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Bonding silica—containing CAD/CAM dental blocks to composite
resin with universal adhesives
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The bond strength to the silicate-based CAD/CAM blocks may be affected by the composition and microstructure of the silicate-
based blocks, surface treatment, and the properties of the applied adhesive, In this study, the shear bond strength to the silicate blocks
with various universal adhesives after sandblasting or HF-treatment was measured, and the effects of the additional silane application
after surface treatments are evaluated. Six silica-containing blocks and five universal adhesives currently used in dental clinics were
selected, After polishing the silicate block surface, the specimens were divided into two groups. The first groups were HF-treated
and the second groups were sandblasted with alumina, and the surface roughness, contact angle, and microstructure were analyzed
by CLSM (Confocal Laser Scanning Microscope), contact angle analyzer, and FE-SEM (Field Emission Scanning Electron Microscope).
Composite resin (2 mm diameter) was bonded with universal adhesive to silicate blocks and stored in a 37 ‘C water bath for 24 hours,
and the shear bond strength was measured using a universal testing machine, The measured values were statistically analyzed using
the Tukey-multiple comparison test (a =0.05). For hybrid composite ceramics, there was no significant difference in bond strength
between sandblasting or HF-treatment, and additional silane application may not be necessary when bonding with a universal
adhesive, whereas for leucite-reinforced and lithium disilicate glass-ceramics, HF-treatment may be more favorable for adhesion than
sandblasting, and additional silane application appears to be necessary even when applying a universal adhesive,
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Table 1, Silicate containing dental CAD/CAM blocks used in this study
Code Block Type of block Manufacturer
VTE Vita Enamic, HT Hybrid ceramic with dual ceramic-polymer cross-linked structure Vita, Germany
AMH Amber Mill H, HT Nano-crystalline hybrid composite ceramic Hass, Korea
EMP IPS Empress CAD, HT  leucite reinforced glass-ceramic Ivoplar Vlvadgnt,
Liechtenstein
s - . Ivoclar Vivadent,
EMX IPS e max CAD lithium disilicate glass-ceramic , .
Liechtenstein
AMM Amber Mill lithium disilicate glass-ceramic Hass, Korea
RSS Rosetta SM lithium disilicate glass-ceramic Hass, Korea
Table 2, Universal adhesives used in this study
Code Universal Adhesive Main Components pH Manufacturer

ABU All-Bond Universal

10-MDP, Bis-GMA, HEMA, ethanol, water, unfilled 32

Bisco, Schaumburg, IL, USA

PBU Pm‘fvii?d PENTA, 10-MDP, isopropanal, water, unfiled 25  Dentsply Sirona, York, PA, USA
SBU Smg!e Bond 10-MDP, HEMA, dmethacryllate, Vlltrebond 27 3MESPE, Saint Paul. MN, USA
Universal copolymer, ethanol, water, silane, filler

EZU EZ Bond Universal o
ethanal, silica filler

HBU Hi-Bond Universal

10-MDP, Bis-GMA, TEGDMA, UDMA, HEMA,

10-MDP, PVP, ethanol, water, silanized BAG 32

22 MetaBiomed, Cheongju, Korea

Mediclus, Cheongju, Korea
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Rosetta SM (RSS)
Figure 1, Surface mophologies CAD/CAM blocks after sandblasting or HF-etching treatment (left = sandblasted surface, right = HF-etched

surface).
A7t 35 CAD/CAM &5 #WS MEESA" - % 432 Table 69 g2jsioltt, sto]Hejs Hx
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Table 3, Surface roughness (um) of CAD/CAM blocks after surface treatments

Line Roughness, Ra (um)

Area Roughness, Sa (um)

Blocks
SB HF t-test SB HF t-test
VTE 1.06+£0.08° 1.02+0.22¢ 0,782 2.20+040% 111028 0.015
AMH 1.38+0.21° 1,90+0.30¢ 0.070 3.05+0.22 253+049 0.169
EMP 107+0.122 0.97+0,09¢ 0312 2.32+0.10 1.16+0,08 <0.001
EMX 0.71+0,02° 022+0,083° <0.001 1.30+0.19" 023+0,01% <0.001
AMM 0.81+0,052° 0.21+0,04° <0.001 1,710 349" 0.26+0,06* 0.002
RSS 0,79+0,032° 0.22+0.01° <0.001 1.50+0,169" 053+0 12 0.001
Note: Means within columns with the same superscript letter were not different (p>0.05).
Table 4, Contact angle (wetting energy) of CAD/CAM blocks after surface treatments
Sandblasted (SB) HF-treated (HF)
Blocks Contact Angle (°) Wetting Energy Contact Angle (°) Wetting Energy
Left Right (mN/m) Left Right (mN/m)
VTE 61.47+587° 61.47+590¢ 34 59+6.46" 62,78+6.312 62.56+6.24¢ 32.65+4 89
AMH 68.76+4 942 68.78+531¢ 26.90+5,06° 70571479 70.37+495° 2387+463°
EMP 46 47 +7 8B°e 46.99+7 07° 46,93+6.90" 52.66+7.73° 52.96+843° 4381+7 49
EMX 38.70£9,72° 39.45+9 42 54 49+8 91 35,69+531° 37.54+7 401 58.60+5 22
AMM 32.93+6.80° 33.05+5 56 5831£6.70 36.59+587° 37.19+558 57.69+525
RSS 39,774 42° 39.94+5 27" 55.14+6 20 35.18+7.521° 35.50+7 84 58.23+6 46

