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Evaluation of machining accuracy of zirconia Merlon fracture test models
fabricated by subtractive and additive manufacturing

Heejung Lee™, Ji-Myung Bae'’, Seunghan Oh"*

'Department of Dental Biomaterials, College of Dentistry, Wonkwang University, Iksan, Republic of Korea
“Department of Dental Technology, College of Natural Science, Bucheon University,
Bucheon, Republic of Korea
“Institute of Biomaterial-Implant, College of Dentistry, Wonkwang University, Iksan, Republic of Korea

The machining accuracy of zirconia prostheses fabricated by the subtractive (SM) and additive manufacturing (AM) was evaluated
using the Merlon fracture test model in ISO 18675 (2022). The SM specimens were fabricated by a DWX-51D (Roland, Sydney, NSW,
Australia) using two zirconia blocks (Katana Zirconia HT; KH, Katana Zirconia STML; KS). The AM specimens were prepared by
a DLP type 3D printer INNI-II (AON, Gunpo, Korea) using zirconia liquid slurry (INNI-CERA; PZ). The specimen STL image was
acquired using a model scanner (E3, 3 Shape A/S, Copenhagen, Denmark), The machining accuracy of the specimens was analyzed
by the RMS method superimposing the reference STL image and the specimen STL image in image analysis software (Geomagic
Control X, 3D Systems, Rock Hill, SC, USA). From the results of the machining accuracy analysis, the KH and KS groups showed
statistically significantly better machining accuracy (lower RMS) than the PZ group (P<0.05). The KH and KS groups showed higher
machining accuracy as the thickness decreased, and the 0.2 mm and 0.3 mm experimental groups showed statistically significantly
better machining accuracy than the 0.4 mm experimental group (P<0.05). On the other hand, the PZ group showed better machining
accuracy as the thickness increased, with the 0.4 mm group showing statistically significantly better machining accuracy than the
0.2 mm and 0.3 mm groups (P<0.05). Within the limitation of this study, the thickness of the final zirconia prosthesis fabricated by

additive manufacturing should be at least 0.4 mm for clinical use in dentistry.
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Table 1, Materials and devices used in this study

Group Product Manufacturer Composition Device
3 mol% yttria-containin
KH Katana Zirconia HT oyf[ I . nno DWX-51D
Subtractive Kuraray Noritake Zirconia (Roland, Sycney
Manufacturin Dental, Tokyo, Japan _ ia- ini ' '
Hactime KS  Katana Zirconia STML 1ok, Jap 555 mol% yttr@ contaning  Nsw, Australia)
zirconia
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Additive zlrrT::C;rfaYtz?ricfriZ |?”3i2|g INNF11
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Table 2, Results of the manufacturing accuracy of the model of the Merlon fracture test

Thickness
Group
02 mm 0.3 mm 04 mm
KH 74.34(13.79) 77.12(1396) 91.07(4.72)
KS 71.09(16.18) 73.23(14.89) 89.52(4 24)
Pz 128.07(10.90) 126.82(10.39) 101.04(8.96)
(a) (b) (c)
200 200 200
180 180 | 180 |
160 | 160 |- 160 |
- b b P
§ 140 | § 140 g 140}
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E 8oL E 80| — E s L S
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a0t a0 Fuye
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at 0.2 mm thickness at 0.3 mm thickness at 0.4 mm thickness

Figure 3. The manufacturing accuracy of all experimental groups according to the different thicknesses.
(a) 0.2 mm thickness, (b) 0.3 mm thickness, and (¢) 0.4 mm thickness
(Different letters indicate statistical significances in each graph by one-way ANOVA at a =0,05)
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Figure 4, The manufacturing accuracy of all experimental groups according to the different technology.
(a) KH group, (b) KS group, and (c) PZ group
(Different letters indicate statistical significances in each graph by one-way ANOVA at @ =0,05)
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