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Abstract
Dental materials’ choice of patients has considerably 
changed. Whereas cast gold and amalgam have been 
the predominant biomaterials for decades, today tooth-
colored materials like resin-based composites and ce-
ramics are more and more successful. However, are 
we going to replace a good but biologically question-
able material (amalgam) with an equal material (resin 
composite) being more esthetic but also biologically 
questionable? For amalgam, long-term clinical stud-
ies reported some significant hints that in single cases 
amalgam may be a health hazard for patients, finally 
Norway banned amalgam completely. The main ad-
vantage of a resin-based composite over amalgam is 

its tooth-like appearance and more or less absence of 
extensive preparation rules. For many years it was be-
lieved that resin-based composites may cause pulpal 
injury. However, pulpal injury associated with the use 
of resin-based composites is not correlated with their 
cytotoxic properties. Nevertheless, resin-based compos-
ites and other dental materials require rigorous safety 
evaluation and continuous monitoring to prevent ad-
verse events similar like with amalgam. Because of non-
biocompatible pulp responses to resin-based compos-
ites and amalgam, they should not be placed in direct 
contact with the dental pulp. The less dentin remaining 
in the floor of preparations between resin-based com-
posites or other dental materials is more likely to cause 
pulpitis. Percentage of patients and dental practitioners 
who display allergic reactions is between 0.7% and 2%. 
The release of cytotoxic monomers from resin-based 
materials is highest after polymerization and much 
lower after 1 wk. Substances released from resin-based 
composites have been shown to be toxic in cytotoxic-
ity tests. Nevertheless, in vitro  cytotoxicity assays have 
shown that amalgam has greater toxic effects than 
resin-based composites, sometime 100-700-fold higher. 
Altogether, the risk of side-effects is low, but not zero, 
especially for dental personnel. 
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INTRODUCTION
The choice of  dental materials has considerably changed 

FRONTIER
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during the last 20 years[1-3]. In former times, cast gold and 
amalgam have been the materials of  choice for decades[4]. 
However, after amalgam was alleged to be inacceptably 
toxic and simultaneously esthetic demands of  patients 
were growing, tooth-colored materials like resin-based 
composites and ceramics took more and more parts of  
this huge market[5].

In terms of  biocompatibility and exposure, cast gold 
may be still the best restorative material, however, it is 
non-esthetic when it is used in visible areas such as pre-
molars and also here some health concerns in terms of  
gold allergies are present[6]. Furthermore, the gold prize 
considerably increased from < $ 200 to > $ 1000 per 
ounce during the last decade which is consequently also 
transferred to restoration costs and therefore being det-
rimental for cost effectiveness as well. Other highly bio-
compatible materials like phosphate or glass ionomer ce-
ments are too brittle and therefore not able to withstand 
intraoral occlusal forces in deciduous and permanent 
teeth over time[1,2].

Today’s restorative trend clearly answers the question 
“black or white?” by more and more moving from metal-
lic amalgam to resin-based composites[5]. The same is true 
for bonded all-ceramic restorations such as ceramic inlays 
and onlays, because they have to be adhesively luted with 
the same adhesives and resin-based composite luting ce-
ments. So we face the interesting question whether we are 
replacing a clinically good but biologically questionable 
material (amalgam) with an equal material being more es-
thetic (resin composite) but also (or even more?) biologi-
cally questionable.

AMALGAM
Amalgam is one of  the by far most successful dental 
restoratives which has been used all over the world since 
more than 150 years[7-10]. Long-term data are sufficient 
and long-term costs due to repair, refurbishment and 
tooth hard tissue loss during replacement are favour-
able[1-3,11-15]. Disadvantages are a compromised esthetic ap-
pearance due to an argentic to black color and especially 
biocompatibility concerns[7,16-24]. Dental silver amalgam 
consists of  50% mercury (in a complex mixture of  cop-
per, tin, silver, and zinc) and therefore this material was 
always suspected to be a considerable hazard for both 
patient and environment[25-35]. 

In the literature of  the field, two opposing groups 
are identified: Primarily toxicologists are arguing against 
the health risks of  mercury vapor being released from 
amalgam restorations and potentially threatening health 
of  both patients and dentists and moreover polluting 
the environment by dental mixing and application pro-
cesses[25-50]. On the other hand many authors with clini-
cal dental background repeatedly state that amalgam 
per se is one of  the most successful restorative materi-
als[3,5,8,11,13,14,23,24,51-65]. So what is the real threat with amal-
gam? It is common knowledge that high-dose exposure 
to elemental mercury vapor cause several diseases like 

emotional dysfunction[53]. However, it is not fully under-
stood to the date whether smaller amounts like being 
released from amalgam restorations are a considerable 
health hazard as well[51-53,66,67]. 

