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Flexural strength of various kinds of the resin bridges fabricated with

3D printing
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Purpose: Manufacturing with AM (Additive manufacturing) technique has many advantages; but, due to insufficient study in the
area, it is not being widely used in the general clinic. In this study, differences of flexural strength among various materials of 3 unit

fixed dental prosthesis were analyzed. Materials and Methods: A metal jig for specimens that had a 3-unit-fixed dental prosthesis
figure were fabricated. The jigs were made appropriately to the specifications of the specimens. Three different kinds of materials of
specimens which were NC (mathacrylic esther based) , DP-1 (Bisphenol A epoxy acrylate type oligomer based), and DT-1 (urethane
acrylate based) were printed with DLP machine. Five specimens for each kind of material were printed with an angle of 30° from

the horizontal surface. The specimens were placed on the jig and the flexural strength was measured and recorded using Universal
testing machine. The recorded data was analyzed in SPSS using One-way ANOVA and Tukey HSD to determine the significance of the
differences of flexural strength among the groups. Results: The flexural strengths of each group were the followings: NC, 1119 + 305
N; DP-1, 619 + 150 N; DT-1, 413 £ 65 N. Using One-way ANOVA and Tukey Honestly Significant Difference test, significant difference
was found between NC and the other groups (P < 0.05), but there was no significant difference between DP-1 and DT-1 (P > 0.05).
Conclusion: Higher flexural strength was shown in 3-unit-fixed dental prosthesis that were 3D printed using a DLP machine with NC

material. (J Dent Rehabil Appl Sci 2017;33(3):260-8)

Key words: 3D print; flexural strength; digital light-processing printer; 3 unit-fixed dental prosthesis; additive manufacturing

ME

AM (additive manufacturing)s ©]-83%F X]3 HH
=9 Az wf B2 o]Fo] It} SM (subtractive
manufacturing) YA/ 02 BRAHES A& Hofle= &
& Aete] BEES AEsl7] wiie] fAbESol T
Astal 11 #AEEE H7]sof ste g Agdf dulvt
Alstet BhE AM WAl 0 2 HAEES Az o= 2
{5 & WET HAEE AlFol o] 8EA WA AgE
a2 ohF BAEE Azt &-80] 7hestth ERF SM

*Correspondence to: Seong-Kyun Kim

Professor, Department of Prosthodontics & Dental Research Institute, Seoul
National University Dental Hospital, School of Dentistry, Seoul National
University, 103, Daehak-ro, Chongno-gu, Seoul, 30380, Republic of Korea

Tel: +82-2-2072-2661, Fax: +82-2-2072-3860, E-mail: ksy0617@snu.ac.kr
Received: September 22, 2017/Last Revision: October 3, 2017/Accepted: October
18,2017

260

i)
ofo
2 I
oz
ofl
B/ e ol
Ot‘O rE
o g
=

=
fd

ul

X om o

N
~

N
)
ze 2

10 ox Mo o 2 @ KU Ho d

lo @ ro
o

£
o
1>

o ox i =

r 2
o

e
oX
ol
ol
O+
i

> =
iz 2
=)
=
—

ol
-

i d
iz
A
~ oA,
o
2
o
|d
U
w I
2 r
o=

g
@
o
N
3]
1o
2]
=

7WR2 gREsrt 7hsske] el
W e| o] 7hsstn g ARk
4= oA "}’ w3 AM7|ES A

Rk A Ak= ol AlEFo] 7heoke] sMo)

or
)
iy

oi:o-I
N

§2 L oo |
OO
axnd

)
us)

]

¥ b w8
o
i)
12

2
N
)Y
fz

N
1 2

ofo

ol

e

on =

\

Ho
i}

Copyright© 2017 The Korean Academy of Stomatognathic Function and Occlusion.
@It is identical to Creative Commons Non-Commercial License.



w Aol Aefo] Sl Wk AMO] Aol = 123k A|oF
o] gI7] wWiZolch' AM7|&R AAFEE #xl HAEEo] ¢
FRo s &g Wt FUEE Tt AT AR
ERgt? BANE AM 7]7150] 23 FAR o 3
o= 2ty Agst ® Ax nR Aot
ol2fet AM7|&2 thget g st 7] ol &E & 9
E}. 0, Algt, 3% 5 g AMEE ARESte] B
HE AFHo] 7Hssith AM7IE R AES JEHES
[t HEES AR & 39 B¢ 94.5%9 YEE
g 3439] Ti-6AL-4Ve] FH A%
=

