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In vitro evaluation of the wear resistance of provisional resin materials fabricated

by different methods
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Purpose: This study was to evaluate the wear resistance of 3D printed, milled, and conventionally cured provisional resin materials. Materials and methods: Four types of
resin materials made with different methods were examined: Stereolithography apparatus (SLA) 3D printed resin (S3P), digital light processing (DLP) 3D printed resin
(D3P), milled resin (MIL), conventionally self-cured resin (CON). In the 3D printed resin specimens, the build orientation and layer thickness were set to 0° and 100 pm,
respectively. The specimens were tested in a 2-axis chewing simulator with the steatite as the antagonist under thermocycling condition (5 kg, 30,000 cycles, 0.8 Hz,
5°C/55°C). Wear losses of the specimens were calculated using CAD software and scanning electron microscope (SEM) was used to investigate wear surface of the speci-
mens. Statistical significance was determined using One-way ANOVA and Dunnett T3 analysis (o =.05). Results: Wear losses of the S3P, D3P, and MIL groups significantly
smaller than those of the CON group (P <.05). There was no significant difference among S3P, D3P, and MIL group (P> .05). In the SEM observations, in the S3P and D3P
groups, vertical cracks were observed in the sliding direction of the antagonist. In the MIL group, there was an overall uniform wear surface, whereas in the CON group, a
distinct wear track and numerous bubbles were observed. Conclusion: Within the limits of this study, provisional resin materials made with 3D printing show adequate wear

resistance for applications in dentistry. (/ Korean Acad Prosthodont 2019;57:110-7)
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243 BEE JFg o] expyt A 7Hs/do] At 1980
computer-aided design (CAD)E ©]-8&35}] X} 771<loA|
Ot HEES XIS, B& HEjQ] A} S & milling machine
© 2 HAF 7}-F(subtractive m'clnufacturing)6]—b o] A7)
9 o]%, XIZ7HA] x|FHEoollA ZHA AMEE|T gk CAD
software®} milling machine2] Y& o 2 JA| B A& 9] &|Z}7]
Zhol BEEn TS} RGeS Bek ok F gt
o) 28 AT 5 A SSIeE ol 2 e
A 7)1 9 A Z o] ARV Ea FH| uAsk Zo] F7)=
E—Kﬂﬁol E__T_V_E]O“E]- 11,12,14
ZF]Foll= AF 713 (additive manufacturing)sHQ1 3D ZHE
716€ olgdl AN BARS Ao R A4 Thge B
olgi R aw o] BAHT YRSl oAl 29 Ad SEe
28k 4= glr} 2110 x| 3k E ool A= fused deposition modeling
(FDM), polyjet photopolymer (PPP), Stereolithography appa-
ratus (SLA) 18] 11 digital light processing (DLP) 3D &7}
AHEE] T QIek! o] Z SLASQF DLP 3D ZHEZ} YAl REZS
Aeelt] F2 ol 4EIT Ik 5 2ele BE 75 ol
FRE AHEolH FEF o= ZetE= Hels 2 oY SLA 3D
ZHEE H(point) T, DLP 3D ZHE|E= H(face)FH=E 2 =
& 78k AT Ao/} ek QA wEEe Fade 4B
E /\]Eo] Equ]- Q—y ol= E]—E }\TE’J J,],,_ Eﬂ%o] Jg-zq-
7] B7pR] QA mAEO] 717E AFgElojo} ki ol
S 2 Qe QA BAEe] 77 oAl 371z AAER
715 = st7] ffellM e SES 71AA ek tiutiAds 7hRoF
Ho. " £35] AEsix] £oF Yot g S EAE, thgx]o ot
L3 ORE doAM sEE B diehx|e] AAolu whEE o
o7 4 QU ol wn AN MEEE GAE oE ok 3
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o] AFFAIZY] A7 BEE T, Az F o
o} ojofl whe} 3D ZAY 71&LE 7]E YA B
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Table 1. Materials tested in this study

74K 3D Y 7|&2 AlEE JA] =58 A 5o T A3y
At 7IAA ZE 9 FE R H3EAL, ol 71ES] AE

WAET Hlasto] B2 3 7IAIR A et B S eI
O npR ek FEE Age A gl Aot w3t &)
< =& 71&o] obd Ul 7l =2 78 H 3D ZYH B x]3-E
Mot dighx|ete] ntR =g Hla gt
Aol e FE =U 7IeR g

29 01;0
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3D ZUE YA $EE
oRg 71E0] A 7hed 2 AERS W] thE oA 42

