
13.02.12, Monday

Today the lecture will be about Properties of the composite.


In 1962 bowen developed a polymeric dental restorative material (filler with silica particles) known as composite restoration.
· What do we mean by a composite?

More than one phase (more than one material); filler and a resin matrix.

Composite is composed of a continuous polymeric or resin material into which an inorganic filler is dispersed.

We have 2 materials; an inorganic filler and a resin material. For them to have good mechanical properties and bind strogly together (within the composite itself) we need a material surrounding the inorganic material binding the filler to the resin called the silane coupling agent.


· What gives the physical properties of the composite?

· The inorganic filler.

It has only one problem "as its bear resistance is nearly equal to that of the amalgam, so we're getting a very good restorative material"; this problem is the shrinkage (resin shrinks when it polymerizes).

This problem can lead to the postoperative sensitivity (after putting the composite the patient still complains sensitivity).
If the composite inside the cavity is a (…..)and it shrinks, a gap is formed between it and the tooth, while if it's well bonded to the tooth structure and it shrinks it pulls the tooth toward it forming what we call polymerization stresses (leading to problems – in severe cases it can cause fracture of the enamel or post-operative sensitivity ).

So, the inorganic filler significantly enhances physical properties of the component:

1. It increases the strength.

2. It reduces coefficient of thermal expansion.

3.  It influences the surface roughness.

4.  It adds radiopacity (the quality or state of being radiopaque); if we have a composite that is radiolucent how can we differentiate between it and the cary? the fillers add radiopacity to differentiate between them and the caries.  
5. It increases the viscosity of the composite; (more fillers –more viscous material).

6. It decreases the polymerization shrinkage because the resin is the one responsible for the shrinkage.

· The classification of the composite:

A.  According to the filler:

1. Macrofill composite (Conventional); large fillers

2. Microfill composite; small fillers

3. Hybrid; mixed

4. Nan composite

Macrofills have benefits over microfills such as the physical properties (a material of bigger size and larger number), but this can affect the esthetics due to the surface roughness.

B. According to the polymerization method:

1. Self-cure composition; composite that is polymerized by itself.
2. Light-cure composition; composite that is polymerized with light.
3. Heat-cure composition.

· This is related to the resin not the filler.

C. According to viscosity:

1. Flowable

2. Packable


1. Conventional composite:
· The first composite invented.
· The inorganic filler is of  75-80% of weight.
· Average particle size = 8 µm

Because of the large sized fillers and the extreme hardness of fillers, the conventional composite exhibits a rough surface.
Resin matrix wears at a higher rate than the fillers leaving the surface more rough.

The fillers are not always lost from the surface, the resin wears more quickly than the fillers. So, if there are large fillers on the surface and the resin is wearing this will make a very rough surface. This Rough surface texture has effects on the polishing rate and on the esthetics " accumulation of plaque, discolouration".

2. Microfill composite
In the 1970's the polishable composite was introduced to replace the rough surface of the conventional composite with a smooth surface similar to the enamel. 
· Particle size = 0.01-0.04µm
· Average of filler by weight = 35-60%, so the resin percentage becomes greater than that in the conventional composite and therefore less physical properties.

The doctor gave an example for you to remember; if water were added to a box filled with large balls and another one filled with small balls, the box of smaller balls will need more water to fill all the small spaces in between while the one with large balls will need less water as there are less spaces (less area to be filled with water).

· More resin in smaller sized particles makes it: 

1. More shrinkable

2.  More flexible; it has an area to be placed in -an indication of microfill-.

3. Of less physical properties.

Microfill composite has less inorganic content and therefore its physical properties are inferior to the conventional composite. However, they are of low modulus of elasticity (less rigid, more flexible).

It can be used in the cervical area (class 5); its smooth surface makes it very nice to be used in proximity to your gingival area.

It has flexibility, so when there is a process of the tooth and the tooth flexes no dislodgement happens "if there is an indication of the microfill it will be in the class 5 cavity (in the cervical area), otherwise we always see the hybrid and nano hybrid everywhere."

3. Hybrid composite

· Combining physical and mechanical properties of all types.

· The inorganic filler is of  75-85%  (because of the multiple sized particles, you can fit them more easily together and therefore have more inorganic fillers and less resin).

· The inorganic part is a mixture of micro sized particles with an average of  0.4-1 µm.
The higher inorganic content gives physical properties that are superior both to the conventional and the microfill composite, and the smaller particles will ensure a nice surface texture "smoother surface".

· Universal applications; you can use the hybrid composite wherever you want (anteriorly, posteriorly, cervically,….).
4. Flowable composite

· It has low filler content, therefore inferior physical properties; strength and wear resistance of the composite.

