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Objectives: The purpose of this study was to compare the fracture strength and traslucency of 3D
printing resin crowns according to different thicknesses.

Methods: Resin crowns were designed with CAD software and a 3D scanner, using scanned data of
the #61 tooth model. Resin Crowns with different thicknesses were printed using a 3D printer, and
subsequently divided into four groups according to thickness (0.3, 0.5, 0.7, and 1.0 mm). Fracture
strength was compared among groups with a resin strip crown of 1.0 mm thickness. Compressive
force was applied using a universal testing machine at 30° along the lingual surface at 1 mm/min
cross head speed. For translucency evaluation, thin square specimens were printed of thicknesses
0.3, 0.5, 0.7, and 1.0 mm, and translucency was measured using a spectrophotometer.

Results: As a result of fracture strength measurement, fracture strength increased as thickness in—
creased, and a significant difference was observed solely between thicknesses of 0.3 and 0.5 mm,
and the thicknesses of 0.3 and 0.5 mm (P<0.05). Translucency decreased as thickness increased,
and similarly, a significant difference was observed only between thicknesses of 0.3 and 0.5 mm
and the thicknesses of 0.7 and 1.0 mm (P<0.05).

Conclusions: A 3D printing resin crown can be used as a clinical option for restoring a primary ante—
rior tooth affected by caries.
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DBt fARRY] $AS fESte A B AARE00A of
e FAZ Holey?, Bt opa} gz} TelE oflo)o]
XA ZAR Qlsto] o] B FEold & jloH, F 0|9
T $EEo] gely) nhdo] WWsiA whgeh 4= ol uhehA Qi
o8 AR LAZ AASHL HrldE IEAT = HHOE A
B BE Fe 5 9l AT SEo| 2REW. @A FHA
A ol B o] A= 9o, 11 FolAE strip
crown HZ& of&qt A 5 WY F HE &4 AT =
2 Au]d HEEE Hol A& ARGE T e, T o] 23t strip
crowns= £A9] 7]o]| vi$- RIzstar vl WA AHgt 1R]of AgA|
717] olF k= T 71A| 2 P, F]2o] g ARG E Y Q= A2
FUof k] - A AHnidE IEAIE & 9loH - 7ggt
B HolFAT, o} AA|go] WA i Age] s 24
of7] ofgl9] A& 99 A5 E 7Ms/0] =oHd &= Slrke
o] ZA3tc}?,

H w2 Q7 7|7F ARESHA] Qb= RAIAIRY] A S50 §lof
5 Y5l AL F85h ool ARk EAAY HEE S5 A
Zro] IRk, SRt FAA K] FAJo] EAsIALY, 714 AT
of 97| ok= A RS HolFs A9 o i o R fEol
ojglE & Sl 7129 W2 7143 AR A% 2=t Aot FAE9]
ZJopo]| 719k Fa1 QlA| ghof kgt ofo]F9] R R 425 Qlof
Aot 2 o FoiR|2] e 5= YTF. ofol 59 ThRt XAt A
of Fefjof wE AAgt Agme] FeiE tARIste] 5T 4= Qe
aH0E w4 AI7hE £0]1 A FEAIZ & UARE, ofF
= FES TSA7 = o[ A1 2 AA=A] 9L Sl

Z| 3D ZHEE o83t H7l A 5 whHo] A= 9l
o}, o o) 7P 2 Aoz A Ao 24 253 Al
Ao AU, ghdo] o7 AgahE S8 & vk ook &
o &A1) 7l et 22 S Sl fA A °AE 3D =
AL B5to] Y 4= Yo CAD Z2T3(Computer Aided
Design}& ARgsto] ofolEuitt A= the 44| Fejof wieh Adgt
Age] Mok tARIsk, 3D ZHEE o]&sto] BRE A7t Yol
S E2oto] AT 4= Slohd 7 Aot w50} P 2Ho]
ozl 714 A SAE S5 oS AR (27t 7D
ook, I=u @A A7lE 1L Q= 3D ZHEE o83t AR g
X A0 ST A0 et AL E A=A HigE A+
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1. 8T M Xl 3 FH 2%

714 A4 Eé(model A4AN-900, Nissin Dental Products
Inc., Kyoto, Japan) % 42t #5 §54AE 23 oA 71&9 9
A AgEs 91t Aof A ol whet AR P/ttt o
5 A AA] 2FE Medit Link 3D scanner (Medit, Seoul,
Korea)E ol&5te] 32+ J4 o8& &S5}, 3 Shape dental
designer (3Shape Dental Systems, Copenhagen, Denmark) A3
EQJolE ol&ste HIX Age] S tARISHITHFig. 1).

#21 A4H0] ¥ 1.0 mm, FHA 1.5 mm= B2
o, Aol A ASH7IA| Y] FAO| Tt o4l FEE S451] Yot
of g ¥2-2 71240.3, 0.5, 0.7, 1282 1.0 mm] 4714 FAZ ¢
A1 3kieKFig. 2).

