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Comparison of bond force between 3D—printed denture base resin and artificial
teeth according to sandblasting and chemical surface treatments
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This study aimed to evaluate the effect of various surface treatments, including silane and primer applications, on the bond
force between sandblasted 3D-printed denture base resin and artificial teeth. Denture base resin specimens were fabricated using
a DLP-type 3D printer (Vida, EnvisionTEC, Gladbeck, Germany) designed to match the lingual surfaces of artificial teeth, Six
maxillary anterior teeth (Biotone, Dentsply Sirona, Charlotte, USA) were prepared. All bonding surfaces of the 3D-printed denture
base resin and artificial teeth were sandblasted with 50 pm alumina particles at 2 bar for 30 seconds, The specimens were
divided into three groups based on the surface treatment: sandblasting only (SB), sandblasting followed by silane application
(SB+S), and sandblasting followed by primer (Clearfil Ceramic Primer, Kuraray Noritake Dental Inc., Tokyo, Japan) application
(SB+P). The bond force was measured using a universal testing machine at a crosshead speed of 5 mm/min, The SB+P group
showed the highest bond force in both canines (#13 and #23) (p<0.05). In terms of the overall average of all tested teeth,
the SB+P group exhibited significantly higher bond force than the SB group and SB+S group (p<0.05). To prevent the detachment
of artificial teeth and increase long-term clinical success rates of 3D-printed dentures, combining mechanical sandblasting with

chemical treatments, particularly specific primers, is recommended as an optimal surface treatment strategy.
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Table 1, Chemical surface treatment agents used in this study
Type Product Name Company Lot No,
Primer Clearfil Ceramic Primer Kuraray Noriteke Dental Inc., 1258BC
Tokyo, Japan
. . 3-Methacryloxypropyltrimetho DAMIPOLYCHEM,
I | LD5710
Silane coupling agent xysilane lksan, KOREA

Table 2. Classification of experimental groups

Group code Surface treatments

SB Sandblasted only
SB+S Sandblasted and silane application
SB + P Sandblasted and primer application

(A)

Figure 1, (A) 3D-printed rectangular denture base resin pattern, (B) application of primer and silane coupling agent using a microbrush,
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Figure 2, Bond force between 3D-printed denture base resin and individual artificial anterior teeth according to surface treatments,
Different lowercase letters indicate significant differences among surface treatments within each tooth by one-way ANOVA and Duncan

post-hoc test (p<0,05),
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Figure 3, Bond force between 3D-printed denture base resin and artificial teeth grouped by tooth type (central incisors, lateral incisors,
and canines), Different lowercase letters indicate significant differences among tooth types for each surface treatment by one-way ANOVA

and Duncan post-hoc test (»<0.05).
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Figure 4. Overall bond force between 3D-printed denture base resin and all artificial teeth according to surface treatment, Different
lowercase letters indicate significant differences among surface treatments by one-way ANOVA and Duncan post-hoc test (p<0.05).
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Table 3, Distribution of failure modes in individual artificial anterior teeth after the bond force test (n=18 per teeth)

Anterior Teeth number

Failure modes

13 12 11 21 22 23

Adhesive 0 0 0 0 0 0
Cohesive (teeth) 11 8 6 9 6 13
Cohesive (denture base) 1 2 1 1 2 0
Mixed 6 8 11 8 10 5

(Cohesive in denture base + Adhesive)

Figure 5, Representative images of failure modes the bond force test: (A) Cohesive failure within denture base, (B) Cohesive failure
within artificial teeth, and (C) Mixed failure,

i 7FsstaL A2 oA —’F‘iﬂl“: 7182t go] destyof
AREE 3 glom, AE AARIS o8-ste] A
B o7 3p ZElE o)X dxy dFcer 6 Aol BRE A Folstth9). Ly od VeF

2ok} dgree o7 913 HAe] muAe S 2 &= Bkl tAE Baks 83k o] AR A, o x P

szl &Rk o]= o8 M=Barelo g AR Aeks  F #HXAE EAR] 8E 3 ARE AR 4

913t THAEE AFgsla Zejo)w m 2gke Tk T4 8av A 2 ARSI R HE ddEn

s18kA A Algste] THAE WAl we Adwe 10), we SE 3 PEE PR AFH Aol &l

Sl AR K= AYE FAE 4 43S 2R3 E AL gk
F2 A= AEH *‘oﬂ*i HloJu} CAD/CAM 3

2 B AFE F3 744 A% ke A3 B A
=] v o 2wl Walsla o =2 A3t 23e A} S &, Aot 6WdAE
Atk 9% Azl Qo] 3D ZEL B} w3 Tiz}ol0] AREsle] AnjAgdat 75l FAlY QT EE F-9 oA

