., Ltd., Daegu, Korea)E- 0|85t P2 HEZ 108 59 %]
SHE st

oN
ox rfo

Resin crowns

Fig. 2. Provisional restorative resins. Provisional restorative resins divided into three groups.
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07| X1 Athx| 2] 278 HRJNEE SeobH, Xo= A 58 2i)R1e] 54 ZRIEES Lpehdict npx[dako.
En2 54 H EZRJIE F4E UEUH, RMS #lo] W25 3 Heert =2 2 0 & frisht). A5
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4. S
4705 AFE = Statistical Package for Social Science (SPSS) 22.0 for windows S AF3-5HaL AHe 22| E

)=}
Qloh ARt BAREA HPH-2 thgat k. A3 A3 Kolmogorov-Smirnov and Shapiro-wilk 747
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BA (One vvay ANOVA)2 AAIBIA AL, Tukey] AFS-EA1S ARSI BAY TS JaliA] Al1E 2.7

97 A2 19 RMS 212 <Table 1>2} <Fig. 3>l et Itk Al 1E2] RMS 4] 2ol & &Rl1s}]
Q5 Y] BARRAS o5t A A Axl PMMAE -9-28Hs 0.1700] 1, DLP2} SLAE 020002
e} G227} 7P =] ik, S-EAtol] thigh 772 Fgho] 2.2850] 31 3-2)8-50] 0.1260 2 LtER} HAto)
S GA 7= QI RolgkE-2 0.001 Tt AA] Lrebt PMMASHDLP 9! SLA YA 582|712
T RMS ol fefgt xkol 7} QL ATHp<0.01).

74794 248 913t colordifference mape <Fig. 4>0ll LiEbLt et 4] Avk PMMAS] ¢ A E242
Aol 2212 Ho| 1 QJch. HhHoj DLPU SLAE @} 3HAY 2]7%0] AE2] 0] ¢4 Lt Qlch

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.

X3k O
52 9 o9t

B

2| 2ol %|2h8- 3D ZRIE|7F A=A 2]2kg-SLA 9 DLP Z&efe] Hgo| Z71519ic). oj2jgt3p &
A= Aol F2 A 58 2R A2 2l A}Rﬂ 3 AcH10]. 22ut ob27k2] SLA 9 DLP =@l
E]2 A|25} 9JA] 488 |7l o] Ahro] w5t e BESE AlYo|r) whebA] B edtoali 7|20 MAF
A1 2] 78 DLP %! SLA 3D ZRIE| 2 A2 —a} o= AIthEx] QA B Q Blo] HFEE 3
48 FsiA Hlasl] B3tk
] A= =5 =0]7] fl5l] 2 Atollal= 33k g = ZAH S AREs)
& SHslo] 22 A7nk o] 29 2ol S F/dEiste] UEidl= J
A IS WoltH21]. o]213h 33kl Tofe} S ' HIRJ5A] o]l Wfolut 7ol At glo] thefet
F910] Wo] 7hssirhe Aol 7] whzelll22], 7122 Wit vl wsiA AU st wthe A7 et
[23].

QA B2 grlo] At & Trlele Ak 2 HAJE 4~ Q= .S Astkro|), %ﬂ B ST 2 A|A]
T 71&2 UukA 0 2 120 m n|Rto]th24]. JAFA 0 2 Aufish R EES0] AglwE et At Agdel
FoME 1207 /4 01 XIE}_T'_ AIATBIATH25]. ELI%M Aol l 1 s 4 71F2 120mo2

zle e 2% 120 m RjRko 2

['

(N
N o of

m[o

o
2 4
3

WFHog 58 7tset AR L%EP;,{'E}.

