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Review on additive manufacturing of dental materials

Sun Won, Hyeon-Goo Kang, Kyung-Ho Ko, Yoon-Hyuk Huh, Chan-Jin Park, Lee-Ra Cho*
Department of Prosthodontics and Research Institute of Oral Science, College of Dentistry, Gangneung-Wonju National University,

Gangneung, Republic of Korea

Additive manufacturing (AM) for dental materials can produce more complex forms than conventional manufacturing methods.
Compared to milling processing, AM consumes less equipment and materials, making sustainability an advantage. AM can be
categorized into 7 types. Polymers made by vat polymerization are the most suitable material for AM due to superior mechanical
properties and internal fit compared to conventional self-polymerizing methods. However, polymers are mainly used as provisional
restoration due to their relatively low mechanical strength. Metal AM uses powder bed fusion methods and has higher fracture
toughness and density than castings, but has higher residual stress, which requires research on post-processing methods to remove
them. AM for ceramic use vat polymerization of materials mixed with ceramic powder and resin polymer. The ceramic materials
for AM needs complex post-processing such as debinding of polymer and sintering. The low mechanical strength and volumetric
accuracy of the products made by AM must be improved to be commercialized. AM requires more research to find the most suitable
fabrication process conditions, as the mechanical properties and surface of any material will vary depending on the processing

condition. (J Dent Rehabil Appl Sci 2021;37(1):1-15)
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Table 1. Classification of additive manufacturing methods suggested by ASTM

Classification

Additive manufacturing methods

Vat polymerization

Stereolithography (SLA)

Direct light processing (DLP)

Material jetting (M])
Material extrusion
Robocasting
Binder jetting (BJ)
Powder bed fusion (PBF)

Direct inkjet printing
Fused deposition modeling (FDM)

Selective laser sintering (SLS)

Selective laser melting (SLM)
Electron beam melting (EBM)

Sheet lamination

Direct energy deposition (DED)

Direct energy deposition (DED)

Hybrid fused deposition modeling (FDM)
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Table 2. Classification of materials for dental interim provisional restorations

Monomethacrylate or acrylic resin

Dimethyacrylate ot bis-acryl/composite resin

Polymethylmethacrylate (PMMA)
Polyethyl/butylmethacrylate (PEMA)

Bisphenol A-glycidyl dimethacrylate (Bis-GMA)
Urethane dimethacrylate (UDMA)
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Table 3. Commercially used 3D printing materials for interim provisional restoration

Flexural strength

Manufacturer Product name Composition (MPa) Certification
Detax GmbH . Photo-polymerized Class ITa
(Ettilingen, Germany) FreePrint Temp bis-acrylate resin =100 Not FDA-approved
Mixture of multi-functional
(Vicelr)ljgsltal ) Temporis acrylic monomer, esters of 85-135 Not FCDIQX—SaHarove d
A acrylic acid pp
Tetrahydrofurfuryl methacry-
E-dent 100 late, ur;thar_le dlmethacrylate, ~ 90 Class 11a
Envision TEC phosphinoxide and multifunc-
(Dearborn, USA) tional acrylic resin
E-dent 400 Monomer eb:ttseiil on acrylic 85 FD[EI_ZSSPIII(?V@d
Vertex Dental Nextdent C&B Methacrvlic olicomer 85-100 Class Ila
(Soesterberg, Netherlands) C&B MFH crhactylic ofigome 100 - 130 FDA-approved
Acrylic monomer
Stratasys VeroGlaze, 2-propenoic acid, 80 - 110 Up to 24h in-mouth
(Santa Clarita, USA) ED620 exo-1,7,7-trimethylbicyclo[2.2.1] ) Not FDA-approved
hept-2-yl ester, acrylic oligomer
Dentis Zmd1000B . .
(Dacgu, Korea) temportary Oligomer-based photopolymer ~ Not provided Class 1
Ra Urethane acrylate polymer,
Y Raydent C&B Bismethylene bismethacrylate, > 140 Class ITa

(Seongnam, Korea)

2-hydroxyethyl methacrylate

The food and drug administration (FDA) from the United States Department of Health and human services controls and supervises medical de-
vices to determine if they are appropriate for commercial use. Similarly, the European Union (EU) used CE marking on medical devices that com-
ply with EU regulations, enabling the commercialization of the product in the European countries (ISO 13485). 3D-printed provisional materials
available on the market are CE-certified and/or FDA-approved. Class I CE certification means the lowest perceived risk. Class IIa CE certification
generally constitutes low to medium risk, and these devices area certified to be installed within the body between 60 minutes and 30 days.