In a retrospective cohort study involving 20 000 par-
ticipants over 20 years (1977-1997) in the New Zealand 
defense force[28]. The cohort was linked with morbidity 
records by use of  a time-varying exposure unit of  100 
amalgam surface-years. Multiple sclerosis had an adjusted 
hazard ratio of  1.24, but there was no association with 
chronic fatigue syndrome (0.98), or kidney diseases[28]. 
Also Aminzadeh et al[25] reported some hints for a pos-
sible correlation of  amalgam restorations and multiple 
sclerosis, however, also stating that more clinical studies 
are needed.

One of  the most intensive clinical trials so far was the 
New England’s Children Amalgam Trial (NECAT) giving 
clinical result. 534 children (6-10 years old) with carious 
primary molars received either amalgam or resin compos-
ite restorations. Evaluated parameters were neuropsycho-
logical outcome (Full-Scale IQ score, General Memory 
Index, Visual-Motor Composite of  the Wide Range As-
sessment of  Visual Motor Abilities) and renal glomerular 
function with no statistical differences between resin com-
posite and amalgam groups in any of  the investigated cri-
teria[51,52,68]. Furthermore, parent-completed child behavior 
checklists and children’s self-reports were collected. 
Children’s psychosocial status was evaluated in relation to 
three indices of  mercury exposure: treatment assignment, 
surface-years of  amalgam, and urinary mercury excretion. 
Again, there was no evidence that exposure to mercury 
from dental amalgam was associated with adverse psy-
chosocial outcomes[53]. In another part of  NECAT, longi-
tudinal amalgam exposure data in children randomized to 
amalgam restorations were analyzed. Amalgam and U-Hg 
were moderately correlated with the total of  amalgam 
surfaces having been a good predictor of  current U-Hg 
and posterior occlusal surface-years for cumulative U-Hg. 
One additional amalgam surface caused a 9% increase in 
current U-Hg, and one posterior occlusal surface-year re-
sulted in a 3% increase in cumulative U-Hg excretion[61]. 
Finally it could be shown that daily chewing gum use re-
sulted in higher urinary Hg levels[69]. 

Halbach et al[56] measured internal exposure to amal-
gam-related mercury in plasma and erythrocytes after 
amalgam removal and estimated the amalgam-related ab-
sorbed dose in 82 patients. Post-removal steady-state Hg 
concentrations were taken for 18 mo for three groups: 
Removal of  the fillings/removal and non-specific detoxi-
fication/health promotion program without removal. 
After amalgam removal, inorganic Hg was decreased, 
leveling at 27% of  pre-removal levels after 60 d. Organic 
Hg in plasma did not change. Organic Hg in red cells 
of  group A was lower in the early post-removal phase 
and higher in the late post-removal phase, being higher 
than the pre-removal control. A protracted increase in 
organic Hg was also found in red cells of  group B after 
60 d. In all groups, time profiles of  urinary concentra-
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tion and excretion of  total-Hg were similar to those of  
inorganic-Hg levels in plasma. It was estimated that the 
amalgam-related inhalation and ingestion of  Hg species 
were within the limits proposed by the World Health 
Organization (WHO), Agency for Toxic Substances and 
Desease Registry, and Environmental Protection Agency. 
The integrated daily Hg dose absorbed from amalgam 
was estimated < 3 μg for an average number of  fillings 
and 7.4 μg for high amalgam load, with 30 μg being the 
tolerable dose according to the WHO[56]. 

On the other hand, there is no doubt that amalgam 
restorations release small amounts of  mercury during 
clinical service which is absorbed by several body tissues 
in human subjects[32-35,64,70-75]. The daily dose is found to 
be 14% of  the threshold above which observable adverse 
neurological symptoms are expected[75]. It has reported 
that methyl mercury and inorganic mercury levels in 
blood and cortex of  autopsy bodies with a significant 
correlation between methyl mercury in blood and oc-
cipital cortex. Inorganic mercury in blood and occipital 
cortex, as well as total-Hg in pituitary and thyroid were 
strongly associated with the number of  dental amalgam 
surfaces at the time of  death[46,67]. Mutter et al[33] repeated-
ly stated that some of  the clinical studies reporting low to 
no risk connected with dental amalgam may be methodi-
cally flawed which may lead to inadequate conclusions 
about the safety of  dental amalgam. He also identified 
mercury vapor as potential reason for autism or Kawa-
saki’s disease[34,35,76]. It is also controversially discussed 
whether carbamide peroxide tooth bleaching agents lead 
to an increased release of  mercury[77,78].

