RESIN COMPOSITESPRIVATE 

Learning Objectives:

1.  Understand the definition of “composite.”

2.  List the major components of resin composite and describe why they are in the material.

3.  Discuss classification of current resin composites based on average filler particle size.

4.  Understand how filler loading and filler size affects the physical properties of resin composites.


a.  Coefficient of thermal expansion


b.  Water sorption


c.  Abrasion resistance


d.  Compressive and tensile strength


e.  Hardness


f.  Surface roughness


g.  Young’s modulus of elasticity

5.  Based on filler loading and particle size, recommend clinical applications for microfils, hybrids, compomers, and flowable resins.

6.  Discuss clinical considerations of Class III, IV, and V resin restorations including shade selection, isolation, cavity prep design, material selection and placement, color modification, and restoration finishing and polishing.

7.  Discuss light curing of resin materials.  Include factors that affect depth of cure, care and maintenance of the curing light, and proper eye protection.

________________________________________

Definition of Composite

material system composed of a mixture of two or more macro constituents that differ in form and are essentially insoluble in each other.  Resulting properties are superior or intermediate to those of the individual constituents.

Example:  Fiberglass - resin matrix reinforced by glass fibers(filler)( harder and stiffer than resin, less brittle than glass.

Example:  Concrete - cement matrix and gravel filler

Example of a Natural Composite:  enamel and dentin  (collagen matrix and hydroxyapatite crystal filler.)

Other Composites: metal composites, ceramic composites, resin composites

Examples:  

Amalgam - Gamma 1(matrix) and unreacted alloy particles(filler)

Glass Ionomer - Calcium and Aluminum polysalt gel (matrix) and unreacted glass powder (filler)

Resin - BIS-GMA or Urethane dimethacrylate (matrix) and inorganic filler

RESIN COMPOSITES - Components

Resin Matrix

- Bis-GMA, Urethane Dimethacrylate

· aromatic or aliphatic diacrylates

· high molecular weight

· viscous at room temperature

- Diluent Monomers (MMA, TEGDMA, EDMA)

· usually dimethacrylate monomers which allows for extensive cross-linking to occur

· reduces viscosity

- Polymerization initiators & inhibitors

· resins polymerize by an addition reaction initiated by free radicals

· chemical activation or external energy (light,heat)

· Chemical Activation

· active materials supplied as two pastes

· benzoyl peroxide initiator and a tertiary amine activator (i.e., N-N dimethyl-p-toluidine)

· when mixed together, free radicals are formed initiating polymerization

· Light Activation

· resins supplied as a single paste

· photoinitiator molecule (i.e., camphoroquinone) and an amine activator

· exposure to light of the proper wavelength (400-500nm), photoinitiator is excited which interacts with the amine to form free radicals

· inhibitors

· compounds added to prevent premature polymerization during storage, handling, & placement

· common inhibitors - hydroquinone, PMP, BHT

- Color Stabilizers

Filler Particles

- improve dimensional stability and elastic modulus

- increase strength, hardness, and abrasion resistance

- decrease coefficient of thermal expansion

- decrease polymerization shrinkage

- decrease water sorption

Coupling Agents - organosilanes - bonds filler to matrix

Optical Modifiers - TiO2 or AlO - for visual opacity

COMMON ABBREVIATIONS
BIS-GMA: 2,2-bis[4(2-hydroxy-3-methacryloyloxy-propuloxy)-phenyl] propane

UDMA:  urethane dimethacrylate

TEGDMA:  triethylene glycol dimethacrylate

MMA:  methyl methacrylate

EDMA:  ethylene dimethacrylate

RESIN COMPOSITES - PART 1 - Physical and Mechanical Properties

I.  Composition


A.  Particle size



1. Large particle - 8-25 um.  Considered today as very



   large particle and not used very often, except in



   core buildups (chemical cure).  ex., Adaptic



2. Small particle - 1-8 um.  Some uses today in core



   buildups (chemical).  ex., Valux



3. Microfil - .04 um.  Used frequently today for



   esthetics, high gloss finishes, posterior cases. 



   ex., Silux, Silux 2, Heliomolar



4. Hybrid - .04-8 um.  Used most often today -



   multipurpose material.  ex., Herculite XRV, Caulk's



   TPH, Z-100 (3-M), Pertac


B.  Weight/Volume percentage filled (amount of quartz/barium


    glass particles present)



1. Large particle - 70-80% by weight, 55-65% by volume



2. Small particle - 75-85% by weight, 55-75% by volume



3. Microfil - 30-50% by weight, 20-35% by volume



4. Hybrid - 28-85% by weight, 20-73% by volume

II. Physical properties


A.  Coefficient of thermal expansion - amount of


    expansion/contraction of a material with temperature


    increases/decreases.



