
The Composite Dilemma

Dentists are overwhelmed with the abundance of new resin composite restorative materials appearing on the market almost daily.   Microfills, small particle hybrids, compomers, flowable composites, condensable composites, the list doesn’t seem to end.   The clinical decision was relatively easy when only one composite material was available.  We now have a variety of products with a wide range of physical properties.  We must make an informed decision about the best material to use in a given situation.   Often manufacturer claims can cloud the issue rather than provide useful information.  It is impossible for the practicing clinician to maintain an in-depth knowledge of every resin available.  Since many of the physical properties and clinical characteristics of resin composites are affected by filler loading and filler size, a basic understanding of these parameters can be useful in predicting the properties of a given resin restorative material.  The purpose of this presentation is to provide basic principles about resin composite restoratives to aid in 1) making clinical decisions, 2) product purchasing, and 3) judging new products as they become available.

Evolution of Esthetic Filling Materials   


Silicate Cement - For many years, silicates were the only “tooth-colored” restorative available for anterior teeth.  The material was supplied as a powder and liquid that was mixed together and placed in the cavity preparation.  Silicates were easy to handle, provided a good color match, and released fluoride.  However, they dissolved in the oral environment, could not be finished immediately, stained quickly, and were irritating to the pulp.


Unfilled Resin - Unfilled resin (polymethylmethacrylate), generally supplied as a powder and a liquid became the material of choice over silicate cement.  The advantages included a wide shade selection, little solubility, the ability to be repaired , high polishability, and it could be finished at the same appointment.  Unfortunately unfilled resins exhibited high polymerization shrinkage, a high coefficient of thermal expansion and high wear and abrasion rates.


Resin Composites - Resin composites were introduced to dentistry in the early 1960’s through the work of Dr. Rafael Bowen.  (A composite is a combination of at least two different materials  with a distinct interface between, i.e., filler particles, resin matrix, and a silane coupler interface.)  He improved upon the methylmethacrylate resin matrix by creating Bis-GMA resin, a combined methacrylate epoxy molecule.  The addition of hard, inorganic filler improved wear and abrasion resistance, decreased thermal expansion and polymerization shrinkage, and increased strength.  Also radiopacity could be increased by adding certain fillers such as barium glass.  However, the addition of fillers also had disadvantages.  The composites could not be repaired like unfilled resins and polishability was decreased due to the uneven wear rates of matrix and filler particles.  Also, the surface became rougher over time in the oral environment.


Microfill Composites - Conventional  composites had relatively large, irregular filler particles (average particle size of 8 - 12 ( with particles as large as 30 (.or larger.)  Polishability was poor because the resin matrix wore away during finishing exposing the large filler particles.  Microfilled resins were developed to overcome the polishability problem.  However, other physical properties were compromised in the process.  Compared to the large particle composites, the submicron filler particles of the microfills have more surface area to be wetted by the resin matrix causing the composite to be too viscous when loaded to the same volume % as conventional composite.  To attain a usable material, filler loading was reduced.  The result was a material with high polishability at the expense of decreased strength and increased polymerization shrinkage and thermal expansion.


Hybrid Composites - The hybrids emerged as manufacturers attempted to blend the properties of macro and micro fillers to make a material with the strength of macrofills and the polishability of the microfills.  The physical properties of composite materials continue to improve as manufactures learn to make smaller particles of uniform size and how to increase the loading volume while maintaining favorable handling characteristics.  Presently the most common class of “all purpose” resins are the small particle blend composites.

Basic Principles of Resin Composites

1.  Almost all important properties of resin composites are improved by using higher filler levels.


2.  The properties of the materials appear to be proportional to the volume % of the filler in the resin matrix.  Weight % is often reported because it is easy to measure.  However, it can be misleading because dense fillers may have a higher weight % than lighter fillers and still have the same volume %.


3.  Surface roughness (polishability) is a factor of filler size rather than volume.  The size of the largest particles is more important than the average particle size.  The smaller the particle size, the smoother the surface.


4.  There is no one perfect “all-around” composite resin material.  For the time being, we are forced to make compromises (example: We give up strength to get polishability.)  In a clinical situation, the doctor must decide what properties are most important to the success of that restoration, then select a material that maximizes those properties.  



5.  Today, “long-term studies” can mean 6 months.  Don’t be in too big of a hurry to buy the latest and the greatest.  Let someone else do the testing at their expense on their own patients.


6.  Currently, the small particle blend composites with ultrafine particle size are probably the best all-around resin composite with the dense-filled being material of choice for posterior stress-bearing applications.

Properties of Tooth Structure
Elastic Modulus - the elastic modulus of human dentin averages 18,500 MPa.  Resin composites used in posterior stress-bearing applications should have a modulus equal to or greater than dentin.

Hardness - Vicker’s Hardness for enamel = 408 Kg/mm2, for dentin = 60 Kg/mm2.  Most resins should be harder than dentin.

Compressive Strength - compressive strength of human dentin = 297 MPa, compressive strength of enamel = 384 MPa.  The compressive strength of most composite resins is equal to or higher than that of enamel.

Categories of Currently Available Composite Resin Materials

Traditional




Composite
Small Particle Blend Composites
Microfills



Mid-Filled
Dense-Filled




Fine
Ultrafine
Fine
Ultrafine


Mean Particle Size (()
10 - 25
5 - 10
0.5 - 4
5 - 10
1 - 4
0.04

(can range from 0.007 - 0.115)

Filler Vol %
55 - 65
48 - 60
48 - 60
62 - 75
62 - 75
19 - 49

Young’s Modulus(MPa)
17,000 - 23,000
13,500 - 18000
13,500 - 18000
20,000 - 27,000
20,000 - 27,000
5,400 - 13,300

Compressive Strength(MPa)
230 - 350
350 - 500
350 - 500
300 - 450
300 - 450
260 - 490

Vicker’s Hardness (Kg/mm2)
95 - 160
65 - 140
65 - 140
100 - 180
100 - 180
25 - 70

Intrinsic Surface Roughness (()
0.8 - 1.5
0.4 - 0.9
0.1 - 0.4
0.5 - 1.5
0.2 - 0.7
0.07 - 0.3

Representative Products
Adaptic, Concise, Miradapt, Aurafill, Visio Fil
Ful-Fil, Prisma-Fil, Pertac Hybrid, Superlux Molar
Herculite XRV, Brilliant, Charisma,  Prisma APH
Bis-Fil, P-10, Occlusin, Marathon, Estilux Hybrid, Visio-Molar,
Z-100, Valux, P-50
Durafill VS, Perfection, Silux Plus, Multifill VS,       Helio Progress, Prisma-Microfine
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