· It's not the type of composite you have to make sure is well adapted to your cavity because it's a flowable material.
· Clinical applications:
We can't use it as a clinical material alone. It has some uses; very small class 6 restoration. 

1. Pit and fissure sealant; for children it does some kind of prevention because the caries percentage is greater than adults, the brushing is less and fissures are still big. Sometimes we see the fissures of the grooves with composite material "flowable"- because we put it inside the fissures, it goes inside the fissures and seals them "these are the areas were caries start appearing in children".

2. Marginal repair (we have large composite, everything is going on well with it, small chipping occurred at a small margin, we want to fill it with a composite, it's easier to use the flowable composite in this case).

3. It can sometimes be used as a liner underneath the conventional and hybrid composite.
5. Packable composite

· It's very viscous, therefore it does condensation for the amalgam.

· It's used sometimes in class 2 posteriorly, as it's very difficult to have good contact – packing of the amalgam.

But the studies have showed that there's no superiority to hybrid composite "it's not used alot".
All dentistry is evidence spaced science; you have to give studies been used for many years that proof that something is better than another.  Evidence spaced science  hasn't given any proof of the superiority of anything on the hybrid composite, that's why we rarely see anyone using packable composite.

It could be self-cure or light-cure, but most are light-cure "the material won't set unless you expose light on it- so you'll work with the composite, fix the adaptation, fix the shape of the composite anatomy and morphology then expose light—you'll have long working time."

	Principle of self-cure and light-cure composite:

· In self-cure composite, like any self-cure material it needs a base and a catalyst. Once you mix them together the reaction starts.

· In light-cure composite we'll have 2 tubes, 1 tube. Once you put the composite you expose the light on it, preparation starts.


6. Self-cure composite:

· Drawbacks:

1. Limited working time; once mixed the reaction starts.

2. The percentage of the base and the catalyst have to be exactly the same.

3. Complete mixing.

4. Incorporation of bubbles during mixing.

5. Colour instability; the self-cure composite sometimes breakdown of certain initiating ingredients that will make your composite discolour more quickly than the light-cure composite.
7. Light-cure composite:

· It's more common to use.
· It offers longer working time.
· It requires less finishing.
· It has better colour stability.
· It has less incorporated (voracity??) because you're not mixing with your hands.

·  It needs a light source that will cure your composite within (30-40 sec) "SETTING TIME"; and your composite increment will have been cured and ready to be used – direct eating (not like the amalgam were the patient isn't allowed to eat on it for at least 2 hours, and the final setting doesn't occur except after 24 hours) ["we usually use a light bulb giving blue wave length light, there are other modern types used "not bulbs " (LED: light—emitting diode) that gives superior intensity for polymerization, stronger polymerization stresses, longer time of shrinkage  (needs more time to shrink)" ].
	WHEN CLASSIFYING A KIT OF COMPOSITE:

1- MICROFILLER, MACROFILLER OR HYBRID "TYPE OF FILLER."

2- ONE OR TWO TUBES ARE BEING MIXED TOGETHER "SELF-CURE OR LIGHT-CURE COMPOSITE."

3- DEPENDING ON VISCOSITY "FLOWABLE OR PACKABLE COMPOSITE."


· Physical properties of the composite:

1. Linear coefficient of thermal expansion (LCTE)
· The rate of dimensional change of a material per unit change in temperature
"composite exposed to heat "increase in one degree" –we want to see how much it expands "in length or in volume".

· Importance of LCTE:

To eliminate the post-operative sensitivity and leakage "I aspire to have a restorative material that is as close as possible to your tooth (I want it to expand and shrink with the tooth so that no stresses occur on the tooth when it expands more than it nor leakage happens if shrinkage occurs, and post-operative sensitivity).

Composites have (LCTE) =  3 x tooth structure

In order to compensate for this problem "so that no gaps occur when exposed to heat, if it shrinks more than the tooth or expands with high temperature", you want your composite to respond to the tooth structure. So, when bonded with the tooth structure any change in the temperature, any shrinkage or expansion to your tooth the composite will go with it "it becomes part of your tooth".

So, the idea that the restoration is bonded to the tooth isn't now a very big deal I care about, as long as the difference in LCTE isn't very big "the difference of 3 is ok", but as long as it's bonded to the tooth we can consider them one unit.

2. Water absorption:

· It's the amount of water absorbed/unit volume

The less filler content the more water absorption; the resin absorbs water (not the silicon nor the silica will absorb the water) causing discolouration, affects the physical properties of the dental material.

3. Solubility:

· It's the loss of weight/unit of time (due to the solution in all oral fluids at the surface temperature).

· Composite is not a soluble material.
4. Wear resistance:
· It's the materials ability to resist the surface loss as a result of an apparasive contact.
A composite restoration of good stability of occlusal contact; its wear resistance is approaching that of amalgam, therefore it can withstand the occlusal frictional force without loss.