28



A QAL A JHA7)F =& Ao 2 AlzHTh

Urethane dimethacrylate (UDMA)E FAES 2 3=
BEE A A0 A8 A 1A TRg Aeees
A 2)stal B A (bonding agent) S =XE3hH= o] a3H3
ojgtal Haw ek ojjgh B 7]E A5 A
g7 w2l vaske] fojsh e AHEY A=s Ve
Y= o2 FRIEStK11). Dimethacrylate 7]RFe] 35

G gkl dex|eke] As HAsketr] fsf 71A1A whE
S o|AY sk A v B A7t ks o]of
Shal B EQIH12), o]d & AFox= o]t o] 24
Hj 73S vpego 2 QFx)¢} 3D ZEE o xAkg g7l 50

PAL7E 7R SFHUE o8-8 M=Befie ko]
7IAA A g} tEe], Zelon] M= s 883
sheba] Ag 2le] 5895 vlal 7kt 3D Z¥Y
2GRl QlEA]e] FraA el e AjEs 2t o}
A2 vk A3 % Jr ZAx](13%, 239)0l|x] M =Eef gl
3} zelolmE WE(SB+PdS W 7P oA =2
é}El $L= AT 74?401] gk A x|ofe] Ht
L ], SB + Pto] SBEHETF 821 A
T 23 fFAJE zZol7) gl
Fo] 71 A RS o)y et
24 A7) Fort F2 wAs %EHL@W?]
OM Yl e g%l wE

= =i

EXE =
methacrylate (MMA)Q} 7.%-8— Xi—fx}%]: 2er+e
Qg EHe FA oA E B B opz
AtE TFZRE AP T Hi(swelling A A =
2H(diffusion) S EXIA7)L, o] BAoA HESH
7F AP AR 3 SEEA T A s Ao
71A1A, st ARl s AR ‘:’V‘]'(Interpenetratmg
Polymer Network, IPN) ?—74-%' A5 Hk13). |3k
T Age e B fa £ 2o a3aol
H, & Oﬂ:rLoﬂ’\i oz
aslez A, 24004 2
fddemt Aojel Fejsh 12 W
 stoal, 5ol ulel s i D

29

2 ¥ Alole] AW gHES A}
‘WF A&H o drEe] gt} 14, Ak
A8l QFx} 4] A8 g7 Ato]o)A 584
freshks wiiAl 98-S 838, o] & S AW

AU FFAIZITHS, 16). B AtolA] gk
L:;?} A EL(SB+S)./] ﬁﬂf}ﬁﬂg} xﬂtﬁg}v):%]t& 7(113]

fo rEd rio

Al
2=

Aol
ko]
27} FE o]FaL 9,101 Aghe]
stk 7hal FA4s H?E ]7} %7] Y Eo 2 AL
Hrh17, 18). wehA PMMA 7]4E Q1FAd& AdHT)
G7] &rje} B 7]‘1’}«] zlo|mrt o ERAUE IR
4 AUk E3E 3D TR 2 A 2R x4 gl
71 7t gloja A W] Ak (silanol)7]7} 3184
WS doZ & 9lE B AI(-OH)7F #5317 HH
o|th17). IEA} ) LE A (polymer-to-polymer)2] AF
HojlX&= U7]‘TF7] AS sk Avtin f7] 712
I G Y] AFE v Xt
A7 AgE s drk19). 2344
gl 71«] gl PMMA Q1-g%]9} 3D Z#H
Atele] Agtef A= *‘EU stebd 71 o] z2hEdtr]

& 5 glglon], ol sBpol

¢

o o
&
@
Q
@]
@
F\l"
_{
N
(L
v

]o _IE

ro

r-m 2 rlr

Q2 % (o m lo

o Lo ook ke
Mo D)

d )

rlot N o m{o
o, 2
o, =
2 _\1
o Ho
10 N
oZi

N
f

3}, 42 AoA e 12
P eigrom, F2 Q%A el §4 vhdol
53 shde] BAHYT, ol MEDeaE 5
€ 3 AR A ARel] A A
§ ST 52 Aol
PN 28] A% A7)
9% 55

o
o
<|

rfo

— ol

N

=

k

o

o)l
i
il

of oo v . &

oft
=

ot
ox
(o] l"ﬂ
ox
fol
e
i
oE
A‘

=

o

o
7é‘T,

D

1

oo ro
2 o
o

i(‘

lo,

oo

i)

