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For more than 150 years dental amal-
gam was, and in many countries continues 
to be, the mainstay of operative dentistry 
treatments. This has especially been the 
case in the United Kingdom where the 
use of dental amalgam has historically 
underpinned large elements of NHS den-
tal care.3,4 One  of the consequences of 
this approach, which served great pur-
pose for many years, is the ‘heavy-metal 
generation’ phenomenon.5 This is a large 
number of ageing dentate patients who 
previously received many and extensive 
amalgam restorations, and who now have 
to live with the legacy of weakened teeth 
restored with what are increasingly viewed 
as unaesthetic, mechanically retained, 
metallic inserts. The design of most of the 
restorations in clinical service in ‘heavy 
metal generation’ patients is based on 
now outdated mechanistic approaches to 
operative dentistry developed by found-
ing fathers of twentieth century dentistry, 
notably G. V. Black. Many of us will recall 
from our dental school days being taught 
to create ‘ideal’ cavity forms with occlusal 
‘dovetails’, wide isthmuses, flat floors, 
flared boxes, sharply defined line and 
point angles and all-important undercuts, 
not to forget ‘extension for prevention’. 
Significantly these features and principles 
of cavity preparation had more to do with 

INTRODUCTION

The recent ly-agreed Minamata 
Convention heralding a world-wide 
reduction and ultimate cessation in the 
production and use of mercury containing 
products will irrevocably change the prac-
tice of dentistry in the coming years.1,2 It 
is noted that the Convention agrees a ban 
on the production, export and import of 
a range of mercury-containing products 
such as batteries, switches and relays, cer-
tain types of compact fluorescent lamps, 
mercury in cold cathode fluorescent 
lamps and external electrode fluorescent 
lamps, as well as mercury in soaps and 
cosmetics by 2020.1 Furthermore dele-
gates agreed ‘a phase-down in the use of 
dental fillings using mercury amalgam’.1 
Notwithstanding this apparent reprieve 
for amalgam, the likely direction in the 
use and availability of mercury contain-
ing products, including dental amalgam, 
is obvious.

Following the recently agreed Minamata Convention, a phase-down in the use of dental amalgam will become a priority 
for the profession. With a lead-in period of a number of years, important changes in the mind-set of the profession are 
required to ensure that patient safety is not compromised. Posterior composites have been a viable, and in many cases 
preferable, alternative to amalgam for many years. However, notwithstanding considerable developments in dental school 
teaching on the application and placement of posterior composites, growing evidence to support the use of composites in 
the restoration of posterior teeth and advances in composite systems, many practitioners remain reluctant to place com-
posite rather than amalgam. This paper considers the present and future use of posterior composites and highlights ways 
in which dental school teaching and continuing professional development (CPD) may contribute to the successful phase-
down, and now inevitable discontinuation, in the use of dental amalgam.

the requirements of the restorative mate-
rial, typically dental amalgam, rather than 
the extent of caries or other damage to 
tooth tissues. Dental amalgam, if placed 
according to time-honoured principles 
and with due care and attention to detail, 
performs well in clinical service, notably 
in terms of the restoration of form and 
function. However, there comes a time, 
as is well known to ‘heavy metal genera-
tion’ patients, when the failure of a large 
dental amalgam leaves no option other 
than extraction or advanced, often com-
plex and costly forms of care. Examples 
of these include extracoronal restorations 
with or without endodontic treatment, 
with all the associated costs and, in turn, 
further consequences and sequelae of the 
mechanistic, ‘excisional’ approach to the 
treatment of disease. Even G. V. Black rec-
ognised the disadvantages of the approach 
he promoted when he famously stated in 
the 1890s that ‘the time is surely com-
ing when we will be practicing preventive 
rather than reparative dentistry’.

Given recurring concerns over possible 
adverse health effects of dental amalgam, 
the authors feel it necessary to emphasise 
that they share the view held by various 
national and international dental organi-
sations that the use of dental amalgam is 
safe. Also, the authors feel it necessary to 
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• Looks at the impact of the Minamata 
Convention on the use of amalgam in 
dentistry and its phase-down.

