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Marginal and internal fit of interim crowns fabricated with 3D printing

and milling method
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Purpose: The purpose of this study was to assess the marginal and internal fit of interim crowns fabricated by two different manu-
facturing method (subtractive manufacturing technology and additive manufacturing technology). Materials and Methods: Forty
study models were fabricated with plasters by making an impression of a master model of the maxillary right first molar for ceramic

crown. On each study model, interim crowns (n = 40) were fabricated using three types of 3D printers (Meg-printer 2; Megagen,
Zenith U; Dentis, and Zenith D; Dentis) and one type milling machine (imes-icore 450i; imes-icore GmbH). The internal of the interim
crowns were filled with silicon and fitted to the study model. Internal scan data was obtained using an intraoral scanner. The fit of in-
terim crowns were evaluated in the margin, absolute margin, axial, cusp, and occlusal area by using the superimposition of 3D scan
data (Geomagic control X; 3D Systems). The Kruskal-wallis test, Mann-Whitney U test and Bonferroni correction method were used
to compare the results among groups (a = 0.05). Results: There was no significant difference in the absolute marginal discrepancy
of the temporary crown manufactured by three 3D printers and one milling machine (P = 0.812). There was a significant difference
between the milling machine and the 3D printer in the axial and occlusal area (P < 0.001). The temporary crown with the milling ma-
chine showed smaller axial gap and higher occlusal gap than 3D printer. Conclusion: Since the marginal fit of the temporary crown
produced by three types of 3D printers were all with in clinically acceptable range (< 120 um), it can be sufficiently used for the fab-
rication of the temporary crown. (J Dent Rehabil Appl Sci 2020;36(4):254-61)

Key words: 3D printer; milling; temporary crown; marginal fit; superimposition

NE
Q| AT 2T VAT AT T 5 7R E
S 430 A% A% 2R £42 YRS ARl
25 B ol 77 71 @ Anlge) fxle] B4
Holth'? A BAZL Aot FHTH AT I &Y
7R AgEE 394 R AR Ba g ol
B3} 77 oA g olgstel AX HEZES A
sfehs e wha skl wxlo) gel B

*Correspondence to: Kyu-Bok Lee

Professor, Department of Prosthodontics, School of Dentistry, Advanced Dental
Device Development Institute, Kyungpook National University, 2177 Dalgubul-
daero, Jung-gu, Daegu, 41940, Republic of Korea

Tel: +82-53-600-7674, Fax: +82-53-427-0778, E-mail: kblee@knu.ac.kr
Received: October 5, 2020/Last Revision: October 29, 2020/Accepted: October
30, 2020

254

Ak, 2dxke] 71e Xﬂ JJH%MW R‘T"—rﬂ E_}Noqal-

of zto|7h AL 4 glom, Asf A ﬂ H EW A
ook 5ol 5HgAI0] Ak WSOl Sick W 2
= computer aided design and computer aided manu-
facturing (CAD/CAM) A|AEIE X|7H8 BAE At
018 7FssiA old el Az shgellM Bsh= BEE S

Copyright© 2020 The Korean Academy of Stomatognathic Function and Occlusion.
@It is identical to Creative Commons Non-Commercial License.



Marginal and internal fit of interim crowns fabricated with 3D printing and milling method

FaE 2 Ut

X2} CAD/CAM WHA]& Al 7} (subtractive manu-
facturing)?} A& 7} (additive manufacturing) &2 -
wHTh &2 Fopoll A CAD/CAM AJARLE HE H
= AAlste] Yoks e dofule W
& @s] AHEokaL ok oAl U
9l AMero = Qo B = AMHst]
H Q] A Aol w2t AGA
A& A7

= AE Al A2 gHl7

- =
S ofr
&

b3
o,

o,

=
A4Ho 2 o} o APEE o

= 1=

ratus (SLA), digital light processing (DLP) Z12] 3L fused
deposition modeling (FDM) E}¢Jo.2 L& HTE 1 F
oA FDM 7]&-2 Zuet Algul7t Ags) 7P di53)
= hAlolA]et SLASE DLP 7]l w]a) FUE7} v
sez ol Eelo] ARtk Wilo] slof vla FEs}
SLAS} DLP 7]&0] x|2+& 3D ZHEZ =2 A}
Ah SLASH DLP 7]&S do g Y7 s 2
T 3745 BT WAoo SLA 7]
IYEE F735Hd A4 2lxlol A Fef e o)A
AHESte] 5 T XS A3HAITIAL ¥R S o
5t Z|oXE Hslk= FH= ol FAI|H B3t He=
Y 3733 A% En

H el g gl il Z2 A
43, o 5 AR E g Holl ZAFS] ZstA|A B
H

o i rlo
]

o
[Ta i
ofl
o
e

2

1)

o it Mo o oo mu 1o Qb oo H
i )
o, o
iu)

