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A comparison study on shear bond strength of 3D printed resin and
conventional heat-cured denture base resin to denture relining materials

Sung-Yoon Cho, Young-Gyun Song*

Department of Prosthodontics, College of Dentistry, Dankook University, Cheonan, Republic of Korea

Purpose: The purpose of this study was to evaluate the shear bond strength of various 3D printed denture base resins and the
conventional denture base resin to various denture relining materials. Materials and Methods: For denture base materials, a heat-
cured (Vertex RS) and two types of 3D printed DENTCA Denture base II, NextDent™ Base) were used. And 4 types denture relining
materials (Tokuyama Rebase Il fast, Kooliner, Denture Liner, Denture Liner, Lang Jet Denture Repair Kit) with different components
were used. It was classified into 12 groups. Adhesion was performed between the resin base and the relining materials in
accordance with ISO/TS 11405 standard. The shear bonding strength was measured, and then the adhesion interface was observed
with a stereoscopic microscope and a scanning electron microscope. The fracture pattern was investigated through the analysis of
the fragment. Results: In the 3D printed denture resin group, the shear bonding strength with relining materials was significantly
lower than that of the heat-cured resin group (P < 0.05). The group of polymethyl methacrylate -based relining materials, high shear
bonding strength was shown regardless of the type of denture. As for the fracture pattern, adhesive fracture appeared in most
groups, and cohesive, mixed fracture appeared in some groups. Conclusion: The polymethyl methacrylate -based denture relining
materials showed high shear bonding strength values compared to other denture relining materials. But, for direct methods, it is
considered advantageous in terms of shear bonding strength to use a isobutyl methacrylate-based denture relining materials. (J

Dent Rehabil Appl Sci 2021;37(4):232-43)
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A comparison study on shear bond strength of 3D printed resin and conventional heat-cured denture base resin to denture relining materials
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x2Fo 2 dF5H A (Vertex RS, Vertex Dental
B.V,, Zeist, Netherlands)Z} 3D Z 2] OJX|4} Rl o2
DENTCA DENTURE BASE II (DENTCA Inc. Los
Angeles, USA)¢} NextDentTM Base (NeXtDent B.V,
Zeist, Nederland) & £ A5, O 53 A=
Tnble 161 Ll o] 4 xﬂLf Fuol 55

A Ae AFLRE F 47K ARE AN, O F
3} A8 8 R RS Table 20] LrehIQIch

Table 1. Composition and manufacturers information of denture base resins

Materials Manufacturers Type Processing method

Vertex RS Vertex Dental PMMA Heat cure polymerization 100 celsius
for 20 miutes in the curing tank

DENTCA Denture base 11 DENTCA Inc. PMMA 3D Printing, SLA

NextDent™ Base NextDent B.V. PMMA 3D Printing, DLP

Table 2. Composition information of dental relining materials

Relining resin

Composition

Powder Polyethyl methacrylate (PEMA), Benzoyl peroxide
Tokuyama Rebase 1II fast Liquid Acetoacetoxyethyl methacrylate, 1,9-Nonanediol dimethacrylate
Adhesive Acetone, Ethyl acetate
Kool Powder Polyethyl methacrylate (PEMA), Dibenzoyl peroxide
oouner Liquid Isobutyl methacrylate, 2,4-Dihydroxy Benzophenone
Powder Polyethyl methacrylate (PEMA), Benzoyl peroxide
Denture Liner Liquid 1,6-Hexanediol dimethacrylate, Methaacryloyloxyetyl methyl succinate
Adhesive Dichloromethane
L b Repair Ki Powder Polymethyl methacrylate (PMMA)
ang Jet Denture Repair Kit Liquid Methyl methacrylate
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37kR19 QA1 2Rl A7 10 mm, 0] 5 mo] ¥
THOE AIFsIGiT ofFA wEolXl 37kA] x| €]
2 A7 30 mm, =0] 20 mme] YEYH AV|2 A7}
% & H & (Ortho-jet, Lang Dental Mfg Co., Wheeling,
USAYol 2 shel A2 25HsiTk Fig 1)

ORI} I FE] FH-L2400-, 600-, 800-, 1000-, L& 1L
1200-grit SiC abrasive paper (R&B, Dacjeon, Korea)
2 woso 2 Agstol o Bes Anssi 2t o
A= automatic polishing device (LaboPol-5, Struers,
Copenhagen, Denmark) & AF2-5}0] 400 rpm AJol|A &
$9 54 ool 0EZE EUHA AL o 2

AR AR E FH7] AR 5 Rdol RS,

Relining material

Denture base resin

20mm

——— Acnylic resin

30mm

Fig. 1. Schematic diagram of denture base resin embedded
in self-cuing acrylic resin.