• Underlines that we need to embrace the 
use of alternate materials such as resin 
composites for restoring posterior teeth

• Highlights the increased training 
need (undergraduate and CPD) in the 
application of posterior composites and 
other suitable materials for restoring 
posterior teeth.
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clarify that they are not ‘anti-amalgam’. 
However, in common with many profes-
sional colleagues, they consider them-
selves to be proponents of minimally 
interventive, conservative dentistry that 
relies on the successful placement of pos-
terior composites and restorations of other 
tooth-coloured restorative systems, rather 
than amalgam.

ALTERNATIVES NOT SUBSTITUTES
For many years the evidence-base and 
demand for the use of tooth-coloured sys-
tems in the restoration of posterior teeth 
has been growing.6–8 Fundamental to the 
increasing use of tooth-coloured restora-
tive systems in the restoration of posterior 
teeth is the realisation that these systems 
must be applied and placed by alterna-
tive means and according to different 
principles.9 If a tooth-coloured restora-
tive material is viewed and used/handled 
as ‘white amalgam’, the clinical outcomes 
and performance will be poor.10,11 Posterior 
composites, when applied and placed in 
ways that favour the clinical performance 
of resin composites, offer many important 
advantages over amalgam restorations, 
which they have been shown capable of 
matching in terms of longevity.6-8 These 
advantages include:
•	The opportunity to be conservative 

of tooth tissue and to apply modern 
approaches to the management of 
dentine caries10

•	Adhesion and bonding to remaining 
tooth tissues, with the prospect of 
marginal seal11

•	Ability to incorporate preventive 
measures including sealing of adjacent 
pits and fissures12

•	Strengthening and enhanced 
biomechanical properties of the 
restored tooth unit13

•	Good aesthetic appearance and high 
patient acceptance

•	Ease of subsequent refurbishment  
and repair.14–20

Well established in the highly successful 
restoration of anterior teeth, it is through 
the capacity to conserve, adhere to, and 
mimic tooth tissues that the true benefits 
of composite systems become apparent. 
When placing a composite restoration it 
is sufficient to remove irretrievably dam-
aged and infected dentine, carefully finish 

the margins and restore the resultant cav-
ity. There is no need to extend the cavity 
at the expense of the precious resource of 
sound tooth tissue, let alone incorporate 
‘retentive features’, which greatly add to 
the weakening effects of cavity prepa-
ration.10 In making the paradigm shift 
from a ‘mechanically-driven’ to a ‘bio-
logically-focused’ approach to the resto-
ration of posterior teeth, it is necessary 
to transition into adapting and applying 
approaches found to be successful in the 
restoration of anterior teeth to the resto-
ration of posterior teeth. It has previously 
been suggested that, in particular for those 
practising traditional operative dentistry, 
learning to successfully use composite 
rather than amalgam in the restoration 
of posterior teeth is similar to learning a 
new language: you are competent once 
you become confident, fluent, think, and 
can effectively communicate in the new 
language. To use composite systems to 
their best possible advantage clinicians 
must be fully conversant with all the rel-
evant science and artistry and be able to 
adapt and apply their knowledge, skill and 
understanding effectively in the many dif-
ferent situations encountered in clinical 
practice. All that said, it is acknowledged 
that resin composites as presently used in 
the restoration of posterior teeth, despite 
many significant developments in recent 
times, are not ideal restorative materials. 
Further developments and refinements, for 
example to greatly reduce, if not eliminate, 
polymerisation shrinkage, are necessary. 
Composite shares some contraindications 
to placement  – which in common with 
amalgam  –  include patients with poor 
compliance, poor oral hygiene and poor 
moisture control.10 In addition, compos-
ite has specific limitations when restor-
ing cavities with subgingival margins.10 
However, techniques exist to manage these 
situations and these will be facilitated by 
anticipated, highly desirable refinements 
and developments in composite systems 
that will occur at an ever-increasing rate 
in coming years.

DISCONNECT
In the UK there is, in the experience of 
the authors, an unfortunate disconnect of 
variable degree between the teaching and 
practice of operative dentistry in dental 
schools and primary dental care services, 