=

d& BAFshE Eﬂoﬂﬂ g
I T A,

s
el L JUAY Funl AT 5 77 orer

_>J,
T,
1o
=
N T
&
nl
o
Z
N o
s
(o]
i)
ofo
i
32
iu)

m{>
]o
E
%
2
i)
fo
olr
ok
N
1o
O

G ofv- deIFRE AMZIES 2
ARk A7} o] Fox]7] *l’%bi ATh B2 SRS
o] AM7]&& |olgtol] A&sh= A2 nl e x5t &
ol lojM Fa=oj2kar AJzhstar ik

ot AM7|&0] A3} el A7) flsiME AM
7l AHEshe MBS tget JESdl B 24
7F doAoltt. ARk, BT, B 5 =1
x—l o] HX] 7;1]7:1— }\] s nh: /\giﬂ 75;1@'151 Jg_%’ ]q.o(;l:'c:)‘l- 151
Aol et A7} F25] A7 1 AFHolof ek

2 A ST AME 0l tjo] ALgse
AEEe) chepet 4ol B3t A7 A3t oy BER
sk AAoltt. X8 Hxle] 22lF ] et RAME
o] o]Fofx|aL Lo} opx] 11 H|olH o] FESHA| &

Table 1. Composition and physical properties of materials

Flexural strength of various kinds of the resin bridges fabricated with 3D printing

on A+ AREL sHFFoIt. X|HE HF1e] 9o,
718 AR = ZHY o] w2 GFupEd ol o
St A7 o, ol AFEEE 3RR P8 BE
el o] R Eof #sfjA= obF] AL ZAit= §lch
o] =RoAM= DLPYAI O Z £ 35W 1/ B
H e HAZo| ol 2574 E F75to] TAKSH
St o] ufjof] DLPRA 9] ZHY o ALSE = HF Aig
o] FFo uwpabA 1 Z=7} oGA TEX] AT
o7 T2 Y
1. Al XE
1) AE A=
ASE 93 A|E Ag2= DLP 3D ZHE S #7

S AFESEYTE HF1S NC (Nextdent Co., Seosterberg,
Netherland), DP-1 (Ackyung Chemical Co., Seoul,
Korea), DT-1 (Veltz3D Co., Incheon, Korea)2] A 7}A]
735 AHE5Eth(Table 1).

2) 24 A1 % FUR AT
=& AE 37H 17 B UEHE AFE

7PE% Felz ARtk AuoR 245 A7 &

MRl W15 FEl F e BEE sot ApaTA| B

B2, 57A¢ BEL 810 A2th Al REE ek

3 Abolell MRl Sg ek 21 AiEE A

ool 369 RN B AN YO AT 4 9
A st

AR 5L 7 RES 6 mmd] 7 FH A

Risien, 719 7S YEAAL" B8 N5

X ¥

NC

DP-1 DT-1

Monomer based on

Bisphenol A epoxy acrylate type oligomer

urethane acrylate resin,

Component methacrylic ester + 2-functional acryl monomer SiO, 800 nm
Flexural strength = 85 Mpa > 60 Mpa > 102 MPa
cxuralstieng ISO 10477:2003 KS M ISO 178 or ASTM790 1SO 4049
Flexural modulus = 2.1 Gpa = 1.8 Gpa > 3.2Gpa

ISO 10477:2003 KS M ISO 178 or ASTM 790 ISO 4049
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Fig. 1. Dimension of metal jig and specimen, indenter.

3) AlEAE

AEE 5 X719 A7)0 5] AIE . 94, &
I 2 Al el WhALE o) $lstel 34 x| IP-
Scan-Spray (IP division Co., Hainhausen, Germany)
£ =5 th(Fig 2A) 83l &4 X|1E 3D2AIHY
Identica Hybrid (Medit Co., Seoul, Korea)ol] dal A7
Joko] 3D BlofElE ASTkFig. 28). o]2A oix 7}
3] 34 R|20] ExoCad 2ZES ol 0183191 35
W EA BAE ORIsIi. T3 dRtelE 37
R0 VelesBP £ZE 0} o] 4510] Sehol AL
Skal E-& DLP 3D ZZEQl DP-150 (Veltz 3D Co.)
2 BeigickTable 2). 2 Al L83 ABE NC, DP-1,
DT-19] A 7}x] o]}

v

Fig. 2. Procedure of specimen fabrication. (A) Metal jig with IP-scan-spray, (B) Metal jig in the scanner, (C) Scanning
area setting, (D) Virtual model of metal jig, (E) Setting cement gap, (F, G) Bridge design, (H) Specimen designed with

supporters.
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Table 2. Specifications of DLP printer