& HRS 9t Gd= vl F7 el AL sk

ERTL
1. Mg
Aol uhet & 4719] Fo g ERsal v} o]

W5l o shx| 2 & steatite (Yamamoto trading Co., LTD.,
Osaka, Japan)S AF235}9c} (Table 1). S3P+: SLA 3D =&
E|(ZENITH U, Dentis, Daegu, Korea)2} 33743 4=X](ZMD-
1000B TEMPORARY, Dentis, Daegu, Korea)& #|zHst 2,
D3P+ DLP 3D ZHE/(DIO PROBO, DIO, Busan, Korea)2}
Z7335Hd £X](BDCNB-50, DIO, Busan, Korea)2 A|&}Fgk o,
MIL+%: Milling machine (ARUM 4X-100, DOOWON ID, Dae-
jeon, Korea)¥} 2=-8 polymethyl methacrylates (PMMA) &
(Tian Shwu Co., LTD., Anding, Taiwan) .2 A|&SF o, CON
o AEAQ W HY X}171355E PMMA (Tokuso Cure Fast,
Tokuyama Dental, Tokyo, Japan)= A|&SF .

2. g

A AEHS 95k HA CAD software (ThinkerCAD, Au-
todesk, San Francisco, CA, USA)Z X]E 3 mm, 9| 7 mm2]
Mok Bo7t 5 YE3S gARRIsH, steatite 5o EH5t
itk dyst B228 4A8k2(DuoTron Pro, B&D Dental Tech-
nologies, West Valley City, UT, USA)ol|4 AZs}o] 3|5 £H4d
stlom, F 20709] Al AEFSEITE. 15 x 15 x 13 mme] A

Group N Method Product Manufacturer Type
S3p 5 3D printing ZMD-1000B TEMPORARY Dentis, Daegu, Korea Acrylate Photopolymer
D3P 5 3D printing 3DCNB-500 DIO, Busan, Korea Bis-acrylic
MIL 5 Milling TS Dental Tian Shwu Co., LTD., Anding, Taiwan Polymethyl methacrylates
CON 5 Conventional Tokuso CureFast Tokuyama Dental, Tokyo, Japan Polymethyl methacrylates
- 20 - Steatite Yamamoto trading Co., LTD., Osaka, Japan Steatite ceramic

S3P, SLA 3D printed resin; D3P, DLP 3D printed resin; MIL, milled resin; CON, conventionally self-cured resin
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22 E5E olgsto] A F7H 4 mm = EEHES 7 2
(Orthodontic resin, Dentsply, York, PA, USA)ol| Zufj5}$3ict.
of gl steatite AlHS £ FH A Qg FRHPO R % W
£< 9Heigit

$E8 7 A|lEE AERH| Y51e] CAD software® 11 x
11 13 mme] 2§ HAE trkIsiic. B2 712 go] ojg A
H A=tol|= SLAS} DLP 3D Z2Ej7} A2 Qlc} R4 o
AIE sl S 3D ZHE R JAEE &, AT 4ot T #AE
242} 0°9} 100 pm= A7gst3ich. 80 FAsHd +x17F g7
Ae w0 ZHEY ZH;Fol z Fo7 FE|Y wiet HFH
A A S ol B H ARAIRH AEo] gheE AlESE
T ERZoA RMASL HE9] I E5uAF7]
oA 307+ MEgH &, 33355 7](DENSTAR-300, DENSTAR,
Daegu, Korea; Probocure, Dio, Busan, Korea)ol| 2ojA ZE 7
ShAlZich AL 7ol OJgk Al AL Sisl B iRkl
1} computer-aided manufacturing (CAM) software (hyper-
DENT, FOLLOW-ME! Technology GmbH, Munich, Germany)
2 Aesty TEARE AASHY o™, milling machine & 2
PMMA 22& 20sioich MERQl WS o &3k AR Azt
S 11 x 11 x 13 mmé] A E= AVEEE PMMAE 7
A Eeo =M st BE #5& & A2 15 x 15 x

od.

2 o

Fig. 1. Preparation of the steatite specimens.