384 X AnE A ET 7|29] DA 1Al 0 2 AARIE PMMA«= 2417+ EAsh= A)730]
E201t] v|3)| 3D = E 2 A|25H SLAU DLP= PMMAO H]slA] 2Ask= @ 2P 9)7} kst AL %J#
Qlom, Heka B AuloM e BZmx} o] PMMA7ZL AlY 29k A0 & Uepr}. o|of 7ke ZAule
Sxj2jo) oJgtzlo]d A 0 & AbR Tk Al T lell‘ﬂﬂhﬂﬂo}nq = PMMAO] 15l =25 TOH 2
HS M25Iar F3HS slioF she DLPU SLAE AlZjo|u Fdto] 2Jgt @7} eyt 71 o 2 Atg ) A3y
Aol A% DLP A HAZ F- iAol i At e = Hlﬂsu% |, EFEA A2 A R A o] DLP
AR T2 710 &2 LERITH26].

Color-difference map= A 2H PMMA& W 3HH A5 59]0] F-2 9 of|A] F2 Ao gFe] @ &7}t
Aot ol U Bl A Qlol Ajeko] QIH 0= Abs T M ATollx = U Ble] 32]Qlo]
U S-Foll weh Aekert gepiths A2t QIei7,27]. Z1of Bl DLPY SLAE B2 AJHo| &40

|9 WHH A= Hojo] £-2 o]f Aehwrt PMMAC HIgH £ Lehd 78 18 4= Qlct. o]t ke
k&S s Bolahrtal BH R 3D ZRIgo] ARl Ao 2 AR HTHg].

ne

rl

F

N

O
o
2

rlr rE

oSLﬂ.I

e

1=

https://doi.org/10.13065/jksdh.20190094



2ai4 - 2217] - 28/ X348 3D TRIE|Z HAE YAl £28 T FEHE B} - 1095

o
&
g
%
E

A 434 el HUEC LA IVMA DL 2 e g Bl 4
7} SLA WALRCTHEA Uehd 1990170k T Aol olok 2
e 21301l el A 2 AR EIck REfo] §© 2He7} gl 954 e 273
ol vl 2 Aol ARSI A Qgm0 2 ) w7 BASH o] L 2L 7T
it 51 SLA 4l DLP ALE} 487} 52 A0 Uiesic, ol 22 2ok
EJo] 29 wAjo] T2 folel 2102 ATk S4voxel) B12 kel SLA Ao vlef 43 B
912 Aloll Z3HEk= DLPWAI] 29 7Fgteie F7 o] Bl Ho|2 Qs Jawrt dety
7] 202930

£ A70) AR 0 2 3D TaAY A o] S ZAR 1l 2 3D melel] eole] Al7lek 4o ofs)
A 9 7] cheh 3Hgo] MAE 4+ Slrhs oIk mER AR 471 A thale] BEhe kS
AFg31917] mgol) Qislo] SRS Ui, Jalole sl 3Dmelel2 Al QA 428 2fl
o] Az ul ol ok 177 A 94, B AR S B9l 571502 Z2E YA S5 elilo] YhyEe
2 WolSoi wat Yee 2 Ueiglcher] oot 9lou, F4ei7e] Fobge Hehw 7k Al Ak
o] 27 HelazL kol ol ol7} Ql=x Ayeloo & Zlolck

i)
=)
rr
d

N
e
oL
E
12
_L:
n:°l'

]_

[Roe..
o O

:F'; e orr
N

PN

Lo ¥0 i orlo %0
S

(o]

4
;O

2. Color-difference map 24 2} wghH A= 1.9)0] F-2 9|3 ehw= DLP2} SLAZ} PMMARLHE
Al epd 2o &2 et

ol/ge] At A= SLARF DLP 3D ZHE 2 425k A] #5-8- 2|71 9] o/ 8ol thigt 374
£ HojF= A= AlRHrh w2 3D ZRlE 2 Aot A E-E o) A 85 =0l 2Rt 5
7F A7t 2 e Zlolot,

Acknowledgements

& = 2019 = ARYE AN TAH] 2|40 2 AT QISR AH S PO006692).

Conflict of interest

The authors declared no conflicts of interest.