=2

<

X

il

?4

ok
nﬂ

(e3

2
© o 2
o

I

k)
i
o

sl "oki3, 14). 2320 g Ado)x 2]

O



27 shdo] oyl 94 THo] MAISITRE AL Wmgels
sel o3t 7144 B} Zefolw] 5L B Soby Aol
Sejsislo] 13 Awe] Beld e Uik FRE 44

& Fug Jow Atgddh

SHHo & wf, 3D ZHE 9] A Al QAFH<]
z27] geks A7) SlEiME dees] A AR
ARG NeBetr g F3 71414 2o g1} 419
wojo} & Ao 2 Welrh wdt 3D ZaE o]xg #RT}
AT Atele] AL Tesh 71 ARt 3}sh
A2, 53] ZetolrE WANE o Fd0A FdES
SRlskltt. ofi= At 2k Alsle] o] ojAje] =
A AL ARAE

011/‘1“ Ol’ﬂﬁi

ol A%

- T

B ArollxE 3D =" P Gk Qe x]ke] 3w
g Wl w}~ IS vugrketith. 3D ZHE
2P GRT QlF R waA el e g 7t o}
AR vlagh A 2ot A1 1317 233 x]olelA] M=E
a3y Zejo|w S HEASWSB+P) 7P -5 A

He HATHp<0.05). ®H Aol et AA] z]oke] Hst

AEHE SB+Piro] SBE T 2] 407 = Hp<0.05)

AEH o7 3D T 7|eS o8k o] Azt A M=E

etae)a} zetolw e} 22 3leh A2l sk &

] TREFL QlF X9 g2t XAl Fo]al, 3D ZHE
7

g F2H HYRE BY F U8 Ao AR,

r&m

ek
= 1 E
= o] o
= =

Q]
= AR

H 2] el 23]

=1

30

10.

11

IEH
Kattadiyil MT, AlHelal A. An update on computer-
engineered complete dentures: A systematic review
on dinical outcomes, J Prosthet Dent, 2017;117(4):
478-85.

Cho WT, Choi JW. Comparison analysis of fracture
load and flexural strength of provisional restorative
resins fabricated by different methods. J Korean Acad
Prosthodont. 2019;57(3):225-31.

Chung YJ, Park JM, Kim TH, Ahn JS, Cha HS, Lee
JH. 3D printing of resin material for denture artificial
teeth: Chipping and indirect tensile fracture resistance.
Materials, 2018;11(10):1798,

Mohamed H, Amal A, 3D-printed complete dentures:
a review of clinical and patient-based outcomes.
Cureus, 2024;16(9):e69698.

Cunningham JL, Benington IC. An investigation of
the variables which may affect the bond between
plastic teeth and denture base resin, J Dent. 1999;27(2):
129-35.

Darbar UR, Huggett R, Harrison A, Denture fracture-a
survey, Br Dent J. 1994;176(9):342-5,

Pereira ALC, de Freitas RFC, Grangeiro MTV, de
Medeiros AKB, Bottino MA, Bardo VAR, Carreiro
ADP, Targeting bonding protocols to increase the
bond between acrylic resin or 3D printed denture
bases and prefabricated or 3D printed denture teeth,
J Prosthet Dent, 2024;131(6):1252,e1-10.,
International Organization for Standardization, ISO
22112:2017. Dentistry-Artificial teeth for dental pros-
theses, Geneva: ISO; 2017,

Kattadiyil MT, Goodacre CJ, Baba NZ. CAD/CAM
complete dentures: a review of two commercial
fabrication systems, J Calif Dent Assoc. 2013;41(6):
407-10.

Lo Russo L, Salamini A, Removable complete digital

dentures: a workflow that integrates open technologies.



11,

12.

13.

14,

15,

J Prosthet Dent, 2018;119(5):727-32,

Verniani G, Namdar F, Saracutu OI, Casucci A, Ferrari
M. Shear bond strength between artificial teeth and
denture base resins fabricated by conventional, milled,
and 3D-printed workflows: an in vitro study., Materials,
2025;18(19):4590.

