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History Indications

Figure 1 

o Absolute substrate surface smoothness.
o Absolute substrate surface cleanliness.
o Complete substrate surface homogenecity.
o Strongly hydrophilic adhesive of minimal surface tension.

Adhesion mechanisms

Ideal requirements of adhesion

1955 – Dr. M. G. Buonocore noted that metal was treated with 
acid before painting to provide a better bond between the metal 
surface and the paint. He then applied this procedure for the bond-
ing of composite resin to teeth.

Chemical affinity between the adhesive and the substrate

Complete wettability of the substrate by the adhesive

o Less tooth structure removed.
o Reduces micro -leakage at margins.
o Better distribution of stresses.
o Possible reinforcement of tooth structure.
o Easy to repair fillings with minimal tooth.
o Tooth colored restorative material may be added to teeth  

 without preparations (veneers, Maryland bridge).

Advantages of adhesion

Figure 2 

Mechanical Adhesion

It occurs when the solidified adhesive interlocks micro - me-
chanically with roughness and irregularities of the surface of the 
adherend (substrate).

Figure 3 

Chemical Adhesion

It refers to the forces or energies between atoms or molecules at 
an interface that holds two phases together.
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Figure 6

Successful acid etching could be obtained by selective  
demineralization of the adherend using:

Figure 7: Morphological aspect of the surface of enamel  
conditioned with 36% phosphoric acid for 20 s. The formation  

of micropores with type I pattern of conditioning can be observed. 
(Original magnification: top, 750X: bottom. 1500X).

This can be formed by either

1. Adsorption.
2. Diffusion.

Adsorption mechanism

It occurs when chemical bonds develop between the adhesive 
and adherend including (ionic and covalent) valence forces.

Figure 4 

Diffusion Mechanism

It occurs when polymers from each side of an interface could 
cross over and react with molecules on the other side to allow dis-
appearance of the interface.

Figure 5

Electrostatic Adhesion

It occurs when an electrical double layer forms at the interface 
between a metal and a polymer.

Bonding to Enamel

It involves
1. Adherend foundation preparation.
2. Adherent composition and infiltration.

Adherend foundation preparation

Involves creating micro pores or micro irregularities in the sur-
face enamel substrate or what is called enamel etching.

1. Chemical conditioners

o Acids: Phosphoric acid 37% for 15 seconds; the 
most widely used etchant.

o Chelators: the best chelating agent is EDTA.

2. Physical Conditioners: using LASER for vaporization of 
a part of the organic dentin constituents.

3. Mechanical Conditioners: by micro abrasion using sili-
ca particle. (Aluminum Oxide).
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Adherent composition and infiltration

o Acid concentration.
o Time of etching.
o Enamel surface.
o Contamination.

Type III etching pattern: not related to prism morphology.

Factors affecting successful acid etching

Figure 8: Enamel surface etched with Er: YAG laser.  
Irregular areas on the surface due to tissue removal and 

 intact area can be observed.
(SEM x 500 -A and x 2000-B). The arrow shows untreated  

enamel surface within the irradiated area.

Patterns of Etching

Type I etching pattern: preferential removal of enamel prism 
cores, resulting in honey comb like appearance.

Figure 9: The type I pattern in acid etched teeth with hypo  
mineralized amelogenesis imperfecta was characterized by a  
deep central excavation and prominent margins. Bar 20um.

Type II etching pattern: preferential removal of prism peripher-
ies, giving cobblestone like appearance.

Figure 10: The type II pattern showing a variable central protru-
sion and a notable degree of peripheral dissolution. The Retxius 

stria is clearly visible in the centre of the image. Bar 20um.

Figure 11: Small areas ("islets") of type I alterations within larger 
areas characterized mainly by the type II pattern. Bar, 50 um.

Figure 12

o Enamel adhesives are generally based on Bisphenol   
 Glycidyl Methacrylate (BisGMA) or Urethane Dimethacry 
 ate (UDMA) resins.

o They are coupled with hydrophilic monomers of lower   
 viscosity such as HEMA and TEGDMA to enhance wetting.
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Bonding to Dentin

o Hydrophilic.
o Contain hydrophobic part to co - polymerize with the   

 subsequently applied resin.
o Low viscosity.
o Possess minimal film thickness.
o Biocompatible.
o Possess high bond strength.
o Minimize micro - leakage to nano - leakage.
o Easy to apply.
o Good shelf life.

Selective Demineralization

Etching

For successful priming

Figure 13

Requirements for an ideal dentin bonding agent

1. Selective Demineralization (etching).
2. Alteration of Surface Wettability (priming).
3. Resin Impregnation.

Principles of dentin hybridization

o 3 steps (etching, priming and resin impregnation0.
o 2 steps (etching then priming + resin impregnation).

Dentin Hybridization may be obtained by

o Removal of smear layer.
o Demineralization of the superficial dentin matrix.
o Uncover peritubular and intertubular dentin.
  o   Rinsing.
  o   Drying (blotting):
o Air drying leads to decrease in volume of collagen by   

 65%.
o Over drying leads to collagen collapse.

They are adhesive-promoting monomers e.g: HEMA and TEG-
DMA composed of both hydrophilic and hydrophobic groups of 
ETHANOL or ACETONE solvents.

Alteration of surface wettability (priming)

Figure 14

o Apply multiple coats.
o Dentin surface must not be over dried or over wet.
o Extend priming time.
o Enamel and dentin must appear glossy and wet after   

 priming.

o Consists primarily of hydrophobic monomers such as   
 Bis -GMA or UDMA.

o Also contains some hydrophilic monomers such as   
 TEGDMA to regulate viscosity and HEMA as a    
 wetting agent.

o The main goal is to totally seal all the micro porous   
 spaces.

o The part of the resin that impregnates into the intratubu  
 lar dentin is called HYBRID LAYER while the part that   
 enters the dentinal tubules is called RESIN TAGS.

Resin Impregnation

Figure 15
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Development of dentin bonding systems

Figure 16

Figure 17
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Figure 18

Figure 19
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Technique description for the use of 7th generation

Figure 20

Figure 21
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Factors affecting bonding to tooth structure

Oral environmental factors
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Tooth – related factors

a. Physiological effects:
   o   Surface energy.
   o   Capillary attraction.
   o   Osmotic pressure.
b. Compositional differences of tooth tissues.
c. Presences of smear layer.
d. Contaminants.

Material - related factors

o Biodegradation in oral fluids.
o Thermal coefficient of expansion.
o Dimensional stability.
o Modulus of elasticity and transfer of stress at interface.

Prepared cavity -related factors

o Adhesive cavity design should be done.
o Resistance and Retention required should be estimated   

 and built in preparation.
o All carious tissue should be removed.
o Adequate finishing, debridement and toilet of the cavity   

 required.

Technique of restoration and skill of the operator factors

o Avoid moisture contamination.
o Use of liner and bases.
o Constituents of temporary restorations.
o C-factor.
o Post-operative and post restorative care.

o Occlusal loads.
o Chemical degradation.
o Oral microorganisms.
o Humidity.
o Chewing habits.
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