1. Large particle - 25-35 ppm/deg C



2. Small particle - 25-35 ppm/deg C



3. Microfil - 55-65 ppm/deg C



4. Hybrid - 35-45 ppm/deg C



5. Tooth - 11-12 ppm/deg C


B.  Water sorption - amount of water absorbed by material


    after placement - can cause filling to "swell"



1. Large particle - .3-.9 mg/sq cm



2. Small particle - .4-.6 mg/sq cm



3. Microfil - .4-2.2 mg/sq cm



4. Hybrid - .3-.9 mg/sq cm


C.  Abrasion wear - how well material holds up in function



1. Large particle - .0004-.0006 mm



2. Small particle - .0007-.0010 mm



3. Microfil - .0014-.0015 mm



4. Hybrid - .0007-.0009 mm

III. Mechanical properties


A.  Compressive strength - the strength of a material when the material is subjected to two sets of forces in the same straight line and directed toward each other.



1. Large particle - 28,000-42,000 PSI



2. Small particle - 35,000-58,000 PSI



3. Microfil - 25,000-32,000 PSI



4. Hybrid - 35,000-42,000 PSI


B.  Tensile strength - the strength of a material when the


    material is subjected to two sets of forces that are


    directed away from each other in the same straight line. 



1. Large/small/hybrid - 5800-10,000 PSI



2. Microfil - 4300-7200 PSI

IV. Cavity designs - Two broad categories


A.  Conventional type anterior preparations



1. Uses Black's principles of always extending prep



   into dentin



2. Butt joint marginal finish line is utilized



3. Retention is always placed in dentin


B.  "Modified" type configuration



1. Outline form includes only the faulty/carious areas



2. Not routinely extended into dentin - only when



   caries is present in dentin



3. Cavosurface margin is beveled - enhances etching



   pattern, finish, and esthetics of restoration



4. Mechanical retention is not always placed in



   dentin - retentive points/grooves can be utilized in



   areas of this type preparation


C.  Cavosurface design and effect on marginal leakage



1. "Adhesive" preparation - good in theory, but hard to



    reproduce design in mouth - least marginal leakage.



2. Long bevel - most common in use today - Second best



   in marginal leakage.  Design allows for good etch



   pattern due to enamel rods cut on angles



3. Concave bevel (chamfer style) - marginal leakage



   increased due to enamel rods not cut on angle, thus



   etch pattern is such that micro-mechanical retention



   of material to tooth is somewhat compromised -



   restoration will be retained in prep quite well,



   though.



4. Butt joint - most marginal leakage


D.  Cavosurface design in Class IV fractures and fracture


    resistance



1. Featheredge design - "scuffing" of enamel, very



   little enamel removed.  Results in very thin layer



   of resin in area.  Almost like butt joint prep and



   very susceptible to fracture in tension and



   compression.



2. Chamfer design - increased bulk of material present. 



   Fracture on labial is within material/resin enamel



   interface.  Lingual is within material



3. Bevel design - larger bulk of material, gives best



   fracture resistant preparation.  When fracture



   occurs, labial is at enamel/resin interface and



   lingual is within material.

V.  Acid etch


A.  Objective of acid etch



1. Pellicle remnant removal



2. Surface energy of enamel increased with etching -



   higher surface energy improves wettability of



   surface



3. Dissolution of exposed ends of enamel rods - micro



   -porosity for micro-retention of material in enamel



   surface.


B.  Etch times and effects on adhesion/morphology of surface



1. Barkmeir et al, Op Dent vol 11, 1986



2. Tagami et al, Op Dent vol 13, 1988.


C.  Quality of Etch - contamination/mechanical disturbance



1. Saliva significantly effects quality of etch - due



   to protein nature of saliva, deposits material in



   etched surface that reduces surface energy/"plugs



   -up" micro-porosities - retention reduced.



If contamination occurs:




a. dry contaminated area




b. re-etch for 10 secs




c. rinse thoroughly and re-dry



2. Static condition of etching improves quality of etch 



   - some manufacturers recommend "agitating" etch



   material - this does not mean rubbing etch against



   surface of tooth.



