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ASPECTS OF POSTERIOR RESIN RESTORATIONS

1. INTRODUCTION

The last 35 or so years of dcntistry havc seen somo rapid and dramatic

changes in the resrorarive field. This has been particularly evident in the

non-metallic restoraf.ives; i.e. the rcsin-based restoratives.

Synthetic restorations of this kincl started with the unfilled acrylic resins

in the early 1950's. The original aim of these materials was to overcome the

aesthetic and biological problem s of thc older silicate cement restorations.

However, it soon became evident that the resins had a number of

disadvantages of their own. The first resins, the unfilled acrylics, had poor

colour stability, rcadily-stainable surfaccs and margins, and major

marginal percolation; the latter duc to significant polymerisation

contraction and therrnal cycling. Adclcd to this, the early resins were nol

bonded to enamel or dent.inc, and harl low hardncss and stiffness. The

percolation raLe due to the marginal gap led to a high incidence of

recurrent caries. Unlike amalgam, where corrosion products might "block"

the marginal gap, the resins had no corrosion products to do this' Thirty-

six percent of unfilled acrylic fillings were replaced for reasons of

aesthetics or recurrent caries within five years, Smales (1977).

2. DEVELOPMEN'I O¡' l'HIì MODIÌRN RI']SINS

2.1 Early Development.

Research and clinical use of the acrylics continued through the 1950's and

were added to improve mechanical properties

to rcduce polymerisation contraction. Other

60's. Inorganic fillers

including stiffness and
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changes occurred in Lhe

acids and mercaptans to

polymerisation initiators with the use of sulfinic

improve colour change.

In 1955 Buonocore developed an acid etch

the clinical performance of the acrylics.

enamel and the resin he hoped to produce

The system did not attract great altention

applied to the BIS-GMA resin systems.

system ln an

By creating a

a new system

unril the late

attempt. to imProve

bond between the

for fissure sealing.

1960's when it w a s

In 1956-1 the work of R.L.Bowcn of the U.S. National Bureau of Standards

produced the 2,2-bisl4 (2 -h ydrox y - 3 - meth acry lox ypropoxy)phen yll propane

or more easily the "BIS-GMA" rcsin complex. This system has formed the

basis of most modern reslorative rcsins. The BIS-GMA complex is a

compromise between epoxy and mcthacrylate resins, with the resulting

complex being viscous and involatile.

The resin research over this period has cvolved around the basic aim to

produce the "perfect resin reslorat.ive" both for anterior and posterior use.

The research areas centered on the composif,ion of the resin itself, the

coupling of the resin matrix to the filler content, the nature and quantity

of the filler fraction and the dillcrcnt needs of composite resins for

different applications. The resin restorative or "composite resin" as it is

more commonly called was defined by Bowen in 1972 as:

"A combination of two chemically ditferent materials with a

distinct interface separating thc components and having properties which

could not be achieved by any of the components acting alone"'
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The basic ingredients in composite restorative

monomers,

polymerisation stabiliscrs,

colour stabilisers,

polymerisation initiators,

polymerisation accelerators,

inorganic reinforcing fillers ancl

coupling agonts.

materials include:

2.2 The Traditional Resins

Following the transit.ion period ot silicates/unfillcd/filled acrylics the

evolution of resin entered what has been called the "Traditional Period".

This era was the beginning of the widcspread use of the BISGMA and later

the Urerhane dimethacrylatc composite resins. Originally these systems did

not have an enamel bonding system. Howevèr, they were initially hailed as

a major improvement over thcir acrylic cousins. In the area of physical

properties alone the traclitional cornposites aÍe far superior to both the

silicates and the unfillecl resins. However, widespread clinical acceptance

soon gave way to warincss as a number of limitations became evident. The

resins demonstrated poor aesthetics (only one shade was available)' had

poor marginal adaptation, lcft a dull, rough, plaque-retentive surface w h e n

polished, did not adherc to tooth structurc, wcre occasionally lacking in

form stability and lost anat,omic form. In addition, t'here were other

problems with marginal staining, porosity, Iack of antibacterial action, no

fluoride relcasc, and finishing rlill'icuties. Tltc size of the filler particles

was a major problem, the size ranging from about 8 to over 50 microns.
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Thus these resins also

relatively large size of

kno wn as the " Macro- fills" due to the

partic les.

became

the filler

The addition in Ig73 of the acid etch tcchnique, where a low viscosity

unfilled resin \¡/as appliert to the enamel af ter it was etched with ortho

phosphoric acid to facilitate the adhesion of lhe composite resin to enamel,

was perhaps one of the grcatcst single improvements in the use of

restorative resins. However application of thc resins remained very much

as an anterior restorative. Their use in Class III,IV and V cavities was very

common, although a number of people tricd to use them in posterior teeth

in Class I and II applications. Thc high wear rate due to loss of filler

particles, as a result of rcsin matrix breakdown, did not lead to their

widespread use as a postcrlor restorative. There was also a significant

problem due to undetecled recurrent caries associated with the lack of

ability to maintain marginal seal and lack of radiopacity for easy detection'

Inability to withstand occlusal loads is also a major problem with this group

of resins.

2.3 Th e M icrof ill Res in s.

In an attempt, to rectity somc of thc problcrns of the earlier resins changes

to the resin matrix and more notably thc filler content began to take place'

To improve handling charactcristics changcs were made to the viscosity of

the matrix by adding lower viscosity rcsins or diluents. The low viscosity

monomers which were addcd included tricthyleneglycol dimethacrylate

(TEGDMA)andethyleneglycoldinrethacrylate(EGDMA).other

oligoethyleneglycol dimethacrylates, such as DEGDMA and Te-EGDMA are

present in trace amounts. The acl<Jition of these diluents did improve th e

handling characterist.ics but at thc cxpcnce of some of the physical
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propert,ies

details of

come was

such as an increase in polyrnerisation shrinkage. The full

these effects will bc discussed later. The other major change to

in the filler content, the beginning of the "Micro-fills".

The Micro-fills appeared in the late 1970's. This group were designed

principally to overcome the aesthetic and wear problems of the Macro-fills

without sacrificing any of thcir previous gains. The filler part.icle size was

of the order of 0.04 microns. This enabled the resin to be finished to a very

high lustre. These resin systetns also showccl a very high rate for colour

stability, 987o acceptable by 1980, Vanherle et al. (1985). This w a s

accompanied by a grcatcr rcsistance to wcar by abrasion. However,

marginal adaptation did not show any groat improvement, and in fact has

remained a problem for this group of resins, and the mechanisms for this

failure will be discussed later.

Micro-fills were used in both postcrior and antcrior applications, and while

remaining suitable for most Class III and V applications they did not appear

to be suirable for Class I and II applications, This was due to a lack of form

stability and a wear resistancc which was slill infcrior to that of amalgam.

Other problems concerning radiolucency, marginal leakage' recurrent

caries, interden¡al contact arcas, porosil.ies, cleft formation and incisal

and facial chipping still remaincd. The ¡nain problems with their use in the

posterior region are wear at occlusal con¡acts and bulk fracture.

2.4 The Hybrid Resins

Following

resins are

the better

Lhese developments calne the

a combination ol' the Macro-fills

characteristics of the modern

so called Hybrid resins. These

and [he Micro-fills with most of

versions of its predecesors and
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with superior wear resistance. This dcvelopmcnt has led to an upsurge in

the development of posterior resin rcstoral.ives and with it a general

concensus concern ing thc basic c ri tcria for the ideal pos terior composi te

resin. These materials shoulcl posscs the following general characteristics,

Vanherle et al. (1985) and Jendrescn (1985):

l. Biocompatibility

2. Wear resistance like amalgam

3. Ease of manipulation with simple convcntional working techniques

4. Absolute form stability

5. Perfect and impermeable marginal adaptation

6. Radiopacity

7 . Quick, exact and non- tooth-destructive f inishing proceedures

8. Good aesthetics

2.5 Curing System Developments

Further to t,hcse developments there is also the change in the way resin

restoratives are now curcd. Originally the matcrials were cured chemically

where the system usually consisted of lwo parts, a resin base and a catalyst.

Most systems use liquid/liquicl for unfilled resins (usually the bonding

resin) and paste/paste for thc f illcd resin. This system had a nu mber of

disadvantages including limited working time and a higher rate of

incorporated porosities. Howcver,thcse systcms do have an even cure. The

newer resins have photo activatcd curing systems. The first of these

systems used ult.ra-violet light and thc rnore rcccnt systems ( 1978 onwards)

visible light from around thc 470nm wavcband, although they react to a

significantly wider wave rango. This syslem for curing the resins has a

number of advantages including great control over working time. It has its
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own set of drawbacks as well, most notably the depth of cure in

when it is activatcd by the light. These problems and others to do

polymerisation process will be discussed in greater depth later.

the resin

with the

3. DISCUSSION

The following areas will be discusscd

posterior resin rcstoral'ions.

3.1 RESIN MATRIX

3.2 FILLER SYSTEMS

3.3 POLYMERISATION

3.4 COUPLING AGENTS

3.5 RADIOPAQUE SYSTEMS

3.6 PHYSICAL PROPERTIES

3.7 MECHANICAL PROPERTIES

3.8 CLINICALTECHNIQUES

3.9 FAILURE MECHANISMS

in more detail and as theY aPPIY to

3.1 THE RESIN MATRIX

3.1.1 Function

The resin matrix has three important functions. By definition rhe matrix

provides the framework for the bocly of this typc of restoration' It supports

and holds the filler particles which are used to provide additional strengths

to the restoration. Finally, in the unset phase it allows the restoration to be

adapted to the irregularitics of the cavity and occlusal form'
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3.1 .2 Monom er Co m b in a tions

As noted in the inrroduction, the basis for nearly all modern resin

restoratives is the BISGMA cotnplex, a hybrid resin formed from epoxy and

methacrylate groups. The crcation of this resin achieved two important

theoretical goals. It. had a low polyrncrization shrinkage and a high

molecular weighf for strength and sct in a reasonable time in the mouth'

Other resins with the desired propertics wcre known to exist but they h a d

extremely long setting t.imes. However, this new rcsin was highly viscous'

the higher the viscosity the lower the polymerisation shrinkage,

cowperthwaite er al., (19S1). Clinically this highly- viscous resin is hard to

handte particularly in thosc materials which also have a high filler

content, such as the posterior composites. To counteract this,

manufacturers have addcd various low viscosity monomers, such as

TEGDMA and EGDMA, have usecl the diurethane dimethacrylate UEDMA as

the only monomer or havc usccl various combinations of all three' The

quantity and type of the various monomcrs determines the quantities of

unreacted methacrylate groups following polymerisation, termed the

"degree of conversion" , Ruyter and Sjovik, (1981). The results give a varied

mixture of physical propcrtics ancl Lhcre is usually a loss of some of the

desirable physical strengths of thc material for a gain in ease of handling

and placement.

The overuse of small dilucnts, principally the dimethacrylate monomers'

caused a number of problerns through cxcessive polymerisation shrinkage'

The stress and strains accotnpanying the hardening reaction in some cases

caused defective enamel rnargins tlcspite acid-etch enamel bonding'

Jorgensen and Shimokobc' (1975).
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3.2 FILLER SYS'TEMS

The incorporation of fillcrs bccame nccessary in ordcr to make the

physical propertios of the resin restoratives resemble those of tooth

structure as much as possible. To do this a high proportion of hard strong

particles is required. The other important propertics which needed to be

looked at in fillcr selection wcre particle size and shape, radiopacity,

thermal expansion and a good re[ractive index match with the resin

m atrrx.

3.2.1 Early Fillers

The first filler systems were introduccd as early as 1951. The first fillers in

the composite resins wors glass lil¡res, soda-lime glass beads, synthetic

calcium phosphate, fuscd silica and various glass formulations. Other

reinforcing filler materials that have persisl.ed include certain lithium-

aluminosilicate crystalline cornposil.ions, crystalline q\arlz' pyrogenic

silica, barium aluminoborat,c silica glasses and various others' In some

materials the filler has bcen of one type only and in others it has been a

mixture. The type ancl quantity of thc fillcr has an effect on the overall

physical propertics of thc restoration. One of the often used fillers has

been quartz although glasscs aro more widcly used. It is chemically inert

and has the right index of refraction. Thc disadvantages of using quartz are

that it has a high coefficient of thermal expansion and that it is harder

than most other fillers. The high cocfficient of thermal expansion,(higher

than that of the tooth crown) increases thc risk of marginal leakage and

the hardness increases the difficulty in getting a flat, smooth surface with

most finishing proceedures.
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3.2.2 Current l'iller Deve lo pm en ts

As has been described earlier the evolu[ion of the f iller component went

through three basic periods; thc Traditional Composites, the Microfilled

Composites and the Hybrid Composites. The hybrid composites are thought

to offer the most promise as arnalgam substitutes although the microfills

also have some interest,ing characteristics which are useful for the

posterior application of resin fillings. The hybrid composites have

developed along three scparatc lines'

The first, the true hybrid composite, consists of an organic matrix +

traditional macrofillers + microfillers. The second aÍe the hybrid

composites with microfiller based complexes: organic matrix + traditional

macrofillers + microfillers + splintered prepolymerised particles. The third

group are also hybrid composites with microfiller based complexes: organic

matrix + traditional macrofillers + microfillers + agglomerated microfiller

complexes. An example of the first group is P-30, of the second group is

Finesse and of the third group, Visiofil/Visio-Dispers, Clinical trials in

anterior applications have shown that thc second and third groups do nol

demonstrate superior qualities whcn compared Lo their microfilled

equivalents.

The filler system needs to be able to hclp provide the idcal characteristics

to posterior resins. By having a range of particle sizes the resin can

maintain good finishing charactcristics, si¡nilar to the microfills, and

maintain the best physicat propertics possible. For example the material, P -

30, made by the 3M corporation has a gradcd particle range from over 50

microns Ofù, to under 1 micron (22o/o). This enables Lhe material to have

an average particle spacing of 0. I 1-0.14 m icrons, compared to a macrofill
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such as Concise, which has an average

Such a situation means that the effect

resin matrix is drastically reduced and

particles are more effective.

particle spacing of 0.39 microns.

of polymerisation shrinkage in the

the physical strengths of the filler

These materials tend to have grcatcr compressive strength, modulus of

elasticity, tensile strength and mineral content. In addition they have a

lower water sorption, and coefficient of thermal expansion. The wear rate

is also significantly less due to the incorporation of the smaller particles

between the macro particles, having the eflect of reinforcing the resin

m atrix.

3.2.3 Current Fillers - Microfills

Some manufacturers have chosen to use a microfilled resin as a posterior

restorative. Like the hybrids there are a number of ways these materials

can be formulated in order to achieve thc desired properlies.

3.2.3.1 Homogeneous M icrt¡f i lls

The first group, the homogcncous ¡nicrofills have a silane coated particle

size of 0,04 microns which gives the filler contont a huge surface area and

thereby limits the filler loading. It is not. possible to achieve an inorganic

filler content of l5-80o/o as with the hybrirt and traditional composites, Luf.z

er al. (1983), in fact the loading is closcr to 507o. This makes the limiting

factor the resin matrix itself and this phase undergoes plastic deformation

and fissure formation, so thcsc rnatcrials ¿ìre not ideal for posterior use.
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3.2.3.2 Inhomogeneous Pre¡rolynterised Microfills

The second group, the inhonrogcneous microfillcd composites with

splintered prepolymerised particles generally show a wear resistance

superior to that of the traditional cornposites of the 1970's when used in

stress-bearing posterior restorations. The breakdown usually occurs in the

occlusal contact area and has been aItributed to the effects of strong

attrition forces and che¡nical disintegration. Thc problem appears to be

that the bond bctween the rnatrix phasc and the prepolymerised part,icles is

not ideal bccause the hcat curing of thc prcpolymerised part leaves fe w

reactive double bonds which result.s in a low but sufficient rate of

copolymerisation with the organic mâl.rix, LuLz e[ al., (1983).

3.2.3.3 S pherica I Pre po Iy nr erised M icrof i lls

The third group are the rnicrofilled composites with spherical

prepolymerised part,icles. In this group the spherical prepolymerised

particles have a surface which is pcrmeablc to the monomers of the

organic phase. After polymcrisation of the composite the spheres are

completely incorporated into the matrix by polymer chains. It is believed

that this group show solne promise for both anterior and posterior

applications.

3.2.3.4 Inhomogeneous Agglomerated Microfills

The final

microfiller

res torations

complexes

group ale

complexes.

has shown

the inhomogencous

An in-vivo stucly of

thcm to be subject

microfills with agglomerated

these materials in MOD Class II

to hydrolysis. The agglomerated

lcave large voids although thewere dissol ved prcferen ti al I y to
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surface wear resistance was close to the best microfills and hybrids, Ltttz et

al., (1983).

3.2.4 Radiopaque Fillers

More recently a number of radiopaque formulations have been introduced.

An example of this is one of the barium glass formulations which has the

following basic composition:

SiO2, 667o

BaO, lJo/o

BZO3, ll%o

Al2 03, 6 mole 7o, Bowen et al', (1972).

Such a formula has the following advantages:

relatively low coefficient of Ihermal expansion,

no monovalent elemcnts and

the proper refractive index.

However one its main faults is f.hat it has an alkaline reaction in water due

to soluble barium compounds at the surfaces of the particles. This affects

the interaction with thc silanc coupling agents and as a result the filler

particles may be poorly hcld which will lcad to a loss of anatomic form

particularly in areas of occlusal strcss. Therein lies a major difficulty for

the posterior composite resl.orative; on the one hand it needs to be

radiopaque, particularly in the Class lI situation and on the other, the very

process of making it radiopaque rnay lcave it wil.h a serious deficiency to be

able to withstand occlusal stresscs and maintain anatomic form. Bowen et

al., (1976b) have shown thar. it is possible to produce a radiopaque glass
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filler which

filler particle

In the mid

radiopacifier.

the oxide form

has been noted

effec t.

accounts for arounil 30o/o of

that patients are of[en given

the glass filler

a Barium meal

barium as the

barium and in

formulation. It

without toxic

has been acid-etched to improve the binding between the

and the resin matrix.

1970's strontium was introduced to replace

This material has a tnuch lowcr toxicity than

3.3 POLYMERISATION

3.3.1 Introduction to Polynrerisation

The process of polymerisal.ion is an attelnpt, to

components to chemically bond togcthcr to form a

In the case of restorat.ive rcsins the reaction of

form a polymer provides a three dirnensional

cause various individual

single integrated body.

constituent monomers to

supports the remaining components of the composite

organic matrix which

resin.

The degree of the polymerisation process and thc degree of conversion

within the resin matrix has a markcd effcct on the ability of that system to

produce a viable long term rcsl.orat.ion, for example, the quantity of

remaining double bonds alters the tensile strength, Asmussen, (1982). The

degree to which the resin polyrnerizes is dependent on several factors.