)
=
»v
o,
o
{0
(O8]
)
[

5% b33 B4 43S o188 BARY AL
R Aol mreh Al E o 2 s glow, x4 el
P7he Fol AL Qi 43 & Agot
ARES SPIHT FYES Y 4 Ak A 7
2 3 EA 7122 Bof AAE RS Yok W
o= JIAK B4, 44, D 5EE Fwet g YU
o] Ik 1 FOIME X1, Kok $4], BAEC b

) Dent Rehabil Appl Sci 2020;36(4):254-61

3] QAo g nE 4 3l Hde Wl
2 U H3E Prhe Fasih A3 BEE A e
of Bt AeH 7t S Ao S, AP 5A
U, 3D A7 HlojE S, 7 4, vto]A= CT
£789 SOl Yeh? 1 FollA 3D A7 HlolE Y
& 29 A B A7 HolelE ol AU &
A B A2 5A Y o2A B gyfEo|a 24
o £37} glom Hote F91o ¥ 5 uiH Hg =S
AL 4 Lo AA| x| Zoke] A FHolM = EH
i %1\].4_.25,26

roi-

A xFollM= 3D ZHEE o|85t =

g
A BAE S5 AFshe Aol 715t 9lo

it

ﬁ
e
o

il
o
=
[S8)
v}
1=
i)
o
N
)
ik
i
fd
30
e
R=S
T
i W}
i)
oy
N

Eq T

3 7162 ASE DR g A7} o Bashh o
oh B 7o) 2L Az ThE AR el A 1R
3} 83 718 V1R ASE QA REEe] WA L U
HPEE 334 vole] 3 WHoE Yrishur g,
Aol ARTHEE A A3 B RO ASE
QA BEEC WA B U APE Abolr} Ylrhe A

o
B

2 A= Fig 13 22 2 0 2 ZIg=|Qict

7]1& RYPo R 17 EY(ANA-4; Frasaco GmbH,
Tettnang, Germany)2] 49} & A|1t1X]E AHESY
o Aot 9.5 A PAle) B EAL
1.5 mm AHA], 9 1 mm AA], HALS X2 /9] 91x]
o4 12 mm A3 Fe} 52 AASRAT 69 £
Zro| H =2 45Tt 7|5 & Soft Putty (Aqua-
sil Soft Putty; Dentsply, Pannsylvania, USA)E ©]-&35}
o] Q& M5 2 RS AFek] flsl A=
ArE] ARlef whet X|2H8 74431 (Snow rock; Mungyo,
Gimhae, South Korea)& nlHFs}o] Q1A ol 5}l 14]
b & At = QU AASt F 40709 A RE =
Shapeiag

Zyz+ol 2 B S 17 2714 (500; Medit, Seoul,
South Korea)2 A705}0] 40712] A70 dlo|HE &S5}
AchFig 2A). 2700] 45 H HoJEIE = YAl 22
T13H(3Shape dental system; 3Shape, Copenhagen, Den-
mark) @ A8} A HAES CIASIkC. TR

HAR e WA A 1 mm,

QAT

o Ay Yo

255



Son YT, Son KBD, Lee KB

Working Model (n = 40)

Digital Scan With Intraoral Scanner

I I
DLP 3D Printing SLA 3D Printing
(Megagen) (n = 10) (Dentis) (n = 10)
| |

I |
DLP 3D Printing Milling
(Dentis) (n = 10) (Imes-icore) (n = 10)
| |

Evaluation of Marginal and Internal fit
(3D Superimposition)

Fig. 1. Experimental design.

Fig. 2. (A) Scan data of definitive model, (B) Scan data of definitive model with silicone paste, (C) Cross-sectional image
of the superimposition of (A) and (B) for marginal and internal fit assessment.
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Fig. 3. Schematic of measurement points for marginal
and internal fit. (A) Marginal region, (B) Chamfer region,
(C) Axial region, (D) Cusp region, (E) Occlusal region.
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Table 1. Comparison of marginal and internal fit of intetim crowns fabricated with different 3D printers and milling machine

Marginal Discrepancy Internal Discrepancy
Group AMD MG Chamfer Axial Angle Occlusal
Mean (SD) pm

Milling oto 104.4 455 54.9 423" 74.4° 119°
8 group (38.5) (15.8) (12.8) 9.4) (16.6) (23.8)
enith U ot 99.9 421" 47.9* 75.6 " 72" 68.5"
¢ group (36.8) 17.2) (13.9) (20.8) (28.8) (18.7)
Zenith D ot 100.5 283" 459" 923" 46.9° 46.2°
¢ group (34.2) (1.5) (15.8) (25.4) (18.3) A7.7)
Meoasen 1o 111.3 537" 72.1° 96.5 " 76" 54.9°
gagen group (34) (24.2) (19.5) (14.3) (15.7) (19.4)

P 0.812* 0.012% 0.01* < 0.001* 0.01* < 0.001*

*, Determined significance by Kruskal-Wallis test; P < 0.05. Different letters indicate significant differences among fabrication methods by Mann-

Whitney U-test and Bonferroni correction method.
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Fig. 4. Comparison of marginal and internal fit of interim crowns fabricated by 3D printing and milling technology.
*Significant difference, P < 0.05.
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