Another important point in the amalgam issue is oc-
cupational exposure for dentists and dental nurses[26,31,79-87]. 
It was found that a correlation between total Hg-U and 
duration of  dental practice exists[87]. However, a cyto-
genetic damage in oral health professions dealing with 
amalgam was not reported[26,87]. Farahat et al[82] showed 
that dental staff  have significant exposure to mercury va-
por, furthermore indicating a negative impact of  mercury 
on thymus gland functions[82,87]. Jones et al[84] investigated 
possible residual adverse effects from occupational mer-
cury exposure in dentistry in 115 graduates of  a dental 
nurse school from 1968-1971 because 30 years ago, dental 
nurses worked with amalgam without protective gloves or 
a ventilation system, resulting in chronic mercury expo-
sure. Significant differences were found in current health 
experience and reproductive health, especially early hyster-
ectomy experience. Reporting of  Occupational Overuse 
Syndrome was strongly positively correlated with years of  
work. 

Finally, also environmental aspects of  mercury pol-
lution by amalgam waste of  dental practices and clin-
ics have to be considered. Mercury occurs in nature as 
sulfides and in some minerals. All over the world every 
year 20 000-30 000 tons of  mercury are discharged into 
the environment. Less than 50% of  freshly triturated 
amalgam is inserted in cavities, more than 50% is waste. 
Extracted teeth with preexisting amalgams, amalgam-

contaminated capsules and cotton rolls are discharged 
with the solid waste. However, dental mercury con-
tamination makes only 3%-4% of  global mercury being 
insignificant compared with industrial pollution[30,80,88,89]. 
With proper amalgam separators it could be even more 
reduced[30,80,88,89].

Despite all hints towards side-effects caused by mer-
cury vapor of  dental amalgam restorations, unpropor-
tionally many patients suffer amalgam incompatibility. 
Gottwald et al[55] conducted an interdisciplinary case-
control study with special focus on toxicological, aller-
gic, psychological and psychiatric aspects. Patients with 
amalgam-associated complaints (n = 40) were compared 
to amalgam bearers without complaints (n = 40) regard-
ing quantity, surface area and quality of  amalgam fillings, 
mercury load in blood and urine, allergy examination, 
and psychometric assessment with questionnaires noting 
coping strategies, interpersonal problems and self-con-
sciousness. Patients and controls did not reveal different 
mercury concentrations in body fluids with patients hav-
ing higher levels of  psychic distress, higher incidence of  
depression and somatization disorders as well as different 
styles of  coping with anxiety compared to controls. So the 
theory of  amalgam-related complaints as an expression 
of  underlying psychic problems was confirmed. A socio-
economically important issue is that a ban of  dental amal-
gam would also have some economic impact. Beazoglou 
et al[90] calculated the economic costs of  an amalgam ban 
in the United States with total expenditures for restora-
tions increasing from $ 46.2 billion to $ 49.7 billion and 
with consequently 15 444 021 fewer restorations inserted 
per year. An estimated first-year impact of  an amalgam 
ban means an increase in expenditures of  $ 8.2 billion.

Altogether it can be summarized that long-term clini-
cal studies primarily demonstrated that amalgam can be 
safely used for patients, dental staff, and environment. 
However, there are some significant hints that in single 
cases amalgam may be a health hazard for patients. From 
2008, Norway banned amalgam completely which is an-
other hint[58]. So, amalgam remains an excellent restorative 
material with centuries of  clinical success and decades of  
significant problems in biocompatibility.

