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SUMMARY

Composite restorative resins were introduced initially as
replacement to alumino-silicate and methylmethacrylate
anterior restorative materials. However, success of
these new materials created a demand for an aesthetic
posterior composite as an alternative to amalgam.
Unfortunately, early trials showed that the anterior
materials were inadequate in the new clinical situation
(e.g.excessive material loss).

Since the early trials, posterior composite materials
have been greatly modified and are now claimed to be much
improved than the original formulations.

Prior to the beginning of the investigations described in
this thesis, clinical testing of such materials had been
carried out in trials involving child and adult patients,
and had not shown comparable results either within, or
across age groups.

Loss of material from the composite resins (i.e. wear ),
had been noted, particularly when used in the posterior
situation. Assessment of the quantity of wear had been
estimated by various means, but 1little accurate wear
measurement had been reported in relation to clinical
trials.

The aim of the present work was to test two posterior

composite restorative materials (Herculite and Occlusin)



against a non-gamma 2 dental amalgam, in a pragmatic
clinical study and to measure the material loss.

A non-adult group i.e. ages ranging from 7 - 18 years,
was chosen, as subjects of this age had not been reported
on previously. Furthermore, their dental occlusion is in
a state of development which could affect the wear
pattern of a composite material. A clinical assessment
system (USPHS) was adopted, and the restorations graded
over a two year period.

Replica casts were made at each assessment stage and
used for evaluation. A stereo-microscope capable of
measurement in three-dimensions, was employed to assess
material loss.

As with other studies over such a relatively short
clinical time-span, caries incidence was not a factor.
in any of the three study groups. However, the trial
showed that neither composite material performed entirely
satisfactorily in the posterior restorative situation.
Occlusal marginal adaptation of the composite, Occlusin,
was assessed to be significantly better, whereas the
retention of anatomical form was significantly better
with the composite, Herculite. As both these parameters
could be regarded as measures of material wear, the
clinical trial findings did not indicate clearly a better

performance of either material.



The surface roughness of Herculite was found to be
significantly lower than that of Occlusin with the former
maintaining its surface smoothness over the two year
period.

The percentage of perfect margins for all three
materials, identified by stereomicroscopy at baseline,
was low and dropped further over the two years. Wear was
quantified by measuring both the step discrepancies at
the cavo-surface margin and the length of cavo-surface
margin involved. Each composites exhibited wear over the
two year period and, on average, was similar to that
reported by other workers, although the involvement of
the cavo-surface margin for Herculite was lower over the
study interval possibly indicating a slower wear rate.
Each wear parameter was correlated separately with the
restoration and tooth areas.

The relationship between the two study phases i.e. field
and laboratory, of each materials'’ performance was poor,
with no material's field trial assessment grades showing
an agreement of greater than 65% with the 1laboratory
results. This agreement was even poorer when the Alpha
grades alone were compared, where the Amalgam and
Occlusin correlation fell to approximately 25%, while

Herculite maintained a 50% level over the two years.



This low relationship indicated that neither assessment
parameter on its own would give the overall view of any
materials effectiveness.

The pragmatic structure of the study was chosen
deliberately to place the trial materials in as robust a
clinical situation as possible. This type of trial is
worthwhile but, from the current project, the balance
between an explanatory and pragmatic approach must be
established to reduce the variability reported here,
while still permitting a "real-life" assessment of
clinical materials.

Additional studies using the modification suggested above
must be undertaken to test new formulations of
restorative materials, but these must be accompanied by
accurate indirect measurement of the materials'’
performance for a complete overview.

The length of such a clinical trial might well be reduced
as the indirect assessment technique employed in this
thesis may indicate changes much earlier than would be
clinically apparent. This would be particularly important
as new materials or new formulations of established
materials are being introduced with increasing frequency

to the dental profession.
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CHAPTER 1

Literature Review

1.1 Introduction

This review will consider the development of dental
posterior composites and their classification. Criteria
for assessment of the clinical performance of the
materials will be discussed as will the number of
examiners required for an assessment procedure.

Application of such assessments to paedodontic and adult
surveys will be considered and methods of quantifying the

wear of composites, detailed.

1.2 Development of Posterior Composites

Bowen (1) defined a composite restorative material as a
man-made three dimensional combination of at least two
chemically different materials with a distinct interface
separating the components.

Composite resin restoratives have helped to provide more
stable and aesthetic restorations in anterior teeth than
those previously available i.e. silicates and wunfilled

acrylic resins.



These anterior composites have a wide range of shades
which, together with their ability to adapt -in part- to
tooth colour, made matching the tooth shade more
straightforward. They also proved themselves to be more
durable than other materials. The aesthetic success of
these anterior restoratives led to a demand for composite
resins that could be used in posterior teeth as a
possible replacement for dental amalgam.

However, such change of purpose required a distinct
advance in the formulation of composite resin materials
to enable them to cope with the heavier occlusal loading
in posterior teeth. Nevertheless, the rate of posterior
composite development has been rapid, as has the

appearance of these materials on the dental market.

Clinical trials have been carried out on a number of
posterior composites. Studies on early products showed
either a high degree of material loss, or occlusal wear,
but the more recent formulations have indicated they ﬁay
be a substitute for amalgam.

Clinical trials have, in the main, been tightly
controlled and involved either children under 8 years of
age - where the deciduous or first molars were restored,
or adults - where the material has been used as (a) the
primary restorative material, or (b) an amalgam replace-

ment.



Modern composite resins are a development of the unfilled
methacrylates introduced in 1948, and commonly used
throughout the 1950's. The early restorative materials
exhibited a number of significant disadvantages e.g. high
polymerisation shrinkage, as reported by Smith (2); poor
colour stability noted by Caul(3), and a history of
pulpal leffects due, in part, to the presence of free
monomer reported by Grossman (4), and Kramer (5).

The development of the acrylic resins continued in the
late 1950's and early 1960's, but never attained any
major share of the dental restorative market as the Bis-
GMA resin-based restoratives had by then become avail-

able.

Composite materials were based on a resin which was a
reaction product of Bis-phenol A and Glycidyl
Methacrylate. This resin was patented by Bowen (6), and
exhibited distinct advances over the original, filled

methylmethacrylate formulations.

Craig (7),

Assmussen (8), Smith (9), Jones (10) and
Ruyter (11), all documented adequately the development,
chemistry and composition of the restorative composite
material, and a clinical overview of their status was
reported by Phillips (12), and Leinfelder (13). Jacobsen

(14) supported their use, but again emphasised the

10



associated problems, particularly dimensional change and
abrasion resistance. Lewis (15) and Sulong & Aziz (16),
reviewed aspects of posterior composite wear, and Kreulen
}‘g van Amerbngen(iﬁ), methods of measurement. All, in effect,
suggested that clinicians should be more conscious of
the shortcomings of the materials and investigate them in
carefully planned surveys.
Early restorative composites were either two-paste
systems, or paste-liquid presentations using chemical
initiation. Later products used ultra-violet 1light
initiation, where the application of UV light (340-380
nanometres) for 30-60 seconds, released free radicles
which allowed the setting reaction to take place.
Although this system gave the operator control over the
setting reaction, it was considered to be potentially
harmful, and was withdrawn from commercial use until
proper filtration was incorporated into the apparatus.
Visible light (350 - 510 nanometres) initiation is now
the most commonly used, as it permits greater control of

composite manipulation.
1.3 Classification of Composite Resin Materials

A classification of composites was proposed by Lutz &
Phillips (18), who suggested four main divisions, based

on the size and types of filler particles.

11



(1) Traditional composite resins
Traditional composite resins were filled originally with
heavy metal glasses ground to size - the average being
approximately 100 ym. This type of filler tended to be
harder than the resin matrix, hence finishing was
difficult, and the particles were subject to "plucking".
The more modern fillers are now smaller, softer and more
rounded, giving an improved inorganic filler content.
The newer materials also incorporate silane bonding, have
better shelf-life, handling characteristics, wear resis-

tance and radiopacity.