3. Freshly etched surface is fragile - if surface is



   touched with instrument, rod ends can be broken and



   etch pattern is compromised.

RESIN COMPOSITES - Placement and FinishingPRIVATE 

I.  Clinical procedures


A.  Shade selection



1. Prophy of involved tooth and adjacent teeth using



   flour of pumice - removes any external stains that



   might interfere with color matching.



2. Select shade prior to rubber dam placement.  Color of rubber dam can influence color match, dehydration of teeth can give inaccurate shade.


B.  Isolation



1. Moisture control is critical in acid-etch/dentin


   
   bonding procedures



2. Rubber dam is isolation of choice - 212 retainer for



   class 5 restorations, retraction cord with rubber



   dam can facilitate moisture control.



3. Wedges help facilitate moisture control - pre-wedge



   as well as wedge placement prior to material



   placement (pre-wedge can result in customized wedge


        for material insertion).


C.  Cavity preparation



1. Class 3 - lingual approach when caries allows, bevel



   all accessible enamel, except if cervical area has



   thin enamel or in cementum - use "butt" finish line.



2. Class 4 - long, scalloped bevels (at least same



   length of bevel as length of missing tooth),



   cervical retention groove (1/4, 33 1/2 burs) to



   enhance retention and help decrease microleakage



   from decreased polymerization shrinkage.



3. Class 5 - bevel all enamel, "butt" joint finish in



   cementum/dentin, as in class 4, use cervical



   retention groove to help reduce polymerization



   shrinkage, thus helping reduce microleakage


D.  Material placement



1. Class 3 and 4 - use .002 inch mylar strips or clear



   plastic crowns cut to fit tooth in class 4



   restoration.  Class 5 - clear cervical matrices -



   come in various shapes and can be contoured to



   better fit outline form of preparation.



2. Always wedge class 3 and 4 to gain good contact,



   especially when finishing resin around contact area



   (allows for finishing of excess contact when


  
   separation exists).



3. Use dentin/enamel bonding agent (4th or 5th generation) - use both primer and adhesive in all cases, even if GIC liner has been used, primer is still necessary step in maximizing dentinal seal/bond.



4. Visible light cure restoration - cure from as many



   angles as possible in 40-60 sec increments.



5. Place material in 2 mm or less increments - large



   class 4 restorations need to be restored in



   incremental units (can use dentin shade, enamel,



   incisal to enhance color results).  In class 5



   restorations, initial placement bulk in area of prep



   with most exposed enamel (usually in



   incisal/occlusal area).  Place cervical area last in



   thin increment to help reduce bulk polymerization



   shrinkage.


E.  Color modification



1. Use enamel and dentin shades when appropriate -



   large class 3 and 4 restorations and in some cases,



   class 5.



2. Opaquers and color tints can be used internally to



   enhance color - always cover opaquers and tints with



   thin layer of resin due to very low resistance to



   abrasion, even toothbrushing.


F.  Finishing/polishing - 4 steps



1. Gross finishing - removal of bulk excess of resin. 



   Coarse disks, carbide finishing burs (10-12 fluted),



   larger micron (30()diamonds.  CAUTION: since these



   instruments are very abrasive, damage can be done to



   tooth if not very careful.



2. Contouring - establish final shape of restoration as



   determined by function and aesthetic considerations 



   -  accomplished with finer grit disks, smaller



   micron diamonds(15()or carbide finishing burs (12-15



   fluted).



3. Fine finishing - final adjustment of margins of the



   restoration and improve smoothness.  Should be



   instrument with fine to medium abrasion, but also



   leave smooth surface finish.  (superfine disks, 8



   micron diamond, 30-40 fluted carbide finishing burs)



4. Polishing - goal is to produce smooth, glossy,



   scratch free surface.  Extremely fine abrasives -



   fine and superfine diamond impregnated polishing



   pastes.  Should result in surface irregularities too



   small to be seen with naked eye.


G.  Microfil resins - finishing techniques



1. Initial reduction - 25-45 micron diamonds, soflex



   abrasive disk system (use water to reduce heat with



   coarse disks and coarser diamonds/carbide burs)



2. Finishing - 10-25 micron diamond (light pressure),



   mounted points/cups, soflex system.