Table 3. Groups of the specimen

x| 4 M2 E x4 dFlo] WiEd Al HzE
5}7] §J3l Ultradent Bonding Jig (Ultradent Products
Inc, South Jordan, USA)E AFE3}3ith BE A|HLS 9
X4 S5 olx] 4 2ol Eol Bt & 12709 2
= 15)2§ _E__ﬁ_s]. _,]7(] 7:4A1— ;;H_u_ = 7:47<1—7:ﬂ = 311._01-
St Tokuyama rebase 119} Denture Liner 7-of|Al&= 9]%]
A Al AHEF Aol n]2] adhesiveE A A A&
7 ke oalA Al Telo] AEALe] AlAle] wet &
3235}3itt. Ultradent Bonding Jigoll= EF3HE Qx| H
A #Rlo] AErE 4 QT2 A7 2.38 mm, =0] 3 mm
2 3o 9FY Yol ABE of 9B FHo|
ZHHE YRIEES AlES skl 459 ofx] B
MEE AMEALY KAlo] wet E35 & AE5F =3
Agstal SEeIAh(Fig 1). $EH ol F jigs At
of Azo] H A& &RIgH F o] F ISO/TS 11405 F40]
w2} 37°C F25xo|AN FFHpol G7F 24413 Hys)
Ak F 12719] 9] AJHol| thet 8- Table 3 3} 2
=
s A &A1& 7] (Universal Testing Machine, Qmesys,
QM100TS, Uiwang, Korea)E AM&5lo] Aotds s
2 Zgsigion] 53 A] 7] B4 Al2o] o] 9
loading jig& W& A|Este] S2o] oJX] A AE A
of L2728 4 =S AT Fig 2). Cross
head speedi= 0.5 mm/min &2 3P0 BAY5H= A|F7}
7] oFEl e shel Wb o @ Asjett. AThAs T o
e 788 290 Foigte e HEL 0% Al
£UH o2 o] ARSI 1 BAL T3 2k

il

Group name

Details of each group

Numbers of specimen

Group VT Vertex RS + Tokuyama Rebase 1T n=15
Group VK Vertex RS + Kooliner n=15
Group VD Vertex RS + Denture Liner n=15
Group VL Vertex RS + Lang jet denture repair n=15
Group DT DENTCA + Tokuyama Rebase 11 n=15
Group DK DENTCA + Kooliner n=15
Group DD DENTCA + Denture Liner n=15
Group DL DENTCA + Lang jet denture repair n=15
Group NT Nextdent + Tokuyama Rebase 11 n=15
Group NK Nextdent + Kooliner n=15
Group ND Nextdent + Denture Liner n=15
Group NL Nextdent + Lang jet denture repair n=15
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l Loading direction

— Relining material
Denture base resin

Embedding resin

Special jig

Fig. 2. Schematic diagram of the experimental setup of
the shear bond strength; the load was applied directly to
the interface.

Shear bond strength = Force to failure/bonding atea;

MPa = N/mm’

sE Awel Bwe BAS s I
(Stereomicroscope, Olympus SZ-PT, Tokyo, Japan)&
AHE-ste] IPEHE FdS RIS BRlelM Dot &
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i 123, SR s e RSt w3 9 A
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o} FAMRARFAN]| A (ZEISS GeminiSEM 500, Catl Zeiss
Corp., Oberkochen, Germany)s ©]-85}o] 242} 501,
5008}, 100081 2] vl & 2 FHE FHaFslch

Pt AHETAE 3HS SPSS program (IBM SPSS
Statistics v24.0, IBM Corp., Chicago, USA) 2.2 A2t
S BT Eajelgich. 24 Al 7 7 ey
ZAEo §oJ5 xfo]2 BA57] ¢5te] Komogorov-
Smirnov tese O §3H0] B ABL Algsheit. 9
A 2% Az vlaE A ARE Ak, two-
way ANOVA Al8) & Tukey HSDE ©]&5}o] ALS 4
= MBSt YR AE7H Hlae FEo]
/& UEPHATHH one-way ANOVAS}F AFS AARS 95}
o Tukey HSDE, F1+/4S VPR &=t Kruskal-
Wallis test@} A AX © 2 Bonferroni-Dunn %S Al
H3}THP < 0.05).

o two-way ANOVA testE Al3J5}$11l, Tukey HSDZ2
MEHEES A3YSFATE Lang jet denture repair Kit7}
g2 Azt 52 S EohFig 3, P = 0.03)

