
Modern Restorative Materials: The 
Current Position

The contemporary dental clinician is presented with 
an ever increasing range of repair materials1-4, all of which 
are designed to be reasonably permanent replacements for 
lost tooth material5. Clinical trials have confirmed that this 
is the case, since all types of material routinely show very 
low rates of failure6. For example, it has recently been 
shown that in stress-bearing posterior cavities, annual 
failure rates for Class I and Class II composite resin resto-
rations ranged from 0% to 9%7. As will be shown later in 
this article, failure rates for other materials are at similarly 
low levels.

Manufacturers are under pressure to launch new 
products, with the result that there are concerns about 
how these materials will perform in the mouths of 
patients8. The key question for these materials is “Are they 
effective?” meaning do they provide a satisfactory, durable 
and functional repair of a vital tooth. In addition, there is 

the important question “Are they safe?” meaning: are they 
non-toxic and biocompatible in service?  

Clearly the only way to answer these questions is 
to test the materials, but this is not a simple matter. Test 
methods have to be chosen and test results interpreted. 
Several steps in testing dental materials have been identi-
fied as follows9:
 (i) Development of the product;
 (ii) Pre-production testing by the manufacturer;
 (iii) Launch to the profession;
 (iv) Practitioner evaluations and University trials;
 (v) Practitioner comments and early reports;
 (vi) Widespread acceptance of product;
 (vii) Accumulation of research data;
 (viii) Product modification/updating.

This cycle has been experienced by various types of 
material, whether they are significantly new types, such as 
compomers or resin-modified glass-ionomers, or merely 
incremental improvements, such as packable and flowable 
composite resins. This approach works, and it is difficult to 
see how it can be improved or even shortened. However, 
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the various possible steps do need to be considered in more 
detail, and the potential pitfalls identified.

In this article, the question of test methods and their 
status is considered, as is their relevance to clinical per-
formance. Clinical studies are also reviewed, in all their 
variety, and the difficulties of trying to carry these out 
and in using the findings to inform clinical practice are 
described.

Laboratory Testing

The first stage in evaluating a material is to test it in 
vitro. The aim of such testing is to establish the material’s 
biological, chemical and mechanical properties. Biologi-
cal testing has received less attention than it deserves, but 
is clearly of great importance10,11. Whatever the nature of 
the test, though, the important task facing the laboratory 
scientist is to ensure that tests are realistic and relevant. 
One approach is to use Standard test methods that have 
been agreed internationally following rigorous evaluations 
aimed at minimising inter-laboratory variations. These are 
considered next.

Standards
Testing of dental materials using nationally agreed 

standard test methods dates back to at least the 1930s, 
with the pioneering work of Dr Wilmer Souder at the US 
National Bureau of Standards in America12. The princi-
pal restorative material at that time was amalgam, which 
is non-adhesive, not tooth-coloured, and possesses no 
specific biological properties. As a result, his work con-
centrated on mechanical properties and this bias towards 
mechanical testing remains in the current ISO standards 
for modern tooth-coloured restoratives.  

Such testing is carried out on relatively immature 
materials, typically not more than 24 hours old. Longer 
term testing is entirely absent from ISO tests. Typical test 
methods are listed in table 113 for resin composites and 
table 214 for dental water-based cements. By convention, 
these ISO standards are adopted in all major markets of 
the world, even where those markets are also served by 
national or supra-national standards bodies of their own.  
Thus ISO 9917 (Dental water-based cements) is de facto 
the European Standard and the US Standard, equivalent to 
ADA specification No 9615 in all particulars.

Before a dental restorative material can be sold on 
the market, it is necessary only that it conforms to these 
standards. Within Europe no item can be sold unless it 
bears the “CE” mark, an indication that it is “fit for pur-
pose”. This attribute can be claimed legally for a material 
on the basis of its conformity to the requirements of these 
ISO standard tests16.  There is no requirement for a clini-
cal trial or other extended patient test prior to launch. In 
fact, the initial cohort of dentists to purchase a new 

material may find themselves inadvertently carrying out 
the first clinical trial.