RESIN-BASED COMPOSITES
A remarkable change in restorative dentistry has been the 
dramatic drop in the use of  amalgam to restore teeth[91]. 
Patient and practitioner demand for a tooth-colored ma-
terial as an alternative to amalgam was addressed in 1955 
by Dr. Buonocore who described the use of  a plastic 
material to restore teeth[92]. Later in 1950s, the first tooth-
colored direct restorative material called Sevitron was 
produced by L.D. Caulk[93]. In the 1960s, several resin-
based composite dental restorative materials (resin-based 
composites) were introduced[94]. The main advantage of  
a resin-based composite over amalgam is that it can be 
made in a wide range of  tooth colors allowing the almost 
invisible restoration of  teeth. However, the benefits of  
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resin-based composites in comparison with amalgam and 
other dental materials have proved to be controversial. 
Normally resin-based composites can be used to restore 
teeth and repair or replace failing restorations with less 
removal of  vital tooth structure in comparison with 
amalgam[95]. 

Unlike amalgam, resin-based composites must be 
bonded to teeth using an adhesive, which makes them 
more expensive and more technique-sensitive. Without 
meticulous placement, resin-based composite restorations 
can fail quickly. Nevertheless, even with the most meticu-
lous placement, the longevity of  resin-based composite 
restorations placed in posterior teeth has been shown to 
be significantly less than amalgam restorations[96]. The 
main reasons for the inferior clinical longevity of  com-
posite restorations in comparison with amalgam are mar-
ginal discoloration and a loss of  adhesion[97]. 

Resin-based composites shrink by approximately 5% 
upon light-curing, which can create gaps for bacterial 
microleakage along the cavity margins[98]. These examples 
indicate that many of  the problems patients have suf-
fered with resin-based composites does not appear to be 
directly caused by the chemicals within the formulation 
of  the material, but because of  the shortcomings of  
the material when it is used to restore teeth. The short-
comings of  resin-based composites, particularly their po-
lymerization shrinkage, are an active area of  research and 
new lower shrinkage materials are under development to 
help improve their clinical performance similar to amal-
gam restorations. 

The earliest resin-based composites had the worst 
longevity because they were prone to breakage and leak-
age due to their weak compressive strength[99]. The initial 
techniques to etch enamel to bond dental restorations 
were also not very successful, so many restorations suf-
fered a loss of  adhesion and were lost[100]. Many clinicians 
were initially reluctant to bond to dentin because they 
feared the high acid content of  the etchant would cause 
a necrosis of  underlying pulp tissue[101]. Subsequently, 
it was discovered that the buffering capacity of  dentin, 
along with an improved quality of  sealing to reduce 
microleakage, reduced the pulp irritation beneath resin-
based composite restorations[102]. As research progressed, 
the concept of  the “hybrid layer” was created to explain 
the physical and chemical interactions of  the adhesive, 
resin-based composite, and tooth structure[103]. The “hy-
brid layer” concept has proved to be useful to develop 
research strategies to increase the quality of  sealing and 
bonding of  resin-based composites to tooth structure[104]. 
Improvements to the process of  accomplishing resin-
based composite bonding to tooth structure progressed 
through a number of  “generations”. Each new genera-
tion of  resin-based composite materials have had im-
proved bonding and physical properties which are ben-
eficial to patients through their increased longevity[105]. 
The current, 7th generation of  resin-based composite 
adhesives can accomplish very high bond strengths to 
tooth structure[106]. The newest generations of  “one-step” 

resin-based composite materials are generally easier for 
practitioners to use, and help reduce the exposure of  pa-
tients to failed restorations.

For many years it was believed that the toxicity of  
the chemicals in the resin-based composite materials was 
responsible for pulpal injury. However, pulpal injury as-
sociated with the use of  resin-based composites could 
not be correlated with their cytotoxic properties[107]. The 
discovery of  the effect of  bacterial contamination on the 
vitality of  the tooth pulp, was a major milestone in dental 
research. In general, resin-based composites and other 
dental materials do not provide a hermetic seal with the 
tooth structure. Bacterial leakage may subsequently occur. 
The presence of  bacteria and their toxic products can 
evoke an inflammatory response in the underlying pulp. 
Suh et al[108] demonstrated that the growth of  bacteria in 
cavity restorations was directly correlated with pulpal in-
flammatory responses in the adjacent pulp tissue. As yet 
no permanent filling material has shown to consistently 
provide a perfect marginal seal, so leakage and bacterial 
contamination are always a threat to the integrity of  the 
pulp. Therefore, the antibacterial properties of  restor-
ative materials are of  considerable importance, and this 
explains the clinical success of  some cytotoxic restorative 
materials, such as zinc oxide eugenol[109]. Despite these 
findings, it must be acknowledged that generally it is 
preferable to use dental materials which have the least 
potential to be toxic to patients and dental professionals. 
Similar to amalgam, resin-based composites and other 
dental materials require rigorous safety evaluation and 
continuous monitoring[110] to prevent adverse events.