(ii) Hybrid composite resins
With these products, the resin is reinforced with micro-
fillers to provide better viscosity and wear resistance.
The composite contains inorganic macrofillers together
with pyrogenic silica. The surface finish is better than

the "traditional" composite, but is not ideal.

(iii) Homogeneous microfilled composite resins
Here, the resins are filled with directly admixed micro-
fillers of 0.04 um size. These smaller fillers are
invisible to the observer and provide good surface
finish. " The homogeneity 1lessens the problem of

"plucking", thus maintaining a good surface.

12



(iv) Heterogeneous microfilled composite resins
These composites contain directly admixed microfillers
and microfiller complexes of three possible types;

i) splintered pre-polymerised
ii) spherical polymer-based

iii) agglomerated

These products provide good finishing,and wear resistance
but some have shown a greater degree of contraction

setting than others.

Leinfelder (19) proposed a simpler classification and
divided composites into four groups, in terms of the

magnitude of the particles:

(i) conventional - particles sizes ranging from
30-50 jm,

(ii) intermediate - particles sizes ranging from

1-5 pm,

(iii) fine - particle size of 0.5 ym,

(iv) microfine - particle size no greater than
0.05 Jm.

The composite clinical trials to be discussed, will be
reviewed using the Leinfelder classification (19);(20).

It is a simpler classification than others, particularly

13



as some of the newer materials only provide information
on particle size, and but none relating to the derivation

of the incorporated particles.

1.4 Clinical Assessment

Jacobsen (21) has noted that the number of clinical
trials of new dental materials has increased over the
last fifteen years, in contrast to the situation whereby
early products appeared on the market with no trial-
related research support.

Schwartz & Lellough (22) were the first to recognise that
all clinical trials were not of a similar nature. They
considered there were two types of clinical trial, and
adopted the terms "explanatory" and "pragmatic".
Discrimination between the two trial types was discussed
by O'Mullane (23) who suggested that clinical research
should be considered as a two-stage situation. Firstly,
a material should be subjected to laboratory testing,
followed by an explanatory clinical trial whereby the new
product would be assessed under ideal situations, in a
closely supervised clinical environment. In this way it
should then be possible to report on a material's prop-
erties as tested under the best possible conditions.
The second stage of assessment suggested by O'Mullane

(23), was that of the community, or pragmatic trial.

14



In this case, the material would be subjected to real-
life situations. There would be no close supervision,
and the material's performance in the more "robust"
environment of general usage could be monitored.

Products could then be recommended if they performed well

in both explanatory and pragmatic trials.

Jacobsen (24) supported O'Mullane's suggestion that the
explanatory trial required to be set-up with variables as
closely controlled as possible, in order that the
material itself could be assessed without influence of
any extraneous factors. The pragmatic trial, on the
other hand, would show its performance in the everyday
conditions experienced in general dental practice.
Downer & Mitropoulos (25) also defined explanatory and
pragmatic trials, pointing out the aims and benefits of
both. They emphasised that the experimental clinical
trial (explanatory) should be conducted in conditions
designed to give an agent the best chance to show its
properties, and must involve pre-selection of trial
subjects - in contrast to the pragmatic type.

Wilson (26) detailed the advantages of the explanatory
trial, stating that this trial type provided a good
database, and indicated methods for improving the
material tested. However, he further commented that the

pragmatic trial, performed in "the real world", although

15



showing wider variation of results, produced evidence of
the material's effectiveness when used in more robust

situations.

It can be argued that the true success of a dental
restorative material may only be gauged by its
performance in the day-to-day clinical situation. Thus,
while the properties of a product can be measured by
material scientists using a range of tests, no matter how
sophisticated these may be, they can only provide a guide
to the eventual clinical performance of a material when
used to restore a patient's teeth.

Ryge (27) commented in 1972, that most accepted materials
in use at that time, had been studied extensively under
laboratory conditions, whilst little practical informa-
tion was available on their long-term success within the
mouth.

He noted also, that dentists had little scientific back-
up to guide them when deciding which new materials to
use, as most information was in the form of unrefereed
product testimonials.

Cvar & Ryge (28) commented that practising dentists were
placed in the position of choosing restorative materials
with 1little practical clinical information on their

performance over time within the oral environment.

16



Practitioners have a number of sources of information
about new products, these are:
i) Jjournals, both refereed and unrefereed,
ii) information gained from attendance at courses,
iii) other colleagues' experiences,
and

iv) information from suppliers or manufacturers.

Unfortunately, many of the reported "clinical
assessments" are over short time-periods; manufacturers
wish to have their new materials on the market as soon as
possible, in order to gain a return on the investment.
Hence there is a distinct paucity of clinical data
regarding the long-term performance of materials in the

robust atmosphere of general dental practice.

1.5 Clinical Trials

Assessments of the performance of composite are mainly of
the explanatory type of design. Indeed, none of the major
studies reported in the literature since 1970 has been
undertaken using the field trial (pragmatic) approach.

Only in the pragmatic study of three composite materials

did Mair et al (29) detail that the general dental

17



practitioners placed the restorations, without detailed

protocol guidanc. *

It is essential that research into the value of new
dental materials is based, not only on laboratory and
closely related trials, but relates also to the clinical
users, by utilizing the pragmatic approach suggested by
O'Mullane (23). This is essential if the dental practi-
tioner is to feel that the academic- or hospital-based
operator working in an explanatory trial mode, is not
working in a '"protected" environment and producing
results inapplicable to general practice.

The explanatory trial type can provide indicative "best
performance" results, whereas the pragmatic trial can
give results more related to every-day life in general

dental practice.

The following may be regarded as essential components
for any clinical trial:
i)~ the new material must be compared with an
established material,
ii)~- the restoration must be placed by a clinician,
iii)- randomisation for both material and
placement position,
iv)- the material assessment must reflect the

clinical entities being investigated.

18



and should the trial be of an explanatory nature

v)=- the protocol should reduce the operator
variability to a minimum, by giving explicit

instructions

1.6 Assessing the Value of New Restorative Materials

Self-, or peer-review was seen by Schonfeld (30) as a
means of ensuring the best possible treatment and
rehabilitative care is made available to the patient.
This type of review is not a new concept, and Schonfeld
quoted from McCluggage's History of the American Dental
Association (31) where, it was reported, a survey had
been instituted in 1846 in which its members were asked
to note clinical failures, and their considered cause of
such faults. However, no guidelines were given by the
Association as to the criteria to be employed for
judgement. Schonfeld (30) commented that any survey must
be based on guidelines or standards, otherwise self-
evaluation criteria would be devised by each individual

practitioner.

That dentists vary in their perception of which criteria
should be assessed, and the level of assessment, has

been demonstrated by Elderton (32). Diverging

19



interpretation of set criteria and the high rate of
inter-and intra-examiner variation could also cause the
results of any assessment system to be questioned

(33);(34).

For many years, subjective decisions have been used to
assess the quality of dental restorations. It has been
stated that the use of objective assessment methods with
good repeatability, would allow the quality of restorat-

ions to be more closely and accurately defined (32).

Subjective decision-making was recognised as a problem in
the marking of dental students' examination papers and a
formalised evaluation procedure was introduced by Natkin
@VGuilé after troublesome inconsistencies in marking were
discovered‘34XThe system was based on the principle that
a pass grade could only be downgraded when certain errors
were recognised. The errors were given a separate

weighting for the degree of seriousness.

This systematic evaluation and grading procedure did

improve the reliability.

Swallow et al (33) stated that a major problem of using
subjective criteria was the difficulty in employing them

on a wider scale outwith those of the original workers.

20



These authors went on to suggest alternatives:

i) the use of objective measurements as suggested
by Elderton (32).
ii) the use of pairs of examiners as suggested by
Ryge & Snyder (35).
and
iii) accept that intra- and inter-examiner variation
exists, and measure the variation from the

standard.

However the authors pointed out that condition - (i)
would be time-consuming, difficult to use in field
trials, and would be subject to a reduced variability.
Nevertheless, while condition - (ii) could be a solution,
the assessors héd to be trained and agree, although this
only increased concordance without improving the

objectivity of the observations.