These include; viscosity of thc initial monomer systems, the rate of change

to the viscosity that occurs during the setting reaction, (particularly in the

initial stages), the prcsence of and thc degree to which inhibitors affect

the reaction, the system of âctival.ion for the reaction, and the amount of

dilutant.
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3.3.2 Initiation and Acceleration

Polymerisation, or curing, nceds an initiator and an activator for the

reaction to take place. Thesc elements form free radicals which in turn

cause the monomer units to bond together. Even the rate at which these

radicals are formed will affect thc dcgrce of polymerisation. G. M. Brauer

(1981), has listed a set of guidclines for the ideal initiator-accelerator

system. Thcse are as follows:

1) to generate suflicicnt conccntration of free radicals with a minimum

of radical wastage,

2) to produce enough frce radicals to obtain an adequate working time

for the monomer-polymer mix ancl a rcquired curing time for the specific

application is obtained, (not a great problem with VLC systems ),

3) to

molecular

properties

produce a concentration of free radicals to

weight distribution which will result

of the dcntal rcstorativc,

yield a polymer of a

in optimum physical

4) to form no

or colour unstable

undesirable by-products such as aesthetically unpleasant

ma tcrials,

5) to be tasteless, colourloss, non-toxic, non-irritating and completely

b ioc ompatible,

6) to use constitucnt.s that arc storagc stablc for extended periods under

the environmental conditions that rnight bc encountered in transit, in

storage, in dental supply houscs or in the dental office' especially in

tropical climates,
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8) to employ constituents

compatible with all comPonenl.s

composi tes.

7) to incorporate ingredients that are readily systhesized at a reasonable

cost,

that blend with, dissolve in, or are fully

of resins orof powders, liquids, or Pastes

3.3.3 Curing sYstenrs.

There are two mcthods uscd in clinical dentistry to cure the resins' The

original system, which is still used in a wide variety of applications, is

chemical activation. More reccn tl y, photo ac tivation, by either ultra-v iolet

Iight or visible light has becn employed and is now the most widely used

system for the dental restoratives.

3.3.3.1 Chemical Curing

Chemical curing uses an initiator, benzoyl peroxide, which is activated b y

N,N-bis(2-hydroxyethyl)-p-toluidine to produce the free radicals. These

radicals then causc the monomers to bond, forming chains and randomly

linked branches, which proclucc the thrcc-dimonsional polymer. T h e

extent to which the reaction thcn procccds depends on the availability of

free radicals and frce monomer to add Lo the developing polymer, the

ability of the components to d iffusc through the liquid/gel matrix, the

presence of inhbitors, the quantity and type of filter used and the

molecular structure of the monomers used. (Presently a wide variety of

dimethacrylate monomers are in use.)

The chemical cure of the resins f.endccl to be relatively even throughout

the body of the restoration and the polymerisation contraction caused the
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restoration to shrink inwards, producing stresses within and along the

margins of the restoration, Hansen,(1982). This led to the term "contraction

gap" which is the microscopic gap at the margin that causes microleakage

between the restoration and thc rcmaining tooth structure' The o p e n

surface of the restorat,ive tendcd to shrink inwards and this helped reduce

the shrinkage from the margins, particularly when an acid-etch bond

tcchnique was used. Vy'here adcquate bond strengl.h is achieved, fracture of

the adjacent enamel can take placc due to the tensile stresses produced b y

this polymerisation contraction.

3.3.3.2 Photocuring

photocuring was introduccd in the mid 1970's. The first systems used ultra-

violet light ( "UVLC" ) as the activator to produce free radicals. These

systems used long-wave ultra-violet radiation of about 365 nanometers

(nm). In the late 1970's thc visiblc light systerns ( "VLC" ) began to appear.

As previously mcntioncd, visiblc light around the 470 nm wavelength was

employed. Resin systcms which make use of photocuring can provided

optimum working time and ¡naximum opportunity for good wetting of the

resin to the tooth surface, Phillips, (1981)'

The UVLC systems use a photoinitiator such âs benzoin methyl ether, w h ic h

undergoes photofragmcntation to fortn lrcc radicals which in turn initiate

the polymerisation reaction, Craig, (1981). Thc VLC systems use diketones

and a reducing agent to initiate polyrncrisation. The diketone is usually

camphoroquinone and the reducing agent, N,N-dimethylaminoethyl

methacrylate, Craig, (l9Sl). It has been assumed that the light energy

causes the diketone to react with the reducing agcnt to produce an excited
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state complex (exiplex) which thcn brcaks down to give the necessary

excited free radicals.

V/hen free radicals for any of the systems are produced, they are not

immediately available to the monolncr for polymer production' The

presence of dissolved oxygen which reacts more rcadily with the radicals

produces an inhibiting effecr. The time this effect lasts is directly

proport,ional to the amount of dissolvcd oxygen in the resin, usually about

60 ppm. This is also the reason why unpolymerised surface films exist on

uncovered resin during and after polymerisation. The atmospheric oxygen

acts as an inhibitor. The thickncss of this surface laycr is dependent on the

rate at which free radical formation occurs, the faster the rate, the thinner

the layer. Thus rhe system which has t.he highest rate of energy available

for activation produces the thinnsst f ilm. The UVLC system produces

energy at a highcr rate than the VLC system and both produce energy for

radicals at a higher ratc than the chcrnical curing system. Prolonged

exposure in the UVLC systcms havc bcen shown to be advantageous in

hardening the restoration throughout, Salako (1979) but, this has remained

controversial.

The uvLC systems have fallen int.o disfavour. The feasons appear to include

occupational safety to boLh uscrs and patients and the inability of ultra-

violet light to penetrate cnamel. Furtherrnore lhe UVLC systems have a

relatively shallow depth of cure, Salako et al., (1979), by comparison with

the VLC systems. The main reâson lor this appcars Lo have been the ratio

between filler particle sizc and wavclcngth, Salako et al', (1979). T h e

particle size was about half the wavelength of the UV light, a ratio which

causes maximum scatter leaving vastly reduced amounts of UV light to
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transmit into the rcsin to produce the ncccssary energy for the conversion

reaction. Mitchell et al. (19S6) have produced results from a study between

two resins where the only dif lerence w¿ls that one was activated by U'V'

light and the other, visible light. The resulls tended to show the visible

light cured syStem to be more durable, with better anatomic form and

marginal integritY.

This situation leaves a paradox. Thc UVLC syste ms' due to the energy

availability per quantum procluccd a higher boncl conversion rate than V L C

systems (about 70?o compared with 62Vo respectively) but' as a result of

filler interaction, had a lower depth of curc. This simply means that with

ultra-violet light surface layers cured well but, with an abrupt fall off at a

shallower depth. Results have been reported for class | &. II UVLC

restorations which have shown rclarively good results for occlusal loading,

V/ilder et al., (1984). However, Mitchell ot al., (1986) suggest that visible-

light-activated composite resins will yield more durable posterior

restorations than the ultra-violct-activatccl composi¡e resins.

The VLC systems give better results for depth of cure but as previously

mentioned, they have a lower convcrsion rale (620/o), The conversion rate

is higher in VLC systcrns thân chcmically-curcd systcms' Asmussen, (1982)'

The optimum conversion rate is dependant on the resin system and the typ e

and condition of the light source uscd, Those lights emitting a component

of ultra-violet light do however give better overall conversion' One of the

major drawbacks of thc VLC rcsin systo¡ns is that a number are sensitive to

dental operating lights. Most tnoclcrn operating lights have quartz halogen

globes similar to the VLC curing lights. Thc material cured this way has a

poor conversion rate and is not to be relied upon. Direct sunlight has



322

excellent curing proporties requiring only l0-15 seconds, compared with

an average 40 seconds per incretnent from a VLC light.

Polymerisation does

I 983; has reported

increase in surfacc

not finish whcn

that conversion

the curing light is removed. Hansen,

cont,inues for some time with an

main indicator of this process. The

fcw rninutes with detectable changes

hard ncss being the

the lirstgreatest change

still occuring at

occurs ln

60 minutes.

3.3.3.3 Special consideration: D E P'tH t¡ f CURE

A considerable amount of work anrl cl iscussion exist around this topic.

Following the clinical use and observed failures of some UVLC applications

there have been many articles written concerning what constitutes a cure'

what affects the cure, and what. we consider to be the proper depth of cure'

Finally there are the problcms of rclating the observcd in vitro behaviour

to the actualities of the clinical situation'

on depth of c ureNumerous factors have

Considering both the

following:

mould material,

mould size,

becn obscrvcd as

in vivo and the

having an effect,

in vit.ro situations, these include the

exposure ume,

photo activating light source intensity,

diameter of the light beam'

age and condition of thc light globc'

condit,ion and type of light translnitter between the source and the

objective, and
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inherent factors of the compositc itself, principally the transmission

coefficient and the comPosition.

The method for measurement, of depth of cure has not been standardised,

and to date several systetns have becn tried. These include scraping, dye

adherance, deGee et al., (1984), optical dis[inction, hardness indentation

profiles, and physical measuremcnt by Inicrometer. There is also no

concensus about absolute hardncss valuc or the relative ratio of hardness

between the top and bottorn surfaccs for a depth of cure criterion. Skeeters

et al. (1983), defincd depth of curc as the axial distance from the surface

where the Knoop hardness dropped to less than 907o of the hardest value

measured. The specimens for this definition wero cylinders of composite

material, 4 mm in diametcr and 6.4 mln high. The specimens were produced

in cylindrical split/brass moulcls. During curing, the tip of the light source

was placed in contact with a Mylar nratrix strip f.hat covered the base of the

specimen cylindcr.

There is little evidence to show Lhat plolongcd cxposure to the curing light

will eventually provide adequatc dcpth of cure. The manufacturers suggest

that if in doubt a longer cxposure t,i¡nc should be used. Leung et al. (1982)

did demonstrate that extremely long cxposure times (300 seconds) will

improve the polymerisation, However, they . used top and bottom Barcol

hardness measuremenf,s to guage adequate clcpth of cure'

V/hen considering [hc previously-rncntioncd factors some reasons

discrepancies can be secn. For exarnplc where the beam diameter is

than the internal mould diametcr the depth of cure increases because

surrounding composite acts sim ilarly to a translucent mould' Fan et

for

less

the

al.,

(1984). Translucent moulds havc oltcn been cited as producing higher
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depth of cure values when comparecl with opaque metâl molds. However,

because metal moulds behave in a similar fashion to tooth structure their

use has been substantiated, de Langc ct al., (1980), Watts et â1., (1984) and

Ruyter, (1985).

The transmission coefficient is the indicator of the ability for the curing

light to pass through thc compositc. The composition of the material will

affect this value. For exarnplc, the s¡nall filler particles of the microfills

cause more light scattering, which decreases the amount of light

transmit.ting f.hrough the material giving a shallower depth of cure a n d

meaning that the microfills gcnerally have a lower transmission

coefficient.

With regard to variations in curing lights, investigators generally agrce

that this is an aroa whcrc consiclerable variations can occur. A number of

arricles, Blankenau et al., (1983), Watts (1984), Friedman et al., (1984), Fan et

â1., (1985), Cook (19S5), and Clinical Research Associates, (1986), have

attempted to rank diffcrcnt light sources according to their ability to

provide adequate depth of cure. The rankings between the reports often

vary and several reasons for this havc been givcn and they include:

differences in ncasuring mcthods usccl and the instrumentation,

variations in thc relative pcrforrnances of identical units, (i.e. unit.s of

the same brand ),

variation in globe output,

method and condition of the light transmission medium to the composite

as previously mentioned,

diameter of the emitting surfacc ol'thc light sourcc, and

distance of the light sourcc to the composile.
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Globc output

line

subtle

globe

variations

at the

in the

time of

can vary with ths

voltage variations to

age'

themanufacture, or

measurement.

The ourput of the lights in the 400-500 nm range also varies and it is this

property that has more bearing on the effectiveness of the unit rather

than brightness as 410 nm is the opt.imum wavelcngth for free radical

formation. Currently not cnough is known concerning the quantum

efficiencies of the various wavelengths Ior curing. The observation is that

VLC units with higher quantitics of ultra-violet light as well as high output

in the 470 nm rcgion arc more efficient for curing. The actual light

intensity recorded from a givcn unit is therefore not always an accurate

indicator of its efficiency. Manufacturors have been increasing the

radiant emittance of the lights in ordcr Lo overcofne this problem, Cook,

(1e8s).

Several studies have shown specific problems associated with depth of cure.

In 1984 deGee, ten Harkel-Hagenaar, and Daviclson concluded from their

dye staining of unrsacted groups in the rcsin phase, that microfill resins

have a more limited depth of curc than conventional resins,that the

boundary between separately light activatod layers in built up composif.es

occasionally resulted in dcfective curing, and that in deeper areas of some

light-activated microfills insullicicnt coupling between t h e

prepolymerised f illcr particlcs and thc matrix can be demonstrated.

The 1980 work of de Langc, Bausch and Davidson demonstrated the

presence of three zones in photo- initiatcd cornposites. The first, zone A,

showed physical properties comparable to those of the chemically-cured

composites. The second, zone B, demonstrated an increased softness
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compared to zone A, and the third, Zone C showed no signs of cure at all.

These results wsre based on hardness valucs dcrived from Knoop hardness

indentations. The test.s also confirmcd Ihc work of Reinhardt and Vahl

(I917) which showed [hat only unfillcd rcsins had a time-dependent curing

pattern. Other points that arose frorn thcir work are that it is possible that a

second exposure after finishing the restoration has only a slight effect on

the total penetration depth, ancl ¡hat during finishing of a fresh

photocured restoration, the best material (surface layer) as regards bond

conversion rates may be rclnoved.

A number of other reports havc demonstratcd t.hat factors such as shade

variation will have an effect on the depth of cure. The darker shades of

several resin systcms have becn shown to rcquire at least 40 seconds in

order to achieve adequate hardncss and presumably depth. Also darker

shades show a definite loss in desired physical propert,ies between I and 2

mm and litrle or no cure beyoncl 3 mm depth. This has led to

recommendations of incremental build-up for deep and e x te n s i v e

restorations. However a more recent study suggests that the relationship

between shade and depth of curc may not be all that straight forward a n d

that the depth of cure may bc morc depcndent on other factors such as the

translucency of the componcnts, e,g. opaquc shacles, Swartz et â1., ( l9 8 3 )

and Ferracane et al., (1986). Furthcrmore, the discrepancies between

different lights tends to be more pronounccd when their ability to cure

darker shades is cornpared, Fricdman et â1., (1984).

Thc position of the restoration within the tooth and accessability for the

curing light also have a rn¿ìrkcd effect on the depth of cure. This is

particularly important in Class II cavities with regard to the interproximal
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region. It has been shown lhat increased area of light transmission a n d

lights of greater output can lncrease the hardness values for the resins,

particularly the posterior composite,s, Watts et al., (1984). These researchers

also demonstrated that the curing profiles of a given material were

different when act,ivated by differcnt light units'

Finally, it has becn shown that ovcr-cxposurc of thc material to some of the

modern dental operating lights adversely affocts the final properties of th e

restoration by premature curing, particularly during the manipulative

time of placement. The complete extent ancl exact nature of this detrimental

effect is not known.

3.3.4 Effects of ViscositY

The viscosity of the constituents also has a major influence on the

polymerisation and resultant convcrsion râl.e in composite resin systems.

The high molecular weight monorner BIS-GMA ( molecular weight 512 ) is

also the most highly viscous cornponent of the resin matrix. This gives it

the lowest polymer shrinkage of all thc most commonly used monomer and

oligomer systems (6.4Vo). The avcrage pcrccntage of reacted double bonds is

only 56Vo which whcn compared with mcthyl methacrylate (98.6Vo), is

relatively low. TEGDMA on thc othcr hand has a polymer shrinkage of

12.57o but a higher percentagc of rcactcd double bonds (68.27o) (MW 286 ).

For most of the commonly uscd polymcrs thc polymerisation shrinkage is

inversely proportional to the molccular weight of the monomer' An

exception to this is neopentyl glycol tlimethacrylate, NPGDMA, (MW 240)'

which has a highly branchcci nal.ure' and produces a relatively-low

crosslink rate relative to TEGDMA, (15.60/o vs 38.5Vo respectively ), but has a

similar shrinkage ratc to TEGDMA (l2.ZVo vs 12.5o/o )' This means that the
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shrinkage in the highly crosslinkccl nclwork is dependent on both the

molecular weight of rhe monomer and thc efficiency of the utilisation of

the double bonds in a crosslinking mechanism. Thercfore, by using a

diluent monomer such as TEGDMA to improve the viscosity of the resin

system an increase in polymerisation shrinkage can be expected, as well as

an increase in crosslinking and rcacLccl doublc bonds. An improvement in

the resulting physical propcrtics occurs at the cost of increased shrinkage

in the resin matrix. This can then be olfsct. to a dcgree by the nature and

amount of the inorganic filler content of the composite resin. Ferracane et

al. (lgS2) suggest that the improvcd crosslinking provided by the use of

diluents is reflected in an improvcd tcnsile strength'

The other

penetration

concluded

penetration

Lhe rate of

area where viscosity has bcen of concern is the depth of

of restorative rcsin inl.o acicl-ctched enamel. Asmussen, (1971)

that the viscosity as such was not a limiting factor for the

of resin monomers in to the etched pof es of enamel and that

dissolution of air inl.o the monomcr may determine the depth,

thus affecting the ultimate tag length

3.4 COUPLING AGEN'I'S

3.4.1 Coupling Requirenrents

Researchers have long rcalisccl [hat opLimâl performance of the composite

resin systems is depenclent upon a good bond between the organic resin

mat.rix and the inorganic f illcr con[ent. In order for a composite

restorative to have substantially improvecl mechanical properties, transfer

of stress under loading fro¡n the high st.rengLh, dispersed reinforcing
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filler to the more ductile polyrner nratrix must occur, and this requires s u c h

a bond.

There have been two approaches

mechanical interlocking between

was to produce a chemical bond

to this problem.

the matrix and

bctwecn the two.

The first was to rely

the filler, and the

ona

second

3.4.2 Mechanical Interltlcking

Mechanical interlocking relied on irrcgular shaped particles and w a s

therefore not very effective whcn spherical particles were employed. A

porous irregular structurc could be produced by either sintering fibres or

particles together, or by otching away a continuous phase of glass. These

composites tend to havc a lower modulus of elasticity when compared to

chemically-bonded systems. Unbonded filler fractions also have a marked

reduction in physical propertios whcn very high filler loadings are used.

3.4.3 The "Silanes"

The chemically bonded systems first appcarcrl in the early 1960's. Today the

bonding agents belong to a gfoup cornmonly called the "Silanes", which is

an abbreviation of "organofunctional silane coupling agents". The most

often used agent, is A -methacryoxypropyltrimethoxy silane, A-174.

The silane coupling agents exist in watcr solution in hydrolysed form as a

triol with the fourth silicon bonct linkcd to a reactive organic structure.

These silane triols adsorb on thc l'illcr surfacc in monomeric or oligomeric

form. S ubsequent. drying complctcs the condensation process linking the

coupling agent molecules to each other and to the filler surface by siloxane

bonds. These bonds involve hydrolysis of the methoxy groups with either
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bound surface water on the reinforcing fillcr

of the fitler. The unsaturat,ed carbon double

polymerisation with the matrix during the

Soderholm, (1985).

or silanol or aluminol groups

bonds are then available for

curing of the composite,

A number of researchers have com¡ncnted that the silane does not form a

uniform layer but is found as granulcs ot micelles which are joined by

thin continuous films or channels of low molccular weight material. The

silane films appear to be thickcr than monolayers and the granules appear

to contain high density polymcr. The lower density films and channels

appear to offer an easy path for thc entry of water which causes hydrolysis

of bonds holding the various componcnts together. This along with other

factors which affect the quality of the silane coverage, have a m a j o r

influence on the lasting strcngth oI the rcstoration. These other factors

include the surface geometry of thc fillcr, its composition, and the

presence of foreign materials. Reinforcing fillers that produce an alkaline

environment in water can degrade the attachment of the coupling agent,

Craig (1981) and Soderholm (1985 p.153). Surface treatment of these fillers

to deplete the surface of alkaline ions rnay improve their performance.