Authorship

Conceptualization: W Kang; Data collection: MS Kim, WG Kim; Formal analysis: W Kang; Writing -
original draft: MS Kim, W Kang; Writing - review & editing: W Kang

https://doi.org/10.13065/jksdh.20190094



1096 - J Korean Soc Dent Hyg 2019;19(6):1089-97

References

[1] Lee SH. Esthetic considerations for porcelain fused to metal restorations. The J of KDA
1982;20(2):127-30.

[2] Van Dijken JW. Direct resin composite inlays/onlays: an 11 yeat follow-up. J Dent
2000;289(5):299-306. https://doi.org/10.1016/s0300-5712(00)00010-5

[3] Fisher DW, Shilingburg HT Jr, Dewhirst RB. Indirect temporary restorations. J
of the National Dental Association 1971;82(1):160-3. https://doi.org/10.14219/
jada.archive.1971.0019

[4] Lee SH. A comparative study on the transverse strength of the provisional restoration
acrylic resin according to the method of reinforcement. J Dent Rehab App Sci
1995;11(2):191-205.

[5] Suh SJ. Various application of PMMA temporary crown processed with five-axis milling
machine at clinical dentist's office. J Korean Acad Esthet Dent 2017;26(2):68-83. https://
doi.org/10.15522/jkaed.2017.26.2.68

[6] Park JY, Jeong ID, Lee JJ, Bae SY, Kim JH, Kim WC. In vitro assessment of the marginal
and internal fits of interim implant restorations fabricated with different methods. J
Prosthet Dent 2016;116:536-42. https://doi.org/10.1016/j.prosdent.2016.03.012

[7] Park SM, Kim SK, Park JM, Kim KH, Jeon YT, Koak JY. Flexural strength of various kinds
of the resin bridges fabricated with 3D printing. J Dent Rehab App Sci 2017;33(4):260-8.
https://doi.org/10.14368/jdras.2017.33.4.260

[8] Kim DY, Jeon JH, Kim JH, Kim HY, Kim WC. Reproducibility of different arrangement of
resin copings by dental microstereolithography: evaluating the marginal discrepancy
of resin copings. J Prosthet Dent 2017;117(2):260-5. https://doi.org/10.1016/
j-prosdent.2016.07.007

[9] Cho WT, Choi JW. Comparison analysis of fracture load and flexural strength of
provisional restorative resins fabricated by different methods. J Korean Acad
Prosthodont 2019;57(3):225-31. https://doi.org/10.4047/jkap.2019.57.3.225

[10] Song DB. Evaluation of mechanical properties and cytotoxicity of 3D printing
prosthetic polymers[Doctoral dissertation]. Cheonan: Univ. of Dankook, 2019.

[11] Ahn JJ, Huh JB, Choi JW. /n vitro evaluation of the wear resistance of provisional resin
materials fabricated by different methods. J Korean Acad Prosthodont 2014;23(8):610-
7. https://doi.org/10.4047/jkap.2019.57.2.110

[12] Jang Y, Sim JY, Park JK, Kim WC, Kim HY, Kim JH. Evaluation of the marginal and
internal fit of a single crown fabricated based on a three-dimensional printed model. J
Adv Prosthodont 2018;10(5):367-73. https://doi.org/10.4047/jap.2018.10.5.367

[13] Sailer I, Pjetursson BE, Zwahlen M, Hammerle CHF. A systematic review of the survival
and complication rates of all-ceramic and metal-ceramic reconstructions after an
observation period of at least 3years. Part Il: Fixed dental prostheses. Clincal Oral
Implants Res 2017;18(3):86-96. https://doi.org/10.1111/j.1600-0501.2007.01468.x

[14] Kim SM, Cho JW, Hwang KS, Kim WT, Kang YH, Kim NJ. A study on the micro
hardness and the marginal fitness of the various composite resins. J Kor Aca Den Tec
2011;33(2):147-58. https://doi.org/10.14347/kadt.2011.33.2.147