Finally condition - (iii) was judged the most desirable.
1.7 cvar/Ryge Clinical Assessment System

The development of assessment criteria was reviewed by

Ryget(27)land Ryge & Snyder K35), their rating system

being based on a clinical operational approach
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paralleling the decisions taken by any dental
practitioner. Other criteria which had been used
previously were limited because:

i) they were visually developed for a particular
research setting and were inappropriate for
other trials,

and
ii) they lacked written specificity for the
assessment and were therefore, of reduced value
to others.
Ryge and SnyderX(gs) considered the first major decision
a dentist had to make when assessing a restoration was -
whether or not it was satisfactory? From this basic
two-way decision, the criteria were expanded to four
operational categories, two associated with the
satisfactory decision - restoration met all standards and
the restoration was satisfactory but should be observed
at next visit and two connected with the not satisfactory
decision - restoration should be immediately replaced
and the restoration should be replaced for prevention of
further damage. These four operational categories had
specific criteria developed for each one, to make it
easier for an assessor to evaluate the restoration.
The system was refined further, to present the appraiser

with a cascading series of bi-polar decisions which would
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guide him to judge the final level of assessment for each
criterion.

The key element of the success of the Cvar/Ryge
assessment system (28) are briefly described in the

following sub-sections.

1.7.1 Training

Prior training for examiners using the system, with
practice examinations and discussions, was considered
essential for 1its success, to ensure - examiner
variability would be reduced to a minimumn. The inter-
and intra-examiner agreement level required was 85%.
Where there was a disagreement, both examiners had to
re-examine and agree to a rating level before assigning
a ranking.

Cvar & Ryge (28) commented that it was difficult to train
examining dentists to realise that the examination was
governed by set criteria, and was not intended as an
examination of a specific patient for the formulation of

a treatment plan.

1.7.2 Criteria

The criteria adopted for any investigation must be well -

defined and subject to no misinterpretation (36). The
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original system was established to review the performance
of amalgam restorations, but further criteria have been
developed from the original four clinical parameters to
allow its use with other materials.
The criteria chosen by what is now the United States
Public Health Service (USPHS) system to judge and
reflect the clinical acceptability of any new product
are:

Colour match,

Cavo~surface discolouration,

Anatomic form,

Marginal adaptation,

and

Caries development

all of which will be described and discussed in more

detail later in this thesis.

The above system has been adopted widely as a standard
form of clinical assessment, as direct comparison of
different trials could be possible, particularly as both
the criteria and the examiners had been standardised

previously.
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1.8 Alternative Assessment Systems

1.8.1 california Dental Association System

An alternative system to that employed by USPHS was
introduced by the cCalifornia State Dental Association
(Csba) in 1977.
The criteria were:

i) Marginal discoloration,

ii) Occlusal over- and under-contouring,

iii) oOcclusal height reduction,
iv) Colour mismatch,
v) Marginal caries,
and

vi) Fracture and Visible crevice formation.

This scoring routine did not utilise the cascade decision
system of the USPHS, but the presence of a number of
nominated clinical entities was noted. However no value

was assigned to any clinical fault observed.

A trial using these guidelines suggested by the CSDA was
reported on the success of a conventional composite used
to restore shallow minimal cavities at two and six years
(37);(38). It was concluded that the material was too

technique-sensitive to be used as an amalgam replacement.
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1.8.2 Gibson & Derkson Assessment System

This totally individual system was used by Gibson et al

(39) to compare a non-gamma 2 amalgam and a conventional
composite (Adaptic). Here, permanent molars of children

had modified cavities prepared for the composite.

The criteria adopted were:
i) Sound restoration,
ii) Rough margin,
iii) Chipped margin,
iv) caries,
v) Occlusal wear,
vi) Surface discolouration,
vii) Marginal stain,
and

viii) Restoration replaced or Restoration lost.

Ratings were based on evidence of any one of the
criteria being present without grading the degree of
fault. Unfortunately, it is difficult to relate this
unique system to results of other trials, as there was no
method of fault grading employed. After two years 46% of
Amalgam and 42.6% of composite restorations were
considered sound. The workers noted that the greatest

defect of the composite restorative material was the
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occlusal wear especially in larger cavities. The authors
commented that results did not suggest composite was

superior to amalgam.

Finally, Derkson et al (40) used a system similar to that

described by Gibson et al (39). However, this also

contained shortcomings, as faults were not decided on in

a cascade method as Cvar/Ryge.
1.9 Clinical Examiner Numbers

Single examiners have been used in many clinical
investigations. For éxample, in epidemiological caries
studies (41), the effect of fluoride rinsing, reported
upon by Rugg-Gunn et al (42);use of fluoride tablets by
Stephen and Campbell (43); Downer et al (44) and
Mainwaring & Naylor (45) documented the use of fluoride
dentifrice; the potential value of fluoridated milk and

detailed fissure sealant trials have been reported by

Stephen et al (46); (47).

Ryge & Snyder (35) detailed methods of assessing the
quality of restorations provided by dental auxiliaries
utilizing either one or two assessors. The authors did
not, however, comment on the advantages or disadvantages

of using one or two examiners, nor did they make any
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observation as to why they adopted a two-examiner system

for their own clinical examination procedures.

Support for the comment of Swallow et al (33) that the
use of two examiners only leads to an increase in the
concordance and not an increase in objectivity between
examiners, 1is illustrated by Cvar & Ryge's (28)
insistence that there should be a baseline requirement of
85% intra- and inter-examiner agreement. Concordance is
further emphasised by asking the two examiners to agree
on a common rating, when a jointly agreed result could

not be reached.
1.10 Clinical Assessment in |Paedodontics

Paedodontists have adopted the USPHS system in many
trials of restorative materials.

A two year study of 3-8 year olds, compa;ing a carvable
composite to amalgam, was reported by Tonn & Ryge (48)
and the <criteria used were those suggested by Cvar &
Ryge (28). Here, the use of composite materials was con-
sidered a possibility as the wear rate of deciduous
enamel was faster than adult enamel, and closer to tﬁat
of some composites. The material remained colour stable

for the two years, with all restorations retaining the

top (Alpha) rating. The amalgam control returned a 72%
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level for anatomic form, whereas the composite
restorations had only 18% retaining Alpha anatomic form.
The marginal integrity of both materials was commented on
as poor, particularly as they had been placed under a
strict protocol. As a result, the authors concluded that
the new material could not be recommended as an amalgam

replacement for restoration of primary molars.

A three year study, using the USPHS system to assess two
types of conventional composites and a high copper
amalgam to restore primary molars, was carried out by
Nelson et _al (49). The colour match and the cavo-surface
marginal discolouration were graded similarly at two
years, but one year later, there was a significant
difference with a marked colour change and cavo-surface
marginal staining. The maintenance of anatomical form of
the composite restorations was not dissimilar at two
years but significantly different at the three ‘Year
evaluation, as opposed to the amalgam control.

However, in contrast to the two year study of Tonn et al
(48), it was concluded that the test composite would be
suitable as a restorative material for a limited three
year period for primary molars, despite the failure in

anatomic form.
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A twelve month study was conducted by Paquette et al (50)

to compare modified and conventional cavity designs
restored with two composites. The formulations used
contained conventional fillers, with particle size range
from 1-50 pm. The USPHS system was employed not only to
assess the clinical trial, but also to judge a series of
colour photographs of the restorations. Restorations in
the modifiedﬁéiéséxlx éévities failed significantly more
frequently than did the others (p <0.01), suggesting a
lack of sufficient retention and resistance form. Colour
match was considered good over the period, as was the
incidence of cavo-surface marginal discolouration. The
anatomical form was retained and there was 1little
downgrading of marginal adaptation. However the authors
commented that the trial time was too short, as most
changes had been noted by other workers as occurring
after a 12 month period. Hence they could only recommend
the composites for clinical use over a twelve month

period.

