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Abstract
ABSTRACT
This study compared the dentin shear bond strengths of currently used dentin bonding agents that were irradiated with an LED (Elipar FreeLight, 3M-ESPE) and a halogen light (VIP, BISCO). The optical characteristics of two light curing units were evaluated. Extracted human third molars were prepared to expose the occlusal dentin and the bonding procedures were performed under the irradiation with each light curing unit. The dentin bonding agents used in this study were Scotchbond Multipurpose (3M ESPE), Single Bond (3M ESPE), One-Step (Bisco), Clearfil SE bond (Kuraray), and Adper Prompt (3M ESPE). The shear test was performed by employing the design of a chisel-on-iris supported with a Teflon wall. The fractured dentin surface was observed with SEM to determine the failure mode.
The spectral appearance of the LED light curing unit was different from that of the halogen light curing unit in terms of maximum peak and distribution. The LED LCU (maximum peak in 465 ㎚) shows a narrower spectral distribution than the halogen LCU (maximum peak in 487 ㎚). With the exception of the Clearfil SE bond (P < 0.05), each 4 dentin bonding agents showed no significant difference between the halogen light-cured group and the LED light-cured group in the mean shear bond strength (P > 0.05).
The results can be explained by the strong correlation between the absorption spectrum of cam-phoroquinone and the narrow emission spectrum of LED.
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Figure 1. Schematic diagram of the shear bond strength test used in this study.	Embedding resin

	Teflon-coated metal iris

	Teflon wall

	Composite

	Load application chisel
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Figure 2. Spectral distributions of the two LCUs.
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Figure 3. Spectral intensity of two LCUs used in this study.
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Figure 4. The failure mode.
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Figure 5. Adhesive failure.
a. Total fractured surface on the dentin side of a H-SE specimen (× 23). b. Higher magnification of the sections of the fractured surface marked (b) in figure 6a (× 400). c. Higher magnification of the sections of the fractured surface marked (c) in figure 6b (× 2000). d. Higher magnification of the sections of the fractured surface marked (d) in figure 6c (× 20,000). Shear force is suggested by the appearance of the fractured resin tag.

[image: Figure 6.]
Figure 6. Mixed failure; adhesive failure + cohesive failure within the DBA.
a. Total fractured surface on the dentin side of a L-SB specimen (× 23). b. Higher magnification of the fractured surface marked (b) in figure 7a (× 400). c, d Higher magnification of the sections of the fractured surface marked (c), (d) in figure 7b (× 1000). Figure 7c shows cohesive failure of the bonding resin. Figure 7d shows adhesive failure between the hybrid layer and the bonding resin.

[image: Figure 7.]
Figure 7. Partially cohesive failure within the composite.
a. Total fractured surface on the dentin side of a H-MP specimen (× 23). Partially cohesive failure in the composite was observed in the upper portion. b. Higher magnification of the sections of the fractured surface marked (b) in figure 8a (× 400). c, d. Higher magnification of the sections of the fractured surface marked (c), (d) in figure 8b (× 3000).

Table 1. Manufacturers, components and bonding procedures of the different dentin bonding systems and composites used in this study.
	Bonding systems	Components	Bonding procedures	Composite resin
	Scotchbond Multipurpose 3M ESPE (MP)	Primer : HEMA, polyalkenoic acid copolymer, water Adhesive : Bis-GMA, HEMA, initiator, amine	Etched with 35% phosphoric acid for 15s, rinsed, lightly dried with a gentle air stream to leave a moist surface, primer applied, dried with gentle air stream, adhesive applied, light-cured for 10s.	Z-100 (A2 shade)
	

	Single Bond 3M ESPE (SB)	HEMA, Bis-GMA, dimethacrylates, polyalkenoic acid copolymer, photoinitiator, ethanol, water	Etched with 35% phosphoric acid for 15s, rinsed, lightly dried with a gentle air stream to leave a moist surface, adhesive applied in two consecutive coats, air-dried, light-cured for 10s	Z-100 (A2 shade)
	

	One-Step Bisco (OS)	HEMA, BPDM, Bis-GMA, photoinitiator, acetone	Etched with 32% phosphoric acid for 15s, rinsed, lightly dried to leave the dentin moist, two coats of adhesive applied with agitation, air dried, light-cured for 10 s	Renew (A2 shade)
	

	Clearfil SE Bond Kuraray (SE)	Primer: MDP,HEMA, hydrophilic DMA, CQ, N,N-Diethanol-p-toluidine, water Adhesive : MDP, Bis-GMA, hydrophobic dimethacrylate, HEMA, CQ, toluidine, silanated colloidal silica	Dried with light air, SE primer applied, wait 20s, evaporate with a light air flow, adhesive applied, gently air blow, light-cured for 10s	Clearfil AP-X (A2 shade)
	

	Adper Prompt 3M ESPE (AP)	Liquid A: methacrylated phosphoric ester, Bis-GMA, initiators based on CQ, stabilizer Liquid B : water, HEMA, polyalkenoic acid, stabilizer	Aggressively mix each one drop from solution A and solution B for 5 s. the mixed adhesive applied and rubbed in the solution with a moderate finger pressure for 15s. gently dried, light-cured for 10s	Z-100 (A2 shade)


Abbreviation: Bis-GMA, bisphenyl-glycidyl-methacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP, 10-methacryloy-loxydecyl dihydrogen phosphate; BPDM, Biphenyl Dimethacrylate; DMA, Dimethacrylate; CQ, Camphoroquinone


Table 2. The groups examined in this study; Abbreviation.
		Halogen (VIP)	LED (Elipar Freelight)
	Scotchbond Multi-Purpose	H-MP	L-MP
	Single Bond	H-SB	L-SB
	ONE-STEP	H-OS	L-OS
	Clearfil SE Bond	H-SE	L-SE
	Adper Prompt	H-AP	L-AP



Table 3. Light power measurement and conversion to intensity.
		Manufacturer	Demetron	EPM 1000	Intensity calculated
		(㎽ ㎝-2)	(㎽ ㎝-2)	(㎽)	(㎽ ㎝-2)
	VIP (Halogen)	400	350	254	505
	Elipar Freelight (LED)	About 400	310	148	294



Table 4. Mean shear bond strength values of the bonding agents (MPa) irradiated with the halogen (VIP) and LED (Elipar Freelight).
	DBA	Halogen	LED	p-value
		mean ± s.d	mean ± s.d	
	SE	37.60 ± 7.34 a	25.38 ± 9.24 A, B	0.002 *
	SB	25.32 ± 8.63 b	26.98 ± 5.37 A	0.577
	MP	24.24 ± 8.06 b	22.22 ± 7.62 A, B	0.535
	OS	20.91 ± 8.02 b	21.29 ± 5.62 A, B	0.892
	AP	20.14 ± 3.69 b	16.81 ± 5.21 B	0.085


The same letters indicate no significant difference between the groups.
*Means a statistically significant difference.
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