T, g HEH A Bisacryiz} £
AL PMMARTH: 98 & AshE ngich A4
1w SHollA AR, AF7HAY] NextDent C&BE
90% ©]/d0]| methacrylic oligomer2 ThE ZHRY(filler) &
8] 5041 5 ok B PIIA A
Q245 AWE B 40% HEQ] barium-boro-alumino

< 5‘}]'%'3]--: is-acrylA| G} -AFSH Z| S
S Byl D2 ME7bT 7EhAlY] QAR
o) 7Y 7ol M BN 42 AU 54
t}. ¥hHo] Digholkar 5'°9] Aol A= XE7HawA <]
microhybrid-filled 532|%1S HA7F2HEAI 9] PMMA,
FEAO AHEFAS) PAMASH v mEG ],
S7H3EAY] AJHO| fooH A R S EE BT
Scotti 5**& R}7}ESE Bis-acryl A|Q9] Protemp4 (3M
ESPE, St. Paul, USA)Q} 55H2]| X191 Filtek Z350XT (3M
ESPE)E AZ712]9] NextDent C&B MFH (Vertex
Dental B.V)Q} H]u5l¥ =0, 334 =+ 53zl

Filtek Z350XT, BZ7}341A]

RFET PMMA 202 &

74 % (Knoop hardness) 2] H] A

A P

HF7taAlHo] E2Fe RS B} o]2gh MAQHy
A

19] NextDent C&B MFH,

D

9o FUE, TN T4, 2AETY %, ANA, o
Ryo] 2719 BE, SEES, BA Fo], M) oY
S0 9FL W A5 AR 49 2L 5
A FFS 2o 47718 B2 A3 JrpRos 2
9 A= Bgelglol uls) Wstol AxePRS) Aol S
] Jeong 59 oA HB7HA

w
S
g
o K
Lo ok
© 38
» L

extdent C&B2} ZMD-1000B Tempo-
rary (Dentis, Daegu, Korea)& CAD-CAM HA7}3w
Al PMMA 2%9¢] Yamahachi PMMA disk (Yamahachi,
Aichi, Japan)@} Huge PMMA block (Huge, Shandong,
China), & H Q] BA1] PMMA 25 9] Jet2} Alike
(COE, Alsip, USA), Bis-acryl 259] Luxatemp (DMG,

) Dent Rehabil Appl Sci 2021;37(1):1-15



Hamburg, Germany), Protemp 49} 33|91/ 9 Hct7)
T & vlusiginh Zalg ZitE 43 EH CAD-CAM
BA7 e ATlol Vg B8 208 HGT, BE
B BEHR A Alke, Lusatempet §A
A5h8 Byt ot A7 E SU) 2 AT
we ohe A3E mol}, Ao HEAEAE 3
No] YA A RAPLRG T A Ak E
GeARTE Se S5 ZEE tehic o3 o
£ HI et ol AEREON A
Al A48 Azel Hol7t hov Fal A5k
< AEPY | whE xbo7t A FFE mIAY] "ol
2l Abe

294 B4 90 BAYRS AnE, YNSEE
H et

:1___ T= '1—(;5;]1-.1;'_"}‘ 7;6,]9.:]"}6]
ol et AR 52 B0 ol B el
drop method) 083 X144 7}, BHOUR] 24

Candida albicans HH%k 15} 50| I} Pen ng-s 5"

Bet ol pae e
o, Park 572 HE71YANS] HTEI TR

oI RS2 404131 S Al 5

Review on additive manufacturing of dental materials

AHg 3710l A

I AE i £ g
3

IEI rlo

Jﬁm}i

e
W ARS Al XEPEE oL AR G & &
oo g 7 AAEG AR EAL 3 il
71 B9 Ao Aagd.