2. YT M2 3 X|CHX] JIZ}

CAD 2302 fARIgH g7l HAFE A desktop (Sindoh,
Seoul, Korea) 2T E¢|o]E o]&slo] ABIEE Hs}1 &alo]A]
IgE ZFYsto] 28-S FHIGIUT. AHE= ARALY A4l o
2t AdolA] oF 45° Fro] Ztr = A -Hol F&si]itt. o]
% Neo Speed 10 (Sindoh, Seoul, Korea) 3D Z&#E} Tera harz
(Neo Biotech, Seoul, Korea) #|%& ol-€3a}o] 9kA 0.3, 0.5, 0.7,
930 1.0 mm FARZ HARISH 71 A4S 24 20714 &8
St ), Veltz MP300 (Hephzibah, Incheon, Korea) £871& o]&
oto] Sebolgitt. ol 7+ FA1Q) M 2071 5 107148 F53471
(B&LiteS, B&L Biotech, Ansan, Korea)@ 571491 $3H2 & A=
oAl 2024 ZFstich

949 74 A9 AT YHE g28 EA5t YA-3
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Fig. 1. CAD design for primary anterior 3D printing resin crown. (A-C) Designed resin crown view from buccal, below, and lateral. (D) 1.0 mm

thickness of resin crowns design protocol.
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Table 1. Materials and restoration methods for fracture strength analysis

Fig. 3. Design of metal abutment and
crown cementation. (A) Design protocol
of metal abutment for 1.0 mm thickness
3D printing resin crown, (B) Metal abut-
ment of 1.0 mm thickness 3D printing
resin crown, (C) Image of 3D printing
resin crown cemented to the abutment
(buccal), (D) Image of 3D printing resin
crown cemented to the abutment (lin—
gual).

Group (n=10) Material Restoration method Thickness (mm) Manufacturer
Control Filtek Z350XT, A2 Celluloid Strip Crown 1.0 3M ESPE, ST. Paul, MN, USA
I Tera harz 3D printing Crown 1.0 Neo Biotech, Seoul, Korea
I Tera harz 3D printing Crown 0.7 Neo Biotech, Seoul, Korea
1T Tera harz 3D printing Crown 0.5 Neo Biotech, Seoul, Korea
v Tera harz 3D printing Crown 03 Neo Biotech, Seoul, Korea

e olgst] 7HA] TR 24 F HES Va0l I Ak
245 Yt AHAE Aot hFig. 34, 3B). 3 Strip Crown
Form-Pedo (3M ESPE, St.Paul, MN, USA)E AR&-5}o] YH-S Filtek
7350XT A2 resin (3M ESPE, St.Paul, MN, USA)C.& -3 el A
AUE E5te] 2 HlolEE F53t 7, Aol AE5H7HA9] +
A7F 1.0 mm7t = =5 AR 2G-S AL 5Hoit. 9FA Saeh
Wyl 22 Ao 2 whd e S8 ottt 2% 5 By AdAE vt
E11 & 10719 FL3t strip crown formE A&5HTH Table 1).

3. Y% MEE Ha Y ofE 4 £

3D ZHE|R Esto] A& |7 A RelyX U200 resin
cement (3M ESPE, St. Paul, MN, USA)Z Z¥zr S0l ©A A2k
A 2] ol ARARS] A|Alof whet A 2bekichFig. 3C, 3D). 231t
9] FE& A1t F AR AHEE A AR, o]F A <&,
AN 242 2024 F53A71E AHEste] Feti.

Ao M2k 3D =AY A AT D stirp crowns A&
g A 10) 1ste] G502 30° BAK FHE FAISHIL, o]
& TEsA97](Kyung-Sung Testing Machine Corporation, Ansan,

Korea)Z ARE310] 50 Kgfe] $2& cross head speed 1 mm/min
& ol52 713l AlHo] s AFA 9] Higks S7sHiH:

4 SHEHE S AH HIZ

HHEREE S A% Al 4] b AAE 7 e FA
o} 22 FAZ Asigitt. 712, Al 7.0 mmO] AT 2] ek
A& 747403, 0.5, 0.7, 1.0 mm2] FAZ t&R15k(Fig. 4), Neo
Speed 10 3D Z&E|Q} Tera harz AL o]-&3}0] ZF FAG 10774
Z2sla FgorA). o1F 7 AlEg 2024 Enhance® Finishing
system (Dentsply/Caulk, Milford, DE, USAYE °]-8-5to] &5}t
EHE =H

Ba2=22](CM-3500d, Konica Minolta, Tokyo, Japan)E ©]
45}o] WHEH T (Translucency Parameter, TPYE 74513t CIE
(Commission Internationale de I'Eclairage)?] #5 3349l DG5S
FHoE Heolglon, 39 uiEuHL*=0, a*=0, b*=—0.2)2} H
A9] i ATHL*=96.61, a*=—0.16, b*=—0.15)& o]-&5to] 7} A
CIE-Lab k2 S74st3th
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6. 34 =M

EA AL sto] SPSS T2 T3 (Version 21.0, SPSS Inc.,
Chicago, IL, USA)Z AR&sto] FA0) wE b3 et BEEge &
o= A0S 7 9] AT SRS LA RAREA]
(One-way ANOVA)E &3l frolde 4531, Tukey HSDE ARE:
oo ARE A2 AlFoHITH0=0.05).

o7 A

1. ME ZE
3D ZHHE o]-83t #A A-H 2 strip crown?] T4 =

T

Fig. 4. Design of resin specimens for measuring the translucency pa—
rameter.

