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Difference between shrinkage rate of irradiation amount of 3D printing UV
curable resin and shrinkage rate according to a constant temperature water bath

Dong—Yeon Kim
4RD Dental Laboratory, Seoul 04512, Korea

[Abstract]

Purpose: This study is to compare and analyze the shrinkage of the specimen after UV irradiation of UV cured resin at 5,
15, and 30 minutes.

Methods: A cylindrical UV cured specimen was produced using a stainless steel mold. UV cured resin specimens were
prepared in three groups: 5 minutes cured (5M), 15 minutes cured (15M), and 30 minutes cured (30M). The measurement
was made in total 3rd. The measurement was made in total 3rd. The primary measurement was made after 24 hours using
a digital measuring instrument. The 2nd and 3rd measurements were deposited in a constant temperature water bath
and the shrinkage was measured. The measured data was calculated by referring to the ASTM C326 linear measurement
calculation method. T-test and One-way ANOVA were performed to test the significance between groups. The post-test
was conducted with Tukey (¢=0.05).

Results: When the inner diameter and the outer diameter of the three groups not placed in the water bath were
compared and analyzed, the contraction was the smallest at 6.8% in the 5M group, and the contraction was the largest at 7.3%
in the 30M group. In the outer diameter, the contraction of the 5M group was the smallest at 3.5%, and the contraction of
the 30M group was the largest at 4.5%. Shrinkage decreased in all three groups immersed in a water bath for 3-7 days.

Conclusion: In the UV cured resin specimen, the shrinkage increased as the amount of UV irradiation increased.
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Aoz 3D ZHFO] LviE o2 TR A
I BAE AFo] 7hsetA HAHKim et al.,
2017, Kim et al,, 2018%), |3} 3D Z Y #H]
o] =X UV(ultraviolet)Z%, MEYZE, oY
A& AR A A WA So] ARESEaL Q)
o} UV #3332 DLP(digital light processing)
¢} SLA(stereolithography) 4], BG4
2 FDM(fused deposition modeling)®¥4], A€
Z glo]#] ZAF= SLS(selective laser sintering)2}
SLM(selective laser melting)i4l o 2 EESEHKim
et al,, 2018").
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al., 2018; Gijelvold et al., 2019). F73HA] 3D ZTHE
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Figure 1. 1ISO 4049 depth measurement mold. (A) Stainless
steel mold, (B) Specimen remover, (C) Stainless
steel disc.
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Figure 2. Preparation of specimens using UV curable resin.
(A) Stainless steel mold analysis, (B) UV curing resin
injected into stainless steel mold, (C) Using a stainless
steel disc to make the mold and UV curing resin the
same height, (D) Place a stainless steel mold on top of
the glass plate and proceed with UV curing.
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1 A7) Yol UV 3} =29} &
AR =astgint, 2"l A7) vig Jatol 27H7] |
o] (#550 Scotch, 3M, USA)E F-2Fsto] UV 33t 4=
A7t SR FEEHA Fes FHlsHl E8lE &
gllE]a7 &= Well UV 73t 4241 (NextDent C&B,
NextDent, Netherlands)& 2t TH=sHA] =8ttt
(Table 1).
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Table 1. Specific curing time NextDent C&B

WP UV 45 249 24 2 e

Sz YA BE $HEY Hol

AL RN FE L UV A3l 419 #0l5 Y2
SIS shyleh, AE|QIE AT} dhtolls fejEe R jF
A Z th& UV A3}7](Cure Box—320, VERICOM,
Korea)& AHg-sto] Z}stelch(Fig. 3).
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Figure 3. UV curing machine.

UV 743} ol 53] Uh71E ARgste] 2H|Q1E]
27 259 UV A3 Al Zelshaleh 2 dolA
MY TFo® UV A3t Al AFstsieh. UV
Aok A Al UV el 524 10715 A2kt
ZtHEM), 1554 10712 AZsE 2eH(15M), 3054
10715 Azket AEOM)ez 379 ages B3t
o] A|2tsk¢iet.