In a trial by Oldenburg et al (51), two experimental
microfilled composites were tested over two years in
class I and class II restorations of three different
designs, on 4-8 year old children . As there was a high
number of class II restorations placed, the.researchers

included another criterion in the system i.e. axial
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contour. Conventional cavities with bevels were found
to be more successful than the modified designs. Unfortu-
nately the colour match deteriorated significantly but
the anatomical form showed no change. The cavo-surface
discolouration and the marginal integrity deteriorated
very 1little over the two years, nor was there any
significant change to axial contour. No comment or
recommendation for use was made.

The clinical acceptability of the material was
reported after four years (52) when a note was made of
the high acceptability of the composite materials as
expressed by the patients. However, the colour match
was judged to have dropped significantly over the time
span. Marginal integrity deteriorated also during the
trial period, although the cavo-surface margin staining
was not significant. There was a reversal of the ratings
for wear at four years, with the Alpha ratings showing
an improvement, but it was suggested that this was due
partly to exfoliation and wear of the deciduous teeth

showing a lowering of the rating values to that date.

The performance of a microfilled light~-cured material was
compared with a non-gamma 2 amalgam in a mix of
permanent and primary molars by Oldenburg et al (53). At
two years, the colour match of the composite had dropped

in rating. The marginal discolouration was maintained at
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a significant level over time. Marginal integrity was
slightly better in primary teeth, but wear was greater in
the composite than the amalgam restorations, particularly
in permanent teeth.

For primary teeth, there was little-b:@hoosebetween the
light-cured material and amalgam, except for the anatomi-

cal form, when using the USPHS scoring system.

In a two year study by Roberts et al (54) to compare a
conventional composite and amalgam, the colour match was
observed to degrade over time but the cavo-surface dis-
colouration did not extend into the depth of the marginal
discrepancy. The change in anatomic form for both the
amalgam and the composite was not rated as significant.
Marginal adaptation change for both composite and amalgam
was also insignificant, and the authors supported the use

of such materials in childrens' primary teeth.

A light-cured |intermediate-sized filled composite material was
investigated by Tonn & Ryge (55) in 3-8 year olds. At
two years the colour match was rated as "good", but
cavo-surface discolouration gradually increased. The
anatomical form grading decreased in quality. Marginal
integrity was also considered good. It was concluded

that the light-cured material functioned well at the one
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and two year stage, but no advice was given as to its
further use.

A four year follow-up study of these experimental mater-
ials was reported by Tonn & Ryge (55). At that time,
colour-match was not considered different, although the
marginal discolouration did degrade, albeit not signifi-
cantly. Marginal adaptation of the experimental material
lowered over the period, and the anatomic form of the
composite did drop for the first three years, but was
given an improved rating at the four year stage. As a
result, the authors concluded that the material had

worked effectively during the study period.

Bevan & Braham (56) reported on the handling properties
of a fine-sized composite (new ultra-small particle
hybrid) using the USPHS system, and it was noted that
handling characteristics were regarded as good, and the
aesthetic qualities "excellent". However no long-term
report of the material's clinical capabilities was

mentioned.

Another paper relating to the use of this formulation
was published by Eidelman et al (57), where two
restoration techniques of primary molars were compared.
Results showed 1little in the way of wear, marginal

integrity or cavo-surface discolouration, the main point
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of concern being the interproximal discrepancies at the

gingival margin.

1.11 Clinical Assessment in Adult Dentistry

1.11.1 Introduction

It is only since specific criteria have been widely
adopted to highlight the performance of a number of
restorative materials' clinical parameters, that it has
been possible to compare directly one formulation with
another, and one material within a number of different
clinical situations.

It is difficult to relate the different trials using
composite restoratives directly to each other, due to the
speed of improvement of the materials, and their appear-
ance on, and disappearance from the dental product
market.

For this discussion, comments on such trials will be
grouped by generic composite type and by duration of

study.

1.11.2 Conventional Composite Materials

In 1971, Phillips et al (58) reported on the placement
of class II posterior restorations using one of the

original conventional materials and comparing it to an
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amalgam control. After one year, no caries was detected
and the amalgam performed significantly better in
relation to anatomic form. The authors stated this
assessment slippage of anatomical form for amalgam i.e.
Alpha to Bravo, although judged to be significant, should
be regarded as"slight". This was in contrast to Osbourne
et al (59) who noted that the anatomic form had decreased
significantly in their study at the one year examination.
Here comment was made that no composite restorations
required replacement due to wear. The marginal integrity
of the composite was significantly better than amalgam,
which showed "ditching", as had been observed by Osbourne
et al (59) . There was a colour change but it was
considered acceptable. The cavo-surface margin discol-
ouration exhibited only 49% free of stain at the study

end.

Phillips et al(60), in their two year report of the
material, stated significant evidence of wear was noted
i.e. Alpha ratings down to 45%. This finding was
supported by Osbourne et al (59) and Leinfelder et al
(61) . Marginal adaptation showed an increase in faults,
but the difference between the two materials was not now
considered significant, in contrast to the data of

Osbourne et al (59) and Leinfelder et al (61), where the

composite maintained its baseline level while the amalgam
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deteriorated over the same period. Colour-match dropped
in the Alpha grading to 36% but was judged as acceptable,
whereas the results of Osbourne et al (59) showed the
material improving with age. These data contrast to
those of Leinfelder et al (61) who found the colour-
match decreased at the first year but was kept at that
level at two years, albeit they were considered outwith

the normal range.

A disappointingly low return rate of only 35.5% of total
baseline restorations was available for the three year
report (62), and such a 1low number makes the

interpretation of results questionable.

Nevertheless, significant changes in the composite
ratings' colour-match and cavo-surface discolouration
were noted. While the marginal adaptation remained at a
higher level than did that of the amalgam, the anatomic
form of the composite was so poor, it was suggested its

routine use for class II restorations was not advised.

The observations that amalgam preserved better anatomical
form was evidenced further in the trial of Eames et_al
(63) involving composite, amalgam and silicate cements,
with the amalgam and composite being placed in class I

and class II situations. Although this study did not use
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USPHS criteria, the composite was judged superior in its
marginal adaptation quality, thus supporting the findings
of the earlier works. In addition, caries was not

reported as a problem in any of the studies.
1.11.3 Small Particle Composite Materials

The performance of more modern materials in clinical
studies, will be reviewed in relation to each criterion

used in the assessment.

1.12 Colour Match

1.12.1 Introduction

One of the decided advantages of composites is the
ability they have to blend to the colour of the enamel,
although it could be argued that too close a match might
increase the difficulty in finishing a composite
restoration. However, maintenance of good colour;match
is essential to reduce the need for replacement due to
intrinsic colour degradation which, in turn, would
undermine the patient's appreciation of such materials as

compared to amalgam.

37



1.12.2 Intermediate Composite Materials

Colour-match assessment in any clinical evaluation
procedure must be entirely subjective. The colour match
of all four U V-cured composite materials examined by
Wilder et al (64);(65) at their three and five year

evaluations, were considered "excellent".

In the first year report by Wilson et al (66) on a new
composite material, it was specifically stated there was
a deliberate mismatch in colour between the tooth and the
restoration at baseline ; only 6.8% of restorations
examined at twelve months had worsened. This situation
did not change significantly at the three year stage
where 10.9% were considered below Alpha rating (67). By
five years the percentage decline was stated as 7% (68).
Such an "improvement" might, in-part, be due to a slight
shift in the borderline decisions made by examiners, or
could be due to the reduction in overall numbers being
reflected in the percentage figure.

Robinson et al (69), in another trial of the same
formulation (Occlusin), described a 2.5% colour deterio-
ration at three years. This trial was also reported on
by Rowe (70) at the five year stage, when the

satisfactory colour-match situation had declined to only
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23%, in contrast to the reports by Wilson and co-workers

(68) for this time-span.

Colour-matching ability of four of the six composites
tested by Tyas et al (71), showed an increasing
darkening, whereas the remaining two composites main-

tained a closer match.

The good colour-matching ability of Fulfil was also
described by Boksman et al (72), where 76% of resins
placed were graded as a close match to tooth substance at
three years. Confirmation of this success was reported
in three and five year studies by Sturdevant et al
(73) ;(74), where the composite remained unchanged, as an

experimental composite's ratings reduced.