Table 2. Mean fracture strength of resin strip crown and 3D printing
resin crown with no additional light-curing

Group (n=10) Min (N) Max (N) Mean+SD (N)
Control 211.19 331.04 280.37+43.05*
I 241.13 337.61 290.60£33.69*
1 218.59 334.82 275.62+38.18"
1 162.34 277.59 221.95+32.89°
v 152.44 258.62 211.10+38.79°

SD: standard deviation.

“The same character means no statistical difference (P>0.05).
Different letters indicate statistically significant results using one-way
ANOVA and Tukey test (P<0.05).
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SHE RUAIE 3D Zeig 3T M| FHO| ME HEYE X HESE ot

Z7HARI FETE AYoHA] AkS o tollA Bt 290.60433.69
NO=Z 7P &9k}, o]ojA] tixtolAl= Bat 280.37+43.05 N&
2 2459l o [IZof|AE B+ 275.62+38.18 N, 7ol A= B+
221.95432.89 N, IVl A& Bt 211.10438.79 N <A 2 VR
THTable 2). 2, I, [0 I, IV Aleloj|Aat B4 02 &
OJgt o7} AUPI(P<0.05), T2 FAY 27T} [ Ao A=
Rk 2po] 7} GIoiTt.

7MY BEEE N PoteS BT v R o)A B
T 298.88437.42 NO& 71 =90, [Itoll A& B+ 282.81+
36.65 N, MIZofA= B4 232.20430.94 N A2 Ut Ve
oA g 217.67+29.12 NO&2 71 W2 42215 HHTHTable 3).
[, [} IS, IVt Afolofl ARt BAIH 02 o5k o7 I3l
(P<0.05), F71AQ1 5T Al 7450l AlsgatA] ok A9-Hrt
49 1P 0] Wi O o w9 AT BAIF o= Folet &
o= $ATHFig. 5).

2 HIEEE

3D ZYUEE &3 g3 A YHEEEE 1.0 mmaollA
15.55+0.362.2 7P¢ Wokow], A7l HAasss ey
Z7FFA 0.3 mmzollA 20.50+1.66°.2 7Fg &9kthFig. 6,

Table 3. Mean fracture strength of resin strip crown and 3D printing
resin crown with additional light-curing

Group (n=10) Min (N) Max (N) Mean+SD (N)
Control 211.19 331.04 280.37+43.05*
I 246.72 348.64 208.88+37.42*
II 229.86 351.58 282.81+36.65"
I 177.43 298.46 232.20+30.94"
\ 168.12 269.06 217.67429.12°

SD: standard deviation.

“*The same character means no statistical difference (P>0.05).
Different letters indicate statistically significant results using one-way
ANOVA and Tukey test (P<0.05).

400 7 1 No additional light curing
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Fig. 5. Comparison of fracture strength between different thickness of
3D printing resin crown and resin strip crown.
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Fig. 6. Comparison of Translucency parameter between different
thickness of 3D printing resin specimens.
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FA19] Bt WA gord o] F7= 1.0 mmo|7] ol EArY
of| ufzt 2okg AAT A9 A5 ] 7RsAdo] EobATH,

M= T A9 2230 FEet 2189 A= IR 2A
ZAt?. mabA 714 Age] 2 *1 0”'% A5 ofel59] 74l
o] Pl vl vheFolr| wiwel 24 A 5-: S A3 A
FolA] e B9 ATe 5D 7?—*61 G S EA= i s
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FA12] FEfo] S5o] ARoll whet 21 E3t 9 o] TS tARIS
5t QH O 22 EL0L 3 vle- R-8oHA| ARSE &
ole Aoz AmHrt

2 Ao A= 3D Z-IEE o] &3t g%l Mol 71&9 A
EJ,]. H]ﬂ_o}oq A A5} J_q.x% 7}5@ Mu]/d e} EO] 2~ ,\}\‘—Z] 3lo] OHE
12 5190tk Kim 599] 4740 w2 strip crown©] THE AAHE
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Table 4. Mean and standard deviation of translucency parameter of
resin specimens

Thickness (mm) Translucency parameter+SD
1.0 15.5540.36"
0.7 15.9240.65*
0.5 19.43+0.76°
03 20.50+1.66°

SD: standard deviation.

“*The same character means no statistical difference (P>0.05).
Different letters indicate statistically significant results using one-way
ANOVA and Tukey test (P<0.05).
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