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The question of whether and to what extent dental ma-
terials may be hazardous to patients, the environment, 
and dental personnel has become of increasing public 
concern. The very emotional discussion in the public 
media about amalgam has significantly contributed 
to this dispute. In addition, reports about potential 
health risks in relation to other dental materials, such 
as resins and dental alloys, have generated an increased 
public and professional interest in this topic. One con-
sequence of this tendency is that dental materials are 
now the subject of special regulations and directives in 
almost all countries of the world, intended to guarantee 
efficiency, safety, and quality and to make sure that only 
biocompatible materials are brought on the market. 
Basically, manufacturers are responsible for the safety 
and quality of their medical devices. It is, however, the 
responsibility of the dentist to fulfill distinct assign-
ments in this context: The dentist is thus responsible 
for choosing the most suitable material for each spe-
cific indication in an individual patient. Furthermore, 
the dentist is the primary contact person for patients 
who have questions about the biocompatibility of the 
applied materials and is therefore an important part of 
the market surveillance system, with the responsibility 
to report adverse effects to the relevant authorities. 

For the practicing dentist, it is therefore highly 
germane to be familiar with the field of biocompat-
ibility of dental materials, which tightly interconnects 
modern dentistry with other medical disciplines, biol-
ogy, chemistry, and physics. The first part of the book 
(Chaps. 1–3) reviews relevant background informa-
tion on biocompatibility (definitions, determination 
of biocompatibility, and regulations and standards) in 
order to qualify the dentist to critically review data and 
information provided by the manufacturers and mar-
keting companies. The biocompatibility aspects are re-
viewed in the second part of the book (Chaps. 4–11), 
structured by groups of materials. The third part of 
the book (Chaps. 12–14) is devoted to special topics 
that are of particular clinical and current relevance 
(environment, occupational hazards, diagnosis of side 

effects). To ensure the readability of each individual 
chapter, some aspects are approached from different 
scopes, and some topics are thus mentioned in more 
than one chapter, although with different approaches. 

The editors are grateful to the publisher for pro-
viding the possibility of including a great number of 
colourful illustrations and clinical pictures. To fur-
ther enhance the readability of the book Key Notes 
and Clinical Practice Advices have been highlighted 
all through the texts, and at the end of each chapter a 
comprehensive summary of key points have been un-
derlined in Conclusions for the Dental Practitioner.

The guiding theme of all parts of the book was to 
provide a scientifically based background that should 
be helpful for the practicing dentist in his or her daily 
routine and not least form an objective basis for in-
formation and discussions with patients presenting in-
dividual needs and concerns. The editors of this book 
recognize that the field of dental biomaterial science 
is subject to permanent and partly very rapid devel-
opment and supplementation. Considering this, the 
authors have intended to present data and concepts of 
biocompatibility that are currently available. We would 
like to thank all authors for their diligent work in pre-
paring their texts and for their patience in adjusting 
the manuscripts. 

For the editors and a number of authors of this 
book, English is not their mother language. The ed-
itors are therefore very grateful to Prof. Dr. Wer-
ner Geurtsen for his substantial input in providing 
an English text version of most chapters. The au-
thors thank the publisher, especially Ms. Schröder, 
Ms. Himberger and Ms. Kaschubowski, for the ef-
ficient language editing process and for the impor-
tant and helpful assistance during the publishing pro-
cess. Furthermore, the editors would like to thank all 
those persons who contributed with their professional 
advice (Dr. H. Claus, Prof. Dr. S. Halbach, Dr. H.-P. 
Keller, attorney R. Krousky, Prof. Dr. M. Landthaler, 
Prof. L. Magos, Dr. A. Petermann, Prof. Dr. H. v. 
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Philipsborn, Dr. C. Schorn, Prof. Dr. H. Schweikl) or 
corrected the text (Ms. B. Bey, Dr. T. Bimmerle). Our 
thanks are also due to our secretaries, in particular Ms. 
B. Nothaas, K. Eichinger, and K. Roeder. We would like 
to also thank those colleagues who provided illustra-
tions, which make many aspects of the text more de-

scriptive. Last but not least, we would like to thank the 
publisher and their editors, whose persistent requests 
and helpful editorial hints made this book possible.

February 2008 Gottfried Schmalz
 Dorthe Arenholt-Bindslev
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2.1 Introduction

Dental materials may result in damage to various tis-
sues. Therefore, a great variety of different test meth-
ods are applied to evaluate the risk of such damage to 
ensure material compatibility prior to market launch. 
However, the results of such evaluations are depen-
dent not only on the tested material but also on the 
test method used. The findings of these studies and the 
resulting claims of the manufacturers should be criti-
cally challenged by the dentist, so dentists need to be 
familiar with the principles and, in particular, with the 
problems of these test methods. This chapter describes 
and assesses the fundamental and frequently used 
methods for evaluating the biocompatibility of dental 
materials (see Sect. 2.2).