A self-curing composite material was assessed by Brunson
et al (75) and showed an increasing number of Alpha
ratings changing to Bravo, at the three year evaluation

(88%-71%) .

1.12.3 Microfine Composite Materials

The colour-matching abilities of two chemical, and three
light-cured materials were given by Heymann et al (76),

where two were filled with microfine - and three were
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filled with conventional - sized particles.

There was a wide variation in colour-matching with
results ranging from an 85% Alpha rating for Visio-
radiopak, to a low of 43% for Nimetic Dispers.
Throughout, no clear distinction was made between the
light~ and the chemical- cured materials, but of these
two materials, one was microfilled and the other
conventional filled.

Of the three materials assessed by Feller et al (77),

only one continued to show Alpha ratings at three years.

1.13 Cavo-surface Discolouration

1.13.1 Introduction

Discolouration of the interface between a cavity margin
and a restoration is suggestive of cavo-surface margin
breakdown, and may lead to early crevice formation. This
margin stains more easily and is regarded an unaesthetic.
Thus it may lead the patient to lower their acceptance of
the tooth-coloured material, and ask that the restoration

be replaced.

1.13.2 Intermediate Composites Materials

Derkson et al (40) stated that approximately 5% of the

restorations placed using a conventional composite showed
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cavo-surface discolouration at a three year examination.
Wilson et al (66) reported a higher discolouration rate
at first year, 8.5% having deteriorated. However, this
proportion rose markedly to 29.1% at year three, and to
52% at year five. The authors stated this discolouration
occurred mainly in the occlusal region of the restora-
tions, rather than in the proximal boxes.

The trials conducted by Robinson & Rowe (69), and
subsequently by Rowe (70), showed a significantly higher
proportion with cavo-surface staining (50% approx-
imately). This remained basically unchanged after five
years, which equated well with the results of Wilson
(68) .

In another trial of the same material, Cunningham et al
(78) found 32% of restorations exhibited staining at the
three year interval i.e. similar to the findings of
Wilson et al (67), but lower than those of Robinson &

Rowe (69).

In contrast, Boksman et al (72) reported 4% staining of
the cavo-surface margin at three years. This rating was
not observed by Sturdevant et al (73) where the tested
composite exhibited 12% staining at three years, with
only 3% being recorded for the experimental material, the

respective five year data being 5% and 8% (74).
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All composites under trial by Tyas et al (71), including

the material tested by Boksman et al, showed increasing
discolouration of the margins at three yearsk72). In

contrast, Brunson et al (75) concluded that the staining

in their study was restricted to around the 5% level.

1.13.3 Microfine Composite Materials

Heymann et al (79) stated that the microfilled materials
tested had a greater incidence of marginal staining,
whereas the work of Feller et al (77) did not support
these conclusions - three composites exhibiting only

"minimal reduction in Alpha gradings.

1.14 Marginal Adaptation

1.14.1 Introduction

The integrity of "fit" of a restorative to a cavity
margin 1is essential to protect the dentine - pulp
complex. Any deficiency in the interface would indicate
(i) a fracture of the material which had been
supra to the margin;
(ii) a gap between tooth and restoration produced by
setting contraction;

or
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(iii) a deficiency due to wear or loss of the
material through abrasion of the material, all
of which reduce the life-expectancy of a

restoration.

1.14.2 Intermediate Composite Materials

No marginal adaptation problems were reported by Wilder
et al (64) at the three year stage of their study and no
comment was made in relation to adaptation in their five

year report (65).

Wilson et al (66) described a low fault level of 1.7% at
the first year. However, this had increased to 21.8% at
three years, particularly in relation to occlusal sur-
faces of class I and II restorations. The rise in the
marginal adaptation decline continued through to the five
year assessment, when 40% of occlusal surfaces and 32%
of proximal surfaces were faulted.

The reports of Robinson & Rowe (69) described a 31%
deterioration of the adaptation at three years (15% in
molars and 14% in premolars), which was significantly
better than that for amalgam. In the five year report

(70), the significant difference was maintained.
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Boksman et al (72), using a 1light-curing material,
reported a 4% 1lowering of gradings at three years.
Surprisingly, a 100% Alpha rating was given at three
years by Sturdevant et al(73) but, taken in relation to
the work of Boksman and co-workers (72), this may well be
a real value.

The five year data, relating to the same composite,
indicated 95% of remaining restorations were still Alpha
rated, However, an experimental material used for
comparison did not perform as well, with a three year
level of 96%, and a five year level of 91% (73);(74).
With respect to a self-cure material, P-10, a 4% drop in

Alpha ratings was recorded at three years
1.14.3 Microfine Composite Materials

Feller and his co-workers (77) reported at three years
that one material had recorded 85.7% success - 8% better

than the amalgam control.

1.15 Anatomical Form

1.15.1 Introduction

The maintenance of anatomical form is equated with wear
resistance. This particular criterion has 1long

interested researchers and clinicians, as 1loss of
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anatomic form is an important factor with implications
for the maintenance of occlusal relationships.
However, while wear of restorations can be assessed

clinically, it is difficult to measure directly.

1.15.2 Intermediate Composite Materials

The only comment made by Wilder et al (64) about the four
UV materials they assessed, was that three performed
better than the fourth material, in relation to the
number of Alpha ratings. There was some generalised loss
of material when reviewed clinically, but three rated
greater than 87% Alpha at three years, whereas the
fourth scored as 47% Alpha, although this was not

supported by indirect measurement.

Derkson et al (40) showed that 20 of 94 composite
restorations exhibited occlusal wear at three years, but
no details were published as to the degree of

involvement.

In contrast, Wilson and his co-workers (66) reported on
the same composite at yearly intervals, and at the one
year stage no restoration was rated as having
deteriorated. Their excellent data were continued at

three years with an approximate 2% level of decline (67).
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By five years,; 34% were noted deficient but the extent of
grade slippage was not given (68).

Robinson & Rowe (69) found no significant difference in
the wear between the test composite and amalgam, with
around 7% decline - i.e. higher than did Wilson et al
(67) . The five year data by Rowe (70) produced a 26%

loss, not dissimilar to that of Wilson et al (68).

The study carried out by Boksman et al (72), reported
that 100% of restorations had retained their occlusal
form over three years.

The same material was again tested, but only 49% of the
restorations examined were given Alpha grades at three
years (73), and 59% at five years by Sturdevant%i;gl(74l
This apparent rise in Alpha grades was related possibly
to a fall in the number of the restorations available for

re-examination.

Brunson et al (75), stated that wear of the restorations
using a chemically cured composite increased gradually
over the three years' test period to a level where only

59% were rated Alpha.
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1.15.3 Microfine Composite Materials

In this category of composites, only one of the materials
tested by Feller et al (77) performed better than amalgam
at the one and two year interval, and was equal to it at

three years.

1.16 Indirect Methods of Wear Assessment

1.16.1 Introduction

The clinical assessment techniques adopted to record the
performance of restorations intra-orally have allowed
researchers to monitor materials over a period of time.
However, none of'the systems adopted has been able to
quantify accurately the material loss observed over the
trial period, nor have they been able to show if the wear
rate was consistently linear.

It is essential to have meaningful information on
restoration wear, as this is a key factor in a material's
ability to maintain occlusal relationships.

This section will consider the different "extra-oral"
systems for monitoring the performance of filling

materials, with particular reference to wear.
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1.16.2 Wear

A simple definition has been suggested by Burwell (80)
where he explained wear as" the unwanted removal of solid
material from rubbing surfaces". He went on to comment
that this definition ﬁlumps together" many different
phenomena -adhesion, abrasion, corrosion and surface
fatique.

Adhesive wear is found when two so0lid surfaces rub

against each other.

Abrasive wear occurs where one harder surface rubs

against another, or where a third hard substance is
placed between two softer materials, so causing loss.

Corrosive wear occurs under sliding conditions when one

or both bodies are affected by a corrosive environment
which produces a surface coating on one or both surfaces,
which is then removed by rubbing.

Surface fatique is mainly related to materials rolling

over each other, and gives rise to pitting or flaking.