with dental schools tending to embrace 
the modern management of caries, the 
use of principally composites in the res-
toration of posterior teeth and minimally 
interventive dentistry to a greater extent 
than those engaged in primary dental 
care services.21 National and international 
surveys on the teaching of posterior com-
posite restorations over the past 25 years 
have demonstrated a progressive increase 
in the teaching and clinical experience in 
the field of posterior composite restora-
tions.22–35 In UK dental schools, under-
graduate students have for a number of 
years gained, on average, more experience 
in the placement of posterior composite 
restorations than in the placement of den-
tal amalgams (on average 55% posterior 
composite:45% amalgam),28 with much 
of the remaining use of dental amalgam 
being the replacement of dental amalgams 
in older patients belonging to the ‘heavy 
metal generation’. In contrast, surveys on 
aspects of general dental practice in the UK 
indicate that 59-75% of posterior restora-
tions placed are of dental amalgam,3 with 
amalgam still being widely used contrary 
to best available evidence, in the initial 
management of lesions of caries, creating 
yet another generation of dental amal-
gam patients. The reasons for this worri-
some disconnect are primarily related to 
dental schools wishing to teach accord-
ing to best evidence and the realities of 
working in primary dental care services, 
tempered, it is suggested, by a reluctance 
among some established practitioners to 
adopt new approaches to their practice of  
operative dentistry.

WISHFUL THINKING
Setting aside any wishful thinking that 
one  way or another mercury will con-
tinue to be available for widespread dental 
purposes after the implementation of the 
Minamata Treaty, the idea fostered by some 
that a new type of material will conveni-
ently become available to ‘save the day’ 
must be questioned as unrealistic. Even 
if a new, ideal posterior restorative mate-
rial was soon to be introduced, it would 
be many years before its efficacy and 
long-term viability could be established. 
Furthermore, assuming the need for new 
approaches and possibly novel instrumen-
tation and devices to successfully apply 
the new ideal material, it could be two or 
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more decades before the dental workforce 
was suitably equipped and competent to 
make the material work to the intended 
advantage in clinical practice. In other 
words, for at least a decade or so follow-
ing the implementation of the Minamata 
Treaty the public is going to look to the 
dental profession to successfully apply 
existing types of tooth coloured restora-
tive systems, notably composites, in ways 
to meet patients’ needs and expectations. 
Existing materials will no doubt undergo 
further refinement and development in the 
next few years, but are unlikely to be made 
redundant by some innovation in dental 
biomaterials science. Bottom line: like it 
or not, composite will become the most 
widely used type of material in the restora-
tion of posterior teeth until such times as 
some new form of superior, direct mate-
rial has been developed, introduced, tried 
and tested and fully integrated into clinical 
practice. Accepting this situation, it is sug-
gested that efforts in the immediate future 
should be focused on finding ways to make 
composites perform to their full potential 
rather than, as has more commonly been 
the case, attempting to identify some new 
limitation or potential weakness.

QUESTIONS
While it is hoped that further reductions 
in caries rates, future commissioning of 
NHS services and existing trends to extend 
the application of composite systems will 
facilitate the phasing down of the use of 
dental amalgam, it is suggested that there 
is a need for concerted action to address the 
educational aspects of the forthcoming fun-
damental change to the clinical practice of 
dentistry. Should recent and future entrants 
to dental school be taught anything other 
than amalgam repair and replacement 
techniques, given that the availability of 
mercury for dental purposes may be lim-
ited to a few years by the time existing 
first year students graduate? Who will fund 
and provide the CPD necessary to make all 
existing members of the dental workforce 
competent in modern approaches to the 
restoration of posterior teeth, ranging from 
the management of initial lesions of caries, 
which require operative intervention, to the 
management of badly broken down teeth 
that may well require large complex resto-
rations of ceramic rather than composite? 
The future acceptability and affordability 

of gold and other metal alloys for dental 
purposes is another significant uncertainty. 
With a commitment to manage a ‘phase-
down’ in the use of amalgam and the pos-
sibility that patient acceptance of dental 
amalgam may rapidly decline following 
the signing of the Minamata Treaty, it is 
suggested that decisions on the educational 
issues have to be made sooner rather than 
later, followed quickly thereafter by the 
development of a strategic plan to man-
age not just the educational issues, but all 
aspects of the phasing-down of the use of 
dental amalgam.

