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Comparison analysis of fracture load and flexural strength of provisional restorative resins

fabricated by different methods

Won-Tak Cho, Jac-Won Choi*
Department of Prosthodontics, School of Dentistry, Pusan National University, Yangsan, Republic of Korea

Purpose: This study was undertaken to compare fracture and flexural strength of provisional restorative resins fabricated by additive manufacturing, subtractive manufactur-
ing, and conventional direct technique. Materials and methods: Five types of provisional restorative resin made with different methods were investigated: Stereolithography
apparatus (SLA) 3D printer (S3Z), two digital light processing (DLP) 3D printer (D3Z, D3P), milling method (MIL), conventional method (CON). For fracture strength test,
premolar shaped specimens were prepared by each method and stored in distilled water at 37°C for 24 hours. Compressive load was measured using a universal testing
machine (UTM). For flexural strength test, rectangular bar specimens (25 x 2 x 2 mm) were prepared by each method according to ISO 10477 and flexural strength was mea-
sured by UTM. Results: Fracture strengths of the S3Z, D3Z, and D3P groups fabricated by additive manufacturing were not significantly different from those of MIL and
CON groups (P>.05/10=.005). On the other hand, the flexural strengths of S3Z, D3P, and MIL groups were significantly higher than that of CON group (P<.05), but the flex-
ural strength of D3Z group was significantly lower than that of CON group (P<.05). Conclusion: Within the limitation of our study, provisional restorative resins made from
additive manufacturing showed clinically comparable fracture and flexural strength as those made by subtractive manufacturing and conventional method. (J Korean Acad

Prosthodont 2019;57:225-31)
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AME3l= £ 7 2= stereolithography apparatus (SLA), digital

light processing (DLP), continuous liquid interface production
(CLIP) photopolymer jetting (PolyJet)o] 91 0.0, x|z} Fofof 4]
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Table 1. Information about methods and materials used in this study
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%‘/\l FEES AEcte WHY Algo] et T 57 2o
Fohlom thE3t o] TSttt (Table 1). S3Z: AAL

9] SLA 3D ZHE(ZENITH U, Dentis, Daegu, Korea)2} 3473
3} 4~X|(ZMD-1000B TEMPORARY, Dentis, Daegu, Korea)Z

AHESE o, D3Z: AAFS] DLP 3D X 2IE|(ZENITH D, Dentis,
Daegu, Korea)Q} 34733} 4X](ZMD-1000B TEMPORARY,
Dentis, Daegu, Korea)E A3t o, D3P BAFS] DLP 3D
Y& (PROBO, DIO, Busan, Korea)2} F 733} 4X](3DCNB-
500, DIO, Busan, Korea)E A5t o+, MIL+*: Milling machine
(ARUM 4X-100, DOOWON ID, Daejeon, Korea)¥} polymeth-
yl methacrylates (PMMA) &E(TS PMMA block, TS Dental,
Tian Shwu Hailiao, Tainan, Taiwan)& AF-8-§F o+, CON<E: Con-
ventional }A17} X}71 58} #%](Tokuso cure fast, Tokuyama
Dental, Tokyo, Japan)-& AF8-5F .

A7 S 8 AL CAD software (Exocad Dental CAD, Exo-
cad GmbH, Darmstadt, Germany)2} milling machine (ARUM
4X-100, DOOWON ID, Daejeon, Korea)S ©]-&35}o] 74 5
mm, =9°] 6 mm, A% 3°, 718|311 chamfer margin 1.2 mmE
71X)= 5719 &4 tholE A|EFSlAL clear resin (Orthodontic
resin, Dentsply/Caulk, Milford, DE, USA)of| Euj5}9ict. &
A FES Feke AES ojs) AFE 24 TholE 3D A7y
(MD-IDZOO, MEDIT, Seoul, Korea)& ©]-835}0] A705}31 CAD
software (Exocad Dental CAD, Exocad GmbH, Darmstadt,
Germany)Z w3 T/ 1.5 mme] A1x] Fef2 t)xIeIse]
o} (Fig. 1). YA 522} 55 tho] Abo|9] AIMIE F7H2 0.03
mm= AR5t} S3ZE, D3ZT, D3PS 7Hz+e] 3D =E
E{g}- 7:-].9.9,] 311—739]-/\4 /\7;]‘:'— 0]8. ].o:] 7:-17'< 7} ].Oﬂt,} }\]TE]
o FUAEL BREY 2HUH 07} HES AL F 7
= 100 pym2 A3}t MIL7+2 PMMA £&(TS PMMA
block, TIAN SHWU CO, Hailiao, Tainan, Taiwan)< milling
machine (ARUM 4X-100, DOOWON ID, Dagjeon, Korea)©.
2 HAslo] AzFslth. CONTo) AlH AR s &4 &