3. Polishing - superfine soflex disks (without water)



   and superfine point/cup.  (can use pastes, but



   surface gloss is not as good as with



   disks/points/cups)


H.  Hybrids - finishing techniques



1. Initial reduction - 12-15 fluted carbide finishing



   burs or 30-40 micron diamonds using water.  Can use



   coarse/medium soflex disks, but fluted burs or



   diamonds are better.



2. Finishing - 30 fluted carbide burs, 8-10 micron



   diamonds and fine soflex disks - again use water/old



   bonding agent as lubricant.



3. Polishing - polishing pastes (fine and superfine



   diamond impregnated) - can use fine and superfine



   polishing points/cups.

II.Visible light curing units and visible light curing techniques


A.  General principles - as light intensity increases in the 468-480 nm range:



1. An increase in depth of cure of material



2. Increase in degree of polymerization



3. Increase in hardness of composite resin, not only at



   surface, but also in the depth of the preparation


B.  Material factors - these are factors that are involved in effecting the depth of penetration of activating wavelengths of light which would limit depth of cure and degree of polymerization.



1. Optical translucency of material - how well material



   allows passage of light through outer surface to



   greatest depth of material.



2. Refractive index - has to do with scatter of light



   within the material.  More light scatter enhances 


   polymerization laterally, but inhibits depth of 


   cure:




a. microfil - smaller, more numerous particles 



   scatter more light




b. hybrid - larger, fewer particles scatter less   


   light



3. Monomer systems - monomer used in composite resin



   have influence on degree of polymerization - high



   molecular weight monomers/polymers have greater



   degree of polymerization.


C.  Physical factors - factors affecting efficiency of VLC


    unit



1. Distance light tip is from resin - 1 mm or less is



   ideal;  distance greater than 1 mm reduces "cure"



   exponentially.



2. Dirty light tip - can decrease wavelength below



   level where sufficient cures will occur.



3. Broken fiber tracts - reduced output, same as #2.



4. Voltage fluctuations



5. Age of bulb - where lights are used a great deal,



   bulb should be changed every 6 months or more



   frequently as testing indicates.


D.  Selection of light - factors to consider



1. Light intensity and % of wavelength in 468-480 nm



   range



2. Durability - construction of wand, is it all glass,



   metal encased or what?  Mounting to unit or wall



   capabilities?



3. Convenience factors




a. automatic timer




b. ease of bulb replacement




c. interchangeable variable sized light tips



4. Cost



5. Non-fiber optic bundle cord design:




*a. pistol grip type




 b. pen grip type



* best design


E.  Need for eye protection



1. What is known, unknown, and  speculative?




a. wavelengths of concern are 315-400 nm (near



        ultra-violet) and 400-500 nm (visible light



        spectrum).




b. hazards to eves from VLC - cumulative -




   exposures X cure times




c. most data - worst scenario where animal exposed 




   to light directly - retinal burns.




d. dental profession exposed primarily to repeated




   short intervals or reflected and




   transilluminated light - 40 times less intense




   than directly from wand.



2. Ways to protect eyes




a. look away while light on/use yellow-orange lens




   to filter out harmful wavelengths;  can be hand




   held or attached to unit itself.



3. Facts to consider if using protective filtering



   devices




a. looking through yellow-orange filter distorts




   ability to judge color match - 2-3 minutes 




   lens use requires at least 2 minutes of eye




   recovery time before normal color perception




   returns.




b. have to be aware of disinfecting hand held



 
   shields along with rest of VLC unit.


F.  Results of inadequate polymerization



1. Loss of resin bio-compatibility - leaching out of



   uncured monomer can have detrimental effect on pulp



   if tubules are open.



2. Color shift - unreacted accelerator (amines) and



   increased water sorption



3. Loss of retention - incompletely cured enamel resin



   tags/incomplete cured resin to bonding agent.



4. Excessive wear - material is "soft" due to



   incomplete cross linking of resin matrix due to lack


  
   of proper polymerization.


G.  Factors effecting visible light curing of material



1. Time - minimum of 40 secs, some research shows



   minimum of 60 secs - longer with darker, more opaque



   shades.



2. Temperature - material needs to be room temperature



   when using



3. Distance of light from resin - ideal is 1 mm at 90



   degree angle.  If distance is doubled (2mm),



   effective cure might be 25% of what you get at 1mm



   distance.



