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Comparison of physical properties of the various 3D printing temporary crown
and bridge resin

Seo-Jin Park’, Han-Ah Lee’, Sang-Hyeok Lee’, Soohwang Seok,
Bum-Soon Lim"’, Jae-Sung Kworf, Kwang-Mahn Kinf

'Department of Dental Biomaterials Science, School of Dentistry, Seoul National University
“Department & Research Institute of Dental Biomaterials and Bioengineering, College of Dentistry,
Yonsei University, Seoul, Korea,

Conventional dental resins for crown and bridge fulfill ISO 10477 and ISO 10993 before clinical application. Although 3D
printing or rapid prototyping (RP) for the fabrication of temporary crown and bridge have been proposed, a little studies were
reported for 3D printing resin for temporary crown and bridge. The purpose of this study was to evaluate the physical properties
(such as water sorption and solubility, color stability and flexural strength) of the various 3D printing temporary crown and
bridge resin following the ISO 10477:2018 and estimate the effect of chemical composition of resin on the physical properties.
Four resins approved by KFDA and 4 experimental resins developed by different manufacturer were tested in this study, Samples
were prepared with DLP typed 3D Printer (G-Printer) and post-cured using UV-light Cure Unit (Cure M), Proper 3D printing
and post-curing conditions were selected for different 3D printing resins. Each test was performed according to the ISO 10477
and results were statistically analyzed using Tukey-multiple comparison test (p=0.05). Only group-B did not satisfied the ISO
requirement ({ 40 #g/ mm’) in water sorption test, but 3 groups (C, E and F) showed high solubility which exceeds the
ISO requirement (¢ 7.5 #g/mm’). For color stability, the color difference were detected at 5 groups (A, E, F, G and H),
Group-D and F showed the low flexural strength and some building direction did not satisfied the ISO requirement () 60
MPa), Resin components may affect the flexural strength, then user should check the components of 3D printing resin, Deficient
degree of polymerization may lead to large water sorption, water solubility and color changes. Further study should be done
comparison between specimens printed with specific 3D printer recommended by manufacturer and specimens used in this
study,

Key words : 3D printing temporary crown and bridge resin, ISO 10477, Components of resin matrix, Flexural strength, Physical properties
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polymethyl methacrylate (Jet, Lang Dental, USA),
polyethyl methacrylate (Snap, Parkell Biomaterials, USA),
polyvinylethyl methacrylate (Trim, Harry Bosworth, USA),
bis-acrylate composite resin (Protemp II, 3M ESPE,
Germany) 2 visible light-polymerized urethane dimetha-
carylate (Revotec LC, GC, Japan) $°| UTH3). 27535+
PMMAE 3 71714 B} 4] Qg 27e) golg

3 by Sol aste] QAFEE Al 7k 85

AREE AL Q=] wERS- SR (monomern) 2 Q18F x| ¢}
A2 AT, TUER A & A5 ¥ w2 TF 75 °

3 vjeaddo|=g A9t FU5%e] Ae el Qo
U, mhmARAge] il Az Ao Algte] glom A 4e]

HZ23) thyo] gt} Bisaaylate HEAE

K

i)

urethane dimethacrylate®] 7d-¢-+= Z%}o]
HF——%‘VO— AARE v} FlEaL HAel & 9 Tk
0 1 multiple-unit ARE-0] A|3kE = FA)
1‘4{ 5). webs PMMAS} bis-acrylate 7
1?_% oz F2 AMEHIL SIThO).
Fol |28 An| 2 So) x]—»ﬁg_g 7o} 274
™, CAD/CAM¥} 3D Z#E] T3 2-& =g
A o] Sl o} A WA S

H—;L)‘{O{N

%9, HW

dxAle

#e]

sk
>
N

%

3—’21

i)

140

%N'
E
I}
o
o,
r4'£
,d
é
X
ok
R

& %

=

foll A *}% ToAY e
AAAAE HIES
dimethacrylate  (Bis-GMA),
(Bis-EMA),
triethyleneglycol dimethacrylate (TEGDMA),

 diF-22 3D

Reg=dh bisphenol-A  glycerolate

S o)
ethoxylated bisphenol-A
dimethacrylate urethane
(UDMA),

2-hydroxyethyl methacrylate (HEMA), methyl metha-

dimethacrylate

crylate (MMA), tripropylene glycol diacrylate (TPGDA),
trimethylolpropane trimethacrylate (TMPTMA), polyethy-
lene (PEGDA),

glycol diacrylate

(DPHA),

dipentaerythritol

pentaacrylate isobornyl acrylate (IOBA),
hexamethylene diacrylate (HDODA) 2 polyester resin
5o] TRpISS Fo Ao Shel ot Kl W)
AA 2= Tk 539 diphenyl (2,4,6-trimethylbenzoyl)
phosphine oxide (TPO), bis (24,6-trimethylbenzoyl)
phenyl phosphine oxide (BAPO), camphorquinone (CQ),
2-(dimethylamino)ethyl methacrylate (DMAEMA) %-©] A}
$53 Ik, o, A B} Az 5 28] 9l
o Alefe] Welsh F44 ﬁ}g 5ol g A9 ok