· What is the problem if wear loss happens to your restorative material?

1. Material roughness of the surface

2. The wear could happen on a critical area which is the cavo-surface margin; the junction between the material and the tooth, leakage could occur which could lead to sensitivity and to caries.
· The wear resistance is affected by:

1. The filler particle size; the more filler you have the less wear 

2. The location in the dental arch; more wear will occur to the posterior filling than the anterior.

5. Surface texture:

· It's the smoothness of the surface of the restoration.

· The most polishible composite is the microfill.
· The surface texture is determined by the size of the composition of the filler, because not all composite fillers are silica, there are other fillers.
· Where is the surface texture mostly important?

1. Anterior teeth; because they give better esthetic results.

2. Labially and at the gingiva; because it's the area were plaque gathers and problems start.

6. Radioopacity

	NOTE: WE CAN DEAL WITH CLASS 5 AND THE GINGIVAL PART OFCLASS 2 THE SAME WAY. BUT MOST FLEXURE OCCURS LABIOLINGUALLY NOT MESIODISTALLY (MESIODISTAL TEETH ARE MORE STABLE).

SO, IF YOU THINK THAT THE TOOTH FLEXES THIS MEANS THAT THE ANTERIOR TEETH MOSTLY REFLEX BECAUSE FORCES UPON THEM ARE OBLIQUE AND ALWAYS LABIOLINGUALLY NOT MESIODISTALLY IN DIRECTION. (I actually didn't understand this part, but it was an answer for a question I didn't hear :P) 


7. Modulus of elasticity:

· It's the measure of the stiffness of the material; the higher the modulus the more rigid your material is.

· The microfill composite is a flexible material, and as it has the ability to flex with the tooth and resist the bonding we can use it in the cervical area.
8. Polymerization shrinkage:

· Composite shrinks; shrinkage occurs toward the centre.
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· The problems of polymerization shrinkage:

1. Microleakage

2. Gap all around the cavity

· How can we avoid the shrinkage?

By bonding the composite to the tooth structure. So shrinkage stresses occur from the free surface toward the bonded surfaces; no gap occurs but stress is formed.

A composite that is not bonded to your tooth structure, once cured and  polymerization starts, shrinkage occurs toward the centre. A gap is formed all around the cavity (shrinkage only occurs at the free surface).

· When you bond your composite to the tooth structure; bonding to the enamel is VERY,VERY,VERY  strong, while the bonding to  the dentine is VERY strong.

So, in some cases were there is bonding of the composite to the enamel and stresses started, fracture occurs in the enamel itself, while it rarely happens in dentine (a gap is what always happens).
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	CLASS 1 COMPOSITE: WHEN POLYMERIZATION IS DONE, CHIPPING OCCURS IN THE ENAMEL ITSELF, BECAUSE THE BOND IS MUCH GREATER THAN TO THE DENTINE. 


· To decrease the stresses:

1. Soft start polymerization; you polymerize and don't complete the 40seconds, you leave it to complete polymerization slowly.

2. Incremental build up.

3. Using a stress breaker liner; using something in between your composite and your tooth that acts as a stress breaker.

· CONFIGURATION FACTOR (C- FACTOR):


· Measurement of the polymerization (of the stress) that could occur.

· Bonded surfaces/Unbonded surfaces

· In class 1 and class 4, were would the stresses be higher on the tooth?

In class 1 most stresses occur, because it has only one unbonded surface and 5 bonded surfaces (5/1), while class 4 is free from all surfaces except from one (1/4).

·  USES OF COMPOSITES:

1. Fillings in all classes.

2. Core buildings.

3. Sealers

4. Cements

5. Esthetics; spaces between teeth can be closed with composites.

· CONTRA-INDICATIONS FOR  COMPOSITES:

1. Isolation factors.

2. Occlusal factors.

· ADVANTAGES:

1. Good esthetics.

2. Less complex and more conservative.
3. Low thermal conductivity.

4. Bonded to the tooth structure.

5. Minimal staining.

6. Less microleakage.

7. Reinforcement of the tooth structure.
8. Repairable; you can add to it.
· DISADVANTAGES:

1. Polymerization shrinkage.

2. Very time consuming.

3. Steps of tooth treatment.

4.  Very difficult to establish a posterior contact; it's more difficult than the amalgam due to the composite shrinkage.

GOOD LUCK

Done by: Fatimah Abu-Sheikhah
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The man without a purpose is like a ship without a rudder -- waif, a nothing, a no man. Have a purpose in life, and, having it, throw such strength of mind and muscle into your work as God has given you. [image: image4.jpg]
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