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[Abstract] Objective To investigate the effect of different surface treatment protocols on the surface properties
and immediate shear bond strength (SBS) between 3D-printed zirconia and resin cement to provide a reference for clini-

cal practice. Methods Disc-shaped zirconia specimens (@ 14 mmx 1.2 mm) with two different surface designs were
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fabricated using 3D printing technology: a smooth surface (Group S) and microporous surface (Group M), with 40 speci-
mens in each group. Each group was further randomly divided into four subgroups according to surface treatment: un-
treated (Subgroup U), alumina sandblasting (Subgroup ST), alumina sandblasting + Z-Prime ceramic primer (Subgroup
ZP), and alumina sandblasting + Monobond N ceramic primer (Subgroup MN). The surface morphology was examined,
roughness was measured, and wettability was evaluated via contact-angle testing. Composite resin cylinders (@ 3.5 mmXx
2.0 mm) were bonded to the zirconia surfaces with resin cement. Immediate SBS was determined by shear testing, and
failure modes were analyzed. Results Scanning electron microscopy revealed clear micro-grooves (2-5 pm wide) in
Subgroup S-U and micropores (approximately 400 wm in diameter) in Subgroup M-U. After sandblasting, the micro-
grooves in Subgroup S-ST were partially destroyed with some micro-cracks, while the microporous structure in Subgroup
M-ST remained clear. Compared with Subgroups S-U and M-U, sandblasted zirconia specimens (Subgroups S-ST, S-ZP,
S-MN, M-ST, M-ZP, M-MN) showed significantly increased roughness and decreased contact angles. Different surface
treatments significantly affected SBS between 3D-printed zirconia and resin. Sandblasted groups (Subgroups S-ST and
M-ST) had significantly higher SBS than untreated groups (Subgroups S-U and M-U). The application of ceramic prim-
ers after sandblasting (Subgroups S-ZP, S-MN, M-ZP, M-MN) further increased SBS; however, there was no statistically
significant difference in SBS between the two primers used after sandblasting (Subgroup S-ZP vs. S-MN, Subgroup M-ZP
vs. M-MN). Under the same surface treatment, microporous surface groups (Subgroups M-U, M-ST, M-MN, M-ZP) all ex-
hibited significantly higher SBS than smooth surface groups (Subgroups S-U, S-ST, S-MN, S-ZP). Conclusion Fabri-
cating a microporous surface using 3D printing technology can improve resin bonding effectiveness. Sandblasting com-
bined with a ceramic primer yields the highest immediate SBS.

[Key words] additive manufacturing zirconia; surface treatment; micropore structure design; surface topogra-
phy; roughness; contact angle; shear bond strength; mechanical interlocking; chemical bonding
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a: the smooth surface exhibited a relatively smooth surface with periodic microgrooves, even without a surface micropore design; b: the smooth sur-

face after sandblasting retained periodic microgrooves with a few microcracks appearing; c: the microporous surface showed clearly distributed mi-

cropores (approximately 400 pm in diameter); d: the microporous surface after sandblasting demonstrated significant micropore structure stability,

with cylindrical microstructures remaining intact and geometrically regular, and the periodic grooves were also preserved. S: smooth surface group;

M: microporous surface group; U: untreated group, maintaining the original printed surface; ST: sandblasting treatment group

Figure 1 ~ Surface morphology under a scanning electron microscope of 3D-printed zirconia specimens with different surface de-

signs and after sandblasting
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Compared with the smooth surface (a), the surface roughness of the zirconia specimens increased significantly after sandblasting (b), and the in-
crease in surface roughness was more pronounced when sandblasting was combined with ceramic primer treatment (¢ & d). In contrast to the
smooth surface group, compared with that of the microporous surface (e), the surface roughness after sandblasting (f) increased significantly,
whereas it decreased instead when sandblasting was combined with ceramic primer treatment (g & h). S: smooth surface group; M: microporous sur-
face group; U: untreated group, maintaining the original printed surface; ST: sandblasting treatment group; ZP: sandblasting + Z-Prime treatment
group; MN: sandblasting + Monobond N treatment group

Figure 2 Three-dimensional morphology under a scanning electron microscope of 3D-printed zirconia specimens after different

surface treatments

2 AR A EE A 3D 4T B AL B Bl i R B T = 4RI AR IR

R OAFFREAEHLS ) 3D T ED AL B A PF R LS (Ra)

