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Dentin bonding agents have changed significantly with time from multi 

bottle to single bottle. The bonding agent plays a crucial role in the 

long term survival of the composite restoration. Also, the composition 

of bonding agents has changed to incorporate self-etching agents into 

the bonding agents to avoid a separate etching step. This article 

highlights the phase separation and changes in bonding agents with 

time and how it will affect the bonding mechanism. 
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Introduction:- 
Even though there are advances in bonding systems the bonding to tooth structure is a challenge. Formation of the 

hybrid layer by resin penetration into the demineralized dentin is very important. The hybrid layer is a highly 

organic interface that is relatively hydrophobic, acid resistant, and tough Phase separation into hydrophobic-rich and 

hydrophilic-rich phases during infiltration of the over-wet demineralized collagen matrix. Such phase separation 

undermines the integrity and durability of the bond at the composite/tooth interface
1, 2

. 

 

In the wet bonding technique, the demineralized collagen matrix remains excessively wet. Consequentially, the 

current dentin adhesives go through physical separation during penetration into hydrophobic- and hydrophilic-rich 

phases 

 

The new generation dentin adhesives are sensitive to moisture, seen as nanoleakage in the hybrid layer and phase 

separation into hydrophobic- and hydrophilic-rich phases. A typical finding in HEMA-free materials is caused by 

the incompatiblity of hydrophobic and amphiphilic monomers, upon solvent evaporation. Nano-phase separation 

decreases the dynamic mechanical properties of the polymerized adhesives and increases their susceptibility to 

esterase-catalyzed hydrolysis
1, 3

.  

 

During acid etching the mineral phase is extracted from a zone that measures between 1 and ∼10 micrometer of the 

dentin surface. 

 

Adhesives are compounds containing both hydrophilic and hydrophobic monomers. The major difference between 

hydrophilic and hydrophobic adhesives is the chemistry of their monomers and solvents. Adhesive systems are 

designed to promote dentin adhesion through the interaction of hydrophilic monomers in an organic solvent 

throughout a collagen rich humid tissue
2, 4

.  
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The earlier generation were of etch and rinse type of bonding agents. The new generation bonding agents are self-

etch bonding agents which don’t need a separate etching step. All the three component etchant, primer and adhesive 

are in a single bottle. 

 

The hydrophilic component shows minimal monomer/polymer conversion because of adhesive phase separation and 

lack of compatibility between the hydrophobic photoinitiator and hydrophilic phase. This contributes to the 

degradation of hybrid layer over a period of time
2, 6

. 

 

As the adhesive disperses through the wet, demineralized dentin matrix, it passes through a phase separation into 

hydrophobic and hydrophilic-rich phases. Water will spread into the loosely cross-linked or hydrophilic 

components. Degradation due to water can break the bonds within the adhesive and may undermine the 

dentin/adhesive bond integrity
3, 7

. 

 

resulting in the formation of blister- and globule-like voids at the resin dentine interface Furthermore, excessive 

moisture on the adherent substrate is also responsible for a lower degree of resin monomer conversion, reducing the 

mechanical properties of the adhesive layer. Most methacrylates are hydrophobic and insoluble in water, which is 

why many manufacturers use ethanol as a solvent to ensure that they remain in solution in one phase. The 

application of these adhesives in water saturated dentin after acid conditioning, generates separation in nanophases 

of adhesives
4, 7

 

 

Phases in bonding agents: 

Hydrophilic primer and a hydrophobic bonding resin. The hydrophobic-rich phase is viscous due to the substantial 

concentration of BisGMA. The composition of the hydrophilic-rich phase is primarily water and HEMA.  

  

The hydrophobic components of the dental adhesive (BisGMA, CQ and ethyl-4-(dimethylamino) benzoate 

(EDMAB) are present in least quantity in the hydrophilic-rich phase. The solvent in bonding agents is ethanol, and it 

displaces water on the wet demineralized surface of tooth, but even with these solvents complete removal of water is 

not possible and promotes detrimental adhesive phase separation
3, 8, 9

. 