Such fillers often contain barium or st.rontium salts which are known to

produce alkalinity, but havc bcen requircd to increase radiopacity, a major

clinical requirement, for postcrior composite restoratives. Furthermore the

optimum number of chemical bonds required at the interface for longevity

of the restoration in the oral environment is not yet known.

only very small, as one gram of

square metres of reinforcing filler

of the silanisation of the filler

'the silane content of

these substances can

surface, Craig (1981).

the resin syst,e¡n is

cover about 314

Thc e ffcc tivcn oss
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particle surface has been under considcrable investigation. Improvements

have been reported where addition of n-propylamine ( a promot.er )

enhances the silanisation of A-174 to silica surfaces in normal aliphatic

hydrocarbon solvents. It has also been reportcd that where the solvent is

cyclohexane a more water resislant silica-silane bond results. The result is

an improvement in the diametrial tensilc strength of the final composite

resin.

The ext.ent. of thc chcmical bonding oI thc silane to the filler depends on

the silanisation system uscd. In the abscnce of the promot,er, the

silanisation reaction is said to be very inefficient, particularly where

aromatic solvents are used. The quality of the silane treatment greatly

affects the durability of the cornposite parl"icularly when modified glasses

are used for the filler, Erickson et al. (1986 ).

3.4.4 Copolymeric Bonding

Where prepolymerised particles

fraction of the filler there is

the filler and the maf.rix. This

have bccn added

a f urther che mical

and thc partially organic

unreacted double bonds in

is thc co-polymeric or homopolymeric bond

to increase the volume

bonding system between

filler. Such a bond

the

between the organic matrix

relies on the availability of

parricles and the abiliry

prepolymerised particles.

of thc rnonolner to diffuse

prepolymerised

into those
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3.5 RADIOPAQUE SYSTEMS

3.5.1 Radiographic Requirenrents

One of the most important clinical characleristics of the posterior

composite restoratives is their ability to project a radiopaque image. There

are a number of reasons for this. Thcy include the ability to detect

recurrent caries, check for overhangs and restoration contour, detect

voids, and to be able to see overall outline clearly distinct from the normal

tooth structure and surrounding tissucs.

Radiopacity has bcen achicvcd by the incorporation of elements with

relarively high af.omic weights into thc glass fillers. A large number of the

heavier elements ate not suitablc because of the colour they impart to the

glass, Lead is not suitable because it causes discolouration through the

formation of s ulphitles.

3.5.2 Barium Glass

A further problem with thc incorporation of heavy elements is the

possibility of an adverse change in the refractive index of the filler

particle. Barium is available in cornrncrcial glasses but with a higher

refractive index than is dcsirablc. Work donc in 1972 by Bowen and Cleek

produced an experimcntal glass fillcr with 17o/o barium oxide as one of its

constituents. This glass bccalnc thc [orerunner to a new series of

radiopaque fillers. The main problcrn with these materials is their inherant

alkalinity which Ieads to lcaching of the barium constituents and

hydrolysis of thc polymer. An ef fcctive silane coating of these particles

which sealed them from tu/ater would prevent this. The soluble barium

compounds are also known to bc toxic, although it is questionable whether
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enough

irritation

would escape from the

or would diffuse into

compositc and migrate to the pulp to cause

systcmic areas to cause harm.

3.5.3 Strontium Glass

The toxicity question has led to f urther rcsearch with modified oxides such

as strontium oxide which havc lower toxicity. The manufacture of such

glasses does have some problems whcrc the components can separate at

elevated temperat.ures. Howcvcr it is possiblc to use this element for its

radiopacity and because the rcf'ractive inclex ( 1.55 ) is sufficiently close to

BISGMA. Strontium behavcs in a sirnilar way to calcium both chemically

and biologically, which accounts for its rcduccd toxicity. Calcium oxide has

also been used and although it forms good clear glass it does not have

sufficient radiopacity to be clinically iclcal for posterior composites.

3.5.4 Effects on Glass Phase M<lrpltology

One of the of.her major lirniting factors in lhe use of heavy elements in the

formation of these radiopaque glasses is their ability to develop suitable

interconnecting phase morphology with the range of phase dimensions

present in the glass formulation. Unsuitable connections render the glass

susceptible to acid and other chcmical attack and various components are

then leached out and the composil.e can then break down, Bowen and Reed,

(t976a and 1976b). The firsr inclications of this are discolouration by

staining of the leached particles hcld on thc surface of the restoration.
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3.6 PHYSICAL PROPERTIES

The typical physical propertics of composite

1981 are as follows:

3.6.I Polymerisation contraction,

3.6.2 Porosity,

3.6.3 Thermal coefficient of expansion,

3.6.4 Thermal conductivity,

3.6.5 Water sorption,

3.6.6 rilater solubility,

3.6.7 Diffusion coefficient on sorption,

3.6.8 Contact angle.

reslns AS listed by Craig in

3.6.1 Polymerisation contraction

As previously discussed, during curing the resin matrix undergoes

contraction and the amounI and type of monolners and Oligomers have a

dircct bearing on the magnitu<Ie of thc contraction. The filler content has

little effect on this contracf.ion unless it is greater than 507o by volume, an d

clinically this shrinkage produccs [he so called "contraction gap". ]Vith

most modern composites this contraction can be oxpected to be around 2-

37o, by volume. However, with very low viscosity monomers such as methyl

methacrylate it can be as high as 5Vo. Thc lowcst value currently claimed is

0.60/o by volume for thc (l uartz. l'illcd posterior resin, "Visio-Molar",

manufactured by the Espc Corporation.

3.6,2 Porosity

There have becn a number

(1982), Reinhardt et al.,

ol reports concerning porosity, Fischel

(1982), and Jorgensen et â1., (1983)

et â1.,

Those
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concerning the chemically cured composites generally reported a porosity

value of 7-2Vo, and that the porosity was greatcr whcn the materials were

placed with an instrument than when injected, and that it could be

markedly reduced by thc application of pressurc for a short time to the

mixed composite, the extent of this rcduction being a function of the

viscosity of the mix.

The recent change to light-curcd resins has altered the expected porosity a

great deal. These mate' rials arc vacuurn packed and can be delivered to the

cavity without producing porosity, particularly when they come in the

syringable form. The spatulation of the chemically-cured systems

incorporated a number of porosities and this has now been eliminated.

However, operator-induced porosity is possible through the mishandling of

the VLC resins with hand instrurncnls for placement where voids are

created or bodies of air entraPPed,

The use of VLC materiats has led to only two essential variables for porosity

format.ion. They are handling tcchnique ancl thc viscosity of the resin. A s

previously mentioned clirect injcction of thc material into the cavity

produces the least porosity, but it is still not porosity free. Only when the

inside of the syringe was victtcd with a drop of monomer before loading the

composit.e did a porosity frec dclivcry takc place, Jorgensen et âl', (1983).

This may not be necessary for cornpules prepacked under vacuum. However

it must be realised that manipulation of the syringed material by a h4nd

instrument may still causc porosity forrnation as a result of entrapment of

iuduced air bubblcs.

It has been reported Mecllock et al., (1983) that

resins

syringe placement

compared to handsignificantly reduces the pore arcâ ol composite
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placement and that it can give total elimination of voids larger than 150

m icron s.

The placement of composite matcrial without bonding resin has b een

studied by a numbcr of rescarchers, Jorgensen, (1975), Asmussen, (1977)

and Hansen, (1984). The main aim of most of these studies was to see and

assess the ability of thc filler rcsin to produce tags of material which could

penetrate the etched enamel and effect a sat.isfactory bond, and in fact a

number agree that this is cluitc possiblc. However such an approach

appears to be prone to causing porosity, and the use of a bonding monomer

reduces markedly any porosiLics thât may occur in the region of the

restoration margin.

Larger porosities in the rcgion of cavity irrcgularities were more prone to

occur when a bonding resin was not, uscd, Hansen (1984). Also, the diameter

of the opening of f.he manu[acturcr's syringe had some bearing on

porosi¡y formation, as it was scen in work by Hansen (1984), that the larger

the diameter the lower the rate of porosity. Furthermore, his work

demonstrated that it was probable that polymerisation of the bonding resin

prior to placement of the filled restorative would adversely affect the

ability of the bonding resin to hclp rcclucc porosity.

3.6.3 Thermal Coefficient ol' Iìxpansion.

The coefficient for nornral tooth structurc is from l0 to l5 X l0 (-6) per

degree C. Macrofilled cornpositcs have a valuc of about 26 to 40 X tO (-6) 7 og

and the microfills have valucs from 46 ro 70 X 10 (-6) / oc The difference

be tween the two types of resin is related to the larger amount of organic

phase in the microfills. Howcvcr, thc rìlcre difference bet,ween the resin
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systems and the tooth structure rncans that thermal cycling will produce a

range of varying expansions between the two, and marginal leakage will

result. Resin systems with largcr volumcs of filler (>50Vo) have a reduced

thermal coefficient of expansion.

Due to the differcnccs in expansion and contract.ion between the enamel

and the restorative matcrial lhere is additional stross placed on the acid-

etched bond. As microfillcd rcsins have a thermal coefficient of expansion

which is two to thrce timcs grcatcr than thc convcntional composites, th e

cyclic effects of constantly changing ternperatures can lead to earlier b o n d

failure and material fatigue, Craig (1985 p.230). Tensile stresses produced

during thermal expansion could facilitate crazing and crack growth within

the matrix of composite resins. This effcct is more pronounced in resins

with higher filler fractions and is thought to offer a reason for good

clinical wear resistance sscn in micro[illed composites, Soderholm, (1984).

3.6.4 Thermal Conductivity

The composite mat.crials compare very favourably with both dentine and

enamel in this area. This applies to rnost of the composite restoratives

currently in use. However there are differences between the v a r i o u s

composites. Microfills have a lowcr conductivity because the colloidal silica

filler has very low thermal conduction. Composites which use qûarLz have

values almost. three t.imes highcr than the microfills due to the high

conduct,ivity of that matcrial.

3.6.5 Water Sorption

The problem

as any water

of water sorption in compositcs is a constant area of concern

¡nateriâl can hydrolyse bonds to causewhich may en Lcr thc
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breakdown

vicosity of monomer the

and greater the

difficult it is forit takcs and Lhe

Also thc greater the

The microfill resins

of the resin matrix. Thc more highly filled

water to enler

the lower the

values which

the rcs in

uptake of

longer

sys tcm.

water.

more

degree

have

of crosslinking

water sorption

than the newate bctwccn threc and

( l e8s).

six times greater

posterior restoratives, Craig

The other major clinical resull. of watcr sorption

composite over a period of ti¡ne until ccluilibrium is

the effects of polymerisation shrinkage due to a degree

is expansion of the

reached. This reduces

the opposite direcf.ion. Equilibrium has been shown to

periods greater than 14 days, Craig (1985).

of compensation in

occur after varying

3.6.6 Water Solubility

Composite resins have shown slight solubility, in thc order of 0.05 mg per

square centimeter. The effccts of solubility will be discussed in "failure

mechanisms". The majority of dctcctablc solubility in the early stages after

polymerisation, is the loss of residual monomer remaining after the

reaction. Following this, lcaching of inorganic ions can be detected, where

such ions are the result of intcrfacial bonding breakdown, or first, from

the cut filler in the polished surl'ace.

3.6.7 Diffusion Coefficient on Sttr¡rtion

The diffusion coclficient for cornposi[cs in water is about 1.1 to 3.1 x 10 (-9)

cm 2 per second cornparcd to a figurc <lf about l6 x tO( - 9 ) for

poly(methylmethacrylate).
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3.6.8 Contact Angle

Thc contact angle givcs an indication of the wettability of the composite

and is of significant importance as it influences the marginal leakage of

the restoration. The advancing contact angle of wat,er on composites is

about 650 and so thc compositc is classcd as a hydrophilic solid. With this

contact angle and a contâct angle [or tooth structure of about 55 o , water or

saliva will spontaneously penctrale any crevice, (e.g. contraction Sap)

between the restoration and the tooth. Thc hydrophilic surface is also more

likely to absorb any precursors to plaque or stains'

Researchers have shown that the driving force for capillary penetration

along a contract,ion gap is a negative change in the free energy at the

solid/ liquid interface. If thc free energy change is positive, pressure is

required to force the Iiquid into the capillary space. The theory is to

produce composites which exhibit a contacl. angle greater than 90 degrees,

i.e. hydrophobic composites, Lo rcducc or prevenI wator penetratlon.

Experimen¡al composites that dernonsLrate hydrophobic properties have

been produced, for examplc, "Adaptic II".

3.7 MECHANICAL PROPERTIES

3.7.1 Types of' Properties Considered

The development of the compositc resin has to achieve, as one of its aims,

mechanical properties which will allow it to behave in the same manner as

the tooth structure it is replacing. A typical listing for mechanical

properties appears bclow:

Compressive strength (MPa)

Compressive modulus (GPa)
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Diametral tensile strength

0.l%o Yield strength (MPa)

Transverse strength (MPa)

Shear strength (MPa)

Elastic modulus (GPa)

Poisson's ratio

Modulus of resilience

Fracture toughness

Hardness

Indentation depth

from indentationRecovery

'Wear

As there are such a large number of listed properties some of

clinical dentistry, brief comments will

(MPa)

which are not

be made forvery meaningf ul to

some, while others will be discusscd in greater detail.

3.7.2 Compressive Strengtlt

The compressive sl.rength of the postcrior composites tends to be higher,

(241-400 Mpa), rhan the conventional cornposites, (186-297 Mpa ), which in

turn have higher strength than thc nricrofills, (172-228 Mpa ).The new

q\artz filled resins have an ultimate cornpressive strength approaching

f hat of the high copper amalgams, (Dispcrsalloy, 387 Mpa), Craig, (1985).

3.7 .3 Tensile Strength; Diametral

The posterior and conventional resins exibit similar values for this

properry, (34-76 Mpa ), which ¿ìrc significantly greater than for t h e

microfills, (28-34 Mpa), Craig, (1985).
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3.7.4. Shear Strength

This property cxhibits si¡nilar bchaviour to tensile strength, the

conventional and posterior composites being better than the microfills. In

all cases both tensile strength anil shear strength are much less than

compressive strength. Howevcr, although this implies that composites are

not brittle materials, i.e. that tho relatively soft resin controls the ultimate

compressive strcngth, brittle rather than cluctilc failure has been shown to

occur, Fan et al., (lg7g).

3.7.5 Modulus of ElasticitY

This is a very important clinical indicalor as it is believed to give

indication of deformat,ion under masticatory forces. The modulus

dependent on the cqmposil.e bcing a bonde{ systcm, (i'e. matrix bonded

filler ).The use of diffcrcnt sizc clistributions of filler particles in

posterior compositcs has allowed a fillcr conl'cnf in the order of 807o

weight which appears to be the thrcshholtl for great increases in

elastic modulus.

an

is

to

the

by

the

A high elastic modulus clinically mcans lower

restoration and surrounding tooth wh ich leads to

reduced risk of cusP fracture.

deformation in the

less microleakage and

the elastic

to unfilled

the more

3.7.6 Modulus of Resilience

The modulus of resilience is ¿ì lncasure of thc encrgy absorbed in

range of the materials. Microlills, wh ich rcact in a similar way

acrylics under elastic deformation, exhibit similar values to

conventional composites, bur the elastic motlulus is quite different. For this
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to be

before

are noI

the case it

permanent

as brittle

means that

deformation

as their ¡nore

allow

is why

these matcrials more strain to occur

the microfilled resinsoccurs. This

highly filled co u n terparts.

having a major influence on the toughness

the composite. The absorbed water has a

suflicient to effectively aid molecular

dissipates cnergy. This effect decreases as

composite decreases, Lloyd, (1982).

3,7.7 Fracture Toughness

The frac ture to u g h ness of po s terior co mpo sites has been show n to be

higher than that of usual occlusal loadings as catast,rophic fracture rarely

occurs in posterior compositcs, Draughn, (1985), Loss of filling substance is

more likely to occur gradually ovcr a longer period of time'

The work of Lloyd and Iannetta (1982) has demonstrated that the addition of

filler to polymer to produce a dental composite improves the stress

intensificat,ion factor which they also dcmonstrated to be a good indicator

of fracture toughnesp. They werc also able to show that submicron filled

composite was not as tough as compositc with larger particle sizes, such as

the small particle size hybrids (1-5 micron range ). The small particle

hybrid composites with vcry heavy filler conl.ents, as used in posterior

resin restorative materials, have an inherant advantage over other

composites for fracture roughness, Lloyd and Mitchell, (1984).

Another factor

is the presence

plasticising

movement in

demonstrated as

of water in

effect which is

the matrix which

value of thcthe water sorption

Temperature has been demonstrated to have an effect On fracture

toughness but it is not significant over the temperature range anticipâted

to exist over any length of ti¡ne in vivo.
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Lloyd, (1983), concludcd that postcrior composites are brittle materials and

that fracture toughness was the bcst mcasurc to determ ine resistance to

fracture. The values of fracture toughncss for posterior composites were

similar to other composites with similar filler loadings and the materials

were comparable to the high-coppcr amalgatns, but not as tough as the low-

copper amalgams. The final conclusion ¡hat dcserves mention was that the

fracture path was in almost all cascs through the matrix'

3.7.8 Wear

The problem of wear in cotn pos i te rcs ins has occupi ed the m in ds o f

innumerable researchers. It is a major concern for the Success of posterior

composites. Many atf.empts have been macle to produce an in vitro system to

measure wear of candidatc postcrior compositcs, which will give a n

accurate indication of how they perform clinically. However, it has been

realised by a number of rescarchcrs thât a proper and accurate wear test

may take as long as a proper clinical trial to carry out, and that t o

accelerate such tests may rcduce the rclevance of the test, McKinney,

(1985). Thc cvidencc ro datc suggcsts that the wcar itself is a product of

abrasion, farigue, adhcsion loss at the resin f iller in terface, and chemical

disintegration, and that during wcar there is a buildup of subsurface

da mage.

Wear mechanisms:

1. Occlusal contact areas

Fatigue, Plus aclhcsion

Chemical disintegration

2. Contact-free occlusal arcas

Abrasion

loss, plus abrasion
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Chemical disintegration

3. Interproximal contacI arcas

Abrasion

Chemical disintegralion

Factors which influence the wear of the posterior composite are; the

nature and composition of thc resin Inal'rix, the filler loading and type, the

effect.iveness of the filler-¡narrix coupling, and the ability of the composite

to resist the environmental factors in thc Inouth. The oral factors include

the relationship of the restoration to thc occlusion, the nature of the diet

including abrasiveness of lood particlcs and solubility parameters of

ingested organic liquids, and othcr changes such as thermo-cycling and p H

shifts.