Dentin and enamel have different physical properties 
and elemental compositions which have complicated the 
resin-based composite bonding to tooth structure[111]. It 
was discovered that the inclusion of  hydrophobic mono-
mers in adhesives could not penetrate the aqueous envi-
ronment of  demineralized dentin. Thus, methacrylate-
based priming agents were used to create a permeable 
interface for the formation of  a hybrid layer[112] which 
can increase micromechanical retention of  the resin-
based composite[113]. Thus, the need for “wet bonding” 
arose, and techniques for preparing the interface for 
increasingly hydrophobic monomers were developed[114]. 
Wet bonding systems have been successful[115]. However, 
they require the handling of  multiple components which 
must be used in multiple steps. To facilitate the ease and 
speed with which bonding can be accomplished, the lat-
est generation of  “one-step adhesive systems” have been 
introduced which don’t have a separate acid etching step. 
Instead, acrylic resin monomers themselves provide the 
acidity needed for demineralization and simultaneously 
penetrate exposed and uplifted collagen fibrils[116]. A den-
tal composite typically consists of  a resin-based oligomer 
matrix, such as a bisphenol A-glycidyl methacrylate (Bis-
GMA) or urethane dimethacrylate (UDMA), and an in-
organic filler such as silicon dioxide silica. Compositions 
vary widely, with proprietary mixes of  resins forming 
the matrix, as well as engineered filler glasses and glass 
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ceramics. The filler gives the composite wear resistance 
and translucency. A coupling agent such as silane is used 
to enhance the bond between these two components. An 
initiator package (such as: Camphorquinone, Phenylpro-
panedion or Lucirin) begins the polymerization reaction 
of  the resins. A catalyst is added in varying concentra-
tions to control the speed of  polymerization[117]. Resin-
based composite materials are all capable of  causing 
moderate to severe cytotoxicity when placed in contact 
with in vitro cell lines[118]. Resin-based composite materi-
als may also cause severe pulp necrosis when used for 
direct-pulp capping[119]. The migration of  adhesive and 
resin-based composite particles into pulp tissue can 
stimulate inflammatory responses[120]. Because of  these 
non-biocompatible pulp responses to resin-based com-
posites and amalgam, they should not be placed in direct 
contact with the dental pulp. A biocompatible liner such 
as Ca(OH)2 or preferably; mineral trioxide aggregate 
(MTA) must be used as a liner to help prevent unfavor-
able responses to direct pulp capping with resin-based 
composite[121] or amalgam. An MTA or Ca(OH)2 liner is 
not needed in shallow indirect pulp capping restorations 
because the buffering effect of  dentin can prevent the 
diffusion of  chemicals from resin-based composites and 
amalgam from entering the pulp tissue, particularly when 
the dentin thickness is above 0.5 mm[122]. The less dentin 
remaining in the floor of  preparations between resin-
based composites or other dental materials is more likely 
to cause pulpitis[122]. 

A number of  local and systemic reactions to resin-
based composite materials have been reported. The inci-
dence of  patients and dental practitioners who display al-
lergic reactions is between 0.7% and 2%[123-126]. The main 
source of  cellular and molecular cytotoxic injury from 
resin-based materials is claimed to be the leaching of  un-
polymerized monomers from the restoration during and 
after polymerization[127] which can reduce pulp vitality 
and cause a retraction of  the gingival margin[128,129]. The 
release of  cytotoxic monomers from resin-based materi-
als is highest after polymerization and much lower after 
1 wk[130]. Which may suggest the health risks to patients 
and practitioners are highest when in contact with newly 
polymerized resin-based composite materials, and the 
health risk diminishes over time.