[15] Lee KH, Yeo IS, Kim SH, Han JS, Lee JB, Yang JH. A study on the marginal fit of
CAD/CAM 3-unit bridges. J Kor Aca Den Tec 2011;49(2):101-5. https://doi.org/10.4047/
jkap.2011.49.2.101

https://doi.org/10.13065/jksdh.20190094



A o
Aol - deol -

1

/X2t 3D Z2IBZ HAE YA =58 2T Fe: ot - 1097

[16] Kim DB, Kim JM, Kim YL. Comparison of three-dimensional accuracy between digital
models obtained from impression scan and model scan. Clin Oral Implants Res
2018;45(1):11-9. https://doi.org/10.1111/clr.42_13358

[17] Joo YH, Lee JH. Three dimensional accuracy analysis of dental stone casts fabricated
using irreversible hydrocolloid impressions. J Dent Rehab App Sci 2015;31(4):316-28.
https://doi.org/10.14368/jdras.2015.31.4.316

[18] Schaefer O, Kuepper H, Sigusch BW, Thompson GA, Hefti AF, Guentsch A. Three-
dimensional fit of lithium disilicate partial crowns in vitro. J of dentistry 2013;41:271-7.
https://doi.org/10.1016/j.jdent.2012.11.014

[19] Kim SH, Lee JH, Kim YR, Dong JK. Fracture strength of the IPS empress crown: The
effect of occlusal using depth and axial inclination on lower first molar. J Korean Acad
Prosthodont 2003;41(1):48-60.

[20] Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Hillsdale NJ:
Lawrence Erlbaum Associates; 1988: 407-14.

[21] Lee KY, Cho JW, Chang NY, Chae JM, Kang KH, Kim SC, et al. Accuracy of three-
dimensional printing for manufacturing replica teeth. Korean J Orthod 2015;45(5):217-
25. https://doi.org/10.4041/kjod.2015.45.5.217

[22] Kim JH, Kim KB. Internal evaluation of provisional restorations according to the
dental CAD/CAM manufacturing method: Three-dimensional superimpositional
analysis. J Kor Aca Den Tec 2019;41(2):81-6. https://doi.org/10.14347/kadt.2019.41.2.81

[23] Lee HL, Lee DH, Lee KB. /n vitro evaluation methods on adaptation of fixed dental
prosthesis. J Dent Rehabil Appl Sci 2017;33(2):63-70. https://doi.org/10.14368/
jdras.2017.33.2.63

[24] Christensen GJ. Marginal fit of gold inlay castings. J Prosthet Dent 1966;16(2):297-305.
https://doi.org/10.1016/0022-3913(66)90082-5

[25] Mclean JW. The estimation of cement film thickness by an in vivo technique. Br Dent J
1971;131(3):107-11. https://doi.org/10.1038/sj.bd].4802708

[26] Jeong SJ, Cho HW, Jung JH, Kim JM, Kim YL. Comparative evaluation of marginal and
internal fit of metal copings fabricated by various CAD/CAM methods. J Korean Acad
Prosthodont 2019;57(3):211-8. https://doi.org/10.4047/jkap.2019.57.3.211

[27] Kim CM, Jeon JH, Lee JJ, Kim JH, Kim WC. Precision evaluation of crown prosthesis
manufactured by two bur and three bur. J Kor Aca Den Tec 2016;38(2):57-62. https://
doi.org/10.14347/kadt.2016.38.2.57

[28] Kim DY, Kim EB, Kim HY, Kim JH, Kim WC. Evaluation of marginal and internal gap
of three-unit bridge metal framework according to subtractive manufacturing and
additive manufacturing of CAD/CAM systems. J Adv Prosthodont 2017;9(6):463-9.
https://doi.org/10.4047/jap.2017.9.6.463

[29] Envision TEC. Advanced DLP For Superior 3D Printing. 1st ed. Dearborn: Envision TEC
white papers; 2017: 1-8.

[30] Shin DH, Park YM, Park SH. Correlation between UV-dose and shrinkage amounts of
post-curing process for precise fabrication of dental model using DLP 3D printer. KSMPE
2018;17(2):47-53. https://doi.org/10.14775/ksmpe.2018.17.2.047

https://doi.org/10.13065/jksdh.20190094