Table 1.  Specified tests for resin composites according to ISO 
4049 (2000)

Film thickness (luting grades only)
Working and setting times (thermochemical determination)
Flexural strength
Water sorption
Solubility
Depth of cure
Shade and Colour stability
Radiopacity

Table 2.  Specified tests for water-based cements according to 
ISO 9917 (1991)

 
Film thickness (luting grades only)
Setting times (indentation method)
Compressive strength
Acid erosion
Acid-soluble lead and arsenic content
Opacity

Against this, ethical manufacturers will carry out 
clinical evaluations prior to marketing a new material, 
especially if it is not merely an incremental improvement 
on existing materials. For example, the company Dentsply, 
commissioned several clinical studies17,18 before bringing 
Dyract® to market as the first commercial compomer.

Other laboratory tests
A number of other laboratory tests are routinely 

carried out on dental restorative materials with the aim 
of gaining information that may predict performance in 
service. These include shear bond testing of adhesive 
systems, fluoride release studies from glass-ionomer and 
compomers, and a variety of wear tests for various restora-
tive materials.

Typically, specimens are prepared and matured for 
some time before testing, and storage conditions are usual-
ly in pure water. In fact, for ISO 9917, deionised water of 
high purity is specified14, yet a variety of important proper-
ties are known to be altered when glass-ionomers are 
stored in saliva. Fluoride release is depressed and surface 
hardness is enhanced19, both as a result of a long-term 
reaction with saliva in which calcium and phosphate are 
deposited into the surface layer. Despite this, there have 
been very few studies of even medium-term interactions 
of materials with saliva, which means that much of the 
routine testing of these materials excludes the possibility 
of clinically realistic results being obtained.
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Clinical Experience

Clearly the most important information about 
restorative materials and techniques is how effective 
they are when used in patients. Broadly speaking, there 
are 2 approaches to the problem of determining how well 
materials perform in service, namely (a) evaluations by 
experienced clinicians, who report on what is essentially 
anecdotal evidence and (b) clinical trials. The latter may 
be prospective or retrospective, and there are advantages 
and disadvantages with all of these approaches.

Anecdotal evidence
Individual case studies and discussions on the use of 

newer materials, including innovative clinical techniques, 
are helpful in indicating how materials perform clinically. 
Soon after glass-ionomers appeared, articles were published 
in which clinicians described their experiences with these 
materials and advised on how they should be used20-23. Later, 
when resin-modified glass-ionomers became available, 
similar articles appeared, describing their use, particularly 
in paediatric dentistry24,25. More recently still, a longer 
term evaluation, still based only on clinical evaluation, 
rather than a proper clinical trial with statistical analysis, 
has appeared26.  

Though useful in indicating what may be achieved, 
this approach has the disadvantage that it lacks rigour, 
especially as so few cases are reported that statistical 
analysis of the data is impossible. The approach is also 
open to allegations of bias: papers of this type tend to be 
published by enthusiasts for the materials or techniques 
in question, and cases presented may have been selected 
to show the materials in the best possible light. From the 
scientific point of view, properly conducted clinical trials 
appear to offer a better chance of obtaining unbiased data 
on clinical performance of materials. However, these are 
not without their disadvantages.

Clinical trials
Properly conducted clinical trials are usually based 

on reasonable numbers of restorations in the candidate 
material placed by several clinicians. The design of a cli-
nical trial needs careful consideration because factors such 
as age of the patient, quality of oral hygiene and degree of 
occlusal loading may be more influential on the performa-
nce of the restoration than the material’s inherent physi-
cal properties28,29. These can be accounted for by careful 
choice of patient, lesion-type, and so on; and by ensuring 
large enough numbers of patients and restorations are 
employed.

In clinical trials restorations are typically evaluated 
after some time in service using the criteria originally 
proposed by Ryge30,31. These criteria are listed in table 3, 
together with the possible outcomes originally suggested 
by Ryge. These outcomes are often scored, for example as 
Alpha, Bravo, Charlie and Delta, possibly extending them 

to a 5- or 6-point scale.  However, the principles on which 
they are based remain the same.

