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Sfoy/00 interface remains the main challenge of an adhesive filling ¢ 4. Modern adhesive

approaches include (1) etch & rinse, (2) self-etch.
a- Etch & rinse

The multi-step etch&rinse approach involves a phosphoric acid-etch step that at enamel produces deep etch-pits
in the hydroxyapatite (HAp)-rich substrate, and at dentin demineralizes up to a depth of a few micrometers to
expose a HAp-deprived collagen mesh. The next step involves either the application/curing of a combined pri-
mer/adhesive resin, or a separate primer and adhesive resin step. The final objective is to micro-mechanically
interlock upon diffusion and in situ polymerization of monomers into the enamel etch-pits, the opened dentin

tubules and the exposed collagen network, the latter forming the well-documented hybrid layer.

Without doubt, the micro-mechanical interlocking of tiny resin tags within the acid-etched enamel surface is still
today the best achievable bond to enamel ®. It not only effectively seals the restoration margins on the long term,

but also protects the more vulnerable bond to dentin against degradation ©.

On the contrary, etching dentin is a rather aggressive procedure as it dissolves and removes (through rinsing)
the natural protection of collagen, thereby producing a resin—collagen complex that is vulnerable to degradation
upon water sorption, possibly enhanced by the documented enzymatic degradation process 9. As the most
intimate and stable intermolecular interaction possible, primary chemical interaction between resin and the

mainly organic substance remaining at acid-etched dentin would definitely contribute to the bond durability but
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is however lacking (1010, This deficient chemical interaction should most likely be regarded as the major short-
coming of today’s etch & rinse approach. Nevertheless, traditional 3-step etch & rinse adhesives are still today

regarded as ‘gold-standard” (2.

b- Self-etch

The self-etch approach can be further subdivided into a ‘strong’ (pH < 1), an ‘intermediately strong’ (pH~1.5), a
‘mild” (pH=2), and an ‘ultra-mild” (pH>2.5) self-etch approach depending on the self-etching or demineralization

intensity (19,

Self-etching only dissolves the smear layer, but does not remove the dissolved calcium phosphates, as there is no
rinse phase. In particular ‘mild’ (pH=2) self-etch adhesives appear to deal reasonably well with bur-smear,

producing a submicron hybrid layer with substantial HAp-crystals still protecting the collagen fibrils.
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Schematic illustration of bond structure of a self-etching system and etch-and-rinse system (total-etching

system).
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Functional monomers, in particular like 10-MDP (10-methacryloyloxydecyl dihydrogen phosphate), have been
proven to interact with this residual HAp through primary ionic binding (4 5. The resultant two-fold mi-
cro-mechanical and chemical bonding mechanism closely resembles that of glass-ionomers (1620, However,
chemical bonding potential on its own is insufficient; the formed ionic bonds should also be stable in an aqueous
environment. Chemical bonding promoted by 10-MDP appeared not only more effective, but also more stable in
water than that provided by other functional monomers like 4-MET (4-methacryloyloxyethyl trimellitic acid)
and phenyl-P (2-methacryloyloxyethyl phenyl phosphoric acid), in this order (5.

Examination of Restorative Material-Tooth Interface

As the longevity of an adhesive composite restoration is mainly affected by leakage of oral fluids along the in-
terface between restorative material and tooth substrate ! 2. Examination of this interface included mi-
cro-leakage, marginal adaptation/gap formation, bacterial leakage permeability, nano-leakage and 3D-leakage.

Acoustic emission and Micro-CT have been used for non-destructive examination of interfacial debonding ®.

Bond durability can be measured using bond strength test (macro or micro test, basically depending upon the
size of the bond area), measured in ‘shear’, ‘tensile’, or using a “push-out’ protocol. Despite the importance of
laboratory studies attempting to predict clinical performance of biomaterials, clinical trials remain the ultimate
way to collect scientific evidence on the clinical effectiveness of a restorative treatment @42, Clinical effective-

ness of adhesives should best be determined using Class-V clinical trials.
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