Erosion and saliva degradation of  resin-based com-
posites may cause the release of  leachable substances. 
Human-saliva derived esterases can biodegrade resin-based 
composites, causing the release of  (Bis-GMA) mono-
mers and (UDMA-type) comonomer[131]. The substances 
released from resin-based composites, particularly the 
(Bis-GMA) monomers have been shown to be toxic in 
cytotoxicity tests[132]. The presence of  leached compounds 
is dependent on the formulation of  resin-based com-
posite[133]. The more flowable resin-based composites are 
more toxic than the traditional resin-based composites[134]. 
The relative in vitro cytotoxicity of  resin-based composite 
monomers measured using a bromodeoxyuridine assay 
discovered that the Hg2+ amalgam component was four-

fold more toxic than Bis-GMA to human gingival fibro-
blasts[135]. Almost all the in vitro cytotoxicity assays have 
shown that amalgam has greater toxic effects than resin-
based composites, sometime 100-700-fold higher[136]. A 
problem is the general lack of  resin-based composite 
biocompatibility data in comparison with amalgam. 
The results from systemic toxicity tests of  resin-based 
composites do not indicate any unacceptable risk to the 
patient’s general health[137]. The in vitro screening of  some 
components of  resin-based composites are mutagenic[138]. 
Due to the limitations of  the in vitro genotoxicity test sys-
tems and the comparatively high concentrations needed 
to elicit the reactions, no unacceptable risk can yet be 
derived from those data for the patient[139]. Most of  the 
available data suggests that amalgam is relatively more 
hazardous to patients and dental professionals, than 
resin-based composites.

Skin and mucosa which come into contact with resin-
based composites and bonding agents can become slightly 
inflamed which is commonly observed as a reddening of  
the affected area. However, if  a patient or dental profes-
sional is allergic to a compound within the resin-based 
composite their reactions may be more severe and allergic 
irritant contact dermatitis can be observed. Contact urti-
caria, pigmentary changes, and photoallergic contact der-
matitis may occasionally occur. Rarely other health effects, 
such as respiratory and neurologic signs and symptoms 
have been reported, but none have been linked to dental 
resin-based composites[140]. The concentrations are prob-
ably too minute to cause systemic reactions[137]. The most 
common resin-based composites to cause contact derma-
titis, are (meth)acrylics, polyurethanes, phenol-formalde-
hydes, polyesters, amino resins (melamine-formaldehydes, 
urea-formaldehydes), polyvinyls, polystyrenes, polyolefins, 
polyamides and polycarbonates[140]. Contact dermatitis 
usually presents on the hands, fingers, and forearms, while 
facial, eyelid, and neck involvement may occur through 
indirect contact, e.g., via the hands, or from airborne expo-
sure[140]. Patch testing with commercially available materi-
als is important for a diagnosis of  an allergy[141]. In some 
countries, occupational dermatoses are relatively common 
among dental staff, sometimes entailing occupational 
disability and re-schooling[142]. The risk of  occupational 
dermatoses can be reduced by the development of  new 
bonding techniques and careful risk-benefit assessments in 
the formulation of  new dental composites. To protect pa-
tients from potential hazards of  light-cured monomers re-
leased from resin-based composites it is important to use 
an effective curing unit and to applying the light-curing 
for the recommended length of  time[142]. To protect dental 
professionals from the potential hazards of  monomers re-
leased from resin-based composites, gloves should always 
been worn to prevent direct skin contact.

THE RISK ASPECT IN RESTORATIVE 
DENTISTRY
Dental restorative materials represent the most frequent 
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replacement materials in the human body[143]. Despite 
that fact, biocompatibility issues regarding dental ma-
terials (especially amalgam) have not been scientifically 
evaluated until the early 1980s[141]. During the last two de-
cades, however, amalgam lost its unique feature because 
adhesively bonded resin composites got suitable even for 
stress-bearing posterior restorations[144]. The paradigm 
shift towards minimally invasive restorations additionally 
supported this trend[145]. However, in many cases there is 
almost no patient or dental staff  knowledge of  hazards 
by the use of  dental restoratives[146]. Furthermore it is of  
significant interest whether recently used dental materials 
changed the use-risk ratio.

Fundamental judgement tool of  dental materials is 
a risk analysis. Schmalz et al[145] defined the term “risk” 
concerning biocompatibility of  dental restoratives as “the 
probability of  a side effect and the severity of  that side 
effect”. Risk analysis implies the description of  indication 
ranges of  a medical product, analysis of  tissue exposure, 
and potential hazard[147]. So risk analyses try to determine 
the probability and severity of  side effects for human 
health by exact knowledge of  their composition. The 
consecutive risk assessment clarifies under estimation of  
usefulness and risk, whether a medical product may enter 
the market. Here it is decisive to compare the advantages 
of  the material with the frequency and severity of  side-
effects[148]. In restorative dentistry, primarily a potential 
hazard by release of  ingredients is discussed. Dental 
biomaterials are medical products with medium hazard 
potential. This means that clinical investigations are not 
mandatory in Europe, manufacturers just have to meet 
minimum requirements[147]. Especially in the post-amal-
gam era in the middle of  the 1990s, some restoratives 
diminished from the market because minimum require-
ments were not achieved (Figure 1)[149]. 