Group Method Product Manufacturer Material Type
S3Z SLA 3D Printing ZENITH U Dentis, Daegu, Korea ZMD-1000B TEMPORARY Acrylate Photopolymer
D3Z DLP 3D Printing ZENITH D Dentis, Daegu, Korea ZMD-1000B TEMPORARY Acrylate Photopolymer
D3p DLP 3D Printing PROBO DIO, Busan, Korea 3DCNB-500 Bis-acrylic
MIL Milling ARUM 4X-100 DOQWON D, TS Dental PMMA

Daejeon, Korea
CON Conventional - Tokuso Cure Fast PMMA
226 iR b RssiR| 57 35, 20194 72
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Fig. 1. Specimens prepared by each method for fracture strength test. (A) S3Z, (B) D3Z, (C) D3P, (D) MIL, (E) CON. S3Z, Resin printed by ZENITH SLA 3D
printer; D3Z, Resin printed by ZENITH DLP 3D printer; D3P, Resin printed by PROBO DLP 3D printer; MIL, milled resin; CON, conventionally self-cured

resin.

N 7EE YA £EES 35 Tolo] wAshn AL Q)
(Imprint IT Garant regular, 3M ESPE, St. Paul, MN, USA)E 9]
&5t EEE AFEelitt EEdE e #Xlo] whAutz
S YRS PHS Yo R PYLS PG YA 22
=% toloA AMAG =, 4 thol flof] 0.03 mm FA2] T}
o] A#|o]A(Rubber-sep, Bisco, Schaumburg, IL, USA)E =3
519t A|EHSE & & (Imprint 11 Garant regular, 3M ESPE, St.
Paul, MN, USA)of| X}7} 53t & %l(Tokuso cure fast, Tokuyama
Dental, Tokyo, Japan)& R Z=AHS] A|Ale] whe} 1:1 E]Fste] 5
dstal, 24 tholof Adste] 3830 7t st & Bkt
7t 73 A S EES F 8704 AlE st

HHZEE F7I6H7] A, 35 tolol AEE Uil o5&
AIHIE (Tempbond NE, Kerr Co., CA, USA)Z g=hslal, 37°C
o] ZR40] 24417 BT HELE 2R foto] uni-
versal testing machine (Instron Co., Canton, Orange, CA, USA)
= ARgSElen, £l 4 mm 29| F Fd= 7HRE 55 A
5 olgst] £ 1 mmo| £ 2 A|HO| FAlo] tisf 90° 7}
L2 47 shsg 7heklt (Fig. 2).

ZFIAZE L AJHS 1SO 10477:20040] wa} CAD software
(Exocad Dental CAD, Exocad GmbH, Darmstadt, Germany)
225 %2 x 2 mm 27)9] 22AEE G ABS TRIeY
t}. S3Z+t, D3Z+, D3PS PEZ S8 Al AlEH g} FUst &
7oA Zk2te] 3D ZdE|et -89 FAsHd XIS o]&-5Hq
A= 71g3t on, MIL7-& PMMA E2(TS PMMA block,
TIAN SHWU Co., Hailiao, Tainan city, Taiwan)= &4 7135}
of Azt &5 CONTE AlH #|Zhe] o3t} vhE/de

Q5 25 x 2 x 2 mm A7]¢] A& &= (Imprint IT Garant regu-
lar, 3M ESPE, St. Paul, MN, USA)Z ®|ztstgl o, xp7} =3t
2| Z](Tokuso cure fast, Tokuyama Dental, Tokyo, Japan)S T
Skal o= gd o 2 1.5 kg9 shE= 7hshe] 37 30237 et
715 2F stgick 2 23 % 10709 #A AlTS AEHS

t} (Fig. 3).