In 1g78, Draughn and Harrison pointcd out [hat wear or more particularly

abrasion rates aÍe dependent on the size, hardness, and volume fraction of

particles in the composite, and that the most abrasion-resistant composites

available at the timc, contained a high volume fraction of large, hard

particles.

3.7.9 Hardness

The hardness of light-curecl compositc resins appears to c h a n g e

significantly after irradiation. Lcung ct al. (1983), reported significant

increases after both 10 and 20 m¡nutos, with smaller increases observable

af.ter 7 days. The magnitude of increase was relatecl to the initial degree of

polymerisation. However, polymerisation was judged by top and bottom

Barcol hardness readings.
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In 1985, Kanca roported Lhat although it may seem desirable to use

hardness values to judge posterior compositcs, il may not be the only aspect

to be considered when making such comparisons, because of the different

filler particle composition and loading. Kanca furt,her suggested that the

uniformity of cure would be a bctter avenue for comparison.

3.8 CLINICAL TECHNIQUES

The dental profession has for many years used silver amalgam as an

effective and [olerant restora[ive rnat.crial for posterior restorations. This

material has demonstratcd servicability despite clinical abuses during

mixing and placemcnt.. It has bcen a rclatively simple and very versatils

material to place in a numbor of clinical applications. Certainly, no one can

doubt that the optimuln perfornrance of amalgam is achieved in

conservative cavit.ies where plac<.:rnent has occurred by the use of the best

clinical techniques, but even so amalgams do stand up reasonably well to

contamination and other indiscretions which may occur during its

insertion.

The posterior composites have dc¡nonstrated a number of problems when

used in Class I and II cavity prcparal.ions and these problems will be

described during the diffcrcnt stages ol the clinical technique. The

primary indication for [he use of composites is in premolars and m olars

where appearance is a major concern. Thc othcr problem s with amalgam

fillings include corrosion at the rnargins, causing ditching, on the surface

resulting in tarnishing, staining of thc surrounding tooth and fracture.

Secondary issues concerning the possible toxicity of mercury from

amalgams have caused emotive rcac[ions for their use. However, this is still

an area of major controversy and ¿ìs yet thc posterior composites are nol
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able to perform as well as amalgam for the larger

situations. Vy'here thc occlusal stresscs are judged to

materials are not indicated.

Class II restorative

be large, t.hen these

will be discussed under the

if proxirnal surfaces aÍe involved.

to facilitate the proper formation o f

The clinical techniques for thesc rnal.crials

following headings:

3.8.1 Tooth Isolation

3.8.2 Cavity preparal.ion

3.8.3 Pulp protecl.ion

3.8.4 Matrix bands

3.8.5 Adhesion to the remaining tooth

3.8.6 Placernent of the restorative

3.8.7 Finishing

The inversion helps

interproximally and

con trol.

3.8.1 Tooth Isolation

Following anaesthesia and prophylaxis of the tooth to be restored, the area

is now isolated. This is prcferably clonc with thc application of rubber dam.

Any moisture contamination during thc procedure will only reduce the

optimum properties of the tinished rcstoration. Therefore, the best seal

possible with the dam is rcquired, including inversion of the dam at the

cervical margins around thc tccth protruding through the dam in the

operative aÍea.

in two areas. First, it helps retract the gingival papilla

second, it kceps thc crevicular fluid seepage under

The next step is to Pre wcdgc

This allows slow separat.ion of

thc tooth

the tecth
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contact polnts

blanching the

interproxirnally. Wcdging can

papilla and rcducing the blood

also reduce

flow, and

seepage by

displaces the

rubber dam while prot,ecting it during cavity preparation'

The most vulnerable aspect of the posterior composite restoration is

microleakage at the interproxirnal gingival margin. Good moisture control

and access to this area during Lhc opcration are thercfore a prime concern

and hence the pointed refcrencc to isolation and separation.

3.8.2 Cavity PreParation

The aims of cavity preparation are to rcmove the carious lesion and to

restore the tooth as near as possiblc to the original condition. Posterior

composites offer an advantagc in this area over the amalgams because they

can be bonded directty to tooth structure. This allows for more conservative

cavity preparations and the possibilities ol actually reinforcing the

damaged tooth structure during restoration, by the binding effect produced

by the bond.

The preparation shoulrl at all tirnes be as conservative as possible. Any

remaining anatomical ridges shoulrl not be removed, sharp cavity outlines

and sharp line-angles ale to be avoided. Occlusal contacts afe not to

coincide with cavo-surface margins. Thc interproximal margins need only

very minor clearance for finishing and the cavity walls in this alea should

be parallel to the enalnel rocls. Thc n¿ìture of Ihe cavosurface margin d o e s

remain an area of cont.roversy. A nunrbcr of clinicians believe that there

should be a 45 degree bevel of 0.5 to 1.0 mm length to facilitate the best

adhesion for the optimum marginal scal. Support for this comes from the

many articlcs which dernonst.ratc that aclhcsion is stronger to transversly
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cut enamel fods than to parallel cna¡nel rods. Bevelling has also been

shown by oilo and Jorgensen (1977), to reduce the number of observed

enamel fractures at the cavity margins. An increase in the bevel size

further reduces the incidence of cnalnel fracture'

However, the opponcnts of this thcory have solne equally valid points'

They argue that during the course of cavity preparation a significant

amount of the enamel is already cut oblic¡uely and that further bevelling is

unnecessary, Boyde, (19S5), In addition, it has been demonstrated that these

margins may be prone to fracture ancl leave a ledge-type defect which'

amongst other things, produces a plaque trap. The final arguement against

the bevelled margin is that it is diificult to finish as the margin often

becomes obscure. This is particularly evident when there is little or no

difference between the shade of the tooth and the restoration, and can lead

to excessive removal of sound enamel.

Simonsen, (1935), suggests that the use of a bevcl on the occlusal surface

may not be indicated as this incrcases Lhc surface of the composite resin

exposed to wear and t.hat a caviLy preparation made parrallel to the long

axis of the tooth will providc a bcvel. Sinronsen does fecl that bevels in the

interproximal alea are requirccl.

Wilson et

significant

margins.

al. (1986),

difference

concludcd

in the

that in their

pcrformance of

ongoing study there was no

butt-joint and bevel-edged

Where an existing amalgam is bcing rcplaced the cavity is generally larger

than necessary for conservative posterior composite restorations, and so all

reasonable care is requirej to mininlisc any furlher tooth destruction' The
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only preparation that

to ensure that margins

po ss ibl e.

need apply, savo thât to remove recurrenI carles, I s

direct occlusal contact ifare accessablc and out of

3.8.3 PulP Protection

The protection of pulp vitalify is of paramount importance and it is

particularly vulncrable during acid ctch proceedures- Traditional concepts

require a calcium hydroxide lining of the cxposed dentine and any direct

pulp exposures. More recent, concepts suggest Ledermix cement for direct

pulp exposures, and glass ionotner cements as linings and bases. Results

from such regimes are certainly morc than f avourable.

A further consideration in pulp protcction, is possible toxicity due to the

diffusion of remaini¡g ingredients frorn the cured composite restoration' It

is quite probable that the remaining uncured resin components could have

an effect on the undcrlying tissue for a very long time, Spanberg et al',

(1973). V/hile only limited research has been done in this afea it has been

shown in histological studies that in[lamrnation of the pulpal tissues occurs

in response to the prese nce of compositc restoratives. It has also b e e n

concluded that inadvertant etching of the dentinal tubules, removing an y

plug and opening them w i ll pro rn o te th is reac ti on. The ability of the

bonding agents andl or lining materials to prevent this has not been

completely invest.igated, although a new technique for screening dental

restorative materials for chernicaI toxicity to the pulp has been described,

Hume, (1985).
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3.8.4 Matrix Bands

The use of a mal,rix in thc Class II

same as for an amalgam, however,

much more critical. Due to thc

posterior composite resins and the

the resin to effect the cure, clear

resin manufac turers.

situation is mandatory. The purpose is the

thc application and type of matrix is

predorninant use of VLC systems for

nced to gct as much light as possible to

plastic matrices are advocated by the

Metal matrices have been uscd in this application for a number of years'

The advantages of these systerns are thât. they are generally thinner th an

their plastic counterparts, can provide bettcr contours, and are easier to

negotiate through the cont,act area. A more reliable gingival margin

adaptation can also be crcated as burnishing produces a psrmanent change

in the contour of the bancl, whereas the plastic matrices show a tendency

for memory and spring back to thcir original position. This applies to all

areas where contours are to bc guidcd by the shape of the band. The big

disadvantage with the met.al matrix is Lhat, it is not possible to shine th e

curing light through it.

The plastic matrices as montioncd abovc havc some problems. The

difficulties encountered with contour ¿ìrc imporl.ant as this means that

some areas need to be contoured mcchanically after removal of the matrix.

This presents a new area of skill required by thc dentist as it is easy to

damage adjacent sound enamel whilc trying to produce an adequate

contour. The time consumed in pcrforming this operaf.ion is far greater

than simply carving back an amalgam with a hand instrument. The

incidence of excess material and llashing is very high and this adds to the

finishing problems.
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The major advantage of the plastic matcrials is that the VLC materials can

be cured from the interproximal dircction. This is very important as the

curing shrinkage of the material is in the direction of the light source, a n d

to minimise the possibility of shrinkage straining the bond a¡ the gingival

margin, the matcrial is in effcct curccl as well as possible towards that

margin. Special light-transrnitting wedgcs have also bcen developed to

assist in this gingival region. The design of these wedges allows the light to

transmit through the length of the wedge and be redirected at right angles

to the wedge towards the gingival margin by an internal reflector' The

ultimate effectiveness of this arrangemcnt is yet to be seen due to the

infancy of this recent innovation.

3.8.5 Adhesion to The Remaining 'l'ooth

The adhesion of posterior cornposites Lo remaining tooth structure has been

a matter of major concern. The preventioh of microleakage by good

adhesion is tremendously important for the prevention of recurrent caries

which has been a major downfall of composites in posterior applications,

Horn, ( 19 81). The bondin g sy stem s avai lable includc the " Den tino-Enamel"

type bonding agents such as "Scotch Bond" and "Bondlite" and the use of

glass ionomer cements and filling rnaterials which are acid etched and

have the restorative compositc bondctl to thc¡n, Mclean, (1985). The use of

ferric oxalate has also bccn rcporl.ccl Lo improvc bonding to denfine,

Dumsha, (1984).

The technique currently employed during this study involves the use of

glass ionomcr as both a base and a denl.ine bonding agent. Such a system

has a number of advantages. The glass ionomer is bland to the pulp unless

the cavity is exceptionally decp. The material is also ant.i-cariogenic due to
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the slow release of fluoridc, and altcr thc removal of the smear layer by a

l0secondapplicationofcitricorpolyacrylicaciditbindstothedentine

with adhesion at least as good as the clentine-e namcl bonding agents' This

gives the clinician an ideal base to support the posterior composite' It also

providesgingivalmarginalsealwhenrheglassionomerisusedasthe

restorative material for the first millimeter or so in the gingival portion of

the proximal box'

Following the application of the glass ionorner lining/base the tooth is left

so that the material can maturc bcfore standard acid etching' McLean'

(1g85), and Mounr, (1936). This is a disadvantage as filling materials used as

a base such as Ketac-fil take 15 lninuLcs to attain a maturity which allows

high enough bond stren8th to thc cornposite, Mount' (1986)' These

materials also are.at a disadvantage as they are not radiopaque' The

material Ketac-bond, ffiâY bc an easier material to use as it attains

sufficient maturity in about 5 minutes, and it is radiopaque. While these

materials are setting they are seated with the composite bonding agent as

any drying or moisture contamination will scverely affect their physical

properties.Afterthematufationtimcthebondingagentisremovedandthe

acidetchisapplied.Theetchisusuallycarriedinagelmediumtoallow

accurateplacementwithminimumattackonstructuresnotdirectly

in volved.

Standardetchingprinciplcsapply,usingortho-phosphoricacidaround3T'

40vo concentration for about 60 secon<Js' The etchant is then removed by

the application of a water/air spray f'or about 30 seconds and the tooth is

thenthoroughlydried.Theetchisonlyplacedontherequiredenamel

surfaces and the glass-ionomer basc. Accurate application can be
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facilitated by the use of a standard tuberculin syringe and fine needle to

inject the etchanf. only onto l.hose afeâs rcquired. Erickson and Glasspoole'

(1986) and Andreaus and Hcymann, (1986), rcport no significant difference

between the use of gcl or liquitl ctchant on the final bond strength,

provided the times for etching, washing and drying remain the same.

The enamel-dentine bonding a8ent is then applied, taking care not to

disturb the fine crystals exposed to provide the mechanical interlock'

Excess material is carefully removed, usually by air blowing' The bond can

then be cured, but it lctt il prov iclcs an cxccllcnt lubricant for the

placement of the posterior composite material'

The nature of successful dentinc bonding has been a cause for a lot of

research with a¡tent.ion bcing givcn to a number of different types' The

two main systems availablc at prcscnt bond either to the inorganic phase o f

the dentine, e.g. Scorchbond ancl Bondlitc, or to the organic phase

(collagen) in the case of Gluma. Both G luma and Scotchbond have b e e n

shown to reduce the contraction gap between lestorations and the tooth,

but the degree of success varics widely bel.wcen researchers, Finger ( I 9 8 6) '

Retief et al., (1986), noted that, in thcir study and those of others, the

magnitude antl range of bond strcngths obtaincd in vitro suggest that the

clinical application of [he bonding agcnts may give unpredictable results'

Bonding at the cervical margin has been shown to be relatively

unsuccessful, with Torstenson and Brannstrom (1986) stating that the use

of pretreatment and dcntine bonding agcnts did not reduce the gap size

markedly. Asmussen et al., (19S5), rcporl.s r.hât bond strengths of 5 MPa

produce marginal gaps of the orclcr of l0 ¡nicrons and that a bond strength

of about 20 MPa is requirccl !o prorl ucc gap free fillings in cavities
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involving dentine. Davidson et al., (1984), pointed out that the competition

between the development, of the composite-dentine bond and the

contraction stresses of polymerisation will detcrmine the success of that

bond.

Laser

dentine

effect

on top of

was found

leaving a

which is

Jongebloed

technology is

and enamel

on

currentl y

prior to

dentine appears to

only partly melted

to bc vcry strong

surface roughness

also moro resistant

er â1., (1986).

being invcstigatccJ as a pretreatment to both

the application of the bonding resin. T h e

be superficial, creating melted caps of dentin

material. The polymer bond to "lased" dentin

The effecf. on enamel appears to be greater,

which is sufficicnt for polymer bonding a n d

to acid tlissolution, Nelson et al.,(1986), and

3.8.6 Placement of The Restorative

The final placement. o[ the acrual filling material has several parameters

which, based on the prcvious riiscussion, muSt be observed. The

considerations to be observed arc; the shadc of the material, the proximity

of the restoration to a gingival margin, the position of the pulp and the

depth of the cavity, the position of thc cavity within the tooth, the

direction from which the curing light is appliect, and the way in which the

increments of rcsin are to bc built up. Two ot.her considcrations exist, the

choice of instrumcnt to tnanipulatc the resin and the type of delivery

system to be usccl to get the rcsin to thc cavily.

As has already been indicated, where thc resin wilt be in close proximity to

the gingival margin, it may be desirable to use glass-ionomer filling

materials in the base of thc proximal box bccause of their adhesion,



355

compressive strengt.h, and anl.i-cariogcnic abilities, rather than to rely on

the dentino-enamel bonding agents. The use of glass-ionomer cement as a

base also protects the pulp from the possible toxic effects of uncured resin

which may exist from incomplcte curing if the factors alluded to in the

discussion on depth of cure are not adhered to'

Darker shades and dccp cavil.ics ncccssi[ate thc use of small increments to

build up the body of the restoration. Thc f urther the increments are from

the exit window of the I igh t source the greater the ef fect of the inverse

square law as regards the light intcnsiry. Increments should be placed

obliquely in the proximal box and the curing light positioned so that on

activation the curing shrinkage is towards the gingival and axial walls of

the cavity. Onty when the occlusal incremenl. is ptaced should the curing

light be applied from this direction. This regime for curing materials

placed in Class II cavities shoultl producc the least stress on the gingival

margin, vanherle, (1985), which is universally recognised as the most

susceptible area for these types of rcstorat'ion to develop failures' Bond

strength betwecn layers decrcases with thc age of the initial layer and

follows the sctting curves of the cornpositcs, Boyer et al., (1984)' Eliades and

Caputo (1936), have stuclied the bond strength between cured and uncured

layers and report an increase in boncl strength if the oxygen inhibited

layer of the first incremcnt is relnovcd with acetone prior to placement

and curing of a socond incrc¡ncnt. This is in oonflict with most previous

thought., where the oxygen inhibitcd layer was believed to act like a

bonding resin [or the next incrcmcnt. The use of acetone is of limited

clinical value.
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Rcduction of porosity formation can be achicved by using a material w h i c h

is syringable directly into tho cavily, J<lrgenscn et al., (1983)' Millstein et

al., (1984), and Hanscn (1984). This mothod of delivery is also much less

time consuming. Final manipulation to adapt the material to cavity walls

and line angles should be done with a rounded plugger or ball burnisher

which will comfortably fit int,o the cavity. sharp instruments create

bubbles and voids in the restoration. Lubrication of the instrument with a

fine smear of bonding agent assists thc placement and reduces further

porosity formation, Hansen, (1934). Over-usc of bonding resin for

lubrication will lead to a marked reduction in the physical properties of the

restoration because it disturbs t,he high tiller : resin ratio of these

particular posterior resin matcrials.

The tcchniques for . placement of thc rcsin restoration are still subject to

disagreement between operators. The work of Finnegan and \Vilson (1986)'

suggests only the use of hand instruments as a means of creating the least

porosity. Placement. techniques would appear to be dependant on operator

variability and the handling characteristics of the particular restorative

material as wide variations have bccn roported, and the trend is for

manufacturers to producc syringable maLerials.

3.8.7 Finishing

Considerable discussion has also been directcd at this aÍea, as reported by

Lambrechts et al., (1982). The ai¡n ol finishing is to produce appropriate

contour and to redcvclop a surf'acc tcxt.ure that will reflect light in a

similar manner to that of' tooth cnarncl. The final rcsult should also be

,.iirront to surface staining and abrasion. Thc main methods include the

use of stones, tungsten-carbide linishing burs, aluminium oxide-coated
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flexible discs, fine and superf ine diamonds, fine polishing pastes a n d

rubber-mounted abrasives. Thc tinal finishing of composite resins

involves gross finishing and conl.ouring, fine finishing, and polishing.

The time for final f inishing ncccls to bc consiclcred, as it has been reported

by various authors, Hanscn, (1983), t.hat tho resins continue to polymerize

after the curing ligh t has bccn rc¡novcd. Hansen also reported the

importance of avoiding early contact with water where a possible

detrimental effect maY result.

In 1983, Lutz et. al. demonstrated that fine and superfine diamonds (40 and

l5 microns respect.ively) produced a bel.l.er finish on the four types of resin

they used than did grecn stones, white stoncs, or tungsten-carbide burs.