Shear bond strength (Mpa)

4 DT NT WK DK NK \') DD

SBS(Mpa)| 1359 | 856 | 861 18562 | 7.79 | 9.82 14.82 | 9.92
SD 529 | 308 | 254 569 | 216 | 377 476 | 389
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Fig. 3. Mean values (+ SD) of
shear bond strengths. Asterisk (*)
indicates s Asterisk (*) indicates
statistically significant difference
between the experimental groups.
SD: standard deviation, VT: Vertex
+ Tokuyama, VK: Vertex + Kooliner,
VD: Vertex + Denture Liner, VL:
Vertex + Lang, DT: DENTCA +
Tokuyama, DK: DENTCA + Kooliner,
DD: DENTCA + Denture Liner, DL:
DENTCA + Lang, NT: Nextdent +
Tokuyama, NK: Nextden t+ Kooliner,
ND: Nextdent + Denture Liner, NL:
Nextdent + Lang.

VL DL NL
2816 | 1441 | 1828
569 | 43 | 533
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x| M A E 2 Tokuyama Rebase 115 AF&SH Z A
H(n = 45)9] Kolmogorov-Smirnov test®] A}, &1t
e 2x| &= 7o 2 olE|o], Kruskal-Wallis 7373
I} AFEAA S 2 Bonferroni-Dunn testS A|Y5HITH
(Table 4).

Kruskal-Wallis testo] Al & 7+ §2Jx}7}F 9= o=z
SeIsigon, 3D LU Sl e ol oA}
Exfsx] ok 3D LY ox)4 eAls BEY El
S0 SOl EASIGTHP < 0.0).

x| FA MFEZ KoolinerE AFESEE AlH(n = 45)
9] Kolmogorov-Smirnov test®] A3}, FHdS 2=
710 2 El%]0], one-way ANOVA test@} AFEARF O 2
Tukey HSD testE Al3J5}% T (Table 5).

One-way ANOVA testo]] A 7t §-2Jx}7F Q1910
Tukey HSD test® AMS 7ol WE2W, AFe 24
#7137} 3D ZHY Al Q) NEXTDENTZA]
= YR A7F EASHA] kAL, e 3D ZHH 9]
g %1 DENTCASAM & folgh xp7F E/fst kP
<0.05),

x| " MERZ Denture Liners AFESH £ AlH(n
= 45)9] Kolmogorov-Smirnov test®] 23}, A4S wh
2X] &= Ao 2 Flgo], Kruskal-Wallis 2473} ALS
77 © & Bonferroni-Dunn testS A3} TH(Table 6).

Kruskal-Wallis testoflA] & 2t 27} Qle Ao 2
golE]9l o i, Bonferroni-Dunn test2 AFE ZAJof u}
21, 3D Y Yx|A 8|7 Ttoll= oA EXISHR]
ok 3D Y YA BT A5t AT oA &
OJx7F EAEFATHP < 0.05).

9Jx] g AMEZ LANG Jet Denture Repair kits At
83+ AJ#H 9] Kolmogorov-Smirnov test®] A, 1173
S 2= 707 I one-way ANOVA test2}
AE A O 2 Tukey HSD testS A|SY5}TH(Table 7).

One-way ANOVA testol] A o+ 7F F-2JxF7F Ql= 2o
2 SO1x] 0™ Tukey HSD test@ AL ZAAof| tp2H,
3D ZElE] XA R 7Hl= S olxb7F =SR] &S
313D 2 x4 s A5G R 2ol 03]
7} ERHSHETHP < 0.05).

QR QolAst AR A olgstel 72w

Table 4. Results of Bonferroni-Dunn test on the shear bond strengths: Tokuyama Rebase 1T

Samplel-Sample2 Test statistic Std. error Std. test statistic Sig.
DENTCA-NEXTDENT -233 4.795 -.049 961*
DENTCA-Vertex 13.767 4.795 2.871 .004*
NEXTDENT-Vertex 13.533 4.795 2.822 .005*
* denotes significant difference at level of 0.05.
Table 5. Results of Tukey HSD test on the shear bond strengths: Kooliner
Denture base resin Relining mateiral Mean difference Std. error Sig.
DENTCA 5.61199 1.62184 .004*
Vertex
NEXTDENT 3.70136 1.62184 069*
Vertex -5.61199 1.62184 004*
DENTCA
NEXTDENT -1.91062 1.62184 A73*
Vertex -3.70136 1.62184 .069*
NEXTDENT
DENTCA 1.91062 1.62184 AT3*

* denotes significant difference at level of 0.05.