Fletcher-Stark ML, Chung KH, Rubenstein ]JE,
Raigrodski AJ, Mancl LA, Shear bond strength of
denture teeth to heat and light-polymerized denture
base resin, J Prosthodont, 2011;20(1):52-9,

Vallittu PK, Interpenetrating polymer networks (IPNs)
in dental polymers and composites, J Adhes Sci
Technol. 2009;23(7-8):961-72,

Palitsch A, Hannig M, Ferger P, Balkenhol M, Bonding
of aaylic denture teeth to MMA/PMMA and light-curing
denture base materials: the role of conditioning
liquids. J Dent. 2012;40(3):210-21,

Liu XM, Thomason JL, Jones FR, The Concentration

31

16,

17.

18,

19.

of hydroxyl groups on glass surfaces and their effect
on the structure of silane deposits. In: Mittal KL, editor,
Silane and other coupling agents, Volume 5. 1st ed.
Boca Raton: CRC Press; 2009. p.7-8.

Lung CY, Matinlinna JP. Aspects of silane coupling
agents and surface conditioning in dentistry: an
overview, Dent Mater, 2012;28(5):467-77.
Matinlinna JP, Lung CYK, Tsoi JKH. Silane adhesion
mechanism in dental applications and surface
treatments: a review, Dent Mater, 2018;34(1):13-28,
Park DR, Yu SH, Bae JM, Oh SH, The effect of silane
coupling agents on the reinforcement of repairing
denture, Korean J Dent Mater, 2012;39(3):215-24,
Tzanakakis EG, Pandoleon P, Sarafianou A, Kon-
tonasaki E. Adhesion of conventional, 3D-printed and
milled artificial teeth to resin substrates for complete
dentures: a narrative review, Polymers, 2023;15(11):

2488,



Research Article

Comparison of bond force between 3D—printed denture base resin and artificial
teeth according to sandblasting and chemical surface treatments

Da-ryeong Park’, Seunghan OW*®, Ji-Myung Bae®**’

'Department of Dental Laboratory Science, College of Health and Medical Sciences,
Wonkwang University, Iksan, Korea
“Department of Dental Biomaterials, College of Dentistry, Wonkwang University, Iksan, Korea
Institute of Biomaterial-Implant, College of Dentsitry, Wonkwang University, Iksan, Korea
"Musculoskeletal and Immune Disease Research Institute, Wonkwang University, Iksan, Korea

2 a7 ool me 48 ©F So BW Aol Amekas Aed 3 Tas o3P g QFA Aol
Ao nx= S Friskarat ik DLP #H41¢] 3D Z 2E|(Vida, EnvisionTEC, Gladbeck, Germany)S ©]-&3}]
7} Qe a]o] Awo) dAjshes o2 dlxl AlRE ARt et 634 Q1& ] (Biotone, Dentsply Sirona, Charlotte,
S0F USRS, 3D ZU oA D5 AFAS] mE RS 50 pm BFIF YA 2 bar F7) Yol
50% S MsBeka Azech, ARe wu Azl WAl geb Al DFe stk Medelasin g
AT (SB), MeEekas T AeH3-Methacryloxypropyltrimethoxysilane, DAMIPOLYCHEM, Tksan, Korea)sS =33t
AFT(SB+S), M=Eek~8 & I glo](Clearfil Ceramic Primer, Kuraray Noritake Dental Inc,, Tokyo, Japan) &
T8 HAYET(SB +P), ZF AL w5 AJR7]E o]€3t] 5 mm/min®] crosshead speed= AHH-& ST
3D =Y oA R QFAe] Aol e s ZF AopdE Hluldh Ak, 5 AR (131, 231)90 A
SB+Po] 7HE & AFES UERHATHp<0.05). ot 61 A P AFE HA| sB+Po] SBTH SB +
soll vl Fo9UA =JTHP<0.05). QAFA9] G2 WAL 3D ZE] 929 A7|HA A AFES =97]
AsiAE, Z1AARD AelQl Medepud 78 Zejo|wE o8-8t 318k AelE Weshs BH A Wete] dgHh

=

2IEte] = 3D ZJH, oA dX, 29y, Zefolr, A

32



	샌드블라스팅 및 화학적 표면처리에 따른 3D 프린팅 의치상용 레진과 인공치의 결합력 비교
	서론
	재료 및 방법
	결과
	고찰
	결론
	참고문헌