They also pointed out that the flexible aluminium oxide discs produced an

excellent finish but , were only useful on accessable convex surfaces'

However, these researchers and othcrs were quick to point out that as usual

the best finish is obtaincd where the resin is polymerised against a maf rix.

But, this surface is usually rich in resin matrix and could present problems

in an occlusal contact area. Wherc a mal.rix is not used, the outer layer

polymerisation is inhibitcd, rcsulting in a chalky, soft surface. Therefore

the removal of this laycr to cxpose potcnLiâlly harder material is advised by

Lutz.

The 1984 report of de Wet and Hardwick points out that the rubber mounted

polishing instruments can c¿rusc smearing of the surface, and could leave

deb¡is attached [o, or incorporatcd in the surface. It was also pointed out by

pearson and Messing, (1979), that both rubbcr mounted finishers and discs

produce considerable amoun ts o I heat whcn being used and, with the

relatively Iow melting tempcrature ol the rcsin, srncaring can occur. Th i s
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smearlng

after the

tungst.on

covers

abrasive

carbide

the remaining cxposed filler particles, which arø

material chips away thc surface' Where white stones

burs are used the exposed filler particles are

left

and

lef t

protruding.

The work of Lambrechts and Vanhcrle (1982), has added further light to

the effects of polishing. They point out that thc smear layer exists in almost

all composites Lhey tested (14 alrogethcr), and that it was caused by friction

producing eno ugh hcat to mc I t an cl dcl'orm plas tically, the m atri x ' The

thickness of this Iayer can be as grcat as 100 nm. Another observation t¡r'as

that the finish of the hybrid materials was hampered by the unequal

physical properties of the matrix and filler phases. Furthermore, it was

observed that the grinding or polishing agcnt had to be harder than the

hardest phase in the composit,e, and that these very hard and strong

particles should not, shatler but stick very well to the polishers' Loose

abrasive grains tend to roll ovcr the composite surface instead of grinding

it, causing the organic mal.rix to be worn away and roughness to appear.

The loose part,icles also till up any air bubbles and pores and a n y

subsequent polishing relnoves thcsc particlcs causing further scratching'

Their final conclusions were that it was bctl.cr to finish for a longer period

with a fine grained disc than to go fastcr with a coarse disc which loses

bigger grains and that all loose particlcs mus! be removed from the surface

immediately and continuously bccause it is the bigger particles of former

polishings that dritt ovcr thc surlace and prevent complete polishing by

the ultra-fine grains. The micro filled rcsins polish belter than the

conventional resins, Kanter et al', (1983).
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More recent work by Smith et al., (1986) and Quiroz et al', (1986),

demonstra¡ed rubber-mounf,ed abrasive points in t,he form of Shofu Quasite

Midi-points and Vivadent polishing points to be the most effective in

producing a smooth finish in posterior composite rest,orations.

Considerable difference between the dif ferent brands of finishing systems

were also dctected. One brand oI fi nishing diamonds was significantly

better than the other tested. The salne result occurred between the two disc

systems tested, and the two rubber polnt systoms.

Savoca and Felkner (1980), dcmonstrated that smoothness of composite

resin after finishing is not a funcf.ion o[ the time ât which it is finished.

3.9 FAILURE MECHANISMS

All restorative mateqials uscd in dentistry have had some form of failure

and posterior composites are no exccption. Based on the previous discussion

it can be seen that failure occurs in a number of aspects related to the

nature, handling and clinical requirements of the posterior composite

restorative systems. Thc areas aLtributing to these failures will be discussed

under the following hcadings:

3.9.1 Wear

3.9.2 Microleakage

3.9.3 Water Sorption

3.9.4 Polymerisation defec ts

3.9.5 Physical defects

3.9.6 Clinical difficulties and rniss-handling
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3.9.1 We ar

Most writers in fecent times agree that posterior composite restorations do

not show the same ability to withstand wcar as amalgams, Phillips et al.,

(1973) Leinfelder et al., (1975), Kusy, (1977), and Leinfelder, (1981),

although the more recent hybrid resins do show an improvement over the

traditional composites which wcrc lirst usctl lor this purpose, Pallav et al.,

(1986). The wear of posterior cornpositcs involvcs the breakdown of the

resin matrix and its boncl to thc tiller particles, and the eventual loss of

t,hose particles. This can occur from direct mechanical stress, or b y

chemical breakdown of the resin nratrix, Lcinfelder, (1981). Wafer plays an

important role in wear, where stress corrosion and increased hydroxy ion

concentration at the fillcr interlace causc thc loss of filler, which explains

in part why compoqite materials do not withstand wear and tend to change

colour with time, Soderholm, (1983).

Factors involved include the abrasiveness and chemical nature of the diet

(e.g. frequent contact with alcohol increases the ral.e of breakdown of the

matrix), the presence of occlusal intcrferences and bruxism, the m e t h o d

for finishing the surface, and the type of restorative material used with

particular reference to the fi llcr contcnt and thc ¡natrix formulation.

Until reccntly, surface wear was rncasurcd using thc Unitcd States Public

Health Service system which tcndccl to suggest that the wear rate appeared

to accelerate bet,ween the first and second year where occlusal stress was

involved, Leinfelder, (1985). Howevcr more recent work has shown that

two thirds or more wear occurred during the first six mont,hs and that the

relatively low ratc initially obscrvccl in thc USPHS system was due to the

inability of thc operat.ors to cictcct thc cavo'surface margin until it was
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exposed by as much as 100-150 tnicrometers, Leinfelder, (1985)' Most

researchers now agree with rhe fact that in vitro wear tests do nol

necessarily concur with in vivo tests, and can not be used to give an

indication of long-term in vivo performance, Powers et al., (1983)'

Goldberg er al., (1984), demonstrated thc inability of the usPHs system to

establish statistically signilicant tl iIferences between composite

formulations at three-, nine-, eighteen-, and twcnty-four month recalls'

The technique of ranking modcls iclentitied a statistical difference between

the formulations at two years anil the categorizing proceedure, Goldberg et

al., (1934), identified significant diffcrcnccs at nine, eighteen, and twenty-

four months, Goldberg et al., (1984). Yost et al., (1986) pointed out that

where sufficient serial spcci m en s arc ava ilable differences between

materials can be seen, and wcar ratcs estimated'

The work of Jorgensen, (19S0) has dcmonstrated some interesting aspects

concerning the relationship of the resin formulation and wear' First' he

points out that the abrasion of thc mal.rix in a macro-filled composite will

not occur when the distance bctwccn the particles is of the order of 0 ' 1

microns or less, and he feels that although this phenomenon is not

completely understood, it may be relatcd to the corpuscular or cellular

nature of human food. This work also pointed out that as wear did occur

with these resins, thc increasccl triction produced by added surface-

roughncss led to a grcatcr dcgrcc ol surlacc abrasion and an increased

wear rate. Porosity of the rcsin also cnhanced the wear rate, Jorgensen,

(1 e80).

When the surface of a composite rcstoration is periodically

scanning electron microscopc the filler particles can be seen

observed by

to become
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more and more exposed from the

microscopic holes and exPosing

cventually they are lost, leaving

to direct abrasion. The work of

rcsin and

thc matrix

Abell et al., (1983), estimated the ral.c of recession of the

0.08 to 0.16 microns per day in a quartz-filled composite 1n

matrix to be from

a class I cavity.

Toothbrushing has also bccn implicated in composite wear and the study of

this factor has demonstrated some important information concerning the

effects of abrasion on thc surfacc of various types of composite, Aker,

(19S2). The hybrid matsrials gencrally wcre secn under SEM analysis [o

have surfaces similar to the traditional composites after abrasion, although

Some were Smoother than others. The surface characteristics were more

attributable to the larger filler parliclcs. The microfilled resins tended to

retain a smooth surface. Both the hybrids and the microfills tended to be

more abraded than the macrofills, the differcncc being up to six times,

Aker, (1982).

Chemical exposure to 1.23o/o APF gel incrcascs thc risk of wear' The gel has

been shown to producc surlacc roughncss and weight loss, Kula et al.,

(1983). The filler particles are suggested to be the most likely sites for

degradation but unpolymerisctl materials are also known to leach out'

Phosphoric acid and hydrofluoric acid arc constituents of the gel, Kula et

al., (1983). The effects <liffer according to the filler type, with the strontium

glass-filled resins bcing most af fected, [ollowed by the quartz-filled resins,

and least affected are the silica filled resins, Kula et al., (1983). Variations

in the size, type, and percentage ol tillcr particlcs can alter the severity of

these effects.

In 1982 McKinneY

far more effective

and Wu reported

wator in

that chcmical softening by ethanol was

producing increased wear in dentalthan
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composite. They also observed light-curcd materials to be initially more

resistant than chemically-cured mal.erials, and wcar increased rapidly w i t h

decreasing surfacc hardness. Wear rates for strontium-glass-filled

composites pre-conditioned in purc wat.cr were noticed to be enhanced

considerably when compared to quartz-filled and micro-filled composites.

In this situation the degradation w¿ìs attribul.ed to stress corrosion of the

glass filler, McKinney and Wu, (1985).

The work of Lutz ot al., (1934), demonstrated some important features

concerning wear. They werc ablc to show that vertical loss of substance in

occlusal contact areas was more, than doublc that in conl.act-free areas' and

that the larger the restoration the greater the wear. This suggests that the

resin restoration benefits fro¡n the protecl,ion of fered by the surrounding

enamel and therefo¡e the cavit.ies should be kept aS conservative as

possible. Curing mechan ism w as sh ow n to in f lucn ce r¡/ear also. Heat-cured

resins had the least weâr, followccl by light-curcd, and the greatest wear

was associated with chemical-cured rcslns.

There have been various rcports Lhat thc microfilled posterior resins have

shown very little wear. The work of Asmussen and Jorgensen (1982) has

given a possible explanation, whore m icrofills at relatively-low stress have

demonsrrared higher fatiguc strcngth. Clinically this would be possible

where the restoration was of a conservative nature with protection from

the occlusion providcd by surrouncling enamcl. Howevor, microfills have

also been shown to be the most stable material in a wst environment, with

rcspect to crack formation. Thcse cornposites leach less silicon t h a n

composites containing strontiurì.r and/or barium glasses, Soderholm et al"

(1984).
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Ma terials w i th urcthane- di rnc Lh acry I a tc/tl i b utyl -ph thalate resin systems

showed inferior in vivo wear resistance in occlusal contact areas' This is

thought initially to be a result of the measurable plastic deformations

associated with these materials. Fractures from these deformations initiate

the breakdown of f.he restoration. The inclusion of prepolymerised

particlescanhelpl'oprovicleaninitialwcarresiStance'

The hybrid composites with a rcducecl avcrago particle size (compared to

the traditional composites), and sophisticatccl size distribution, more dense

packing of their macrofillcrs, ancl dirccr admixture of microfillers to the

organic matrix, are believed to have more wear resiStance than the

traditional composites, Lambrechts ot al', (1985). Their surface morphology

is also superior to the traditional composites, mcaning that their abrasion

resistance is bett,er. ,

Lambrechts et al., (1985) poinr out that although [here are five types of

wear (abrasive, corrosive, lariguc, adhcsive, and attrition ), probably the

most aggressive is attrition. Attrition is seen as the ultimate wear

consideration as it takes into account rhc effcct of faligue wear in centic

stops in postcrior teeth. Thc long-l'crm effects of thermo-mechanical

fatigue and cyclic-strcss have yot to bc fully understood, as f'hese effects

only show any destruction much latcr, despite any early favourable wear

results.

Despite the wear Problems in

generally shown good marginal

thc postcrior rcgion, the composites have

adaptation.
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3,9.2 Microleakage

The effects of microleakage have bcen of conccrn to the dentist for a long

time. When composite resins cure they contract, and if there is insufficient

strength in the bond between f he resin and the tooth, the adhesion of the

resin to the tooth fails and a gap forms bef.ween the lhe restorative material

and the cavity wall. The effect is to allow in bacteria and plaque' This

results in secondary caries, pulpal sensitivity, and sometimes pulp

infection and necrosis. Hygroscopic expansion of the resin in the first two

wecks is off.en not enough to close this conLraction gap'

The main area whcre microlcakagc is applicable in posterior resin

restorations is the interproximal gingival margin, Kidd, (1985), where

there is little or no enamel to provide a sufficiently sound seal' Normally,

the acid-etch enatnel margins provicle considcrable resistance to micro-

leakage, Luescher et al., (1911) ancl Hcrnbrcc (1980). Unless particular steps

are taken to prevent leakage at rhe gingival margin the restoration will

fail, as irrespective of the ¡naterial used contraction gaps develop at the

cervical margin. This gap varies in wiclth from 7 -l to 21.9 microns and the

use of dentine adhcsive or rcco¡lrlncndect pretreatment prOceedures for

bonding does not markedly rcducc thc gap size, Torstenson, (198ó).

Sealing of the gingival margin can bc achieved by the use of a post-

operative sealing technique as described by Torstenson et al., (1985)' where

low viscosity resin is drawn into the gap by capillary force and allowed to

set. The gingival margin can also be sealed by the use of dentino-enamel

bonding agents, although rheir cf'fectivcncss is questionable if the curing

shrinkage of the filled resin is allowed to cause a high tensile force on the
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bonding

gingival

agent.

margin

The use of

can also

Significant reduction of microleakage

achieved with a bevcllcd cavosurfacc

gingival margin this reduction can be

incremental placement techniqucs and

and Lutz (1986 ).

a glass-ionorncr rcsin as a base extended to the

provide su[ficient strength for a seal.

at the enamel margins can be

margin, Moore, (1986). At the

improve<l by the use of oblique

light-transmitting wedges, Krejci

3.9.3 Water SorPtion

Restorative resin systems have all becn notcd for their water sorption. This

factor, which is variable according to the different resin formulations,

often has deleterious effects on the long-term properties and performance

of composites. The gffects of water sorptton arei

HygroscoPic exPansion,

Plasticising of thc matrix,

Hydrolysis of the maLrix bonds,

Hydrolysis of the coupling agcnt-fillcr bond,

Leaching of fillcr Particles'

The effect of hygroscopic expansion has bccn considered as a positive

aspect because it countoracts [he setting contraction to some degree,

ranging from 0.01o/o to 0.807o, Jcnscn ct al., (1985)' However, the other

effects of water sorption are detrirnental and far outweigh this positive

aspect. Hygroscopic expansion has bccn irnplicated in the surface

degradation of composites, where considerable damage leads to reduced

hardness and enhanced wear. Furthcrmore, internal Stresses are created

between ¡he filler particlcs and thc rcsin matrix leading to debonding
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between these two elemcnts. cross-linking between the resin components

is also affected. The result is an overall plastlcising effect of the system

with a decreased ability to wiLhsLand occlusal loading, Ruyter, (1985)'

In vitro testing of one posterior composite demonstrated that the creep

deformation when the mal.crial was saturated with water was much larger

rhan for its dry control, Ruyter, (19S5). Thc microfilled composites had

larger creep values than the hybriil conrpositcs ancl it was seen that the

higher the filler content ancl lowcr the water uptake, the smaller the

difference in creep betwecn wct and dry specimens, Ruyter, (1985).

1

Although hydrolYsis of

hydrolysis of the bonds

first to be seen. This is

crack propagation along

the ¡nat,rix bonds does occur the effects of the

associated with thc filler coupling interface ale the

because this boncl is readily attacked and results in

this junction, Socierholm, (1985).

The filler particles have ttiffcrcnt rcactivitics to water, although the

overall leaching of ions does nol' actually rcflect this' Strontium and

barium glasses have higher roactivities than silicon dioxide, but because

the latter is present in much highcr amounts there tends to be a similar

amount lost. Matrix swelling sLrcsses the Si-O-Si bonds of the amorphous

fillers such as quaÍlz, changing ths bond anglcs and allowing the water

molecules to attack lhe bond, citusing the loss ol silicone' This is known as

stress corrosion.

3.9.4 PolYmerisation Def'ects

The majority

Unlike the

bulk of the

of posterior res[ora[lve

chemically-curecl rcsins

are cured by visible light.

uniformly throughout the

activated onlY to a certain

rcsins today

which curo

mat,erial, the VLC rcsloral'ivcs are
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depth. The efficiency of this activation rcsult,s in a degree of conversion of

carbon double bonds to form crosslinks between the monomers to achieve

the branched polymer matrix. The degree of conversion is usually

expressed as a pcrcentage and for most commercial posterior resins varies

between 60 and 7O o/o.OLher factors such as the shade,reflectance and

refractive index will also altcr the degree and depth of cure. Anything

which adds to the number of pendant, residual carbon-carbon bonds can

make the polymeric matrix more susceptible to oxidative degrative

reactions, Antonucci et â1., (1983). Poor conversion can also add to

plasricising effects within the compositc, Ruytcr and Osyaed, (1981).

The presence of unreacted tnonomer and oligomers can also have a

plasticising effect on the polymer, which will alter the physical properties

and the clinical performance of the restorat,ive material. The depth of cure

will also affect the water sorption and solubility of the composite, with

increases in both these aspects as the depth of the resin increases;

presumably due to the lowcr conversion rat,e and the resulting increase in

free monomer and oligomcr, Fan et al., (1986)

Defects allow greater water sorption, leading to increased swelling and gap

formation. This in turn leads to rnore fluid flow and filler particle

breakdown and ion lcaching. Incomplcte bonding to the filler particles

causes a greater loss of thcse particles during function. Loss of quartz

particles is particularly bad due to the sccondary abrasive effect. The glass

particles tend to be bonded more ef fectively and tend to break up rather

than be dislodged as a whole, croat.ing a softer abrasive medium.

The presence of molecular

and inhibits the reaction

oxygcn has a profound effcct on polymerisation,

to the degree thal. any resin surface in direct



369

contact with oxYgen will

ner¡/ increments of resin

not set. This is a useful when bonding

fresh state.

the polymer

advantage

and in ato those already cured

the presence of oxygen in porosities will inhibitHowever,

reaction

During the initial course of polymerisation the propagating free radicals,

the unreacted dimethacrylate molecules, and the pendant methacrylate

species are free to diffusc throughout the system and interact readily. As

the number of crosslinkages increases the monomers form polymeric

chains of increasing length with numerous branches. This causes the

system to gel and the individual cornponents are no longer able to freely

rtiffuse and reacf., resulting in an inhibition for further saturation of

carbon bonds. This effect is known as "steric hinderance", The quantities of

unreacted methacrylate groups in composite resins are determined in part,

by the type and quantity of the various monomers due to their different

rates of diffusion.

3.9.5 Physical Defects.

The presence of physical defects in post,erior composite resins is

particularly important because they are used in load-bearing restorations.

