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Comparison of Shear Bond Strength of Veneer Ceramics to Co-Cr
Alloys Produced by Selective Laser Melting and Casting Technique
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Abstract Selective laser melting (SLM) manufactures an alloy using laser as a heat source, and has
recently been introduced in the dental industry. However, there is a lack of analytical research on
metal-ceramic restorations achieved by SLM. This study evaluates and compares the metal-ceramic bond
strength of Co-Cr alloys produced by selective laser melting and casting methods. Co-Cr samples
required for this study were produced through the sintering process of ceramics, by applying the SLM
and CAST methods. The metal-ceramic bond strength was measured by applying the shear bond strength
test. In order to determine the area fraction of adherent ceramic, Si content of the specimen was
measured using scanning electron microscopy SEM/ EDS. Results of the metal-ceramic bond strength and
AFAC were analyzed by t-test (¢ = 0.05). No significant difference was observed comparing the bond
strength of SLM and CAST Co-Cr alloys (P> 0.05). However, the SLM group had much better ceramic
adherence than the CAST group (P < 0.001). Moreover, oxidation characteristics were similar for both
SLM and CAST Co-Cr alloys, but metal structures were different. These results imply that although the
bond of ceramic and Co-Cr alloy is not related to the manufacturing method, SLM alloys impart better
ceramic adherence. This indicates that alloys made with SLM can be used to fabricate upper implant
prostheses in the future. In particular, it is expected to overcome the shortcomings of the CAST method,
and save time and cost.
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Table 1. Co-Cr alloy system used for fabricating the
specimens

Composition

Manufacturin
8 Group code Manufacturer

technique (Wt %)
' Co 63.8, Cr 24.7 EOS GmbH.
Selective Laser SIM Mo Kraillin
Melting 51, W 54,810, % &
Fe<0.5, Mn0.1 ermany
Co 54.9, Cr 245  Degudent,
Casting CAST W 10, Mo 1.0, Si Hanau,
1.0, Fe 0.1, Nb 2 Germany
2. Al
Fe-AEte k) MerdRE Bkl WA Co-
Cr &2 AR Yotod 28 Co-Cr PEo=2
StarLoy C(Degudent, Hanau, Germany), A&&] g

<4 Hulo

ojA &84 HE&H CoCr &% EZ2 EOS
CobaltChrome SP2(EOS GmbH, Krailling, Germany)S
AMESFETHTable 1), ®Yolg X7g A4
Vintage Halo(Shofu, Japan)& AFE3IATtHTable 2).

Table 2. Veneering ceramic used in this study

Product Company Fire temperature
Degassing 980°C
“Opaque 950°C
0paque 945°C
Vintage Halo Shofu “Dentin 920°C
Dentin 910°C
Correction 905°C
Glaze 895°C




p=4
R

el Etel=EA A21d A12E, 2020

L

B

il

Ago] AR BE Co-Cr TF2 o] dol7t
10 mm FA7} 2 mmQl FALEY] o Fe= HArzt
Y F9ol A&l 3 mm, %°] 5 mm2] Y75 FEHY
£3ol1E 7HRE FEE Attt T3t 2714] Al
Hol| wet 12708 F 24719] ILE IF P2 AS

O Hu=E
At} Fig. 12 £ 479 5555 Yepdch

bas

| Study Plan |
Co-Cr alls

! 0 1. alloy !d 2 Type |
Selective laser melting | Casting |

T - T

| Surface Treatment |

| Opaque Application |

| Veneer Ceramic |

E 3

‘ Interface Analysis | I Bond Strength |

‘ SEM/EDS | I Shear Bond Strength |

Fig. 1. Study flow
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Fig. 3. Schematic diagram of the shear bond strength
test
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Table 3. Bond strength values of SLM and CAST groups

Group n Mean + SD?
SLM® 12 2874 + 2.65°
CAST® 12 28.57 + 3.01°

‘Groups with the same superscripted letters were not significantly
different at @ =.05. "Selective laser melting “Casting.

et

Fig. 4. Interface of metal ceramic specimens (orginal
magnigication x1000); A, SLM. B, CAST; (a)
Ceramic  substrate; (b)  metal-ceramic
interaction zone; and (c) metal substrate
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Table 4. Mean values for elemental concentrations®

Group Preparation O Al Co Cr Mo \%
APA’ 8 15 5 17 3 2
SLM
Degassing 24 10 25 37 2 2
APA’ 8 15 51 17 4
CAST
Degassing 25 12 26 30 3 4

“Mean values shown for elemental concentrations (by wt %) of
selective laser melting (SLM) and casting (CAST) Co-Cr alloys
for 2 preparation stages (n=6).

“Airbone-particle abrasion.
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Fig. 5. SEM and corresponding EDS mapping image
for each group; A, SLM. B, CAST. (S), SEM
images. (0), Oxygen, (Al), Aluminum. (Si),
Silicon.
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Table 5. AFAC values of SLM and CAST groups

Group n Mean + SD*
SLMP 12 742 + 4.0°
CAST® 12 552 + 7.4°

"AFAC, area fraction of adherence ceramic
“Groupswithsamesuperscriptedlettersarenotsignificantlydifferent
at @ =.05. "Selective laser melting, ‘Casting.
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