N. B. Cook 
5/98
Page 6

Dentin Bonding

Learning Objectives:
1.  Discuss the differences between enamel and dentin bonding.

2.  List obstacles to dentin bonding and discuss how each affects our ability to bond to dentin.  Include dentin composition, dentinal tubule morphology, dentin permeability, and smear layer.

3.  Describe the hybrid layer and discuss its importance in dentin bonding.

4.  List the 3 components of a dentin bonding system and explain the function of each.

5.  Understand the difference between solvent based and aqueous solution systems.

6.  List potential problems with bonding.

7.  Define “wet bonding.”

8.  Describe 5th generation dentin bonding systems. 

_____________________________________

1.
Enamel Bonding


A.
Started in 1955 by Buonocore using 85% Phosphoric Acid


B.
Today use 35 -37% Phosphoric acid for 15 - 20 seconds


C.
Etching



1)
Increases surface energy for better wetting



2)
Creates surface roughness for micromechanical attachment



3)
Able to achieve high bond strengths because of high mineral and low water content of enamel.


D.
Resin tags average 8 ( in length


E.
Typical bond strengths = 25 - 30 MPa  (7 MPa ( 1000 PSI)

2.
Obstacles to Dentin Bonding

A.
Heterogenous Composition of Dentin
Composition (volume %)
Enamel
Dentin

Inorganic (mineral)
85
45

Organic (collagen)
12
33

Water
3
22


B.
Variable Tubular Density and Pattern


1)
Depth / Location of Dentin




a)
Shallow Dentin - fewer tubules of smaller diameter




b)
Deep Dentin - more tubules of greater diameter (more fluid flow)



2)
Type of Dentin




a)
Peritubular Dentin





i.
Collar around lumen of dentinal tubule





ii.
Approximately 1.0 - 1.5 ( in thickness





iii.
Ratio of peritubular to intertubular dentin increases as approach the pulp.




b)
Intertubular Dentin





i.
Less mineral, more collagen than peritubular dentin





ii.
Less intertubular dentin as approach the pulp




c)
Reparative Dentin





i.
Forms when Tomes process cut within 1.5 mm from pulp





ii.
Formed as result of pulpal irritation





iii.
Structure varies from well organizes tubular to irregular atubular dentin





iv.
Formed at pulp / dentin interface




d)
Sclerotic Dentin





i.
Results from long term, low level stimulation of odontoblasts





ii.
Tubules become filled with peritubular dentin





iii.
Does not result from cavity preparation or restoration




e)
Dentin Age





i.
As dentin ages, becomes more mineralized





ii.
Number of tubules decreases





iii.
Ratio of peritubular to intertubular dentin increases




f)
Today’s dentin bonding technology is most successful when there is an abundance of less mineralized, collagen rich intertubular dentin.


C.
Tubular Fluid Flow


1)
Fluid flow results from:




a)
Hydrostatic pressure

 


b)
Drying of cavity preparation




c)
Application of heat or cold




d)
Negative pressure




e)
Application of hyperosmotic solutions



2)
Removal of the smear layer will increase fluid flow



3)
Cavity Preparations




a)
Dentin over pulp horn more permeable than dentin of pulpal floor.




b)
Axial wall dentin 2 times more permeable than dentin of pulpal floor


D.
Presence of Smear Layer



1)
Smear layer a product of:




a)
Rotary or hand instrumentation




b).
Application of abrasives



2)
Smear layer acts a barrier to fluid flow and bacterial infiltration



3)
Smear layer poorly bound to dentin (4 - 6 MPa) 

3.
Hybrid Layer

A)
Consists of polymer, collagen, and hydroxyapatite


B)
Formation of hybrid layer requires:



1)
Surface demineralization followed by



2)
Penetration of adhesive monomers



3)
Hybrid layer formation occurs primarily in intertubular dentin because of low mineral and high collagen fiber content.  Bond strengths are not correlated to the length of resin tags in the tubules.

4.
Dentin Bonding Agents

A)
Components



1)
Conditioner




a)
Dissolves or removes smear layer




b)
Demineralizes dentin surface exposing collagen fibers




c)
Conditioning agents





i.
Strong acids - “total etch” technique





ii.
Weak acids - (maleic, oxalic) primarily smear layer removal





iii.
EDTA - attacks calcium exposing organic portion of dentin (collagen)





iv.
Glutaraldehyde - stabilizes collagen constituents



2)
Primer




a)
Contains bi-functional molecule (hydrophilic and hydrophobic)




b)
Forms chemical and micromechanical bond to dentin, copolymerizes with restorative bonding resin.




c)
Typical chemicals used as primers





i.
HEMA (hydroxyethylmethacrylate)





ii.
PMDM (pyromellitic acid dianhydride + 2-hydroxyethyl methacrylate)





iii.
NPG-GMA (N-phenylglycine + glycidyl methacrylate)





iv.
4-Meta (4-Methacryloxyethyl trimellitate anhydride) (Amalgambond, C&B Metabond, Super-Bond C & B)





v.
Penta (Prime and Bond 2.1)




d)
Solvent Based Systems





i.
Primer diluted in a volatile solvent





ii.
Primer generally chemically cured





iii.
Placed in multiple layers





iv.
Minimal film thickness





v.
Use with direct or indirect restorations





vi.
Can take longer to apply because of multiple layers





vii.
Examples:  All Bond 2, Tenure, Mirage ABC, Restobond 3




e)
Aqueous Solution Systems





i.
Primer combined with a medium to heavy viscosity bonding resin





ii.
Light cure or dual cure





iii.
Requires only single application (requires less time)





iv.
Greater film thickness may interfere with seating of indirect restorations





v.
Examples:  Optibond, ProBond, Scotchbond MP, Denthesive



3)
Bonding Resin




a)
Unfilled or minimally filled resin of low viscosity




b)
Polymerizes with hydrophobic portion of bi-functional molecule of primer




c)
Examples:  Bis-GMA, UDMA (urethanedimethacrylate)

5.
Potential Problems

A.
Faulty curing light


B.
Resin pooling / oxygen inhibition


C.
Film thickness


D.
Contamination



E.
Variations from recommended protocol

6.
Wet Bonding


A.
Refers to dentin that is slightly moist since these primer molecules have an affinity for moisture.  Does not refer to contamination.


B.
To achieve slightly moist dentin, rinse away acid etch with water spray, remove gross water with bursts of air, blot dentin with cotton pellet.  Surface should have a sheen to it.


C.
Can rehydrate dentin if necessary by wetting a cotton pellet, blot it on patient napkin, and apply to dentin.

7.
5th Generation Bonding Agents (“One-Step” systems)


A.
“One Bottle” more correct name.  Still require several steps.


B.
3 components of dentin bonding system still present.



C.
Still get better bond strengths with 4th generation, multi-bottle systems


D.
Examples: Optibond Solo, One Step, Prime & Bond 2.1, Tenure Quick, Bond 1, Single Bond DAS, Syntac SC


8.
Dentin Bonding Rules

A.
Always maintain good isolation (rubber dam most dependable)


B.
Always follow manufacturer’s instructions.  Most instructions are laminated so that you can use them chairside.  Don’t be embarrassed.  Regardless of their experience, pilots read a checklist every time they prepare an airplane for take-off.


C.
Do not mix and match bonding systems, even when they are made by the same company.


D.
Once the bonding system has been applied, it is compatible with most resin composite restorative materials.
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