The highly- filled composites have becn shown to exhibit more stable

mechanical properties, Papadogianis et al., (1984). In general they act like

viscoelastic solids. The ability to withstand creep and to recover is

important where continual occlusal loading takes place. The creep

properties of dental composites under conditions of optimal conversion are

influenced by thc conf,ent and typc of filler as well as the final structure of

the organic phase, Ruyter ct â1., (1982).
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The conclusions of Papadogianis et

areas where physical defects are

composites they tested, the following

â1., (1985), give

important. From

conclusions were

some insight to the

the results of the

drawn:

l ) posterior composites exhibit linear viscoelastic behaviour at I o w

deformations,

2) posterior composites have higher shear moduli and are less susceptible

to creep than convent.ional and microfilled composites,

3) The moduli of the

than the conventional

posterior composit.es were less temperature sensitive

and microfilled comPosit,es,

4) The

in two

modulus

weckcases, and

to water

maximum shear occurrcd at 48

for thc third.

hours f ollowing preparation

S ubsequent softening vvasone

attributed sorption, and

5) residual strain, observed after removal of the stress, was

hours of preparation. VerY low

48 hours to 8 weeks of age when

50 hours

within 24highest

residual

the load

in specimens stressed

strain was observed in

was applied.

speclmens

Th" physical defects which

porosity,

microstructure, (filler

will af fect these parameters are

type and interparticle sPacing ),

water sorption and stress corrosion,

cracks, and

polymerisation shrinkage.
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Ogden and McCabe, (1986),

a significant reduction in

decreasd wear resistance in

concluclc that porosity and air inclusions lead to

[atigue strength, which is likely to cause

vivo.

The most wear resistant postcrior compositc resins appear to come from the

hybrid group as a gcncral rulc. Howcver, it has bcen demonstrated by Tani

and Nambu, (1986), that marginal fracture resistance was higher in the

microfills than the macrofills, with the concluding comment that the

marginal fracture toughness is influenced by the filler particle size rather

than the filler conlcnt.

Montes. et â1., (1986), conclutlc th¿ìt watcr sorption lowers the strength of

the interfacial bonds thereby rcducing thc cffect of the silane coupling

agents, and lowering the failure stress and elastic modulus. This makes it

easier for crack propagation. Wet materials wcre shown to have a greater

extent of interfacial failure.

The presence of cracks in thc compositc can cause failure of the

restoration because the cracks will propagate whcn the restoration is put

under load. The cracks maintain a prcdom inant path through the matrix,

only occassionally passing through a filler particle, Lloyd, (1983).

The polymerisation contraction of the rcsin matrix creates a

problems, including induced stresses an{ contraction gaps. The

of the volumetric contraction is dcpcndcnt on the shade of the

resin, the type of filler, the iillcr loading and the exposure time.

for vglumetric contraction varics bctwccn 1.4 and 3Vo according to

al., (19S6). Thcse figures rcprescnt a small sample but are

in<licative of thc posterior composites, although figures of over

number of

magnitude

composite

The value

Walls et

generally

57o have
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been reported, Vanherle et al., (1985). The stresses induced are

considerable and it has been reported, Fcilzer et al., (1986), that the cavity

wall can be shattered by the rapidly devcloping contraction stresses and

the tooth can develop [lexurc of the cusps, which can be painful' This

means further considcration lnust bc givcn to cavity design and materials

handling.

3.g.6 Clinical Difficulties and Miss'Handling'

The posterior resin restoral.ives have a number

difficulty to their use in Class I and II restorations

3.9.6.L Lack of Packing fcel,

3.9.6.2 SlumPing,

3.g.6,3 Flashing across the cavo-surlace tnargins,

3.g.6.4 Lack of shade contrast with toolh Inaterial,

3.9.6.5 Post-operative sensitivity.

of aspects which a d d

These arei

and

it difficult to

3.9.6.1 Lack of Packing l'eel.

The lack of packing fecl in posLcrior compositc resins makes

adapt the restorative to the walls and angles ol the prepared

likely to result in voids and lack ol ntarginal adaptation.

cavity. This is

3.9.6.2 SlumPing

Slumping is a major problcm with resin matcrials used in Class II cavities'

This inadequecy makes it difficult to produce correct anatomical form and

interproximal contact. The matcrial has no resistance to change in shape

after it has been placed and bclore it has becn cured, and so may be
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deflected by "back pressure" of [he matrix band or simply not hold shape

against gravity.

3.9.6.3 Flashing across the cavo'surface margins'

The flashing across margins has spccial irnplications for the Class II cavity

restoration, because it is dilficult to rcmove in the interproximal area,

particularly where conscrvativc caviLy prcparation has left the margin in

an inaccessable arca. This is an ind ication for pre-operative separation'

The clinical signilicance of a retaincd f lash lies in whcther the flash is

bonded to the enamel or whcther it is scparated by a layer of pellicle' The

later case would allow microlcakage and probably recurrent caries'

3.g.6.4Lackofshadecontrastwithtoothmaterial.

Shade contrast with looth structurc is important for finishing t h e

restoration margins. It is oftcn a problcm to delineate between enamel and

the composite resin, and thereforc dilficult to determine when sufficient

material has been removed when trimming before final polishing. The

result can often be inadvertanl rcmoval of sound enamel. To overcome this

problem some manufacturers havc produced restorative resin materials

which are non-matching in colour to thc cnamel. The G.C. company have

produced a colourcd varnish, (dark grccn), which is painted over the tooth

before cavity preparation and acl.s âs a cavity outline marker.
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3.9.6.5 Post'operative sensitivity.

Post-operative sensitivity has a nu¡nber of causes. These include:

Etching of the dentine,

Toxicity of the comPositc rcsin,

Polymerisation contrâction and microleakage'

Polymerisation contraction and cusp flexure, and

Deflection of the restoration undcr stress'

Whereas the issues of resin toxiciry and inadvertant etching of the dentine

still provoke controversy, it is reasonable to assume, based on the amount

of concern demonstrated in the litcraturc over the years' that caution to

prevenI problems from these two are¿ìs is wise, Mjor, (1982).This can be

achieved simply by carefully lining the dentine beforehand' However,

where a dentine-bonding agent is uscd instead of a lining there is some

evidence to sugges¡ that some reversible pulpal f eaction may occur,

Franquin et al., (1936). The reaction appears to rcverse with time.

Poly merisa tion

gap in mos[

m icroleakage,

to bear on the

break its bond lhe cnatncl,

anothcr. This

contracl.ion occurs with all composite resins and

and the restoration. Th i s

f'lows ancl osmotic Pressures

cases betwcen thc tooth

and the resultant fluid

pulp

with

cause pain and scnsitivity. V/here the resin

stress also

al., (1985)

alloes the

This can

leaves a

allows

brought

does not

tooth to flex,

lead to crack

pulled

pain. In

of the

towards one

extreme cases cusps can

tooth.

thc opposing cnamel margins can be

llcxcs' the dent,inal tubules and causes

be causecl to fracture away from the rest

Deflection of the resin under occlusal

again causing pulpal pain, Suzuki et
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propagation through the dentine ancl rcsult in oatastrophic failure of that

part of the tooth. The pain is a[tributed to changes in hydraulic pfessure

within the odontoblasts. Johnson et âl', (1986), reported greater sensitivity

to biting pressure with cornposite than amalgam or sound tooth' The

composite- restored teeth exhibited less sensitivity to temperature change

than amalgam.

4. SUMMARY

The rate of change in rcstoral.ivc rcsin technology, particularly the

posterior resins, can be rneasurcd by the wide variety and rapidly

changing number of available products. Il' can also be measured by the vast

amounts of publications on thc subject.

Resin technology has sscn changcs in the following areas:

The basic resin matrix;

The use of lower viscosity monomers to moclify setting and handling;

Changes in filler particle size, shape, and type;

Advances towards radiopaque restoratives;

Improvements in the coupling system bctwcen filler and matrix;

The use of Photo-activated curing;

Cavity design;

Bonding to thc tooth, initially to enamcl and now also to dentine;

Improved finishing ¡echniqucs anrl bcl.tcr surlaces and aesthetics;

Larger shade rangcs and bcttcr colour stability:

Improved wear characteristics and forln stability;

Reduccd water sorption and solubility;

Much greater physical and mechanical properties'
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A number of these areas still

degradation, wear, and curing

amounI of controversy on ways

need irnprovement, particularly hydrolytic

conversion raf.e. The interest lies in the

to attain improvements.

Areas which appear to gencrat.o a lot of comment are the clinical

performance versus the in vitro preclictions, the production of a system

with no polymerisation shrinkagc ancl gap formation, bet,t.er adhesion of

resin to tooth structure, particularly dentine. The latter area has even seen

the use of laser technology in Lhc quest, to reach better adhesion.

Perhaps the greatest area of concern is the rate at which materials with no

long-term clinical trials are bcing forced onto the commercial market with

little concensus amongst, the researchers on a standard system to assess the

possible performance of the product.
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A PI'ENDIX Iì.

LIST OF RESINS AND MANUIIÀCTURERS, USBD IN THIS PROJDCT.

Adaptic II Johnson & Johnson Dent,al Products Company.
20 Lake Drivc,
cN 7060,
East lilindsor,
N.J. 08520

Distalite Johnson &. Johnson Dental Products Company
20 Lafe Drive,
cN 7060,
East Windsor,
N.J. 08520

Estilux Posterior Kulzer & Co GmbH
Bereich Den[al
Postfach 1320
D-6382 Friedrichsdorf 1

Tcl. 061 7217 32-0
Tx. 415 863 kulz d

Fulfil. L. D. Caulk Div.,
Dentsply Int. Inc.,
Milf ord,
Dclawarc, 19963-0359 U.S'4.

Heliomolar Vivadcnt
Schaan
Liechtenstein

Herculite Syringeable
S hades;

Universal
Light
Yellow
Grey

LC 1000

Occlu sin
Shades:

XL, S, DY & LG

Kerr,
Romulus,
Michigan, 48174, U.S.A.

Southcrn Dcntal Industries
Melbourne
Australia.

Irnpcrial Chcm ical
Pharmaccuticals
Alclcrley House,
Macclcstield,
England

In d ustries PLC
Div ision
Alderley Park
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P- 30
S h ades:

XL, U, Y& G

S in terfil

Visio Molar
S h ades:

S tandard
G rey
Brown
Li ght

Dental Prod ucts Division/3M
225-lS-09 3M Center,
St. Paul, MN 55144. U.S.A.

Tclcdyne GcLz
Buffalo
Ncw York
U.S.A

ESPE.
Fabrik Pharmazcutischer
Paraparctc
G.M.B.H.
D-8031 Seefeld/OberbaY.
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A PPTINDIX C

CASE RIìPOIIT

POSTEIIIOR IIESINS

The purpose of including this appcndix is to high-light the need to adhere

to good conservat,ive principles whcn using these materials. When u s e d

inappropriately the consequences can be disastcrous as seen in this case.

The practitioner used materials in situal.ions that were far behind their

designed capabilities, he did not rcspect good technique, ( in fact we know

from the patient's history that rubbcr tlatn was not used ), and he had not

diagnosed the extent of thc problcms in th is mouth correctly.

PERSONAL DETAILS

Name: * t(* * * * '1.1.,1. 
**

Case note: 119627

Date of birth: 22/ll124.

CHIEF COMPLAINT:

This patient has had extensivc rchabilitation with posterior composite
resin. The subsequcnt seconclary carics ancl pulpal involvement have

created occlusal, functional and âcsthetic problcrns of enormous
proportions.

REFERRAL

Primary Care Unit , Adelaide Dental Hospital

MEDICAL HISTORY:

Nil of note.

PAST DENTAL HISTORY

1. A numbcr of extractions
Z. Inadequately trcated rool- canals
3. Severe bruxism, with headachcs
4. Full gold crowns

5. Extensive Posterior rcsins

le[t untrcalcd.

( See ligurcs Dl and D2
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Figure D 1

Photograph of the patient's lower right sccond premolar. This tooth had

been restored with a composite resin MOD restora[ion. The gingival

retraction cord was placed to displacc the hyperplastic gingiva from the

cavity under the mesial aspecl of the filling to enable a clearer photograph

of the poor margin and the carious lesion.

l'igure D 2

This photograph of the patien!'s upper arch shows the extent of the use of

resin restorations. A number of thc tecth have full crown composite resins

several of which have now bccn cndodontically treated are ae to be

replaced with conventional crowns. These restorations are all less than two

years olcl.
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DIAGNOSIS:

1. Extensive

2. A highly

3. Recurrent
some teeth.

TREATMENT

Preventive

No complex treatment plan has

will be required if the patient
control.

breakdown of inappropriate restorative mat.erial.

nervous patient, who bruxcs very hard.

caries under rnost rcst,orations with pulpal involvement in

RENDERED

The first step in this restorâtive program for this lady was to raise the
level of her awareness for pcrsonal oral hygiene. The patient was refered
to the hospital hygienists following an initial scale and clean by the

operator. The referral required O.H.I. and cont,inued mainten-ance of the
gingival plaque levels.

Simple

45

Conservative Work

Canal obliterated with AH26 &. G.P.

17 MOD Amalgam 2 T.M.S. Minim Pins
1ó MODBL Amalgam 2 T.M.S. Minim Pins
13 DMP Ketac-b.ond/Silux.
l1 DPIn. Ketac-bond/Silux. I T.M.S. Minim Pin
26 MODBL Amalgam 3 Paraposts ( yellow )
22 MDPLa Ketac-bond/S ilux.
2l DPInLa Ketac-bond/Silux.
37 MODL Amalgam post/ core crown.
34 MO Amalgam
33 DB Amalgam
43 B Ketac-fil
45 MOL Amalgam 2 T.M.S. Minim Pins
48 MODB Amalgam.

Removable Prosthetic Work:

Clear acrylic splin t

Complex Conservative work:

been discussed at this stage, although one
can show an improvement in oral hygiene
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SEQUENCE OF TREATMENT:

S tabilisation & Evaluation Phase:

Exam.
Study models and PhotograPhs.
Full mouth survey and O.P.G.

o.H.I.

I

I

!

i

{

I

I

I

I

t

I

I

Simple Conservative

Minor oral surgery,

Review.

PROGNOSIS.

The prognosis for the

heavily dependant on

acceptable level, and

Reslorations

removal of

and

thc 44

cores.

root fragrnent.

success of any trcatment plan for this patient is

her ability to maintain her oral hygiene a¡' an

to control the severe bruxism.
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A PPIìNDIX D.

AUSTRALIAN STANDARD

1278 - L982

RESIN BASDD DDNTAL RESîORATIVD MATDRIALS'

METHOD FOR DETERMINING DEPTH O[' CURE'

This copy of ASl278-1982

Cure, is reProduced with

Appcndix C: Method

the writtcn Permission of

for determining DePth of

the

Standards Association of Australia

Standards House,

80 Arthur S treet,

North Sydney, N.S.W
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Ct SCOPE. This Appendix sets out thc mct -dcpth of cu.re

of Tvoc II rcsin-bascd'dcntal rcstorativc matc f the matcrial

ii.nii1" ;;;;;;;ã;ã ã*i.'not cncrsv sourcc ime'

CZ PfìINCIPLE. The distance between the top sy{ace of a cylindrical specimen

iñ¡.t ¡,àï uã.n iriu¿ i"t. j, "ì¿ 
in. region in the maicrial at which littlc polymcrization

h;;;;;;;t¿ã is measured'by a n,icrõmeter to give the depth of curc'

C3 APPARATUS. The following apparatus is rcquircd:

fa) An open-ended, split stainless stecl mould for the preparation of a cylindrical
' ' specimen 8.0 mm-high and 4.0 mm in diameter'

(b) Two microscope slides, each of sufficient area to cover onc end of thc mould'

(c) Clear, UV-transparent tìlm, e.g. Cellophanc'

(d) The cxtcrnal energy sourcc recommendcd by the manufacturer'

(e) A small clamP.
(f) A micromcter.

C4 PREPARATION Place the mould on a strip of thc.UV-
i""tp"i*t'ni. u;¿fitt material, prepared in accordance with the

-ãntifu.tur.r's instruct exclude'áir ùubbles' Slightly ovcrfill the

-orl¿. Press the moul n the glass.slidcs to exude excess

r"ãt.¡àf . R.*ou" the microsc e strip of lllm and gently place the

.iìi *¡"¿o* of the external st thè strip of film' Irradiatc the

;;i.;;ilót thc timc pcriod ¡ manufacturer'

C5E.Atl80+20saftercomple.tionofexposufe|removethe
soeci ¡¡oul¿ 

"nã 
tt.ip of film, and gintly removc th-e uncured material

üñ i;; t;;r;ù. Meisure thc maximum.thickness of the cured material
with to the nearest 0.0 I mm.

C6 REpORT. The depth of cure of thc specimen shall be reported to thc nearest

0.1 mm.
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Depth of Cure: verification of AS 1278-1982

Material.: Ilerculite Syringeable' Universal shade'

Batch Number: PS506 5 3144 I

Sample size : t0 Range : 4.7 mm - 4.98 mm

Measurements.