This definition of wear is supported by the UK Institu-
tion of Mechanical Engineers whose definition is quoted
by Sulong & Aziz (16), as "the progressive 1loss of
substance from the surface of a body brought about by
mechanical action". Their review also divided wear into

a number of sub-sections:
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adhesive, abrasive, erosive, corrosive and impact.

The definition of wear as it applies to restorative
dentistry is difficult. Wear of posterior composite
materials has been recognised by clinicians and materials
scientists as a major disadvantage for the full
acceptance of a material by the profession.

Visible evidence of material loss through wear is easily
seen by flattening of the occlusal or anatomical form of
a restoration. Several factors have been suggested as

responsible for the phenomenon.

Bryant(81) listed a number of major features, depending
on the type of composite formulation, that contribute to
wear. These were:
i) macrofillers are subject to "plucking,"
ii) hydrolytic degradation of the filler/resin
interface,
iii) adhesive and cohesive fracture in the
occlusal contact area and contact free area,
iv) failure of the bond between the
prepolymerised filler material and the resin
matrix,
V) porosity - chemically cured materials are
more porous and are more prone to wear,
and

vi) tooth position.
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%Lamb;echts g;_gl(82) suggested two main‘components of wear in
occlusal areas, viz:
a) attrition occurring in the occlusal contact area due
to direct tooth contact from the opposing tooth
b) abrasion occurring in the contact free area where
the wear is caused by toothbrush abrasion or contact with
food. He also added that fatigue could play a part in
the wear process.
The 1low modulus of elasticity of some microfilled
materials allowed them to deform wunder 1load, so
propagating microcracking untii the surface was
undermined, giving rise to sudden failure. This failure
can happen without there being great evidence of wear.
The phenomenon also occurred in the hybrid materials
where, although they deformed less, the particles acted
as crack stoppers but, over time, the surface could be
observed as pitted.
Swift (83), in his review, noted that a number of
researchers had theorised that composite wear was due to
a number of factors, including chemical degradation of
the resin matrix due to thermal and mechanical stresses.
Microcracking through the action of occlusal forces was
again implicated in the breakdown of the composite
surface. He also identified, like the previous workers,
the failure of the filler/bond/matrix interface and

porosity, particularly in chemically-cured materials,
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which had been identified as less wear-resistant than
the light-cured composites.

Sulong & Aziz (16), in their review paper, commented that
the wear problem had curtailed the use of composites in

areas under heavy occlusal loads. Hirt et al (84) noted

that, in addition to the common wear factors, an extra
and almost ignored component was the quality of the resin
matrix itself. The wear of microfilled composites was,
in the main, regarded as being 1less than that of
conventional composites, and hybrid composites were
rated superior in abrasion terms, than were microfilled
materials.

JorgensenigL:;Lfound that the wear experienced in vitro
by conventional resins, was related to filler particles
in part protecting the resin matrix, and in part then
exposing the matrix, when subsequently lost through
plucking&gsmere the matrix became rougher, and this
rough surface increased friction, and hence abrasion.
Microfilled composites were regarded as softer and
therefore more abrasion-susceptible, but the smoother
surface and more rounded particles did reduce the
abrasion factor. Furthermore, it was noted that the
porosity of the composite increased abrasion.

Lutz et al (86) remarked that wear was not even across
the surface of restorations, noting it was higher in the

area of occlusal contact, as compared to the contact-free
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areas. None of the materials tested were as good as
amalgamjiq respect of wearresistance, but a heat-cured
composite was better then a light-cured which, in turn,
was better than a chemically-cured. Interestingly, the
composites were rated as "Alpha" using the Cvar & Ryge
system (28), and the authors stated that "evaluating the
step formation between the restoration and natural tooth
surface with naked eye and sharp explorer may not be an
appropriate method to evaluate early performance of
modern potential posterior composites". The rate of loss
was regarded as low and undetectable, such that they
estimated it would take 2.5 years to detect clinically.
In the in vitro situation, microfilled materials showed
typical 2-bodied abrasion, whereas hybrid materials (with
the denser packing of conventional - sized particles)

gave a distinct 3-bodied resulﬂ(lozx

1.17 step Model Wear Assessment System

1.17.1 Introduction

A regime was described by Golberg et al (87) to evaluate/
ten posterior composite resins. This system used four
casts which had distinct steps between the cavo-surface
margin and the restoration. The steps were measured by
a travelling microscope at 1, 190, 330,and 580 pm, giving

a seven step series. A comparison of the clinical
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assessment sensitivity and the ranking and indirect wear
evaluation system was investigated.

A total ranking scheme was also carried out as reported
by Osbourne et al (88). As a result, it was found that
the total ranking and the stepped model method (cat-
egorical scoring) were more sensitive to clinical change
occurring in the composites at the two year stage, than
was the clinical assessment method (USPHS).
Inter-operator agreement with the total ranking system
was higher than that of the categorical (indirect
evaluation) system, but it was suggested that the lack of
training in this new approach contributed to these
findings.

The system devised by Golberg et al (87) to allow
observers to quantify material loss was revised by

Leinfelder et _al (89);(90). It was reported as easy to

use and provided gquantitative results that could be
related to other trials and materials. A series of
casts taken of restored teeth were sectioned and the
distance between the cavo-surface margin and the resto-
ration surface measured using a travelling microscope. Of
these, six casts were selected with cavo-surface margin
deficiencies in steps of approximately 100 pm intervals,
giving an eleven step procedure to quantify material

loss.
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The measurement of wear, by assessing the vertical loss
of material, is the basis of the Leinfelder (89);(90) and
Moffa & Lugassy (91) systems. However Mair (92) did
point out that the assessment should be carried out at
several points around the margin to give an average
result of material wear. The step system was modified to
present the steps Jjoined together in a 1line to ease
assessment. The averaged wear result is difficult to
relate to the clinical situation where a large step
discrepancy will register on probing, but this is not
necessarily so with the smaller steps. The modified
step system was used and a loss of 225 pm was reported at
three years. Such loss of substance differs from that of
conventional composites. Sluiceways,through which food
passes, and buccal and lingual extensions, are areas

where composites are more susceptible.

1.17.2 Intermediate Composite Materials

A three year trial of four ultra-violet 1light-cured
composites (90) was subjected to clinical assessment
employing categorical scoring using the stepped model
system reported earlier (89);(90), and a rank ordering
system (88). The authors commented that although the
USPHS system did use standardised criteria, it lacked the

preciseness of direct measurement as quantification was
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required, the clinical assessment system being regarded
as purely conceptual in nature. The models were examined
three times by three separate clinicians and, of the two
indirect means tested, the rank ordering system offered
the possibility of greater sensitivity in earlier wear
discrimination than did the direct system. As a result,
the average wear reported in the trial was 178 um.

From these studies, the authors commented on the

limitations of ranking, although they felt that

(i) it did give early warning of change,
(ii) it provided the ability to make multiple direct
comparisons between objects,

(iii) the rankings were only valid with other
materials within the ranking procedure - thus
comparisons were difficult,

and

(iv) rankings do not lead to quantitative results.

Hence, many workers now include model-based quantitative
data along with their clinical observations.

Wilder et al (64) did not report any quantitative results

of the trial of UV composites at year three but detailed
their three and five year assessments together. The

loss of material was nearly linear over the five year
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span, a finding which was not supported by other
investigations.

Using the USPHS system, little wear had been observed
for the first three years with a rapid rise for the last
two, whereas the above quantitative results showed a
small steady increase. The total wear over the period of

the trial was approximately 0.25 mm.

The USPHS system was used bykeinfelder é;_gl(93)who
reported on nine posterior composite resins which were
tested at 0.5, 1, 2 and 3 years. The assessment was
paralleled with an indirect evaluation of wear using the
stepped cast system. The direct system was found to be
incapable of detecting a cavo-surface discrepancy until
it was greater than 150-175 pm. This meant that the
cavo-surface adaptation could have a step of 100—150‘pm
remaining undetected until wear of the restoration took
the step beyond the 175 am level i.e. equivalent to a
grading change in the direct assessment system from Alpha
to Bravo. With careful comparison of the standard casts
and the model, the sensitivity of the step cast technique
could be as low as 25-50‘Pm. It was noted that half the
wear measured had occurred in the first six months.