13 mme] AlEl2 Boo] B dxloz Tojsisich. LojE A
H-E #600, #1000 A2]E FHato]E Fo|& o] &4 AP
2 SAnlsIc. Steatite A1E3} SUsHA 25 B4 Al Za g e
Helx FOIES 7t 22§ e AlTlo] WAstsich (Fig 1)

u R = Al A Al Q] Standard Triangulated Language (STL)
UL 7] Y8l 3D A7 (MD-1ID200, MEDIT, Seoul, Ko-
rea)& o] &5}04 Lulg A[HE A}, ohE AR S5}
T, $E50] 7Hs e AF A AP 7](Dual-Axis Chewing
Simulator, Taewon tech, Incheon, Korea)E AF85}%1 0.0, A5
o= steatite A, SHF-oll= 58 27 AlHE H-8-9] jigel 1L
Ao} (Fig. 2). SHLE 5 mm, $5125 2 mm, 455158
49 N, $E-FHEE 0.8 Hz2 AA3lal 5°C/55°C Z740A
60E7A 0.2 A3 Ao} m, F 30,0008] Aleislgict.

oheE AR F, 588 H5 ATe] STLIAE 7] sto]
ohe M EUsl7) 3D 27HUE ol gstod AL AT,
o o] STLYE CAD software (Exocad Dental CAD,
Exocad GmbH, Darmstadt, Germany)ol|4] F33slo FLSH
FEFE 7RIS AR5t CAD software (Fusion 360,
Autodesk, San Rafael, CA, USA)E o|-8-5}0] TS = E S
7R vt He o] STLH Y S B8 &, RyEFo| 7H5g
solid U 2 HEFsIC) nfE 29| 7hS sectiondlo] npREF

Table 2. Mean values and SDs of wear losses in each group (unit: mm’)

Group Wear loss
S3P 3.178 £0.791°
D3p 1.507 £0.853"
MIL 1.349 £ 1.070°
CON 8.242+£2.625

Same superscripted letters mean that values are not significantly different
(P>.05).

S3P: SLA 3D printed resin; D3P: DLP 3D printed resin; MIL: milled resin;
CON: conventionally self-cured resin

Fig. 2. Preparation of the resin specimens. (A) S3P, (B) D3P, (C) MIL, (D) CON (S3P: SLA 3D printed resin; D3P:
DLP 3D printed resin; MIL: milled resin; CON: conventionally self-cured resin).
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Fig. 3. Measurement protocol of wear losses. (A) Solid file of specimen before the wear test, (B) Solid file of specimen after the wear test, (C) Sectioning the
worn region in the overlapping file before (A) and after (B) test, (D) Measurement of wear losses of worn region.

= 575k}l (Fig. 3).

g 7 AlTe) Uhm kg BARA] X2 1R(SPSS, IBM,
Armonk, NY, USA)& AF83lo] LYuljx] EAHEA(One-way
ANOVA)Z EA3}11, AFS74Z-E Dunnett T3 analysisE ©]-&
sfel 7t o] ol e AEHAT (a= 09).

L

A & 7 2 vRFE T P REHURRS Table 2
3} Zrkth. CON(8.242 + 2.625 mm’)2] npReFo| 714+ 710
o, S3PZ(3.178 £ 0.791 mm®), D3PZ(1.507 + 0.853 mm’),
MIL(1.349 + 1.070 mm’) 0.2 =Fgkch. CONZLo] up ke
S3P, D3P, MILH T} -ol51A] Z1oM (P < .05), S3PE,
D3P, MILT Atojoll= BAIE . = folgh xto|7} it (P>
.05) (Table 2, Fig. 4).

R = Ay & 7t o] npr o] FAPAALAR| A AFE
5ol eIt S3P} D3PToll A= tigA] o] &5 &
w2 nte A3 gEo] &5 Yl disl sxEo R g
Exo] B on, o] D3P HT} S3PTolA Bt
SHAl TR =R gHE, MILTollA= ARbe o2 U3t o}
By HEo] 240 4R F3 EAX Uk EF0] Hilo
CONo|A= thdx|9] &5 el mhg 3% up S5
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2.000
0.000 - I . i

S3P D3P MIL CON

Fig. 4. The mean value (mm’) and standard deviation of wear losses of the
resin materials after wear test. The columns connected by bars were signifi-
cantly different (S3P: SLA 3D printed resin; D3P: DLP 3D printed resin;
MIL: milled resin; CON: conventionally self-cured resin).
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x 50 magnification

x 1000 magnification

Fig. 5. SEM image of the worn surfaces of the resin materials after wear test
(S3P: SLA 3D printed resin; D3P: DLP 3D printed resin; MIL: milled resin;
CON: conventionally self-cured resin).