Zelv] 2418 o183kt 3D Zely WA 2E FDM
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Processing), SLA (StereoLithography Apparatus),
(Laminated Object Manufacturing) 2! SLS (Selective Laser
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rapid tooling) 2]
fAFeE DLP HF2)e 3391 © 2 Digital Light ProjectorE o]-&
A2 Y32 v A
, AR Ezws} e
3 e AHe BEEd
|78k AFE Azl

2
g AR HE EM 2 15O 10477:2018 (8)01] UJrE} *]ﬁdv%
Azsle] EHQ EAS kst

1. 97 iz H

HI7HA A eREREAA A ofn] 2l - S7HE HSTH
3D I QIADARE HZ 4F(A, B, C 4 D) dA
A P S 3D ZHUE JAAEE G 4FE, F, G
9 H)-E dgste] AlgstItiTable 1), DLP W19 3D
X UE(G-Printer, Good3D, Korea)?} F743}A]8] A2
UV-light Cure Unit (Cure M, Sona Global, Korea)& &85}
Arh(Figure 1), THFg 42¢] HRlo = AJH A ZHA] 3D
ZUY T4 #83 £U& Table 2] g3ttt

Table 1. 3D printing temporary crown and bridge resin tested in this study

Experimental group

Main components

A Bis-EMA, UDMA, BAPO

Bis-GMA, TPGDA, TPO
UDMA, HEMA, BAPO

I & m m O O @

Bis-EMA, UDMA, BAPO

Bis-EMA, TEGDMA, SiO,, BAPO
UDMA, PEGDA, MMA, BAPO
Bis-EMA, Bis-GMA, TGEDMA, TMPTMA, CQ, TPO
HEMA, PENTA, PUA, TEGDMA, BAPO

T —

Figure 1. (a) DLP type 3D Printer, (b) post-cure UV-light Cure Unit,
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Table 2, 3D printing temporary crown and bridge resin tested in this study

3D Printer setting
4 Post-
Experimental group Exposure Waiting Initial exposing extra Initial exposure curing time
time time time layer
A 6 sec 2 sec 10 sec 0.5 mm 15 min
B 4 sec 2 sec 10 sec 0.5 mm 15 min
C 12 sec 9 sec 7 sec 15 mm 15 min
D 8 sec 2 sec 22 sec 0.7 mm 15 min
E 5 sec 2 sec 4 sec 0.5 mm 15 min
F 7 sec 2 sec 4 sec 05 mm 15 min
G 5 sec 2 sec 10 sec 05 mm 15 min
H 6 sec 3 sec 17 sec 05 mm 15 min
2. A7 4y =(p )E pg/mm’ Y201 pg/mm 7HA] Axbskglck

1) T8 87 S
A )9} AJAHPHL SO 10477:20189] whet AA)5HS
o} AZANA AASE 2710 2 DIP 3D ZHEE o831
YA AF 1551 mm, 7] 1.1£0.1 mm) AJE-E 5784
TR oy, Sl $43F AElE AAst] AlEE
THBFATHFigure 1), 5+ JE1S] A1HE1.0£0.1 mm F+
A7} H AL, 3 FEo] Ho| =5 Atk Rn] g dEl o 2
Ankg ths A9 A& A & A 7ol HE50.01 mm9]
=2 2 3] ZA sk et A& ALk Al e T
FelA 2E)aL ?A%Pr!ﬂ 5 3HA Bojzl v -d] o 4]
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71538t tHam). ZF AlEE 20 mLe] SF(37+117C)0
7 GBS OR AA S TR AW ER AL S0 R
Hol= 2717k 4 WA AAZ 5 2 AR & 1523t 37
ol 5] AxA7|AL, Bl AW A 18 Fol FAE
ZA8IATHm). ZF A S TA 7 }.71 oA A7 s FA7}
2 fj7pA] A A este] S HE FAE m o2 715313
I, TR 2 o]8ste] s 7| Al ZJrZH FTE(P )9k -5

_ Mg

%—6‘HE P s=

my

—m3

v

oo
19k AIEHPE-2 150 10477:20189] whe} X181
D ZYHE o]8slo] 7 F%= A 3

AAFAE 1511 mm, 57 1.1£0.1 mm) A]H

i} £

s}oq e
H’é. FEITR vxlﬂ

X
=
AT M FH R Bt B F5

=0

ATHAIH-2). Al HMHE
2 A s 929
#ek o AlEE QB AY 7+ Al
2 Yol Yg Attt

FUE Ee 74 5
(B30, o] ABES 97k AR A 10+3 mmo] B
2 3z oo YAA)T|AL, A9 FEHE AAE A=
2 24X Ho] =Z2A F 3YE AASAL(AH-3b),
A= ‘:} | 3742C QB0 R $A ofFal Az AdejolA
597F BASQUTHAIA30). o] NHER & Fr9) A=
ES *;-z ZAbel elg A s oRE Wrhstarh 44
5L el whet W] A o] gl 37e] o