FIF

ZRo 2 3318 2A3IATt 13} AL A7 &

A" &47]9H(C220, Kroeplin, Germany)E& A&
5}of /\1%194 WA oS S5t th(Fig. 4). 2, 3%
2 (HQ—HWB, CORETECH, Korea)ol %

. Recommend Total output UV lightbox output
NextDent Material curing time Wavelength UV—A light W¥sec=J
) Blue UV—-A
c&B 30 minutes 315-400 nm 72 Watt 129,6 kJ
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Figure 4. Measure the length of the specimen using a digital meter. (A)
Inner diameter measurement, (B) Outer diameter measurement,

Figure 5. Specimens deposition using a constant temperature water bath.,
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3. TAEH

EAEAL IBM SPSS statistics 22.0(IMB Co.,
USA)S o]-&stlnt. B4 A8 AAlst] A4S

g 9] 4 242 $l8lA Tteste}
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Table 2. After UV curing at 5, 15, and 30 minutes, the result of 1, 3, and 7 day deposition in a constant temperature water

bath(n=10) Unit: %
1 Day 3 Day 7 Day value®
(No CTWB?) (cTwB) (CTWB) &=
Group Inner Outer Inner Outer Inner Outer
diameter diameter diameter diameter diameter diameter Inner Outer
diameter  diameter
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
5M 6.8 0.4 35 1.0 6.6 0.4 3.1 0.5 6.4* 0.4 3.2 1.0 0.124 0.678
15M 72 0.4 36 14 7.0 0.4 34 1.3 6.9 0.4 33 1.1 0.180 0.908
30M 73 0.7 45 1.2 72 0.7 38 1.0 7.1* 0.7 36 1.0 0.672 0.101
0.069° 0.115 0.52 0.319 0.036 0.666
p—value
0.001° 0.001 0.001
2 : Using a constant temperature water bath(CTWB), No constant temperature water bath(No CTWB)
°: Vertical One—Way ANOVA statistics (5, 15, and 30M)
° : Horizontal one—way ANOVA statistics (1, 3, and 7 day)
1 T—est statistics of inner diameter and outer diameter
* Significant differences using post—test of Tukey
v, & Qo] oE A EHE AZF AZRE GE(GE, 108)
slof AABAL A SEB ol MHA B4
UV 37| 9] A S TP AR EZ2 7 st Aol EHEk %!7& A A AREE AL Q)
A AT EA G A RO, 0IF o u1 79 olufell 4% Wk EA3] §1shA 327t

7] flelA 7 e® UV

£ o5 98 skt olE %@}a}z gt UV
LED a4l what Aubat 2ke) A (315—-400 nm, UV—
A), Zup 2194 (280—-315 nm, UV-B), @b =}
2} (100-280 nm, UV-0)& &7 &= ek, 77+

W] whet ARg-Folrh Dbzt Endruweit et al.,
2006), 04;Loﬂ/<1 A3

P UV 73} 521 315-400
o oz UV-A W3] sidsl= UV
78‘5—}7]% *P%diiﬁ‘r. UV 4sp7|9] 542 400-405
nm/460—-465 nm . & UV LED 5}3-& Aeglo] 7H55}
o, JAgEEe gsWolch Y%y A Y - A 4
H‘FSHH YAE S471E ARk b
WY 0-20 mm, 358 0.01,

H 774 1.5 mme] EF 02 ulA|
AlE =7 *l Trﬂl St S 7HA] L Q)