Table 1~ Surface roughness (Ra) of 3D-printed zirconia specimens after different surface treatments

wm, xts
Surface treatment
Group F P
U ST MN
S group 0.16+0.01* 0.25+0.07*" 0.44+0.11° 0.31+0.04" 2.9519 <0.001
M group 0.30+0.10" 0.6420.11" 0.45+0.07° 0.35+0.07* 2.829 7 <0.001
F 10.828 6 45201 5 0.320 7 - -
P 0.007 2 <0.000 1 0.765 7 04190 - -

Ra means arithmetic mean roughness. Within the same row, statistically significant (P < 0.05) between-group differences are represented by different low-

ercase letters. S: smooth surface group; M: microporous surface group; U: untreated group, maintaining the original printed surface; ST: sandblasting treat-

ment group; ZP: sandblasting + Z-Prime treatment group; MN: sandblasting + Monobond N treatment group
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Compared with the smooth surface (a), after sandblasting, the contact angle of the zirconia surface significantly decreased (b). However, the combi-

nation of sandblasting and ceramic primer (Z-Prime or Monobond) treatment had no significant effect on the contact angle of the zirconia surface (¢
& d). The microporous surface showed a similar trend to the smooth surface (e-h). S: smooth surface group; M: microporous surface group; U: un-
treated group, maintaining the original printed surface; ST: sandblasting treatment group; ZP: sandblasting + Z-Prime treatment group; MN: sand-
blasting + Monobond N treatment group

Figure 3 Images of 3D-printed zirconia specimens contact angle tests after different surface treatments
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Table 2 Surface contact angles of 3D-printed zirconia specimens after different surface treatments , XES
Surface treatment
Group F P
U ST 7P MN

S group 76.67+1.72" 47.94+1.23" 46.93+0.31" 45.36+0.40" 190.399 2 <0.001
M group 61.13+0.70° 46.76+0.85" 46.27+1.34" 45.53+1.01" 55.685 3 <0.001

F 28.254 1 6.020 3 1.156 8 0.2159 - -

P 0.013 8 0.241 3 0.988 2 >0.999 9 - -

Within the same row, statistically significant (P<0.05) between-group differences are represented by different lowercase letters. S: smooth surface group;
M: microporous surface group; U: untreated group, maintaining the original printed surface; ST: sandblasting treatment group; ZP: sandblasting + Z-Prime

treatment group; MN: sandblasting + Monobond N treatment group

SBS was lowest in the S-U group. Sandblasting significantly increased SBS (S-ST
group). The combined application of ceramic treatment agents further improved SBS,
with no statistical difference between the two ceramic treatment agents (S-ZP and S-
MN groups). The microporous surface groups (M-U, M-ST, M-ZP, and M-MN groups)
showed a similar trend of improved SBS. The same superscript lowercase letters indi-
cate P > 0.05, while different superscript lowercase letters indicate P < 0.05. S:
smooth surface group; M: microporous surface group; U: untreated group, maintaining

the original printed surface; ST: sandblasting treatment group; ZP: sandblasting + Z-

SBS / MPa

Prime treatment group; MN: sandblasting + Monobond N treatment group; SBS: shear
bond strength
Figure 4 Immediate SBS of 3D-printed zirconia specimens with different

surface treatments
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a: the zirconia surface appeared smooth with a small amount of adhesive residue (adhesive failure); b: the zirconia surface was almost completely

covered by resin adhesive (cohesive failure); c: partial residual resin adhesive was visible on the fractured zirconia disk surface (mixed failure).

SEM: scanning electron microscope

Figure 5 SEM analysis of fracture types in 3D-printed zirconia-resin specimens
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For the smooth surfaces, the S-U and S-ST groups primarily exhibited adhesive failure and mixed failure, whereas after applying ceramic primers

(S-ZP and S-MN groups), the proportion of adhesive failure significantly decreased. For microporous surfaces, mixed failure was predominant in the

M-U and M-ST groups, and after applying ceramic primers (M-ZP and M-MN groups), the proportion of adhesive failure also significantly de-

creased. S: smooth surface group; M: microporous surface group; U: untreated group, maintaining the original printed surface; ST: sandblasting

treatment group; ZP: sandblasting + Z-Prime treatment group; MN: sandblasting + Monobond N treatment group

Figure 6  Analysis of the failure types of 3D-printed zirconia-resin specimens
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