Systematic epidemiological studies concerning fre-
quency of  side-effects with dental biomaterials are miss-
ing. Mjör[147] reported possible side-effects with different 
materials with 13 325 sessions (done by 137 dentists) and 
24 cases of  subjective discomfort, 7 cases of  acute na-
ture, and 15 cases of  long-standing effects. In eight cases, 
amalgam was the reason for patients’ complaints[150]. So 
altogether the risk of  side-effects is low, but not zero[148]. 

Dental personnel is much more under risk than pa-
tients. Geukens et al[148] observed 13 000 patients with 
contact dermatitis. In 31 patients (meth) acrylates were 
responsible for the complaints, and almost 50% of  these 
group was working as dentist or dental nurse or dental 
technician[151]. Unfortunately, latex or vinyl gloves do not 
guarantee for safety due to their permeability at least after 
some minutes. This should be one of  the reasons that 
dental personnel reveal increased rates of  contact derma-
titis of  the fingers or allergic reactions following contact 
with monomers[152-154]. Thus, it is clearly recommended to 
completely avoid contact with unpolymerized resins[147]. 

Side-effects of  dental materials are primarily of  a local 
nature (e.g., gingivitis, mucosal alterations, pulpitis, etc.) or 
allergic (type Ⅰ: immediate reaction or type Ⅳ: delayed 
reaction). Contact allergies have been observed for nickel 

sulfate, potassium dichromate, cobalt chloride, palladium 
chloride and gold sodium thiosulfate in patients with 
presence of  metal allergy[155]. 

Other systemic effects (e.g., mutagenic, cancerogenic 
or teratogenic) are more of  a theoretical nature[147]. Al-
though there is a proven amount of  substance release, 
this does not automatically mean an inacceptable health 
hazard[137]. Bacsik et al[156] could show estrogenic effects 
by bisphenol-A in mice, however, it is a matter of  clini-
cal relevance when substances are directly injected into 
the stomach of  the animals instead of  investigating true 
release from restorations. So also here clinical studies 
remain the ultimate instrument for risk assessment[157]. 
In the course of  prospective clinical studies with dental 
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Figure 1  Some restoratives diminished from the market. A: Ariston restora-
tion in lower second premolar at baseline; B: Due to a 2% linear expansion, 18 
mo of clinical service were enough to disrupt the lingual cusp.

B

A

Figure 2  Fracture of a ceramic inlay in a upper first premolar.
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biomaterials, the risk aspect plays a minor role. Main fo-
cus here are longevity aspects such as marginal integrity, 
restoration integrity, hypersensitivities, and recurrent car-
ies. Moreover, patient numbers in dentistry e.g., for stud-
ies with posterior restorations are normally in the range 
of  30 patients[158] which may not be of  sufficient power 
to describe side-effects. This is clearly reflected by evalu-
ations of  side-effects with local anesthesia. Despite 0.5 
million local anesthetic injections which are administered 
in the United States daily, the actual risks of  toxicity from 
these local anesthetic injections remain more or less un-
known[159]. Therefore, prospective clinical studies mainly 
concentrate on local risks such as pulp reactions, compat-
ibility with gingiva/periodontium, irritation of  the oral 
mucosa, or biofilm accumulation[157].

The benefit of  dental biomaterials is still related to 
longevity. Kaplan-Meier survival curves and the associ-
ated nonparametric log rank test statistic are methods of  
choice for estimation of  survival and therefore also fail-
ure risk[159]. This risk is appropriately reflected by annual 
failure rates[160,161]. Quality assessment of  dental restora-
tions is carried out according to modified USPHS critera 
with clinical examinations and analysis of  replicas[162]. 
Main failure reasons are related to crucial criteria “mar-
ginal quality”, “restoration integrity”, “tooth integrity”, 
and “hypersensitivities” (Figure 2)[162]. Concerning clinical 
success, ADA criteria of  1996 are still valid. Failure rates 
< 10% after 4 years are defined as acceptable.
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