Table 6. Results of Bonferroni-Dunn test on the shear bond strengths: Denture Liner

Samplel-Sample2 Test statistic Std. error Std. test statistic Sig.

DENTCA-NEXTD ENT -.067 4.796 -.139 .889*
DENTCA-Vertex 13.833 4.796 2.885 004*
NEXTDENT-Vertex 13.167 4.796 2.746 .006*

* denotes significant difference at level of 0.05.
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Table 7. Results of Tukey HSD test on the shear bond strengths: Lang Jet Denture Repair Kit

Denture base resin Relining material Mean difference Std. error Sig.
DENTCA 13.73101 1.87598 .000*
Vertex
NEXTDENT 9.85432 1.87598 .000*
Vertex -13.73101 1.87598 .000*
DENTCA
NEXTDENT -3.87669 1.87598 .109*
Vertex -9.85432 1.87598 .000*
NEXTDENT
DENTCA 3.87669 1.87598 .109*

* denotes significant difference at level of 0.05.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
VT VK VD V0L DT DK DD

u Cohesive denture base re sin Cohesive relining material ® Interfacial ™ Mixed

Fig. 4. The failure mode distribution of the shear bond strength test of all group.

e G2 Fig 43 Ak 2 oM tiR2e] B A I, B wdo] dofit AlHoM = aEE Aol

2 Y S IR o LR Al S THES ofx] A A= glol &5 HEE FEE Bl

W} S/ vl e EE A E2 9 Al(Fig. 5), &3/ 2= AlHe] o Adollb e S3E

A A3 Az Ao Mg dofstar oz K Al SR A B 7 BEE AL (Fig 6), S/ o Al

AME LoAUx] o *ﬂr —’F*Wﬂ’?ﬂ 173% olg3te] oMe &4s] HEd wHs oA SHE 4T ¢
He W 2 28 5 A3h(Fig 7).

Fig. 5. Scanning electron microscope
(SEM) photographs after shear bond
strength test: Adhesive failure.

(A) Group DK (DENTCA + Kooliner):
Interfacial failure (x50), (B) Group DK
(DENTCA + Kooliner): Interfacial failure
(x500).

) Dent Rehabil Appl Sci 2021;37(4):232-43 237



Cho SY, Song YG

=k
=

|

3DZHY 7|&2 R|FRopol|lA FH 4843t Ha ¢
i F 2ol YRIE A= M2 XETY
o2 xpejuiZdstal Qlet. Maeda 579 Aol A rapid
prototypmg«l Mol gL & YX|E Aztstet A7)
E91a1, AlHelal 573} Goodacre S5''9] AALo|A] 7]&
o] B/FHRN 9JR] Az HT} Hllo}oi 3D 299 7l&
& o] &3t AX|oA Bt 45 §X pol= S|
ekl ofeh 3D ZHYo = Xﬂ’%} «IXMW.L 9
A& RIXohe £EE X420 & ¥sts6l7] wio] o]d
w2} Qlil*bl Fx1et XX E B Eoka Es #’%‘174
Uloll A mehE fxI5k7] s M= X4 A
7Fsto] SR UHE NPT E X &
Aol g FEITE™ oj2fgt oJx|Ade] HAtel A
e RIS R oR] B AE 2
¢ Fa3k g9lo] Hr}” o]o]
ol A YJxI3Tt oJX] A M= 7He) FE T
DAL E A AHEBIET Crig'e &
Aldo] 73Ul SJR]ef Zslix] = Fatel
FAFSHAl YEbdITh L 1, Phillips™& AT AR
7} R A E ekEZ e nlEsE 9 AL =3t
E7olgtal skGitt. ofe] & AtoA= 3D ZHY

Az ofxoll A x| A Al YRIE BT Q7] A

)l:::,
[

o (g
o

o o

Moo B 02 R @ W oo

3

E>1
=

ri
oo |

p
mi Ay
o o
o 2

ogh
4
il
N

i

238

Fig. 6. Scanning electron microscope
(SEM) photographs after shear bond
strength test: Cohesive failure.

(A) Group VK (Vertex+Kooliner):
Cohesive failure on the relining
material (x50), (B) Group VK (Vertex
+ Kooliner): Cohesive failure on the
relining material (x500).

Fig. 7. Scanning electron microscope
(SEM) photographs after shear bond
strength test: Mixed failure.

(A) Group NT (NextDent + Tokuyama
rebase Il): Mixed failure (x50), (B)
Group NT (NextDent + Tokuyama
rebase Il): Mixed failure (x1000).
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