142



= PR eF) e AN PR Hlweka 2t
A ke ARSI A Aol Hrhsto] 3] el S
9 A% J15ska $AR 7] BAA e Hele
o oAg e
3) 232=

Al ZH] 9} AJFHPH-L- IS0 10477:20189] Wl AA1EHS
o}, AzA A AABE 27102 DIP 3D ZHEHE o] 83}e]
& (2] 252 mm, F7 2+0.1 mm, 2 2£0.1 mm)
S I ZhEE v, SEs $783) AEls A
ste] NS AZFslSITE AR A5 k] ut S5 E
zpol & 3718l $lske] ol 0%, 457 ¥ 90° 5 37FA]
Az Hsko 2 AJHE A ZFske] ) jl_s]-giu]-(lsigure 2), A&
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T dEd0 2 dAnfste] FXAE 4 A7A] B(37+11C)

of] 24417+ R3S Tt

AAE L] Z(b)F Fol(hE 0.01 mme] ATz =43t
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At
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2 X b X h

@)

Figure 2. Sample printed with different angle for flexural strength:

(a) horizontal (0°), (b) angled (45"), (¢) vertical (90").
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Table 3, Water sorption and solubility of 3D printing temporary crown and bridge resin

Experimental group Water sorption (,ag/mms) Water solubility (,ag/mmS)
A 15.92 * 0.30° 2.94 £ 036"
B 53.35 £ 5.10° 5.05 £ 1.13""
C 33.18 + 4,29 8.24 + 235
D 27.81 + 2.14° 1.64 = 1.01"
E 28.38 + 0.58° 13.74 = 4.60°
F 28.42 + 0.30° 7.95 + 0,25
G 2556 + 1.45"° 7.46 + 034"
15.06 + 0.41° 398 + 2.028"

note: means within columns with the same superscript letter were not different (p)0.05).

Table 4, Color change of 3D printing temporary crown and bridge resin (O = color difference, X = color no-difference)

Color change

Experimental group

Observer-1 Observer-2 Observer-3 Final decision

A o ¢} o o

B X X o X

C X X X X

D X X o X

E o o o o

F o o o o

G o o) o o

H o o) o o
ke Ao 2 999 3D Ay QAAW!E AW A 100 MPa ole] 8 FRAEE BT, AFTFY
o] F5E SRS Table 590 HEsiginh. A8 257 AvolM® HIF Bkl @AIRle] 60 MPa o) 3e] 57
T AT weEh fo3k AjolE HeloH, U AT £ Ko 150 10477¢] 87231 WS 202 s
olx] 23 W we} fogk 2jolE Hole ¢ By At v, AFT-EY B FENE e FHUTOR
AHp(0.05) 255 AHoA 247} 38,26 MPa®} 34,14 MPad] W& =3¢
AFT-A, B, C 2 HY| A9+ A3 dagle]l e Awr) #EEglow, 45°2 A58 AlEXRE 64.19 MPa
A 100 MPa o)) ¥& FIAPEE B, APF = IS0 104778 27210 60 MPayS WEAIL 5= )9iTh
G ol THEEOR 33 AES ALl tE A AFT-A, G, F Y HY| B9+ Al A3o] =57
oA 100 MPa o]} e FXAEE Btk AFTE-G  wo §Y3F IS FA] E3F Ao g ZAEQITHP)0.05)
ol TN R A3 AlHS A9 tE Al AAT-A9 DO Aol LR AF A A
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0][@)

sample-1 sample-2 sample-3a sample-3b sample-3c¢
(Group-A)
B [ [ S L‘ﬁ"‘
sample-1 sample-2 sample-3a sample-3b sample-3¢
(Group-B)

sample-1 sample-2 sample-3a sample-3b

(Group-D)

sample-1 sample-2 sample-3a sample-3b

(Group-F)
Figure 3, Results of color stability test,

Table 5, Flexural strength (MPa) of 3D printing temporary crown and bridge resin

sample-3¢

sample-3¢

Build direction
Experimental group

Horizontal (0°) Angled (45°) Vertical (90°)

A 129.34 £ 10,84 123.35 + 8.63°" 133.26 + 5.63%"
B 115,57 + 3.88"™* 103.01 + 8,937 106,56 + 5.04™%°
C 114,59 + 16,91*"* 114.11 £ 19.99%" 119.94 + 20.318M
D 61.31 + 5.44°7 50.52 + 1.937° 53.37 + 4479
E 38.26 + 16,17%° 64.19 + 19,217 34.14 + 13.36°

F 63.43 + 6.68% 64.75 + 2.63% 64.88 + 2.42%
97.38 + 336> 100.90 + 3.13°%° 12321 + 43031

129.81 + 5.21%" 122,65 + 7.32%" 128.47 + 556"

note: means within columns with the same superscript letter were not different (p)0.05), means within rows with the same superscript number were

not different (p)0.05).
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