3D-Printed Zirconia: Can It Bond to Dentin?
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1.To compare additively manufactured (AM) zirconia with subtractively manufactured (SM) zirconia bonded to dentin in terms of bond strength and failure mode.

2. To assess the effect of (i) build orientation, (ii) sintering schedule, and (iii) resin cement on AM zirconia bonded to dentin.

HGD4: The manufacturing method AM or SM would not significantly affect the bond strength or failure mode of zirconia bonded to dentin.

H@->: Build orientation, sintering schedule, and the resin cement would not signiticantly affect the bond strength or failure mode of AM zirconia bonded to dentin.

One hundred and fii

with 50 pm layers in two build orientations (90° and 45°) and sintered using either a 1-
step or 2-step schedule. SM specimens were milled and sintered conventionally. All
specimens were bonded to dentin using one of three dual-cure resin cements:
SpeedCEM Plus, RelyX Ultimate, or Panavia V5 (n=10 per subgroup). Dentin was
prepared from extracted human molars and treated according to each cement's
protocol. Zirconia surfaces were sandblasted and conditioned per manufacturer
recommendations. After 24 hours, shear bond strength and failure modes were
assessed. Data were analyzed using 2-way and 3-way ANOVA with Tukey post hoc

tests (a = .05).

ty cylinder-shaped specimens (d2x4 mm) were fabricated from
either AM or SM 3Y-TZP zirconia. AM specimens were printed using a DLP 3D printer
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STUDY SETUP
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RESIN
CEMENTS

RelyX Ultimate
+
Scotchbond
Universal Plus
Adhesive

Panavia V5
+
Clearfil Ceramic
Primer Plus

SpeedCEM Plus

MANUFACTURER
(City, Country)

3M Dental,
St. Paul, MN, USA

Kuraray Noritake Dental Inc.,
Tokyo, Japan

lvoclar Vivadent AG,
Schaan, Liechtenstein

COMPOSITION

BisGMA, TEGDMA,
dimethacrylates, silane-treated
fillers, initiator system, an opaque
shade

Bis-GMA, TEGDMA, hydrophobic
aromatic dimethacrylate,
hydrophilic aliphatic
dimethacrylate, hydrophobic
phosphate monomer (MDP),
silanated barium glass, silica
fillers

UDMA, PEGDMA, dimethacrylate
resins, acidic monomers,
ytterbium trifluoride, initiators,
stabilizers, silanated fillers

TWO - WAY ANOVA (PrimMaARY OUTCOME)
CHI-SQUARE TEST (seconpary OUTCOME)
MATERIALS CAD/CAM
Process

BUILDING
ORIENTATION

THREE - WAY ANOVA + TUKEY (Primary OuTcomE )
SINTERING
SELIEBUEE

CHI-SQUARE TEST + BONFERRONI (seconpary OuTcoME)

RESIN
CEMENT

N=10
N =10

N

Additive Manufacturing (AM)

KUAIPRINT; Manfredi

Liquid Zirconia

INNI Cera BCM-W1000; AON Co.

908

N=10
N=10
N=10
N=10

N=10
N =10

Subtractive Manufacturing (SM)
PrograMill PM7; Ivoclar Vivadent AG

Zirconia disk
IPS e.max ZirCAD LT: Ivoclar Vivadent AG

K
45°

N=10
N=10
N=10
N=10

*1-step sintering schedule:

DEBINDING & FIRING: 21h +45min

*2-step sintering schedule:

Test groups

i) DEBINDING & FIRING: 20h + 5min & ii) ADDITIONAL FIRING: 5h

iiiiiiiii
digital:

N=10
N=10
N=10

N =150

Control group

Primary Outcome

Shear Bond Strength Test (SBS)

Universal testing device: crosshead speed of 1 mm/min until failure.

(AGS-10 kNX: Shimadzu Co)

Specimen #1
SpeedCEM Plus

Specimen #1

Panavia V5

Shear blade

3D-printed Zr0>

Specimen #1

RelyX Ultimate

Dentin

Acrilic resin

Two-way ANOVA: Three-way ANOVA:
p=0.875 (p<0.001)% H
= SpeedCEM

T = — =

S 2597 o RelyX Ultimate

S — * - . ,

2 = Panavia V5

o 207

Z *

T - Three-way ANOVA results: P-value

oy * = 5 ; Build orientation 0.851

. - . * ] Sintering schedule 0.796

2 10 e I e 1 | 5 | Resincement % 0.001

@ H 1 Build orientation * schedule 0.990
e I T_J al & — 1L Sintering * cement 0.097
IS0 5+ - m— — Build orientation * cement 0.509

>3 MPa ‘ Build orientation * schedule * cement ~ 0.147
| 11405:201 :
2 el SM-overall AM-Overall SM AM AM AM
(Control) (Test) (Control) 90° 45° 45°
- 2-step 1-step 2-step

Zirconia bonded to dentin in this study:
AM (mean): 12.72 MPa (under review, 2025)
SM (mean): 11.02 MPa (under review, 2025)

Other materials bonded to dentin in previous studies:
Resin composite (mean): 18.9 MPa (Basol et al., 2025)
Lithium disilicate (mean): 18.66 MPa (Martins et al., 2022)

Cohesive Failure

Secondary Qutcome

Failure Mode Analysis

x200 magnitication with a stereomicroscope
(Leica SP1600; Leica Biosystems Nussloch GmbH)

Adhesive Failure

4

Adhesive Failure

Chi-square test Chi-square test:
p=0.647 p<0.05*
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1. No significant differences in bond strength or failure mode were observed between AM and SM zirconia.

2. Resin cement had a significant effect on bond strength and failure mode, whereas the build orientation and sintering schedule of AM zirconia did not influence bonding to dentin.
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https://www.google.com/search?sca_esv=3f7494e869ebe89e&sxsrf=AHTn8zpm3VQTNUxNsLh4fDBMjLRtPiAe5w:1747911276723&q=Switzerland&spell=1&sa=X&ved=2ahUKEwjJzf319LaNAxUY5ckDHYa9GAkQkeECKAB6BAgUEAE
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=200&term=Martins+JD&cauthor_id=35405015