Note: Means within columns with the same superscript letter were not different (p>0.05),

e S wobx] EHAAY} 4

005 Hof o] AMojds H2heo] S/ &
ol = It W, AvkE bR 281k 9ol = A
= AFE3L universal adhesiveo] e}t AAA 4= EBU o & =
] 0,48600114] PBU] 0,8285% #}o]Z . A= o] Ak
Aelgh Aol A3 Tefolols A8aA s A9 ol b A0 wor)

73

HBU(0.4787)2 A|2]3F universal adhesiveo] 4]

(R=0.7395-0.8686)2 Kol vhH Az}

7t Aest Ao w77 HEY
]_



Table 5, Shear bond strength to the sandblasted (SB) CAD/CAM blocks after 24 hrs

Universal adhesive

Blocks Si!ane
Primer ABU PBU SuB EZU HBU
no 24 51£5 63 23.15+4 87ar 26.66+5 23" 21.51+£434° 24 324 7780
e yes 24.68+5 40° 2410503 27 14+418° 2564+458° 26.41+4 54°
no 26.45+4 90° 25704 87° 27.05+5 60° 252544 72° 26.19+4 50°
A yes 27 22+£523 2503+4,05° 279944 82° 26.87+4,08° 26,764 67°
no 13.18+£3.60%¢ 11,323,049 12.569+3 43'¢ 9.74+353° 15.88+4 09
a yes 23,09+3 65" 18.86+4 51 234514 27" 222544 14N 24 26+2 98"
no 12.88+353 12.63+2 30 13,70£3.47 12.39+3.30 13.16+3.21
o yes 24 38+3 61" 18,6414 43 24 67 +4 26~ 24 97 +3 69~ 24 204 04~
no 13.98+3,13" 11,862 40m" 13,11£372m0 9.90+3.26" 12.58+£3 62mn
AV yes 24.84+301° 18.27+£361° 23.32+4 61° 231614 30° 22 47+3 40°
no 11.40+2 854 11,.85+2 98¢ 183.14+4 149 10.22+3.607 13.20+3 55¢
s yes 2365312 18.33+3.80s 2202380 24054 21" 2266358
Note: Means within rows with the same superscript letter were not different (p>0.05),
Table 6. Shear bond strength of the HF-treated (HF) CAD/CAM blocks after 24 hrs
Silane Universal adhesive
Blocks ,
Primer ABU PBU SUB EzU HBU
no 25,69+4 2740 21.08+383° 26,0814 56° 22 6445 56°° 23,864 9280
e yes 24.69£374° 24 565 80° 3091£3.17¢ 2397+4 47° 24643 97°
no 2550+4 79° 2367+467° 251414 64° 21,06+4 52° 24.08+536°
A yes 24 82+4 54 23.58+4 42 2957 +3 .69 2503+£5 17" 25144 141
no 24 41£4 16" 24135 37" 2366510 20.33+3.85" 23.89+4 76"
a yes 24 47+£313 2596415 24 40£5 411 26.25+3 90 2529+4 42
no 2353+4.78 2158+470 22 48+5 52 12,75+4 45¢ 23.88+526
W yes 24 82+4 69 26.48+5 15 31.88+3.50™ 2599+2 54 24 72+539
no 2304474 18.44+4 68" 2129+575" 14 60+£3 49° 2142+4 46"
AV yes 25,69+3,98°4 23.40£5 534 287114 69° 27 1614 B2ra 23,00£4 929
no 23,604 31" 19.65+3.59 20.55+5 31" 13.96+3 95 2374+4 98
s yes 24,664 33" 25,694 25t 204242 84" 2653358 2584+4 85t

Note: Means within rows with the same superscript letter were not different (p>0.05),



Table 7, Correlation (R) between surface roughness (Ra) and shear bond strength

Sandblasted HF-etched
Universal Adhesive
No Silane With Silane No Silane With Silane
SuB 0.7591 0.7371 0.8075 -0.1639
PBU 0.7904 0.8285 0.7395 -0.4169
ABU 0.8169 0.6297 0.8686 -0,3443
EZU 0.7804 0.4860 0.8362 -0.6449
HBU 0.8800 0.7998 04787 0.2799
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