 

Under in vivo conditions, there is minimal control on the amount of water remaining on the tooth surface. There is 

the risk of leaving the dentin surface so wet that the adhesive actually undergoes physical separation into 

hydrophobic and hydrophilic-rich phases. The hydrophilic elements penetrate the interior of the hybrid layer, while 

the hydrophobic monomers remain on the surface. Being hydrophobic, the camphorquinones do not penetrate, 

leading to inadequate polymerization in the deepest zone of the hybrid layer. Problems associated with phase 

separation affected fundamental properties like degree of conversion and hardness, with a negative impact on 

interfacial strength
5, 6

. 

 

Phase separation of the adhesive that permeates the demineralized dentin matrix would undermine the structural 

integrity of the resultant hybrid layer. Adhesive phase separation can cause a very porous hybrid layer characterized 

by hydrophobic BisGMA-rich particles distributed in a hydrophilic HEMA-rich matrix
4, 8

. 

 

HEMA in bonding agents:  

Conventional adhesives usually contain HEMA in a concentration between 35 and 55 vol%. A primer containing 

specific monomers with hydrophilic properties, such as 2-Hydroxy ethyl methacrylate (HEMA), dissolved in 

organic solvents like acetone, ethanol or water. It is a low molecular weight water-soluble monomer that improves 

the miscibility and solubility of the polar and non-polar adhesive components. While HEMA function is to improve 

the wettability and promoting the re-expansion of the collagen network, the solvents are able to displace water from 

the dentine surface, thus make the collagen network ready for the infiltration by the following adhesive resin. The 

absence of HEMA makes the adhesive more prone to the possibility of the so-called phenomenon of phase 

separation. Water is a good solvent for HEMA but a nonsolvent for BisGMA. Systems without HEMA undergo 

phase separation after solvent evaporation (ethanol/acetone) and droplets of water gradually rise to the surface and 

can be retained if adhesive polymerization starts immediately. Clinically, a strong air-drying step is highly 

recommended in order to blow the droplets out, leaving only a thin layer of bonding resin
8, 10, 11, 12

. 

 

Regarding solvent, no difference in bonding effectiveness was found between the ethanol/water and acetone/water 

combinations, though the latter is preferred, since both functional monomers appeared more stable in acetone/water. 
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Once a certain amount of acetone evaporates, the water in the bonding material separates; that is, they are phase-

separation bonding materials. HEMA-containing adhesives are more prone to water contamination, as HEMA in the 

uncured adhesive may absorb water which can lead to dilution of monomers to the extent that polymerization is 

inhibited
9, 13, 14

. 

 

After polymerization, HEMA will exhibit hydrophilic properties and consequentially cause water uptake and will 

lead to swelling and discoloration, as it is fixed in polymer chain for longer time. It also negatively affects the 

mechanical strength. Furthermore, high amounts of HEMA will cause flexible polymers with poor quality. HEMA 

has also been shown to retain water in the adhesive layer, which could reduce polymerization. 

 

Dental adhesive compositions are primarily based on volatile diluents that cause adhesive phase separation during 

the last stages of flow as solvent loss is occurring rapidly Adhesive systems containing hydrophilic primers 

dissolved in acetone were found to produce higher bond strengths when acid-conditioned dentine was left visibly 

moist prior to bonding, a protocol commonly referred to as the ‘wet bonding technique. Acetone has a so-called 

“water-chasing” effect
11, 15

. 

 

Hydrophilicity, however, is a both advantages and disadvantages, as, for example, HEMA absorbs water both in the 

cured and uncured states, which may hinder polymerization, weaken mechanical properties, and cause hydrolytic 

degradation of polymerized adhesive
13, 14, 16

.  

 

Conclusion:- 
Problems related to phase separation adversely affected fundamental properties like degree of conversion and 

hardness, with a negative impact on interfacial strength. As the wetness of bonded surfaces varies with dentin 

structure, that is completely normal as compared to caries-affected, dentin depth and the presence of remaining rinse 

water, it is essential to understand the effect of water content on polymer formation. The composition of bonding 

agents should be known and proper technique should be followed for bonding procedures. 
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