22 OlFR inviro AP0 F2 AT E I lom ¥ 2 Ao
NE in vitro ABE B3] AN 528 Azl HREE Bk}
A} sigick. g, 2 Qpo) oAl 2 W) ERgss)
At steatite® AEB}0 0, 3D TULE 7]4& 0l g5to]
1N 558 A28 W71 71E AT 100 um 5 S}
PV ol 2l0jSe kg ZMITHL Rl et 2 Ao
HE 100 umE H2 FAZ AR vk AR $151
2% 0 2 27%]0]= chewing simulatorE ©]-835}91 21 two-body
o Ao 2 FIPE|Qlrt Two-body HFE Al UutR/d&
Agstet] BHA o2 o] &5 R]otet tigtEls AlES AR
o 2 FHEAAM FPEE nprAlgold 2 Age ojF o
TollA AHEH 49 N9 3l& Az o & AR5kl Azke-a
A0 Q1A aging G 7} nh R ThoyE-E o] A|H| ZTHFEl=
A& 97 9l5te] BLFH(5°C/55°C)S APt i Ee
2 A AEFe-E2 o] 240,000 - 250,0003] AlS¥5tar €
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CONZM utR =7} 715 7o, MILTEo|A]
g =ttt sHHE, S3PH, D3P, MIL#2 CONT-
S Hylon (P <.05), CONTZE A|¢Js R E

3 FEE AgE 712 A EF v|wske] H|SSk Ujap
23 BAFQtha T 4 Qs Aol o]g At ARE
B 79 HRow o] kil AlgHTE CONTY A7
33 PMMAE A28 U2 = £x19] Hno ug #x &3
g Foll 71327F AT 4= QL (Fig. 5), o]k ¥l 57k
2 71AA A=t 27w o] Yolo] ek ? Albashaireh S
2 FALEE VK= A8A =2 nfR e 8 Heltty B
Stofl whet CONTOA 71 B-& nprafo] Tzt 2 ool 4
HE ojx J= FHbRE 4= gloglg AZtETh MIL+9] 2y
£ PMMA EE-¢& cross-linked PMMAE 7|d9to 2 Ak9] 27
oM Az DR FEAZA =& 7|AE Pt e
FAE K7 wjio], S At de ntR s HYS Ao R A
zrsk 4= ik ghA, 3D Y 7|& 2 AEFE S3P¥ D3PT
& MILT Et} At o 2 e ntr ks Hel=r|, o]l= A&}
Walo] w2 xfo| 2 Az &, MILZS 1 E 9]
PMMA £2& H2} 713 o 2 AlErsh= i,
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ORIGINAL ARTICLE

H|ZHeHo|| 2 QIA| 222 |19 OfRX{SHdo)| 2H5F (1L

EH: B J7o] BFL F= 71F (additive manufacturing)H, A 7}g-(subtractive manufacturing), A5 A1 Bl Ho|| w2 QJA] 4~ 528 |7l nf
A e BARE 2ol

e E W Aol w4719 Fo 2 Urlor, ZF 72 F8-9] IA] £ 5-§ #|X1 S ARE-SHITE: S3PT, Stereolithography apparatus (SLA)
3D = 2 A A X2 A|EFSE o+ D3P, Digital Light Processing (DLP) 3D Z&E 3 A-89] B74351] X2 A& o+ MILT,

d oo
1o
o
oN,
o

Milling machine 3! W8 71 2502 A 2 CONT, HEH ¥ © A5 H7lo2 Aast 2. 948, 3D =g o AlEe Az
ol 9lo] B2 7hee} 2 TS 247 009} 100 um ARSIk AU B4 AEs7] 9stol dedt Aot 47, 452 50| 7157 25 chew-

S
ing simulatorg AM8-5H 21, SholE S5 Ho| HFstA AIEHE Al 58 TS, FFolE B0l 3 mm 27E& 7HR]E AE P9 steatiteE 117
Shof mER AR ZI3YSEATHS kg, 30,0002], 0.8 Hz, 5°C/55°C). YA 58 2|71 9] np e nhR % 9] Standard Triangulated Language (STL) <
3} 7-8-9] CAD softwareE 0]-§-510] F3]& ALteIlar, FAPARIARH © & nfi oF/d-S v ast3ict.

Z1}: S3PT, D3P, MIL€] HE a2 CONTLE T {25k 219kow (P <.05), S3P<, D3P, MIL: Afelolli= BAISA 0. 2 fofgk Zto] 7} §l
At (P> .05). FAPEAAR| 0 2 npR S Pk A3, S3PTat D3PI thx|e] &% el thsl x5 02 Zabzrl S o)LA=t
MILol M= ZRPE 0 2 3t gk npr o] Bl v, CONol M= theA] &5 o 2o 313t npt Ex3} tha o] 7|27} =3l

ZE: B AT 3 oA, 3D THYE YA $E-& 1S x| ohg o 2 A AEG npr KIS BT (hekR] 2 H 3R] 2019;57:110-7)
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