Flexural strength of various kinds of the resin bridges fabricated with 3D printing

Specification D1-120

D1-150

Stacking height
Print dimension
Speed
DLP engine
XY resolution
OS
Power supply

62.5 ym

Power
Weight

Size

120 (w) X 62.5 (D) X 100 (H) [mm]
Up to 20 mm/hr (vertical direction)
1920 x 1080 (Full HD), 405 um UV LED

25-100 pm
150 (w) x 84.3 (D) x 100 (H) [mm]

78 pm
LINUX Raspbian Jessie
100 - 240 V.ac, 50/60 Hz
Approx 150 W
Approx 40 kg

310 (W) x 430 (D) % 910 (H) mm

59 712t Suno] dtel 30°% ST T8 2
zte] jgujet SUG $A0 2 5K MBS Az

St A|EFSE A|HLS Denstar-300 (Denstar Co., Daegu,
Korea) 381718 o|§5h0] A8AI7ich Alzle] AL
Tinschert 5] G014 AL87 748 FTot] 92
2o] %71, erle) el o 59 3 obdle] ] 5
& 2AsI3th 271%] Ato]o] HAR-= 7FE 4 mmo] Al
2 5mm FO 8 5L, AR} thFER] Ato]e] AA R
L 712 55 mm A& 55 mm¢] 02 5y ghHe 1
Ne B2 Gz Fee Bo = st

lo

HFIEH
od

2. Al

oot

=4 A1E WA 7] (Instron8871, Instron Co.,

Norwood, USA)o QAT 24 X1 9o A|HS
o

Artel P& Fhohe REL 6 mm B9 T Fejolrh

0|3, Alglo] spol} Ao] WAT FAS T
i}, solt Ago] F2 WAy 917, 27] 5 Al
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Fig. 3. Flexural strength test of specimen with Universal
testing machine.

AT NCHY #3745+ 1119 + 305 N, A+
19 £ 150 N, A8+ DT-17+9]

(e}

AQHR| AR A T A} S AR
(Tukey HSD)H& & P < 0.0591A] §-94d& vebdlict
T HS w), NC&}F T2 2 E Alojout -0t z}o|7}
9"]‘1’ DP-13} DT-1Afo]ofl:= R}o| 7} %')\"i Ao g Vel
TH(Table 3).
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Table 3. Result of statistical analysis

(DSpecimen %Z:i%? (J)Specimen Average difference  Standard Significance 95% Confidence interval
strength ) error Probability Lowest value Highest value
NC 1119 DP-1 500.20000* 131.24932 .007 145.7144 854.6856
DT-1 706.45000* 139.21092 .001 330.4612 1082.4388
DP.1 619 NC -500.20000%* 131.24932 .007 -854.6856 -145.7144
DT-1 2006.25000 139.21092 336 -169.7388 582.2388
DT 413 NC -706.45000%* 139.21092 .001 -1082.4388 -330.4612
DP-1 -206.25000 139.21092 336 -582.2388 169.7388
(1) and (J) mean specimen groups to compare with. Average difference between (I) and (J) is (I - J).
*Significant difference or P < 0.05. Unit of date is N. Used One-way ANOVA and Tukey HSD.
2. AE I 4y nE
ABe F2 AR} o] o] YIS S B Alharbi 57& AMYIES olgste] AlEE Faisha
Yk NCARE HER AHe ARl el £ QETEYEE FAY uol B9 27 ¢H o
Zto 2 sPaE o] L ofR]E /3ol wol ek v st A wol] FFIEG = 2 A e S ERow
W DTS B ehs] Basslucks Aol s ol £¥ Al 579 AgEol & Ue) Ageinc ol
SRS e 32l Aelel e Uehlgick DP1Al 7] dRolet shgitk. o] Ag B ool Haste] Hug
He NCAEH DT-19] 57 BES] TS By @ do@ Boh £3wl istel 0w 2 Felsior
=t dgo] &3] sliAlld A= AT Aol &R & Gnigteh shARt & AtollM £ A2E 0°= &
3] SiAER] G2 FFEE IRl et RE A Aol 222 ol MEE7E A=A Hof v
ZolH WAL F2 QARG £ RYolq dolth el E Algto] R3] SR Aol oA extE
(Fig. 4). op7|stA "t wEhA & Addold e HoFl HE i

Fig. 4. (A, B) Examples of NC specimen fracture, (C, D)
Examples of DP-1 specimen fracture, (E, F) Examples of
DT-1 specimen fracture.
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