Taking this forward, it was claimed possible to predict

closely the wear for a three year period.

In the first year report of the posterior composite
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material (66), no measurements were provided by the
authors. However, at the third year interval, these
were not undertaken by the authors themselves but were
reported as 192+/-30 pm at the occlusal contact area, and

as 81+/- 30 pm at the contact-free area.

The}fiye year report (68) gave an overall measurement of
the wear encountered using the stepped model system as
97+/-67 pm. The authors stated that the difference
between the two measurements i.e. the third year and
fourth year, could be explained by the first work being
carried out by laser interferometry, and the four year
results having been obtained by the more directly
applicable: Leinfelder stepped model system. Here the
wear differential between molars and premolars was
highlighted. The fifth and final account gave the
overall wear at 154+/-97 pm, with 238 pm at the point of

heavy occlusion (68).

Robinson & Rowe (69), and Rowe (70) also described the
three and five year deterioration in occlusal form of
the same material. The three year outcome was 70+/-36
pm, and at five years was 129+/-59 jm, although these
were assessed on only 19 restorations. This five year
data set was well below the figures reported by Wilson et

al (67);(68), but no explanation was given by the authors
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regarding the difference, although both were
participating in a multi-centre trial where the average

wear at three years was given as only 76+/-45 Jjm (94) .

Boksman et al (72), in a three year report, gave the
average rate of wear in the first year as 57 pm. At the
second year, it was noted at 47 pm and, by the third year,
at 31 um i.e. 135 Jjm in toto. This rate of wear, they
remarked, was compatible with a enamel wear rate of 82 pm
over two years, as reported by others.

In a further study of the same material, Sturdevant et al
(73) produced results which closely matched those of

Boksman et al (72), with a three year wear rate of 145+/-

5 pm, the experimental material giving a slightly higher
reading at 164+/-10}nn. However, this three year rate of
wear had not occurred evenly, as half was measured in
the first six months with a subsequent decrease over
years one to three. This finding was again in agreement
with Boksman and his fellow workers (72). The authors
hypothesised this early loss could be explained by the
surface being affected by micro-cracking at the time of
finishing the composite.

Although the average for the five year wear rate was
within the ADA specifications (250 pm), the range of

results for this material was 0-438 Jm.

58



Tyas et al (71) carried out wear estimation using S E M
and the stepped models. At two years, the wear rates
measured were much lower than the outcome obtained by the

S E M procedure

At two years Brunson et al (95) found wear at 108+/—91.pm
for the composite P-10 i.e. nearly three times that of
Tyas et al (71) and at a five years, it was 145+/-77 jm.
They commented that the wear rate increased gradually if
judged by the USPHS standards, but that it decreased over

time if the model estimation system was used.

1.17.3 Microfine Composite Materials

The combination of the direct and indirect method of
evaluation was also employed in the assessment of two
auto-cured and three light-cured materials over two years
(76) . The USPHS system did not reveal any differences
in wear but the indirect method showed that wear was

related to particle size.

No statistical difference in wear occurred between the
light- and chemically-cured materials using the direct
(USPHS) and indirect method (90) but, in the discussion,
the authors commented that an indirect method gave more

quantitative results and were more sensitive to detecting
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wear over time. Of the materials, the two microfilled

specimens proved to be more wear resistant.
1.18 Moffa and Lugassy Model Wear Assessment System

Another quantifiable system was devised by Moffa &
Lugassy (91). This was based on 18 standardF 7

with holes of varying known depths cut into one end of
. This technique gave a-larger number of
depth stéps than the Leinfelder system (90) and could be
regarded as more accurate to read, in that the steps

were sharper and well defined .

1.18.1 Comparison of the Leinfelder, and the Moffa-

Lugassy Wear Assessment Systems

In a comparison of these systems Taylor et al (96),
stated the technique of Moffa & Lugassy identified lower
values of depth than the Leinfelder model-based measur-
ing technique. Here, it was pointed out that the minimal
step Alpha-Bravo transition identified by the M-L system
was 97 pm as distinct from that of Leinfelder, which
registered 199 pm. However, the authors could not come
to any decision as to the reason for the large divergencé
between the two methodologies, but pointed out that the

Leinfelder system, based as it was on models and not cut
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cylinders, may be more clinically applicable and easier

to read.

However the use of pre-calibrated casts was regarded as
a significant improvement in quantifying restoration

wear.

1.19 Methods of examining Wear in in-vitro situations

1.19.1 Scanning Electron Microscopy

Kusy & Leinfelder (97) described wear patterns of the
early macrofilled composites after three years as a
simple bowling out of the composite in the class I
situation, leaving a meniscoid shaped occlusal surface
with exposed cavity walls. The filler particles were
described as exposed, as the resin wore away until the
particles were "exfoliated". There was no mention of"
any‘differentiation between occlusal contact areas and
contact-free areas.

The consequence of wear after 2 and 4.5 years was
examined using S.E.M. by Xu et al (98);(99). Again, mac-
rofilled particles of the first generation composites
were seen to protrude from the resin surface for up to 12
months but, when plucked, the voids left increased in
size and cracks around the fillers increased. The

microfilled composites' uneven surfaces were seen at 12
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months, but at 24-54 months, cracks were observed running
between the matrix and organic filler particles with some
cavitation. These authors commented that the fatigue

resistance of modern composites required to be enhanced.

In 198quBrianr&'Yee(loo)examined 10 speéimens from
restorations removed from patients. Unfortunately no
mention was made of the age of the restorations, but
their observations of matrix cracking, loss of particles,
wear of polymer and exposure of entrapped bubbles, were

in accord with Xu et al (98);(99).

Abell et al (101) examined replicas of a class I
restoratidn using a conventional material over a seven
year period, and again particles were exposed and lost.
The rate of wear was measured at 0.08 - 0.16 pm per day.
They also noted that it declined after seven years,
possibly due to the "shielding effect" of the now high
surrounding enamel. There was no comment on the wear rate

varying with specific periods of time.
1.19.2 Profilometry

Quantification of the loss of composite and amalgam in

vivo was reported by Lutz (86). In these studies,

copper plated models from silicone impressions of
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restorations undertaken using a conventional, inter-
mediate composite and an amalgam were made at one, seven
and thirteen months, Tracings were taken via prof-
ilometry across the occlusal surface. The tracing
records were analyzed by computer program and the extent
of wear calculated. An intermediate material performed
equally well as the non-gamma 2 amalgam, both in relation
to attrition and abrasion areas, and in the abrasion area
alone. The conventional composite was considered to be

inadequate for class I and II restorations.

Profilometry (102) was used to measure the in- vivo and
in vitro wear of a number of composites of differing
formulations at 7 and 180 days.

The in vitro testing was carried out using the slider pin
and disc systen. The in vivo wear was measured by a
modified profilometer using copper plated models of the
restorations.

Here, two areas of interest in relation to occlusal wear
were measured for the in vivo situation i.e. the occlusal
contact area (0.C.A,) and the contact free area (C.F.A.).
None of the composites tested showed comparable wear
resistance to the amalgam control. Wear in the 0.C.A.was
2.5 times greater than the C.F.A.. The researchers' con-

clusion was that in vitro, slider-on-disc wear tests
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demonstrated surprisingly good correlation with the in

vivo situation for amalgam and microfilled materials.

This system was used by Hirt et al (84) on experimental
materials at 1, 3 and 6 months. Again the 0.C.A. wear
was higher than that of the C.F.A.. Profilometry
tracings were also used to assess the surface roughness

(Rice et al (103)).

1.19.3 Volume Loss of Restorative Material

Metal Coping Technique

Volume loss of a conventional composite was evaluated at
3, 6, 9 and 12 months by measuring the amount of fine-
bodied silicone impression material trapped under a metal
coping constructed at baseline over the occlusal surface
(104). Minimal material loss was reported at 12 months,
although the precision of the figures reported was only

at a 13% level.