Fig. 2. Fracture strength test with the universal testing machine.

Fig. 3. Specimens for flexural strength test. (A) S3Z, (B) D3Z, (C) D3P, (D) MIL, (E) CON. S3Z, Resin printed by ZENITH SLA 3D printer; D3Z, Resin printed
by ZENITH DLP 3D printer; D3P, Resin printed by PROBO DLP 3D printer; MIL, milled resin; CON, conventionally self-cured resin.
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Fig. 4. Flexural strength test with the universal testing machine.

FRAEY FZL AHEE 37°CY] 70 244 B &
universal testing machine © 2 373 3] A|FS 5ttt & XX
the] Azj= 20 mmz ARSI oM, £ 1 mme] £ 2 AJH
o] F4loll disl] 90° Zt= 2 AlHo] upEE wj7hx] 5t 71ok3l
o} (Fig. 4). AlHo] P = Al 716li%l o5& N ©@el2 &
Fatgon, g ZAO R F3 5 (MPa)E AASR"

o =3F1/2bh’

o: 227 (MPa)

F: Algto] 718 23 5HE(N)
1: K|x]ch 7+] 712 (mm)

b: AHS] Z(mm)

h: A1} 7 (mm)

EARA = BARA TR2I(SPSS, IBM, Chicago, IL,
USA)& AH8-514] Shapiro-Wilk= Zg1/d< A7gst3ict. 22
Zzof wh2 # 7HH S s ¥l24 SAEQA Kruskal-Wallis
test@} Mann-Whitney U test 2! Bonferroni correction (o =
05/10 = .005)2 Algsigon], 22750 g 2 7+ vl g
YA AP R ARE A (One-way ANOVA)Z} Dunnett t3 A% (a
~ 05)% At

N 5 spagEel YRkt EEUAHE Fig. 5, Table 20+ 2
okt}. AT = DIPZ(1069.15 + 153.23 N)ol|A] 7b8 21
D3Z2(1020.99 + 139.13 N), S3Z7(987.50 + 74.37 N), MIL
T (748.49 + 135.61 N), CONZ(678.48 + 152.16 N)&= 0. 2 %}

228

ok} 8374, D3P A7 T = MILE, CONTRT} =2 ZF
< Bgon (P<.0510=.005), D3Z7¢] IE7 5= CONT
1} 8ol5}A =} (P <.05/10 = .005). 3+ S3Z:E, D3ZE,
D3P %! MILT, CONT Atololls TAF 2 {93k 2ol 7}
AT} (P> .05/10 = .005).

7 ¥ 2345+ Fig. 6, Table 33 Zoth 23 4%
L MIL(168.57 + 2.06 MPa)o| 7} 3.1 D3P(146.37 +
7.52 MPa), S3Z(116.08 + 14.46 MPa), CON<(89.54 + 6.99
MPa), D3Z1(46.83 + 3.44 MPa)g= 0.2 =it} A 7} o]
B folgk xfo| & Bt (P <.05).

1400 7
= 1200 1

1000 1 ‘IL %
800 1

600 1
400 1

Fracture strength (N

200 1

S3Z D3z D3P MIL CON
Groups

Fig. 5. Fracture strength values of tested group (unit: N). Values followed by
the same letter were significantly different (P <.05/10 =.005).

Table 2. Fracture strength values (mean + SD) of tested group (unit: N)

Group Mean + SD Maximum Minimum
S3Z 987.50 + 74.37™ 1070.50 853.03
D3z 1020.99 + 139.13° 1325.48 879.72
D3P 1069.15 = 153.23* 1435.53 893.00
MIL 748.49 + 135.61 993.86 557.62
CON 678.48 +152.16™ 875.25 317.60

Values followed by the same letter were significantly different (P <.05/10 =
.005).