Mean: 4.79 mm

Standard deviation : 0.1

$1
82
s3
s4
s5
s6
#7
#8
$9
st0

4.72
4.98
4.7 4
4.70
4.72
4.82
4.84
412
4.74
4.92

mm
fnfn
mn
mm
mm
Ém
mm
mm
mm
mfn
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AI'PENDIX D. OPACITY TESTS:

GRAPHIC DISPLAYS OF

INDIVIDUAL RDSULTS

^ND 
DA't'Ä RlicoRDs

5.3.2.a - n Graphs for individual resin opacity changes.
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Herculite S Yellow
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Visio-Molar Grey
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Adaptic ll
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Occlusin Standard
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Opacity %

P - 30 Extra light
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P - 30 Yellow
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P - 30 Grey
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105

100

Opacity % 95
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Herculite
Yellow

Herculite
Universal

Herculite
Light

Herculite
Grey

Fulfil

Speclmen
Number

246
247
248
249

239
240
24r

230
23r
232

233
234
235

236
237
238

242
243
244
245

250
251
252
253

254
255
2s6
257

0
20
40
60

0
0
0

ure
(Secs)

60
60
60

20
20
20

40
40
40

0
20
40
60

0
20
40
60

0
20
40
60

424

Times when

Expo- 0 Hours

measured post

24 Hours

curlng
48 Hours

0.245
o.225
0.2t.
0.2r5

100
91.8
85.7
87 .8

0.239
0.181
0.181
0.165

97.6
7 3.9
7 3.9
67.3

0.235
0.17 |
0.180
0.1 65

96
71.3
7 3.5
67.3

98.2
93.9
9 8.3

70
80.8
79.1

0.28
0.33
0.29

0.25
0.25
0.23

0.23
0.24
0.25

0.2
0.25

0.24
0.175
0.193
0.245

0.325
0.285
0.23 5
0.24r

0.33
0.20 5

0.205
o.2

100
100
100

100
r00
100

100
100
100

100
100
100

100
7 2.9
80.4
102

100
87 .7
7 2.3
7 4.2

100
62.t
62.1
60.6

0.28
0.325
0.28 5

0.2t5
0.225
0.2r

0.195
0.230
0.235

0.195
0.2L
o.2l

0.24
0. 15
0.17 2
0.18

0.310
0.261
0.225
0.235

0.245
0.17
0.167
o.2

100
9 8.5
9 8.3

86
90
9r.3

0.27 5
0.3 10
0.285

0.17 5
o.202
0.1 82

0.23 84.8
105
84

100
62.5
7 0.8
75

95.4
80.3
69.2
7 2.3

0.195
0.195
0.21

0.245
0.131
0.t7
0.18

0.3 05
0.2r5
0.195
0.2r5

84.8
95.8
94

0.183
0.t92
0.1 82

79.6
80
72.8

84.8
97 .5
84

102
54.6
70.8
75

93.8
66.2
60
66.2

7 2.7
48.5
44.8
59.1

7 4.2
5 1.5
50.6
60.6

0.24
0.16
0.148
0.195



Distallite

Visiomolar
Standard

Visiomolar
Grey

Visiomolar
Brown

Visiomolar
Light

Adaptic II

Occlusin XL

Speclmen
Number

258
259
260
261

262
263
264
265

266
267
268
269

270
271
272
273

274
275
276
277

278
279
280
28t

282
283
284
285

sure
(Secs)

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

425

Tlmes when

Expo- 0 Hours

measured post

24 Hours

curlng
48 Hours

0.32
0.23s
0.23s
o.245

0.29
0.215
0.230
0.24

0.345
0.249
0.24
o.235

0.300
0.24
0.26
0.25

0.245
0.215
0.213
0.20 5

.29

.345

.3 60

0.32
0.2t 5

0.220
0.215

100
73.4
73.4
7 6.6

100
72.4
79.3
8 2.8

100
72.2
69.6
68.1

100
8 0.0
86.7
83.3

100
87.8
8 6.9
83.7

100
81.7
97.2
101

100
67.2
68.8
67.2

0.27 5
0.25
0.245
0.26

0.27 0
0.230
0.26r
0.230

0.345
0.245
0.255
0.265

0.29 5
0.24
0.225
0.228

0.255
0.210
0.210
0.205

0.3s 5

0.277
0.315
0.322

0.3
0.2t
0.2r5
0.20 5

8 5.9
7 8.1
7 6.6
81.3

0.26
0.235
0.225
o.238

81.3
73.4
7 0.3
7 4.4

87.9
72.4
7 2.4
7 2.4

91.6
7 6.8
7 5.4
7 5.4

9 8.3
8 0.0
8 5.0
8 8.3

104
8 5.7
8 5.7
8 5.7

9 8.6
7 8.9
95.8
94.4

95.3
65.6
65.6
64.t

93.t
79.3
90.0
79.3

0.255
0.215
0.2t5
0.2r5

100
71.0
7 3.9
7 6.8

9 8.3
8 0.0
7 5.0
7 6.0

.3r6

.265

.26

0.295
0.24
0.255
0.265

0
0
0
0 26

0
0
0
0

355

t04
8 5.7
8 5.7
83.7

100
7 8.0
8 8.7
90.7

93.7
6 5.6
67.2
64.r

0.255
0.210
0.210
0.210

0.3 5

0.28
0.34
0.335

0.305
0.21
0.2t
o.205
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Occlusin S

Occlusin DY

Occlusin LG

P-30 XL

P-30 U

P-30 Y

Speclmen
Number Expo-

sure
(Secs)

286
287
288
289

290
291
292
293

294
295
296
297

298
299
300
301

302
303
304
305

306
307
308
309

Tlmes when

0 Hours

measured post

24 Hours

curlng

48 Hours

103
7 6.3
77.6
7 6.3

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0.410
0.283
0.27 9

0.285

0.445
0.360
0.3 65
0.355

0.3 8

o.29
0.28 8

0.285

0.27 0

0.1 85
0.185
0.1 60

0.3 00
0.245
o.2t 5

0.230

0.3 40
0.220
0.23 5
0.250

100
69.0
68.0
69.5

r00
80.9
82.0
79.8

100
7 6.3
75.8
7 5.0

100
68.s
68.5
59.3

100
81.7
7 r.7
7 6.7

r00
64.7
69.1
73.s

0.40 5
0.28 0
0.27 L

0.2 8

0.445
0.360
0.355
0.360

9 8.8
6 8.3
66.1
6 8.3

0.4
o.29
0.300
0.27 5

97.6
7 0.7
7 3.2
67.t

0.39
0.29
0.29
0.28 5

100
8 0.9
7 9.8
8 0.9

103
7 6.3
7 6.3
7 5.O

98.1
67.8
66.7
59.3

0.44
0.3 6s
0.3s0
0.3 60

0.3 9
0.29
0.295
0.29

0.27 0
0.175
0.1 80
0.1 65

98.9
8 2.0
7 8.7
8 0.9

100
64.8
66.7
61. 1

t02
8 0.0
68.3
73.7

101
57.4
61.8
69.r

0.265
0.183
0.1 80
0.160

0.300
0.245
o.215
0.230

0.335
0.215
0.235
0.243

100
81.7
7 1.7
7 6.7

9 8.5
63.2
69.1
7 1.5

0.3 05
0.24
0.205
0.221

0.3 45
0.1 95
0.210
0.235
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Speclmen
Number Expo-

sure

' (Secs)

Tlmes when

0 Hours

measured post

24 Hours
curing
48 Hours

P-30 G

Estilux Post

310

311
312
313

319
320
321
322

0.3 6
0.3
0.28s
0.290

o.260
0.245
0.230
0.230

100
83.3
79.2
80.6

100
94.2
88.5
8 8.5

0.3 60
0.295
0.27 5
0.285

o.23
0.220
0.225
0.230

100
81.9
7 6.4
7 9.2

8 8.5
84.6
8 6.5
8 8.5

0.3 65
0.295
0.280
0.285

0.228
0.218
o.224
0.229

101
81.9
7 6.7
79.2

83.8
86.2
88.1

0
20
40
60

0
20
40
60

787
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A PPENDIX I." RIìIILECTANCE TESTS:

TABLES AND GRAPHS OF

INDIYIDUAL RESULTS

5.3.4 Results for the reflectance tests conducted on individual resins.

Expo- Candelas m-2Resin Type

Hercul ite
Universal

Herculite
Light

Herculite
Yellou

sure

S econds V/hi te Black

Percentage difference
from white control

-17.5 -35

-9 -31

4 -21

0 t4

-12.5
- 16.5
-29
-25

0
-8
-4.5
4.5

0
-13.5
-13.5
-26.5

Specimen
Number

230
23t
232

233
234
235

236
237
238

239
240
241

242
243
244
245

246
247
248
249

20
20
20

40
40
40

60
60
60

3.6
3.46
4.05

3.6
3.84
4.8

4.63
5.42
3.94

4.25
4.80
4.46

4.12
4.tz
3.94
3.81

3.77
3.46
3.60
3.94

2.92
3.02
2.7 4

3.09
3.05
3.09

3.6
3.77
3 .09

5.32
4.80
5.21

3.6
3.94
2.92
3.05

3.77
3.25
3.25
2.7 8

0
0

0

0
20
40
60

0
20
40
60

0
0
-4
-7.5
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Resin Type

Herculite
Grey

Fulfil

Distallite

Visiomolar
Standard

Visiomolar
Grey

Visiomolar
Brown

Visiomolar
Light

Expo- Candelas m-2

sure

Sec V/hite Black

Percentage difference
from white control

t//h¡+e Rh¡-k.

Specimen
Number

250
251
252
253

254
255
256
257

258
259
260
261

262
263
264
265

266
267
268
269

270
27 1

272
273

274
275
276
277

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

4.75
3.53
3.6
3.7

3.94
3.6
3.63
3.57

3.94
3.46
3.7
3.6

5.15
5.49
s.8 3
5.8 3

6.00
s.0I
s.0 8

4.97

5.90
5.52
5.21
5.48

6.11
5.7 3

5.7 3

5.s6

.74

3.25
2.7 4
2.85
3 .05

3.29
3.26
3.22
3.19

5.66
9

9

9

4.97
4.63
4.56
4.56

5.42
5.11
4.87
4.87

4.7 0
4.52
4.63
4.52

0
-15
-13
- 10.5

0
- 8.5
-8
-9.5

0
-t2
-6
- 8.5

0
11
11.5
11.5

0
-15
-15
-17

0
-6

1.5

0
-6
-6
-9

-11.5
-30
-39
-39

-t7.5
-30
-27.5
-22.5

-16.5
-17.5
-18
-r9

10
11
11
11

-t7
-23
-24
-24

-8
-13
-17
-t7

-23
-26
-24
-26

3

2

2

2

67
92
74

5.4
5.4
5.4

1

7
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Resin Typ"

Adaptic II

Occlusin XL

Occlusin S

Occlusin DY

Occlusin LG

P-30XL

P-30U

Expo - Candelas m-2

sufe

S econds White Black

Percentage difference
from white cont¡ol

t¿dtìt¿ l3/oek

S pecimen
Number

278
279
280
28r

282
283
284
285

286
287
288
289

290
2'9 |
292
293

294
295
296
297

298
299
300
301

302
303
304
305

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40
60

s.08
4.97
4.97
4.97

3.77
3.77
4.46
4.36

3.94
4.12
4.05
4.12

3.43
3.70
3.84
3.91

3.94
4.29
4.46
4.49

4.17
3.77
3.77
3.84

4.0 8
3.94
4.12
4.12

4.63
4.18
4.18
4.18

3.67
3.7 0
3.94
3.94

3.57
3.7 0
3.77
3.77

2.91,
3.26
3.29
3.32

3.32
3.77
3.94
4.0I

3.36
3.33
3.26
3.4

3.32
3.43
3.5
3.43

0
-2
-2
-2

0
0
18
15.5

0
8

72
t4

0
8.5
L3
t4

0
-9
-9
-7

-9
-t7.5
-t7 .5
-17 .5

-15
-5
-4
-3

-15.6
-4.5
0
3.s

-t9
-19
-21
-t7.5

-18.5
-16
-14
-16

_t<
-2
4.5
4.5

-5.5
-10
- 8.3
- 8.3

0
4.5
2.5
4.5

0
3.5
1

1
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Resin Typ"

P-30Y

P-30G

Estilux

Specimen
Number

306
307
308
309

310
3Ll
3t2
3r3

319
320
321
322

4.49
4.53
4.63
4.46

3.84
4.05
4.t4
4.32

4.00
4.t5
4.18
4.12

3.7 0
4.15
4.18
4.t5

3.46
3.7 0
4.t2
4.18

3.40
3.46
3.49
3.43

Expo - Candelas m-2
sure

Seconds

Percentage difference
from white control

Lthrle Dlock.

-L7.5
-7.5
-7
-7.5

0
5.5
10.5
t2.5

-10
- 3.5
7

9

-15
- 13.5
-t2.5
-t4

White Black

0
20
40
60

0
20
40
60

0
20
40
60

1

0
1

3

Posterior
0
4
4.5
3
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20

Herculite Universal

20 40
Exp : Secs.

60 80

E Herc U White
o Herc U Black

E Herc L White
o Herc L Black
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o
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Hercul¡te Yellow

Ê
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o
*
o
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ñ
E
o
o
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o
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I

-20

20

20

60 80

80

0
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r Herc Y Black
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. Herc G Black
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Fulfil
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o
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o
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20 40
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Visiomolar Brown

c
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c
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o
o
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o
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o
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0

-10

-20
20 40
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o V-M B Black

u V-M L White
o V-M L Black
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20

0 20

Occlusin Extra light

40
Exp : Secs

60 80

¡ Occ XL White
o Occ XL Black

¡ Occ S White
o Occ S Black

É
o
o
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;;
t')c
fit

o
o
o
É,
(l'

o
o
o
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10

0

-10

10

0
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c
o
o
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*
o
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c
fit

o
o
o
tr
fit

o
o
o
tr
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40
Exp: Secs
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0 20
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20

Occlusin Dark Yellow

20 40 60 80
Exp: Secs

Occlusin Light grey

40
Exp: Secs

0
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o
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c
fit
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o
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.10
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¡ Occ DY White
o Occ DY Black

¡ Occ LG White
o Occ LG Black
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o
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3
o
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o
o
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0

c
o
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o
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fit
.c
o
o
o
c
(\t

o
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o
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.10

-20

10

0

-10

20

P-30 XL (extra light)

40
Exp: Secs

E P-30 XL White
r P-30 XL Black

E P-30 U White
r P-30 U Black

.30

0

P-30 Universal

60 80

60 80

c
o
o
o
3
o
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Ê,
(ú

o
o
o
c
fit

o
o

o
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0 40

Exp: Secs
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o
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o
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o
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É,
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o
o
o
Ê
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o
o
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10

0

-10

10

-10

20

20

P-30 Yellow

40
Exp: Secs

P-30 Grey

40
Exp : Secs

60 80

60 80

E P-30 Y White
r P-30 Y Black

o P-30 G White
r P-30 G Black

-20

20

0

0

Ê
o
o
o
*
o
o)
c
(!t

o
o
o
ñ
o
-9
o
tr
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Adaptic ll

c
o
oL
o
3
o
tD
Ê
fil

o
o
o
c
fit
o
o
o
tr

10

0

.10

10

0

-10

Ada
Ada

E

o
pt
pt

llWhite
ll Black

-20
0 20 40

Exp : Secs

60 80
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APPDNDIX G.

CLINICAL PITOTOCOL BY DR.R.J.SMALDS

usED FpR rN VM STUDY.
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P-30, HERCULITT AN D KTTAC-SILVER

COMPARI SON OF DISPE RSALLOY l,llTH

AS CLASS I AND II CAVIT RT STORAT I ONSY

R.J. SMALES - DEPARTMTNT 0t DINTI STRY

Pupose ofS tudy

To assess the handl'ing propert'ies, cl'inical characteristics and longevìty

of a resin-bonded ceramic material (P-30; 3M C')' and a s'ilver-reinforced

glass-'ionomercement(Ketac-Si'lver;Espe)'whenplacedinClasslandll

cavities in the permanent posterior teeth of adu'lts, at the Adel a'ide Dental

Hosp'itaì.

B aikq ro u nd

Trad'it'ional , metal I ic restoratìons used to restore posterior teeth have

severaì diSadvanta-oes; poor appearance, tooth discoìoratjon' marginaì fracture'

toothweakenìngfronltissuedestruct.ionneededforretention,extraappo.intments

required for polishing and re-pol'ishing ìater, ìack of fluoride release'

gaìvan.ism, the need for ìinings, and possible toxicìty' Their chief advantage

ìs ìn their resistance to wear and ease of handììn9' unt'il recently' resin

materjalshavefailedtowithstandocc.lusa]stressesoVermanyyears.However,

newer generatìon materials have shown substant'ial promise, now that the probabìe

mechanì sms of res'in f a'i ì ure are becomi ng understood '

The P-30 wh'ite-ì ight cuned resin js a hìghìy-fì ì led' densely-packed

rad.iopaque materi aì whi ch has been used i n cl i ni cal tri al s s'ince I ate 1982 '

wear rates have been reported as'beìng simialr to amalgam' and when used with



)namel etch'ing and bondi ng,

rsì ng amal gam.

the restored teeth are then much stronger than when

Hercuììte syringeable res'in is also hì9hìy-fiììed and ìì9ht cured, but the

rartìcìe s'ize ìs smaìler than for P-30. Aìthough Herculite has only been used

n c'linical trials since 1984, the init'ia'l resultS have been very good

Ketac-siìver has been shown to possess good jn vitro abrasìve resistance

rnd good bonding to dentine and enamel and pìns, and shou'ld possess adequate

;trength .if conf ined to smal I cl ass II cavit jes not 'involving cusp rep'lacement'

lo clin.ical studìes have been pubìished, aìthough the materia'l has been in use

'or at least 2 years. Although not tooth coloured, the material has the

tdvantage of producìng m'inimal puìpaì effects, of slowìy reìeasing fìuoride, and

¡f bonding to dentine and enamel.

)rel'imi nar.y Studi es

Alì materials would be placed ìnìt'ialìy in posterior teeth ìn manik'ins,

rccordi ng to the manuf acturers' recommendatì ons, to 9a'in experì ence ì n the'ir

tandìing. The material would then be jmmedjately immersed ìn water for constant

;torage. A 'material handling form' would be completed by the operators, and

,he times noted for compìetìon of s'imilar sized restoratìons for each material

see attachment ).

The fìlled tooth would be X-rayed, then the adequacy of the procedures

rssessed, using a rating scaìe method for different characteristics' €'9'

urface texture, margìnaì adaptation, incomplete fiììing' porosities and

etentìon. Then, after immersion jn dyes, the tooth would be sectioned and

,ssessed for marg i naì ì eakage.

444



Subjects and Restorations

Informed written consent wì ì I be obtained from healthy aduìt patients, 445

15-50 years of age, who volunteer to partlcipate'in the study. Attendance would

be as part of the usual examinatjon/treatment/recal I system (see attachment).

Pat'ients selected would have most of their dentition intact and need at

least 4 restorations pì aced in vital teeth. The restorat'ions would be 'in

rcclusion wìth the opposite teeth and should not involve cusps. Two-th'irds of

Ihe restorations should be C]ass II, maìnìy'in moìars, and the remainder should

re Class I, all in molars.

Some 50+ restoratìons of each of the 4 materials would be pìaced ìn

rpproximately 30 pat'ients, and foìlowed up at 6 months, then year'ly ìntervals

'or 3 years. lihere possi ble no two test restorat'ions w'i'll contact each other,

rnd the materi al s should be pì aced in s'im'ilar cavities chosen at random (usìng 4

;ìips of cardboard). The materials shouìd be inserted'in the order chosen, from

he distal to the mesiaì of the arches. There ìs no need to p'lace more than one

rmaì gam i n each patì ent.

S afety

ui del i nes

and ethicaì considerations wiìI be followed as gìven in the NH & MRC

on human experi ment at j on

I an and Des'i qn

General data coìlection would include: name, ô9ê, teeth and surfaces

treated, treatment used and date, operator, dates of recal I vi s ì ts, and

reasons for any faìlures, with dates. A note will also be made of heavy

smokers (more than 20 per day) and those with poor ora'l hygìene (extensive

gìngivitis).



2 Rubber dam wìll be used and the teeth wedged prior to cavìty preparation'

Aìl pre-existìng marginal stainìng wiìì be removed and Life used as the 446

routine ììning under amaì9am, and if there is less than 1'0 nrn of remaìning

dentine when the other materials are used (see diagrarns)' Try and conserve

al l tooth cusps, and cut conservative preparations '

Traditional cavjties wi I I be prepared for Dìspersaì ìoy, and coated with,

e.g. Copaìite, Prior to Packìng:

For P-30 and Hercuì'ite syringeable, the enamel margins wiìl be bevelled

(0.5 mm w'ide at 45') after preparing mìnìmal cav'itìes. Aìl dent'ine

surfaces wiìl be cìeansed with 10% Citric acid for 5-10 seconds (ot

poìyacryììc acìd) before pìacing Ketac Fil as a base (see separate sheet

for instructions). Condense the resins carefuììy, and white-li9ht cure ìn

1.5 nm ìayer for 40 seconds. Also cure from the buccal and l'inguaì

surfaces after removirig the matrices. (Keep the P-30 pots upside down when

the I ids are removed. )

For Ketac-S.iìver, the minima'l cavities will generaììy not be lìned, unless

there ìs less than 1.0 nrn of remaining dentìne. The cavities will be

condìtioned using 101 of cjtrìc ac'id for 5-10 seconds (or po'lyacryl'ic

acid), foì lowed by thorough washing for 20-30 seconds, and dryìng' After

pìacement, the restoratìon will be left isolated for 5 minutes from the

start of mixing, before finishìng under a water Spray, usìng fine green and

white stones.

After pì acement, aì ì materi al s wi I I be checked for occl usal i nterferences

(usìng 2 l ayers of artjc. paper) and gross excesses. At a subsequent

appo.intment, finìshìng and poljshing wi ì ì be compìeted, using fìne

dìamonds, greenstones, sof-Lex discs, Pìug finishing burs, and prophy

paste.