:Lol
[== R}

m
Ol

7t

O

b QHoR HEFON APEE F4E €
EHE (Ti-6A1-4V) ¥} Co-Cro]H F2 PBF W40 2 |
Zrstet. PBFO= AARR] 7199 electron beam melting
(EBM)T @olx] 71319 SLsek SLMo] i, HEE
A=l = o] A 719ke] PBE ®WAl0] F& o] §-H . SLS
g olgsn EAFEIE YolHe] o) AlTEE thel W
K5 ofuirle] FEo] 7]xsko] B4 Gelola] 2 ot
7t 2R 228 715 A0] ek © Yoo 2 A}

E
sy
o
)
i
udt
ol r

== A o] SLMelE] 1 E ZAL
sto] dg Adstal 34 %% 2 YA & FE ot
Sl YO FFETY S &-80] 7Hedtal 71
7t AL gle TEE F4E d& & Uk o B AT
HollA] A2 FAPARLEN]E AP0 2 & SRIE 4= Q=
o, FxrHoZ Az Co-Crof B3] 71329 £7} v ¢

&3l 3717} Eth(Fig 1).

Fig. 1. Backscattered electron (BSE) images of the Co-Cr alloys tested (original
magnification x 200). (A) Polished surface of Co-Cr alloy fabricated with casting, (B)
Polished surface of Co-Cr alloy fabricated with SLM. Arrow heads indicate micro-porosities.
Porosity (black area) appeared more in the casting method.
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Table 4. Mechanical properties of commercially available Co-Cr alloys fabricated with SLM

Mechanical properties

Brand Young’s Tensile Elongation Densi C?i}flﬁcien{
modulus strength strength at break Hardness ( ;rclrsn (;x aflgirgi
(GPa) (MPa) 0.2% (MPa) (%o) g (1}8'(’ /°C)
EOS
MP1 200 1100 20 350 - 450 HV 8.3 13.6
(EOS, Germany)
EOS o
SP2 200 1350 3 420 HV 8.5 112 %88"8
(EOS, Germany) = ( )
CoCrt-0404

(Renishaw, UK)

220 1097 - 1104 683 - 714 16 - 21

400-412HV 85 141 (600°C)

SLM® MediDent
(SLM Solutions, Germany) 245 1415 4 375 HV i )
3D systems
ASTM F75 230 1000 20 400 HV 8.35 14.3
(3D Systems, USA)
Concept Laser o
(Concept Laver, Germany) 230 1030 10 ; 86  14.1 (500°C)
Wirobond C+
(BEGO, Germany) 210 1150 - 1400 790 - 1000 9 360 HV 8.5 14.1
Starbond COS °
(Schefiner, Germany) 1957200 9901250 2-10  345-490HVI0 88 144 (600°C)
Starbond Easy 30 14.5 (500°C)
(Scheftner, Germany) 225 1090 15 425 HV10 85 147 (600°C)
Remanium star CL 230 1136-1200 792-835  8-11 ] 8.6 14.1

(Dentaurum, Germany)
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683 um 500 pm.

Buccal - Lingual

Fig. 2. As-built Co-Cr crown by SLM. (A) Rough surface by un-melted powders and remnants of support structure, (B)
Different result of the printed wall thickness in crown specimen sectioned bucco-lingually. It was set to a constant
thickness of 500 um, however the thickness was small at the axial wall and large at the occlusal wall. Additionally, the

occlusal surface was found to be coarser than the inner surface.
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Table 5. Summary of reviewed literatures about additive manufacturing method of vat polymerization for dental ceramic
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Materials
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Details

Liu et al, 2016™

Johansson et al, 2016"

Xing et al, 2017%

Harter et al, 2017

Dehurtevent et al, 2017°

Wang et al, 2018

Ucar et al, 2018

Lian et al, 2018

Zandinejad et al, 2019”7

Marsico et al, 2020*

Li et al, 2020*

Baumgartner et al, 2020%
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Al + 77
Al + 77 /Y
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Al
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70O,

Al
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Fracture toughness
Vickers hardness
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Shrinkage %

3-point flexural strength
Surface roughness
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Fracture toughness
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4-point flexural strength
Fracture toughness
Weibull modulus
Vickers hardness

Dynamic viscosity
3-point flexural strength
Weibull modulus
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Surface roughness
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Fracture resistance
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Flexural strength
Weibull modulus
Elastic modulus
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Vickers hardness
Weibull modulus

Suspension composition

Build-up orientation

Al powder particle size
Dry matter content

Effect of vacuum infiltration
&
Scanning speed

Build-up orientation
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Consideration in the process
of manufacturing

Polishing / Glazing /
Layer thickness /
Suspension temperature
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