Volumetric loss from the occlusal surfaces of microfilled
light cured and hybrid chemical-cured composites was
investigated by Vrijoef (105);(106). Cast silver caps of
each occlusal surface restored were constructed at
baseline, and the volume of 1light bodied silicone

material taking up the space of the worn composite was
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calculated. The highest rate of loss was observed
during the first six months i.e. similar to the
observations of Leinfelder (93) in relation to the timing
of this fast rate of wear. The wear rate found in this
study related well to other results, in that conventional
composites lost material at a higher rate than the micro-
filled, which themselves were at a higher rate than

amalgam.

An innovative method of quantifying the volume loss on
abrasion of a composite material with a toothbrush was
described (107). 1In this investigation, the micrographs
showed that toothbrush surface abrasion characteristics
were in relation to the size of the inorganic filler
particles, with the hybrid material eventually acquiring
a surface as rough as conventional composite through
time. Aker (107) employed S E M techniques as part of an
investigation of the surface of composites when tested
for toothbrush abrasion. In this work, conventional
composites lost less material over the fifteen hours of

toothbrushing than did other formulations.

1.19.4 Two-body Abrasion Tests

(a) Slider and Pin Type

Powers et al (108) carried out two-body abrasion test
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employing a single pass sliding test on two light- and
seven-chemically cured composites. These results were
compared with a clinical/laboratory examination of 54
class II restorations, with the height discrepancy from
the cavo-surface margin to the restoration surface being
measured. The correlation between the in vitro and in
vivo methods was considered high with the authors stating
that these in- vitro tests could be used as a predictor

for in vivo wear.

Lutz et al (102) compared the in vivo‘wear of composite
by measuring indirectly using a profilometer on plated
dies from 7 and 49 day old restorations which had been
undertaken using homogeneous, heterogeneous microfilled
and hybrid composites. In vitro wear tests were
completed utilising a slider on disc procedure, and the
older samples showed greater wear resistance. The
authors concluded there was surprisingly good correlation
between in vitro and in vivo testing for amalgam and
microfilled composites.

Further pin on disc wear testing was reported and
compared four light-cured microfilled, one self-cured
microfilled, three light-cured conventional filled and
one self-cured composite. The microfilled materials
performed significantly better than the conventional

sized composites in relation to wear rates.
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These were measured again by profilometry (103).

Leinfelder et al (109) used a modified pin and slider
system with an intermediate polyethylene tape between the
pin and the composite. The technique mimicked marginal
fracture, localised wear and generalised loss.

Two-bodied abrasion tests were carried out using a number
of conventional and microfilled composites. These
materials were then tested for abrasion resistance
against amalgam, glass ionomer cermet, porcelain and

bovine enamel, where Embong et al (110) reported that

composites with the larger particles performed better
than those microfilled materials in the wear tests. They
also tested the surface roughness of the abraded

specimens with a profilometer, but did not publish any

relevant data.

(b) Sectioned Wheel to Wheel Abrasion

The relationship of in vitro and in vivo tests was
further examined by Fingerf& Théimnn;Here, two cylinders
were rotated against each other to mimic clinical wearklll).,
One cylinder had windows cut in it to carry samples of

the test materials, and the other had a scaled steel
surface. In all, 25 materials were assessed. During
contact, a slurry containing poppy seeds was flowed

between the contact surfaces.
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Wear was again measured by profilometry.

The quantitative results were compared with those
reported by Lambrechts et _al (112). The surface
morphology of the in vivo and in vitro samples were found
to be similar, and the authors offer the system as a
predictor of occlusal wear.

A two wheel system with windows similar to that of
Finger & Thieman in concept, was employed by De Gee et al
(113), to measure abrasion resistance of a non-gamma 2
amalgam, a conventional and four microfilled composites.
Millet and polymer particles were used to act as the
abrasion slurry interface. The pattern of wear pro-
ceeded in a similar manner to in vivo wear with
concentric wear and exposed walls, but the wear was also

relative to the type of slurry employed.
1.20 Laser

A highly sophisticated technique for measuring material
wear was reported (Atkinson et al (114)) and used by
Williams et al to detail wear of class I and class II
restorations‘(lls). This employed laser interferometry
and was regarded as the most advanced method of its time.
Subsequently Mair et al (29) used this technology to
measure the attrition occurring on a number of composites

placed in vivo. These workers found that attrition i.e.
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direct wear on composite material, could be 3.5 times
greater than abrasion, i.e. wear of the composite
effected by a third body intervening between two teeth,
with the material P-30 having the highest such wear of
the materials tested.

This equated with other reports of O.C.A.and C.F.A.

wear.

1.21 Stereophotography

Stereophotography of two composites was the method
adopted by Eick et al (116). By incorporating a locating
bite splint to accurately fix the position of two
cameras, in vivo photographs were recorded. Here, it was
claimed that a reduction of 50% in both assessment time
and patient discomfort could be achieved. The stereo-
photographs were examined with the aid of a computer -

graphics program to produce volumetric measurements.

1.22 Modified Dentures

An innovative test regime was described by Mitchem et al
(117) using specially modified first molars in full lower
dentures. Here four materials were placed in the hollow
occlusal surfaces of the metal formed molars, which were

opposed by zero degree acrylic teeth. Throughout the
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experiment, patients continued with their normal eating
and oral hygiene regimes, and the resulting occlusal
composite surfaces were examined again using a
profilometer. Results at the 6 month interval showed
that microfilled composites performed better than conven-
tional ones. This test regime was again reported by the
same workers three years later when they used a series of
different composites with similar results (118). It
was stated, that although the test regime was unusual,'it
could be used as an appropriate method for wear testing.
As mentioned earlier, Xu et al (98);(99) used
restorations placed in dentures and examined them by

SEM.

In a study conducted by Bloem et al (119), specially
modified molar denture teeth were again used to measure
wear of a number of composites. The composites were
placed in the occlusal surfaces of the modified lower
molar metal teeth. These teeth occluded against chrome
cobalt cusps of the upper molars. Wear was calculated
using a computer-based mapping procedure devised by the
Michigan Computer Graphics Coordinate Measuring System.
This was considered as a possible model to predict wear,
even although it was an early report and the materials
had yet to be fully rotated to all positions before full

material loss could be calculated and directly compared.
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1.23 Computer Mapping

Roulet et al (120) employed computer technology to
develop a mapping system to assess the quantity of
occlusal wear by digitising the occlusal surface. The
researchers commented that the system was highly accurate
and was able to determine early signs of wear, after
three months under clinical conditions. This computer
stored the parameters of the area to be scanned, thus
allowing the same area to be compared at a later date.
The accuracy of the system was claimed to be +/-0.67 am.
Repositioning was within 0.022 degrees, with an increase

in measuring error of only 1.6 am.

Another computer-based mapping system was described by
Lambrechts et al (112) to enable comparative studies of
changes in the occlusal surface of teeth filled with
composite and amalgam over a period of years. Replicas of
the in vivo situation were made. The repositioning/re-
orientation regime was based on a negative model of the
occlusal surface taken at the baseline;this negative
location device, together with the use of reference
points, was used to realign the subsequent models to
within 1 pm. They found that the wear of conventional

composites was unsatisfactory as was the microfilled
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composite at the 0 C A, i.e. in attrition, but the hybrid

composite showed a higher wear resistance.

A conmputer-based mapping system based on that of
Lambrechts et al (112) was adopted to establish the wear
rate of four composites. Each tooth to be measured had
three locating points ground into the occlusal surface in
order to ensure the accurate relocation of subsequent
models (121). The occlusal surface of the baseline
model was mapped accurately in three dimensions, and this
compared with those collected at 1later dates. No
significant difference was observed in abrasion or
attrition rates at the 12 month period for the four
composites collectively. However the abrasion and
attrition rates differed significantly for each individ-

ual material at the 6 and 12 month period.

Occlusal mapping was also described (122) to quantify the
wear on denture teeth using the Reflex Microscope (123)
and a main frame computer- driven contour interpolation
package. This measuring system did not involve actual
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