4. Thickness of resin - ideal is 1 mm - with 40 sec



   cure, percentage of surface hardness will be



   initially:




1mm - 68-84%




2mm - 40-6-%




3mm - 34%



5. Curing through tooth structure -




a. through enamel - 2/3 as effective as direct




   cure




b. enamel and dentin - less than 1/2 as effective




   as direct cure



6. Shade of resin - darker shades need more cure time



7. Type of filler - microfilled more difficult to cure



   due to high unfilled resin content (absorbs light,



   does not scatter)



8. Room light polymerization - do not leave open to



   room light - polymerization will begin and is



   detrimental to final physical properties of material


H.  Maintenance of VLC units



1. Curing tip - keep clean, buildup reduces light



   intensity



2. Fiber-optic bundles - if 20% or more of bundles



   unlit, replace wand



3. Filters - located between bulb and wand, should be



   checked for cracks and breakage (replace if cracked,



   crazed, or broken)



4. Bulb silver - results when internal glass portion of



   bulb becomes discolored from silver and other metal



   oxides which form - if bulb shows this, replace it



   because light intensity is greatly reduced.


DENTIN BONDING

I.  Smear layer and effect on dentin bonding


A. Intact - good dentinal tubule sealer, but from "pure"


   bonding, prevents bonding material from reaching and


   micro -mechanically attaching to dentin


A. Modified - allows material to "penetrate" through smear


   layer and reach dentin surface for attachment to dentin


C. Removed - tubules can be opened from this procedure;


   however, dentin surface is available for material to


   intimately attach to dentin

II. Age of dentin


A. Number of tubules - young dentin has most tubules in


   tact; older dentin may have sclerosed dentinal tubules


   that can alter strength of dentin bond due to highly


   mineralized sclerosed tubule


B. Peritubular dentin - young dentin, normal amount;  older


   dentin, larger deposits, highly mineralized



1. 1-1.5 um diameter collar of highly mineralized


   
   material (normal tubule)



2. Closer to the pulp, higher percent peritubular



   dentin.


C. Intertubular dentin



1. Less mineral, more collagen fibers



2. Closer to pulp, lower percent intertubular dentin



3. Age does not really affect intertubular dentin as



   it does peritubular dentin

III. Depth of dentin


A. Shallow depth - fewer, smaller diameter tubules


B. Deep cavities - more tubules, larger diameter - less


   intertubular dentin


C. Fluid flow - closer to pulp, more fluid flow.

IV. Current systems - major components


A. Component that alters the dentin surface



1. Can be demineralization (total removal of smear


        layer) through the use of acid etchants (10% or



   35/37% concentrations).  Conditioners - acids which



   remove the smear layer and demineralize dentin



   surface - rinsed off surface.



2. Can be partial demineralization and penetration



   through and around the smear layer.  Primers -



   chemicals capable of improving wettability of



   adherents or capable of being incorporated into



   surface of substrate to form chemical bonds across



   interface. (Causton, 1982)  Air dried/VLC, never



   rinsed off surface.


B. Adhesive resin containing hydrophilic monomer - this is


   what we refer to as "the bonding agent".  This material


   is applied after primers and is light-cured.  The


   material is an unfilled BIS-GMA.

V. Two categories of DBA systems on market today


A. Solvent based - primer is a dilute solution of


   hydrophilic monomer/methacrylate component in a volatile


   solvent (acetone, alcohol, etc).  These type primers are


   usually chemically cured.  Have to apply multiple coats


   of primer to gain adequate thickness of polymer (5-8


   coats of All-Bond 2 primer as example).  Examples


   include:  All-Bond 2, Tenure, Mirage ABC, Restobond 3


B. Hydrophilic monomer/Methacrylate system - Primers not in


   a volatile solvent.  Viscous type primer, not to be used


   for indirect resin restorations.  Examples include: 


   Optibond, PUB 3, Pro-Bond, Scotchbond Multipurpose.

NOTE:  THE WAY TO TELL DIFFERENCE BETWEEN TWO CATEGORIES IF IN DOUBT - SMELL THE PRIMER, IF SOLVENT ODOR, THEN SOLVENT BASED SYSTEM WITH CHEMICAL CURE, VERY LOW VISCOSITY PRIMER.  THE ADHESIVE RESIN ("the bonding agent) IN BOTH SYSTEMS IS A BIS-GMA UNFILLED RESIN MATERIAL.  THE PRIMERS ARE WHAT MAKES THE DIFFERENCE BETWEEN THE TWO CATEGORIES.
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