DENTAL SCHOOLS
A long running project led by the authors 
has demonstrated that the teaching of 
posterior composites is well established 
in dental school teaching, not only in the 
UK and Ireland, but in countries including 
the United States, Canada, Japan, Spain, 
Brazil and Iran.22–35 Teaching of posterior 
composites was generally limited up until 
the late 1990s, with dental school gradu-
ates of the time having little or no clini-
cal experience in the placement of such 
restorations.33–35 However, surveys in the 
early years of the last decade and again 
in 2009/10 demonstrated a significant 
increase in student experience in poste-
rior composite placement.22–30 This shift 
has been supported by consensus guidance 
from the British Association of Teachers of 
Conservative Dentistry, who recommended 
in 2007 that composite be considered the 
‘material of choice’ for the restoration of 
posterior teeth affected by initial lesions 
of caries.36 Nowadays, students in UK and 
Ireland dental schools gain more experi-
ence in the placement of posterior compos-
ites than amalgam, with a strong emphasis 
on minimally interventive dentistry (55% 
posterior composite:45% amalgam).28 
Furthermore, the first preclinical skills 
(formerly ‘phantom head’) experience in 
the restoration of posterior teeth for the 
majority of students is now posterior com-
posite rather than amalgam.28 As such, the 
next generation of dentists and therapists 
to join the dental workforce will be more 
skilled and experienced in the applica-
tion of composite systems and principles 
of minimally interventive dentistry than 
ever before.37 Intuitively, students who 
are trained to apply composite systems 
to best possible advantage are likely to 

be minimally invasive in their approach 
to cavity design. Such intuition and skill 
must be nurtured and developed in the 
future, rather than criticised and quashed. 
Dental foundation training presents an 
excellent opportunity for skills such as 
the placement of posterior composites, 
developed initially at dental school, to be 
consolidated and advanced. Young gradu-
ates must be given opportunity to help lead 
the way in affecting real change in the 
way caries and other damage to posterior 
teeth is managed in the future. More of the 
same old ‘drill-and-fill’ with the unneces-
sary sacrifice of sound tooth tissue will 
just add to the difficulty of the neces-
sary transition to modern, preventatively 
orientated, patient-centred approaches 
to operative dentistry. In a similar way, 
teaching in paediatric dentistry is lead-
ing the way in avoiding a further future 
generation of amalgam patients: in most 
UK dental schools amalgam placement is 
no longer taught for child patients. This 
is to be applauded and should continue: 
any schools continuing to teach amal-
gam placement in children, particularly 
in newly-erupted permanent teeth, should 
consider discontinuing this teaching at 
their earliest possible convenience.

Should dental schools discontinue the 
teaching of dental amalgam placement to 
new enrolling dental students? The view of 
the authors is that the answer to this ques-
tion is a resounding ‘yes’, with effect from 
no later than 2015. Rather, the time and 
resources presently being spent on teach-
ing amalgam placement could be put to 
better use, including enhanced diagnosis 
and management of early caries (primary 
and secondary), the teaching of advanced 
skills in composite placement and deci-
sion-making in relation to the application 
of refurbishment and repair procedures 
to extend the longevity of restorations 
in clinical service. Existing and future 
students would also benefit from more 
instruction in the use of indirect ceramics 
systems in the restoration of teeth that are 
badly broken down, have suffered exten-
sive wear or fracture, or are otherwise 
compromised in ways that may not be best 
managed by a direct restorative approach.

A more immediate challenge for dental 
schools, as indicated in the various sur-
veys on the teaching of posterior compos-
ites, is the need to work towards common 
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approaches to certain aspects of posterior 
composite placement technique. Areas of 
uncertainty include:
•	Bonding versus basing: there is poor 

agreement between dental schools, 
within and between countries, on 
the management of operatively 
exposed dentine.28,29 Despite evidence 
to support the use of ‘total etching’ 
(and bonding) in promoting dentine 
repair38,39 and the avoidance of post-
operative sensitivity40 surveys of trends 
in general practice indicate that the 
majority of practitioners continue to 
place a cement base, or at least a liner 
of a hard setting calcium hydroxide 
cement before restoration with a 
composite.4 The placement of a base, 
let alone a liner, does little, if anything 
to preserve pulp vitality in the 
management of a typical cavity and 
invariably compromises the restoration 
of the biomechanical properties of the 
restored tooth unit.41 As has always 
been taught, one of the worst things to 
do in operative dentistry is to deepen a 
cavity to accommodate a liner or base 
of cement

•	Matrices and wedges: despite long-
standing evidence to demonstrate 
inappropriate clinical outcomes 
associated with the use of light 
transmitting wedges and clear 
matrix systems in the placement 
of posterior composites,42 there 
is continued evidence that such 
techniques continue to be taught 
and used in student clinics.28,29 
Considering the notorious difficulties 
of achieving good proximal contacts 
in posterior composites, teaching 
discredited techniques that add to the 
challenge does not improve matters. 
The evidence-base for the use of 
preformed, metallic ‘shells’, sectional 
matrices and associated retainers and 
wedges is strong and growing43,44