3

4

5
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B

Each patìent wì l ì have at ìeast one Dìspersaì ìoy'

and Ketac-Si I ver restoratiQfls.-

but may have several P-30

447

Any restorations lost durìng the study wiìl be replaced wjth one of the

alternatìve materi al s.

NOTE: The restorations must not be Epolished onc e the study ìs underwaY.

Anaìy sì s of Resul ts

1 Baselìne and recall records w.ìll be obtained (after mark'ing contacts with

arct'ic. paper) usìng: Ektachrome ASA 1OO colour tranSparenCies, taken at

1:1 magnification, using ìarge Hu Friedy front-surfaced mirrors; and

pol,4vinSlsiloy.qL/l¿ ììght-bodied 'impressìons jn soìo trays, f rom which d'iestone

or s'imilar casts will be poured. S.E.M. spluttered repl'icas may also be

t aken f rom the 'imPressi ons.

The transparenci es w'i I I be compared agaì nst Standard Sets of enì arged

tranSparenC'ieS'and scored on a linear Scale, for such CharaCteriStiCS aS

SurfaCe staìnin9, surface texture, margìn Staining, cOlour Or tranSìucency

mi smatch. 0ther features noted woul d i nc ì ude restoratì on fractured or

ìost, tooth ff actured, tooth discoloured' general gìng'ivitis or sta'ining'

and proxì ma ì cont act ad apt at i on .

The replìcas wìll be compared agajnst standard sets of replìcas and scored

on a linear scale also for margìnaì fractures, and surface loss of materìal

(Lìenfeìder). 0ther features would include bruxìsm, restoratjon fractured

or ìost, tooth fractured, and anatomic form (includìng proxìmaì contactS)'

2

2
J

Some 30 restorat i ons of

exami ner rel ì abi ì itY.

each material wiìl be replicated to test for



4 cìinical data on failures would also be assessed, e.g. recurrent carìes

(with B.|,/.X. ), repa'irs and f ractures and patient probìøns, e'g' traumat'ic 448

occlusion, PuìPaì hYPeraemìa.

Data wiìl be entered on The Universìty of Adeìaide VAX computer, and

statistìca'l anaìyses undertaken w'ith the assistance of a statistician. It

is hoped that meanìngful results would be apparent withìn 2 years from the

start of the studY.

S upport

Restoratìve materials have been donated and other materiaì costs would be

met from the research grant of Dr R. Smales. Chairside assistance for one half

day a week is already provided for, but may need to be jncreased during

Universìty 'vacations' by mutuaì agreement-

Hopefuììy, thìs project would be an'ideal one for a Dental Hospìtaì Staff

member, aS a Cl ìnical Dìpìoma Candidate, to become 'involved with.

R. J. SMALTS

lB February, 1986
D105
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APPBNDIX H

REPLICA MI'THOD USING ARI\LDITB D

Patient.'s impression shou'Ld be

plasLer (forming a LaIL weIL)'
shoulcl L¡e verY c-ìe¿rn'

AraLdife I'f ¡n-D f00 rnL

Hardener HY 964 100 rnL

AcceLerator DY 064 3'2 rnL

Part C is added ahd mixed in t'he
and accelerate Lhe polymerisation
poured within the hour otherwise
cause problems.

cut Lo size and
'l'he imPression

" boxed " wi th
and plasLer

A¡.¿rldite: fnrxtur.(ì rs r¡r¿rcle up using Lhe dis¡>osable syrlrìges

A
B

C

Parts A and B ¿rre mixed Logether first in a denture cup by

s.IowLy rotating the cup (wi th Iid ) in your hands ' This is
done for aL Ieast 1o minutes and a-ì-lows the minimum of bubbl-es

to f orm. once mixed t.his material- can be Ief t indef ini'teIy in
the refrigerator without fear of it polymerising'

same fashion but wiLl- begin
. The material- must be
the viscositY wj-lL begin to

4

C
J

F'i].Ithemouldon-l.ys]-ightlyabovetheimpressionmateria]-
(enough to give a handl-e or grip to worl< with) '

Vacurtrn
t f too

infrlLr'¿lte In
rnuch ar¿il-di Le

Lhe
has

dess icator for at Least
frothed out rn may need

30 minutes
refil-ling'

I'Iace
Check

(irr
IS

in ti0o overl
if materraL

Vicki's Lab ) and leave for 48 hours '

Lackv and if so continue heat LreaLment'

6 wherr the araldrte has hardened, the plaster mouLd is carefr'¡lly
broken off and Lhe aral-dite genLJ.y l-evered out of the
intpnessron nr¿¡Lerral. l.ttrLher tI'rmmin4 of the araLdite bLocl<

can now be donc: with erLher sarv or fiLe'
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This appendix

Diamond used

contains the design

in this project. This

APPENDIX J

9OO CONICAL DIAMOND.

and operating

diamond has

instructions of the Conical

900.an inclusive angle of

O

A Guide for Working with the

M lN ILOAD-Ho rdness Tester

Conlents:

Technicol lnformotion

ì. Description of the MINILOAD'Hordness Tester

2. Filling oil prior lo performonce of initiol lest

3. The hordness lest (o) preporotions for the lest
(b) Ploducing indentolions
(c) evoluotion of Vickers ond Knoop

indentolrons os well os of scrotch widlhs

4. Exchongìng diomonds

Direclions for Working
wilh the MINILOAD-Hordness Tesler

5. Instructions for hondling inslrument

ó. Preporotion of lesl sPecimens

/. lnstruclions for oPerolor
8. Physicol deviolions of correclly delermìned micro'hordness

from mocro-hordness
9. lnslructions for scrolch hordness lesting

ERNST LEITZ GMBH WETZLAR
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9

t0
rì

12

t3
ì4
l5
ró

t7
r8

l9
20
2l
22

Technicol lntormotion

1. Description of the MINILOAD-Hordness Tesler

l. Precision meosuring oculor.

2. Oculor locking screw. Afler loosening lhis screw the oculor moy be rololed

obout ils oxis.

3. Adiusling knob for groduoted scole of precision meosuring oculor'

4. Adiuslìng knob for lronsverse movemenl of oculor.

5. Adiusling knob for longitudinol movement of oculor'

ó. Built-in removoble illuminotor with 8 volts, 0.ó omps ìncondescent bulb.

7. lndex morking for normol position.

8. Knob for coorse verticol odiustment (ronge 40 mm).

9. Vertìcol micro-odlustmenl (ronge 14 mm).

ì0. Plotling scole wilh vernier for verticol odiusiment'

ll. Lever for clomping upper porlion of MINILOAD-HordnessTesler lo column.
.l2. 

Knurled ring for verlicol odiustment of upper porlion of MINILOAD-

Hordness Tesler on column (ronge I50 mm).

13. Upright column.

14. Knob wìth fìexible shoft for roising indentor.

ì5. Hondles for indexing obiectives ond testing diomond into position.

16. Rotched for locking obieclives ond lesting diomond in indexed position.

17. Testing weight.

ì8. Looding disk for lesting weight.

19. High power meosuring obiective (totol mognificotion 100 x, diomeler of

field of view 0.45 mm).

20. Testing diomond.

21. Low power sconning obieclive (lolol mognificolion ì00 x, diomeler of field

of view 1.8 mm).

22. Releose for indenting mechonism.

23. Surfoce on which sloge resls.

24. Micromeler spindles (ronge 25 mm).

25. Compound stoge.

2ó. Knurled screw for odiusting rote ot which diomond is lowered'

27. Lid with oil filling opening for hydroulic domper.

28. Pislon rod.

24

23 À
9¡

Figvre l
J
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2. Filling Oil Prior to Performonce of lnitiql Test

2.\ Before the MINILOAD-Hc¡rdness Tester is used for lhe first lime, ihe hy-

droulic domping mechonism on the right side of lhe instrument is filled

with oil. ll musl fìrst be oscertoined thot the knurled screw 26 is turned

clockwise till it stops. Using lhe pipetle included wilh the instrumenl, lhe

oil chomber is complelely filled through the oil fìlling opening (morked in

red) of rhe lid 27, till oil oppeors oround lhe piston rod 28. Air bubbles

should, os for os possibte, be ovoided when filling oil. Only the wotch oil

supplied by us with lhe inslrument should be used'

2.2 Once the hydroulic domper is filled, lhe knob'14 for roising lhe indenlor

is lurned clockwise till it slops, whereupon lhe releose 22 is pressed,

lowering ihe indenlor. Tlris operolion is repeoled lill no further bubbles

ore visible. The knurled screw 26 is lherr odiusled to provide on indenting
period of l5 to 20 seconds'Curolion. When lemperoture chonges influence

ihe viscosityof f he oil, o re-odiuslmenl is necessory, os on indenting period

of less thon l2 seconds' durolion nroy produce inoccurote resulls'

2.3 The oil moy be droined (for exomple for shipping or for cleoning lhe

domping mechonism) by removing lhe screw 26, by turning it counler-

clockwise, ond roising lhe boll thus exposed with o pin. To droin il com..

plelely, lhe domper is operoted severol times.

3. The Hordness Tesl

(o) Preporotion for the Test

3.1 The lronsformer or resistonce is connecled lo lhe house current, the illumi'
nolor switched on, opplying 0.ó omps to the low volloge incondescent bulb' ,

3.2 The indentor is roised by turning knob l4 clockwise lill it stops' This simul-

loneously cocks lhe driving spring.

3.3 The instrumenl is lhen odiusted, using ihe knurled ring ll, so lhot the

,peci.in moy be ptoced on lhe stoge, or snroll ports moy be held in ihe

vice, direclly below the indentor. The zero line of fhe vernier is lhen

oligned with line 10 of the index l0 using knob 8, whereupon the MlNl-
LOAD-Hordness Tester is locked in ploce with lhe clomping hondle ll.

3.4 Weight ì7 is then ploced on looding disk 
.l8. 

Tesl weights for the following
-rtç-. 

--loods 
ore supþlied with the MINILOAD-Hordness Tesler: 25, 50, 100, 200

t*J.rf 
- 

ond 300 groms. The indenling unit olone imposes o lood of l5 groms +
¡lr¡t¡s -l

y00 H Cons-equently, iesls roy be corried oul under loods from l5lo 2000 groms.

=,¿.rlJ¡r 3.5 Sconning objective 2t is indexed, using hondle l5 for lurning lhe revolver

â, f ff (sprins l6 locks it in Ploce).

+ 4N Jes ?---{ ,

4
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3.ó By turning oculor I lhe reticule is broughl inlo shorp focus,

3.2 whereupon lhe oculor scole is sel ot zero, with lhe oid of odiusling knob 3,

3.8 The imoge is odjusled, using coorse focus knob 8.

3.9 A suitoble port of the specimen is cenlered in the field of view by moni-
puloting lhe micromeler spindles 24.

3.l0Meosuring obieklive ì9 is lhen indexed (spring l6 locks it in ploce).

3.ll The imoge moy lhen be brought inlo shorp focus with micro-odiuslmenl
ring 9.

3.12 The desired tesling surfoce moy be centered by turning ihe micrometer
spindles 24.

(b) Producing indenlolions

3.13 The iesling diomond is brought into indenting posilion by turning lhe
revolver disk (spring l6 locks il in posilion).

3.14 Releose 22 is lhen pressed genlly ond loid down, lowering lhe diomond
slowly onlo lhe specimen. Durotion of lhis process obout ì5 seconds, see
section 2,2,

3.15Moking Vickers ond Knoop hordness lesls:
Afler the possoge of on odditionol l0 seconds, during which the diomond
resÌs on lhe specimen, knob l4 is lurned clockwise till it stops, roising lhe
indentor ond simuiloneously cocking lhe movement spring.

3.ìó Moking scrolch hordnesstests:(Pleose,see olso instruclions onpoges26l27),
The micrometer spindle 24,locøted ot lhe fronl of lhe inslrument, is slowly
ond uniformly lurned counler-clockwise (see seclion 9.5), moving the speci-
men toword the operolor whereby the sclotch is produced. Upon com-
pletion of lhe scrolch knob t4 is lurned clockwise till it stops.

3.l7The high power meosuring obiektive l9 is then indexed (spring l6 locks
it in position).

3.1 8 Afler loosening screw 2, lhe precision meosuring oculor is rololed obout
its oxis lill lhe numbered groduotions of the plofling scole ore perpen-
diculor to the diogonol io be meosured, whereupon the knurled screw 2

is ogoin tightened.

3.1 9 The cross hoirs of lhe oculor (lhe intersection belween the 75 p line ond
lhe verticol line) ore lhen cenlered upon ihe cenler of fhe indenlolion,
using lhe odjusting knobs 4 ond 5. Thus o reference point is obloined.
Core should be loken lhol, when centering the reoding scole is set ol zero
wilh the oid of knob 3.

The following indentolions moy be produced wilh o positiveness of 2

to 3 ¡r.

5
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29

tigure 3

20 Torling diomond {Vickers,
Knoop or rcrolchdiomond,
or nccdcd)

29, 30, 3l Scrow¡ for loo¡cn-
ing ond ccnlcring lhc dio-
mònd holdc¡ (rcrew 3l
cqnnol bc ¡¡en in lhc
piclure)

32 Screw (M 3 threod) for
rccuring lhc dlomond lor
tcroldl hordnc¡¡ leilr

33 Sc¡ew (M 2.ó threod) lor
recuring lhe diomond in

lhe holding fixlure
3{ Covcr for diomond hol-

ding fixlurc

JU
3l
32

33

34

20

ERxsr LETTZ 0t{8H WtT¡l,AR

Scrolch Hordness:
(Pleose see olso ìnslruclions on poges 23124)

3.28After loosening lhe locking screw, llìe oculor should be rololed obout it¡
oxis till lhe numbered groduoting lines of the plotting scole lie Porollel lo
the edges of the scrolch.

3.29 One edge of lhe scrotch is brought in contoct wilh o line of the plolling
scole with lhe oid of knob 3 (see section 9.8), whereupon lhe meosuring
scole i5 reod. The other edge of lhe scrolch is lhereupon brought in con-
toct wilh lhe some or onolher groduoting line ond lhe meosuring scole
is ogoin reod, the difference between lhe lwo reodings constituling lhe
scrolch widlh.

3.30The test should be repeoted using differenl loods so lhot by interpololion
the specific lood producing o bosic scrolch widlh of ì0 p is found. This

lood moy then be considered os lhe scrolch hordness.

4, Exchonging diomonds
4.ì Only such tesling diomonds os lhose which with lheir mounlings ore

similor to lhe one supplied with the inslrument in diomeler, lenght ond

weighl moy be used. Weighlr 4.ó groms + 20 mg.

7
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totions, so lhoÌ when the diogonols ore lorger thon 25 p, lhe MINILOAD_Hordness Tesler is occurote .niith¡n 1 Z_11".

9. lnsfruclions for Scrofch Hordness Tesling - .ô-4 .L-H
9.1 The scrotch diomond is inserted,

section 5.8. ln order to block thl
necessory for scrolch hordness tes

I'i,i î ['"ii J,!:'f ' :, i i""J :il,. :' ii?
nr cromerer spindte of Ihe srose ,, ,,i,1"ï:l$:1,il*i;,;î,iki::îå:1
clockwise.

9.2 f he hordness lesler..musl, when used for scrolch tests, be odiusted io thedirecrion in which ihe srose ir 
'.''or."d, 

by--"i¡"ä'ií ãu"'*'ii" i.rr..,'r.The morker on rlre microscope mounriÁg must b";";.trtr';'ri". *¡r¡, ú,"nrorker on lhe column.
9'3 lf on ongulor scrorch diomond is to be used insreod of o conicor one, ilnrust.be oligned wirh rhe direcrion in which rhe scroich-is lä Ë -..¿..

This.is occonrprisrred by first moking o scrolch wirh whth-thu à.rto,.
!l19yot¡on lines mov,be odiusred in pJroiler. srur"qu"nrtf,'on'å inå-unìor¡ononry rs mode wirh rhe scrotch diomond. when rhe ináenrorion is rhen

brought inlo lhe field of view
os direcled in seclion 9.ì, lhe
position of the diomond relo-
tive to the direction in which
lhe scrolch is mode con eosily
be seen; see figure 26. Upon
loosening lhe lhreoded pin 33
shown in figure 3, the oxis of
lhe diomond moy be rololed
ond oligned more precisely,
The rules of coution giveî
in section 5.8 should be ob.
served.

I
a

f

Figvre 2ó
lmpression ond ¡crolch produced
with o properly orienled ¡crolch dio.
rno nd (le ft
(rieht), Th
inlended
were lher
heovier lo
widlh rerulling from incorrecl orienl.
tng:hould be noled.
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9.4 The specimen should be mounled ond held in ploce os suggesled in sec-
lions ó.1 ond 6.2.

9.5 The scrolch is mode by lurning the forword micrometer spindle of the
sloge slowly counler-clockwise. The dulotion of lhis molion should be
opproximolely l0 seconds. A complete revolulion in less lhon 5 secondi
would produce incorrect resulls.

9.ó ln order lo ovoid domoging lhe scrolch diomond, specimens of unknown
hordness should first be lested wilh The mininlum lood (.l5 grorns). The
scrolch widlh should be opproximotely ì0 ¡r. lt is, however, odvontogeous
lo produce wider scrolches, up lo 20 p in width, in order lhot the reoding
error of + 0.2 p should constitule only I "/. of the scrotch width.

9.2 The scrolch width is of volue only for relotive comporisons between vori'
ous moleriols, lhe prerequisite being thoÌ idenlicol lypes of diomonds ore
used crnd lhol oll scrolches ore lighled by llre sonre illuminoting device
when meosured.

9.8 lt is ¡rroclicol to olign lhe edges of lhe scrolch conseculively wilh lhe
oculol groduolion line. This moy be cleorly observed ol lhe end of the
oculor line.

ST-fhe depth of o scrolch mode with o l20o scrotch diomond is opproximote-
lyrlr ils width. The loyer lo be scrolch-lesled should be ot leost os thick
os lhe scrotch is wide in order lo exclude lhe in[ìuence of lhe bose on lhe
tesl result.

9.10 From time to time it should be oscertoined lhol the opex of lhe diomond
is undomoged, os it is exposed lo horm when scrolching hord moleriols.
For lhis purpose, on indenlolion is mode in o soft melol, opplying o greol
lood. Any horm lo lhe diomond con eosily be detecled by exomining lhe
indenlolion wilh the high power obieclive.

9..l'l The diomond moy become dirly os o result of its being louched or ils
coming in contocl vrilh o dirly specimen. Should lhis occur, it moy be
cleonecl wilh o soft clolh ond, if necessory, with lighter fìuid.

ERNST LEITZ GMBH WETZLAR
GERMANY

Bronch Works: Ernsl Leitz (Conodo) Ltd., Midlond/Ontorio

Ii¡ I 72-5lEnsl. Prinled in Germony xr/58/AX/t.
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APPDNDIX K

STATISTICAL COMPARISON OF DISC THICKNDSSDS

64Number of discs

Thickness range

lvlean thickness

Stanclarcl cleviation

0.75mm - l.141mm

0.921 mm

0 0E8
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