A pgofoll A HRE AlAge s HIFo RN X7
A BA7R] 5120l ghRslia) sk Qo] (one—day)
7S 353 tHYang et al., 2019), & A
|4 AR&3 3D ZelE| UV A= Al 23]ALe] Aaks)
= AR 30222 AAJSEL 9lont, eldo] A =R e
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ARk Sk, 2 Aol AHgE UV 48 4
30% o4 UV %8k sk v, rr+am 5M e
© 5 5ok A8kE Aty tRel HF A8t %
o) 514 K Apefel ) S5 stk Ak Ak
Fesezel 39 U 1AL BASAL A9 4580l
Zhash @4ko] LRI, Cho & Lee(2008)0] oJsie
AAG PASEAE 2447 ol FAS 53}
o] dojutty stglow, TUZE $ES F4AOR
% 0,431 1% AT Sk L AT E L
ezl AAHAE A9 WANAE 0.1-0,4%2 e}
ston], 9|ZolAE 0.2-0,9%% BT Ao Ul
Wk, whebA] B oA ARG UV 78t 519k 7]
PAEAS B GAS L BerET Ea
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Lee, 2008). L&t} & AtelA] ARGSE UV A3} =%
0.5 mm, XS 6 mm=z AZt AL UV H
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Wk opyet 17 i Apdxjotet 5 E .
=2 ke 4= ok et 3 B = FAE
ol AR % AN E4H7F FEolM= - 3 3PFollA] TeshA| $]ofA]
A 5t Yebd 4= Qloh, 53] g2zl 74z o] mekek AR gAZE it 2 A
M Heh2 3; 3] AlTkE Bl Aol tf 404904 IXAE UV 43} %
5 BIsiAl 3A UERTE Lee 5(2010) £ 326 AlEtuAIE A4S
A= PMMA FAEC R sk A9 o o] sl3lth o] gt SRS IS0 4049914 84181= 0]
WersE e e s Hyon S4H R0 5 6 mm, AF 4 mmE AlHE AZE] mjEe] AlHo|
Tl 7] auks doA FAAY 7A H & FoA= :_}\o'% WAE 4= 9lem, UV 43te] Zlo] &
g JEe A gt shgict At 2 A AE SAEE Al WSS AAsk] 2 AFE A
TE ol 5, WAl webA 714 ke AEe skl
AE S ofof & Ao AYZETE 2 AFE JYPstHA B 71R] A F o] EAfRi), ¢
UV 23t Al 4ol QlojA 8oz A&bste]  AollA ARgstaL Qli= 2|38 3D ZHEE ARESHA]
QAT WS AU YA WAolA 5 gl UV A37|vkS ARgstelen, B o g ALgs}
Eo| ZA Uett), Park & Choi(2017)+ EH% & $AAGS AU AMESHA| o4l 258 H7l
PMMA AR5 ARg3te] AEge] Al HS A&sto] 5= glo] Uutstol A7} 9l
SES BAsIE, 9olA W HEe R 59 FF AtollA= ilﬂ% 3D ZHEIE AFESto] QA
ol AA vepytthar silet, oledt A2 UV A3t 5E< Qo] &Y a3 wojA] a3 & At
glx1o] sol AdollAl gel AeiE W3bsk= A -5 thE 5P A7 Dasit B3 UV 7189 giF
4o 7I91%k Ao g Wk, 58] UV 2AF 27]0] Aog ARgstal Qe ApEdEiliae] +5u3E
£ AR EEHRIEAT EE AWRES])RE H3Eo v F7FEAE s e vt gk
A W7 FL7E 9 BT f548 AvaA 5T
)7] wj&o]ekal Tt th(Park & Choi, 2017).
ZF A A 9] %‘?&#5?—% SAst7lo qlolA] theFst V.ZE
350] EAg), WA (dilatometer)= H|wLA 4
A9 % +E5ES 540 7Fest 2 5= AMESE F| L Aol A 3D ZHYE UV A3t =29 &
of Hu|HslE S4517] wie] £ 2ol vizkst & WHE €Wkl oy f£E5E g W FE
tHlga et al., 1991; Park & Choi, 2017). 3+ {54 7} £5310eh 2 AtolA= UV A& AR
el SHAA(LVDT transducer)E ©]83% 54 W FE A v 22 2485 A8} 3D ZdEE
HE e}, Tt ofefet WS o] @S B UV A3} $Al= UV A3AIte] AojAps $5E50]
=3Z HAEA W9 AAE Sl ASs] dwell = STy 28 Aol fidlen, 4 Wl 5E
% A Yebd 4= ltk(Feilzer et al,, 1989; Park & £A41517] 9laliA AlHS kol JAASAS 4
& Choi, 2017). Watt & Cash(1991)°]l oJaljA] 7fde ¢ X&st= Algto] dojdaE FES FTo=sy
‘bonded—disk method & AHE-8lo] SAHAI= 0“‘% Ayt B At 7o & UV A3t 4419
Bonded—disk method SgWH-2 Al HS| F=AE I W S et R A xEH0
6 mm= AAEE ok W] 54 *1‘*1§ Ol Fo| A of ghrhal ket
FTAEES S5 ol A 5
Cash, 1991; Cho &
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