•	Bevels on cavosurface margins: 
despite work dating back to the 1990s, 
which concluded that there is no need 
to place a bevel along cavosurface 
margins before the placement of 
a posterior composite restoration, 
confusion remains in relation to this 
subject.45 Placing a long low bevel 
along the cavosurface margins of 
posterior cavities finished with fine 

diamond burs, in the way taught to 
enhance the bonding and shade match 
of anterior composites, increases the 
risk of iatrogenic damage to occlusal 
enamel in finishing. Furthermore 
such bevels do little, if anything to 
enhance the performance of a posterior 
composite and when it comes to 
restoration refurbishment, repair or 
replacement results in unnecessary 
enlargement of the cavity.10 Bevelling 
the cavosurface margin in regions 
where there is reduced thickness of 
enamel (such as the cervical regions 
of a proximal box) can cause loss of 
already limited enamel (prisms) and 
reduction in bonding.46,47

CONTINUING PROFESSIONAL 
DEVELOPMENT

Many dentists and dental therapists 
engaged in clinical practice in the UK 
graduated from dental school at a time 
when there was no teaching on poste-
rior composite restorations and accord-
ing to the findings of surveys on trends 
in general dental practice, many practi-
tioners would appear not to have acted 
on whatever CPD they may have had on 
state-of-the-art posterior composite place-
ment. This raises important and worrying 
questions for the profession in terms of 
the safe and effective delivery of poste-
rior composite treatments with the forth-
coming phase-down in the use of dental 
amalgam, in particular given the extent of 
the further CPD required and the relatively 
limited number of individuals willing and 
suitably qualified to provide the necessary 
courses which, in the interests of patient 
safety, should include elements of resource 
intensive hands-on instruction. With the 
dental amalgam phase-down clock tick-
ing, postgraduate dental deans and other 
providers of CPD should give considera-
tion to significantly increasing the provi-
sion of courses on posterior composites, 
while practitioners not familiar with the 
use of composites in the restoration of 
posterior teeth should seek opportunity 
to obtain the necessary skills, knowledge 
and understanding. While there may not 
be a case for compulsory certification of 
competence (credentialing), as may be nec-
essary with the translation of anticipated 
developments in biomedical sciences into 
clinical practice, duty of care to patients 

should be sufficient to stimulate dentists 
and therapists to ‘get to grips’ with the 
latest advances in operative dentistry in 
their personal development plans. The field 
of posterior composites is extensive and 
expanding at an ever-increasing rate that 
even experts in the area find challenging to 
keep pace with. A significant commitment 
in terms of resource and personnel will be 
required to seamlessly move from dental 
amalgam to composite as the predominant 
material in the restoration of posterior 
teeth. The sooner the process begins the 
better it will be for all concerned - a classic 
case of do not put off until tomorrow what 
can be achieved today.

PATIENT EDUCATION
While many patients may welcome the 
phase-down in the use of dental amal-
gam, particularly if it is achieved at least 
in part by the provision of fewer fillings, 
they too must play a part through a change 
in understanding of the processes involved 
in the successful treatment and subsequent 
care of diseased and damaged teeth. Teeth 
restored with composites may look much 
better than teeth restored with dental 
amalgam, but the natural appearance of 
composite restored teeth should not lull 
patients into a false sense of all has been 
put right by the use of the tooth coloured 
material. Patients need to be appropriately 
advised and educated in relation to their 
own responsibilities in terms of dietary 
choice, oral hygiene practice and ongoing 
dental attendance.

CONCLUSION
Faced with the imminent phase-down in 
the use of amalgam, the dental profes-
sion must be proactive in addressing the 
relevant educational challenges, both in 
dental schools and in relation to CPD. With 
the continuing requirement to manage and 
treat patients effectively and safely during 
and following the phase-down of dental 
amalgam, the necessary developments in 
undergraduate curricula and CPD provi-
sion should be instigated sooner rather 
than later. In the meantime, research on 
the use of composites in the restoration of 
posterior teeth should focus less on limita-
tions and possible weaknesses in favour of 
more work on enhancing the initial qual-
ity and in turn performance of posterior 
composites in clinical service.
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