180 1
160 +
140 1 _}
120 1
100 A
80 1
60 1

40
20 1
O_

S3Z D3z D3P MIL CON
Groups

Flexural strength (MPa)

Fig. 6. Flexural strength values (mean + SD) of tested group (unit: MPa).
Values followed by the same letter were significantly different (P < .05).
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Table 3. Flexural strength values (mean + SD) of tested group (unit: MPa)

Group Mean + SD Maximum Minimum
S3Z 116.08 + 14.46" 140.70 97.46
D3Z 46.83 +£3.44° 52.13 41.63
D3P 146.37 +£7.52° 157.46 134.51
MIL 168.57 +£2.06" 171.19 164.36
CON 89.54 £ 6.99" 102.83 81.04

Values followed by the same letter were significantly different (P <.05).
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FLZ L= PMMA #Flo] A% MILF0] bis-acrylic
Hzlo] AH8H DIPHET £2 234 EE B ols
PMMA ££9] bis-acrylic HIZ1Et o] &2 7|AH 545 7F
Floh= X3 A Avkel Ax|ghe} $HH FUS PMMA HF1E
A8 MIL72F CONT-9] F3 7% vl A MIL7oA o =
23S B8, ol B35 P SAIES HA 7hasto] Al
25k 2 X7t 25 powderst liquidE E351o] AlEsH=
Zof| w2 ztolgta Atz ¥t & MIL#9 PMMA E2& A%
Aol A AEFE Bl 712 F A4S} ot QHYEQl FF ol 7Hs
& wutk ol 119 71ed Yzt o| &2 vhH, CONT2 &
AHe] Adat s s upet mMx 2 Foll AFHE nlAl 7|12 5
o] 274 %ol Y¢S v|R Aoz Atz Ech

ShH, D3P D3Z12 A|RA= ThEX|TF 5% DLP 3D
THHZ, ST S Rfo] SR v, SEZ =0

A vk ghe eI o) 1SO 4o wat Azte =
=4 AHIHe g EL TS A2 IS0 40] obd ¢
FE O 2 AHESHE SEES] FHZ ARECHE Ao g g
A 4 1S Zoth? &, FU5HR] & Feju 2oz 9l
SF crack®] Mt 3t ZH& o] 7HA] g 4 E0] AT JF
S FOlE Ao 5T £ b B Aol YAE 17
3} B]sSt 87 270S THET| Y8l Al S 24417 Bt 37°C
o] ZFFo| ARG o AR 17 U] L SAE A5
% 2 pH W3} 5 thofgt @ ¢lo] o) Qake wromn, A=A
U oA FHE Yo A7k AAE S HoF Ao g A}
28

Z4E

2 A7e] oA Yo, A 7o ASE YA 454
Yr1e Hal 7laH 2 AEHel vhHo 2 FIEHE QA S~EE
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ORIGINAL ARTICLE

HIAHOl T2 Al $28 7o) THUZE U 2TUCO| 25t 67

25 ol 5He 1 71, A 7HE Y 9 Rl ool Ak QA 528 elnie sz el 237 8 HLsk Hold
ME Y 247 o2 S 2 AR 571K e AA| =58 HxlS RAFSEIT): Stereolithography apparatus (SLA) 3D ZHEJE 0|83 &
7FR(S3ZT), T 71K] digital light processing (DLP) 3D ZHE|S 0|85+ A= 713 H(D3Z5, D3PE), HAL 7FEH(MILT), 75.%‘73'?_] Al] A

H(COND). AT E AL 72 S ol &sto] A7 A] Fej Al S &4
(25 x 2 x 2 mm)< £H|5}%] universal testing machine (UTM)S A-g-5}o] H7}5}
Zu}: BE 71gS o] &8l AMEE S3Z%, D3ZE, D3P#9] s R = MILE 9 CON—TL.J ATt 808k xFo)7} ¢t (P> .05/10 = .005). §F
, S3Z3, D3P, MIL7-9] 224 5= CONFO| Z2 74 =1t} =40 U (P <.05), D3ZF9] Z3 74 == CONFETE Bkt (P <.05).

dE: & A7 A YoM BF 7o 2 AR AA] 5L #7127 H 7]E AR EE 2ol olef Az dA SRS Rt
AFE o7 fARE AL, SR EE UEHT (]8R] 2R H k5] X] 2019;57:225-31)
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