Table 3.  Criteria for evaluation of dental restorative materials

Features evaluated: Marginal adaptation
                                Restoration/preservation of anatomic form
                                Protection against recurrent caries
                                Colour match
                                Cavo-surface margin discoloration

Possible scores:       Excellent
                                Acceptable
                                In need of replacement to prevent 
                                future problems
                                 In need of immediate replacement

Given the degree of scientific and statistical rigour 
associated with the evaluations and the data treatment, 
this approach might seem ideal and every year numerous 
reports on such studies appear. However, there are typi-
cally presented at conferences, and their only permanent 
record in the literature is the published abstract. Very few 
clinical trials ever appear as full peer-refereed papers in 
journals. These studies are typically of short duration, 
no more than 2 or 3 years, though a recent full paper eva-
luated a hybrid composite after just 1 year32 and another 
evaluated a compomer after a similar time period33. 
Results in both cases were very good, but given the short 
time in clinical use, perhaps they should be. Only a disas-
trously poor material would be expected to show signifi-
cant levels failure within this time.

Some of the most modern materials have been 
evaluated in such clinical trials. For example, the mate-
rial Beatifil, a “giomer”, was shown to give excellent 
results according to the Ryge criteria after 3 years, and 
was superior to the established resin composite Silux Plus 
in 5 out of 8 criteria34. Similarly, Definite, an ormocer was 
reported as performing well after 1 year in a study of 70 
restorations placed in patients35.

Clinical trials can have other difficulties. For exam-
ple, it may be impossible to obtain full patient compliance. 
As an example, a clinical trial of the “smart” material 
Ariston pHc started with 102 patients and 125 restorations, 
but after 2 years, only 60 restorations were available for 
re-evaluation36. It should be noted that results were very 
good after this period time, and also that there had been 
recalls at 3 and 12 months, at which interim evaluations 
were possible. Again, at these time intervals results were 
good, with only 2 patients reporting sensitivity in the 
restored tooth, and 115 of the 117 restorations examined 
at 3 months being clinically acceptable. At the full 2 years 
there was 1 case of pulpal sensitivity, and 47 out of the 
60 restorations (78.3%) were fully acceptable, showing 
no discoloration, marginal gap formation, or partial frac-
ture36. However, it remains the case that the restorations 
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not reviewed represent missing data6. Although gross 
failure, such as loss of the restoration or major fracture, 
would be likely to lead to the patient returning to the 
clinician for further treatment, more subtle failures, such 
as discoloration, are unlikely to prompt a return, and so 
would be missed.

Despite the careful definitions of the Ryge criteria, 
reported failure rates still contain a significant element of 
subjectivity. The decision whether or not a restoration has 
failed sufficiently to warrant replacement, for example, 
has been shown to vary between operators37, and hence 
must be a factor influencing the apparent failure rate. A 
related factor is the individual’s preference for a particular 
field of dentistry. Clinicians with a preference for pros-
thetics have been shown to make significantly different 
assessments of restoration lifetimes than those with a 
preference for conservative dentistry38.

Many published clinical trials are relatively short and 
the reason for this is that companies withdraw materials as 
part of their continuing efforts at product improvement. 
This means that, by the time long-term clinical trials are 
complete, the particular brand of material may no longer 
be available. Indeed, it may be obsolete. For example, 
in 1996 a 17-year study of the clinical performance of a 
particular type of resin composite appeared39, but by that 
time, the UV cured material had been off the market for 
many years, replaced by visible light cured versions. This 
is a serious problem. Dental restorative materials are under-
going rapid development, but the time required for rigorous 
clinical testing, and the full reporting of results is such that 
few individuals are engaged in such studies, and clinical 
trials are limited in number. The result is that many new 
materials reach the market without unambiguous proof of 
clinical effectiveness.

Attempts to address this by either clinical trials or 
other independent clinical testing are essential. Within the 
UK, a scheme called PREP (Product Research and Eva-
luation by Practitioners) was launched in 199340, and has 
carried out over 30 evaluations since this time, including 
the study of compomers mentioned previously33. In typi-
cal studies over 500 restorations are placed, and there is 
a commitment to publish the evaluations. This activity is 
essential to ensure that materials continue to be effective, 
durable and acceptable to dental practitioners.

An alternative approach that gives more than merely 
anecdotal evidence is the use of retrospective studies. 
Typically, in these, a group of clinicians are asked to 
complete questionnaires on a group of materials, or on 
materials-related topics. In one such study, the reasons 
for the replacement of direct restorations by clinicians in 
the USA were reported41. A similar study was carried out 
in the UK42, with similar conclusions. For most materials, 
including glass-ionomers43, the main reason for replace-
ment was secondary caries. These findings were useful 
in that they identified the reasons that clinicians gave for 
replacing materials. However, care is needed in accepting 

the results uncritically, as secondary caries is known to be 
difficult to diagnose44.  

Also, these results differed significantly with those 
from another study, this time based on clinical experience 
in Australia45. This study considered the survival of resto-
rations in private practice, and showed particularly good 
results for glass-ionomers (Tab. 4). For these materials, 
there had been too few failures to allow the median sur-
vival time to be determined, despite the fact that the study 
traced the fate of restorations over time periods in excess 
of 25 years. These results are among the best that have 
been reported for glass-ionomers, and may arise because 
the patients were well-motivated and attended the dentist 
regularly. This illustrates the fact that the quality of oral 
hygiene of the patients can significantly influence the out-
come of longevity studies.

Table 4.  Lifetime estimates of restoration survivals

Restoration                          Survival quartiles (yr)
                                     75th             50th 25th

Amalgam                    10.52           22.52 43.00
Resin composite            7.91            16.72 34.41
Glass ionomer             11.25                - -

In general, dental restorative materials of all types 
can last for many years in the mouth. Their lifetime 
appears to depend on many factors, not only their own 
inherent properties, but also patient-related and dentist-
related factors. Single-surface restorations show the best 
survival, and are more reliable than multi-surface restora-
tions46-48. However, restorations on the occlusal surface 
are more likely to fail due to the effects of caries than 
Class II restorations49. There is also evidence that modern 
versions of the newer restorative materials (composite 
resins, glass-ionomers) show better durability, which may 
be a reflection of the increased experience by clinicians in 
using them, than to any genuine improvement in material 
properties50.

The age of the patient has been found in a number of 
studies to have a significant influence on the outcome of 
treatment using amalgams7,51, though this observation has 
not been extended to modern tooth-coloured materials. 
Nonetheless, the factors that have been assumed to be 
responsible for this (quality of oral hygiene, fluoride 
availability, dietary habits and absence of periodontal 
problems) might be expected to influence the survival of 
these materials as well.

Comments

Dental restorative materials continue to undergo 
development, so that there are now a greater variety of 
types and brands for the clinician to choose than ever. 
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Because there is no requirement anywhere in the world 
for companies to perform clinical trials similar to those 
required of pharmaceutical companies prior to launching 
a new drug, evidence of clinical effectiveness is lacking. 
Laboratory testing gives limited short-term information, 
and clinical trials are difficult. A particular problem is 
that, by the time a long-term trial may have demonstrated 
the efficacy of material, it is no longer on the market.

On the positive side, what evidence there is suggests 
that modern dental restorative materials rarely, if ever, fail 
catastrophically in service. They may fail due to wear or 
marginal fracture, and in the latter case in particular this 
is probably an indication that they have been used in 
inappropriate positions in the mouth. A variety of factors 
not connected with the material itself are known to affect 
the survival of a restoration. These include details of the 
patient (eg age, socio-economic status) and the skill of 
the dentist (handling and placement). In addition, another 
problem appears to be that of secondary caries, which has 
been reported as developing around various types of res-
toration. Under these circumstances, the restoration needs 
to be removed, the additional caries cut away, and a larger 
restoration put into place. However, this is a relatively 
long-term problem, and in some studies, in patients who 
would be expected to have good oral hygiene, it does not 
seem to occur.  

The overall conclusion is that, despite the difficul-
ties associated with the long-term study of their clinical 
performance, modern restorative materials provide high 
quality treatment options, and are capable of giving excel-
lent service under clinical conditions.  However, in the 
light of the commercial pressure on dental materials com-
panies to be seen to be innovative, constant vigilance is 
necessary to maintain the current positive state of affairs.
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