Even if the risk of damage caused by a new mate-
rial is considered to be acceptable, it has to be kept in 

mind, not least due to the frequently high number of 
subjects who will come into contact with this mate-
rial, that some patients may reveal problems based on 
specific circumstances – in other words, the problem 
of individual compatibility. This problem is addressed 
by certain test methods applied on individual patients, 
such as allergy tests. These diagnostic tests will be dis-
cussed in the second part of this chapter (Sect. 2.3).

2.2 evaluation of Materials

2.2.1 principles of Biocompatibility testing

2.2.1.1 overview of test Methods

Evaluation of the biocompatibility of dental materi-
als is a complex and comprehensive area because un-
wanted tissue reactions may occur in a great variety of 
types. An overview of common test methods is given 
in Table 2.1. Any single test method is applicable only 
for investigating one type of unwanted reaction out of 
a great variety of possible reactions. For instance, the 
so-called pulp/dentin test can be applied to determine 
the pulpal compatibility of a new material (local reac-
tion), but it cannot be used to determine its allergenic 
potency.

Moreover, individual test methods are usually ad-
equate only to describe or document a single aspect of 
a certain type of unwanted reactions. For example, cell 
culture tests will detect only the influence of a material 
on isolated cells. These findings cannot be transferred 
to patients without limitation. An alloy that does not 
cause a reaction in cell cultures may very well result 
in problems in patients because there may be a lower 
pH value below plaque or in crevices (e.g., telescope 
crowns) in the oral cavity. This lower pH value may 
result in a more pronounced corrosion of the alloy 
in vivo compared to the neutral conditions in cell cul-
tures. However, cell culture findings may help explain 
the mechanisms of an unwanted reaction in a patient, 
for instance, an inflammation of the gingiva.

 2  determination of Biocompatibility
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Key note Z

Biocompatibility of a material cannot be evaluated 
by using a single test rather than a group of various 
techniques.

2.2.1.2 phenomena and Mechanisms

Dentists and patients are primarily those who ask 
whether a material may be harmful for the patient or 
dental personnel, how this possible damage would be-
come manifest, how it could be prevented, and what 
countermeasures are available. These questions can be 
answered by clinical investigations and observations 
as well as by animal studies, mainly on larger animals 
such as primates or dogs. These animal models are ad-
equate for the best possible simulation of a material’s 
application on patients (usage tests). The focus of these 
animal studies is the observed phenomenon and its 
transfer to the patient. However, for the further devel-
opment (improvement) of dental materials and their 
overall assessment, the answer to the question of why 
a certain unwanted reaction occurs is decisive. There-
fore, it is necessary to clarify the mechanism of an ob-
served phenomenon  –  that is, the unwanted reaction. 
For this purpose, studies with smaller experimental 
animals (e.g., rats or guinea pigs) or cell cultures are 
performed.

2.2.1.3 strategies for evaluating 
Biocompatibility

The common approach and principle when testing the 
biological behavior of materials is to start with simple 
in vitro tests mostly based on cell cultures, as is gener-
ally done in toxicology. If these experiments and in-
vestigations of a material’s efficiency deliver promising 
findings, then more comprehensive studies on experi-
mental  animals and usage tests (in vivo evaluation) 
will be performed. Clinical studies are the final step of 
this evaluation process.

However, some materials (e.g., zinc oxide and 
eugenol cements) have caused toxic reactions in cell 
cultures whereas no damage was induced in patients 
(in this case, no pulp reactions); indeed, valuable ther-
apeutic properties such as pain relief were revealed. 
Thus, the aforementioned more schematic approach 
is increasingly being abandoned. Today’s focus is an 
initial risk assessment by an expert. In this process, 
data already available about physical, chemical, and 
biological characteristics are evaluated, and a decision 
is made regarding whether further studies are neces-
sary at all. If a material that has already been applied in 
practice was only slightly modified, then its harmless-
ness (i.e., acceptable risk) can be certified, for example, 
based on the chemical analysis of extracts (see below). 
If, however, further biological tests are necessary – for 
instance, because the formulation has considerably 

2

Table 2.1  . Selection of usual test methods for assessing the compatibility of dental materials 

Systemic 
reactions

Local 
reactions

Allergic 
reactions

Other 
reactions

In vitro (Cell cultures can 
be used for specific 
problems)

Cell cultures 
– Agar overlay 
– MTT test 
– Dentin-barrier

test

(Cell culture models 
are currently being 
developed)

Mutagenicity 
– Ames test 
– Micronucleus test 
– HPRT test 
– Mouse lymphoma

test

Animal experiments Acute LD50 

(e.g., oral application) 
Chronic LD50 
(e.g., oral application)

Implantation tests 
Usage tests 
– Pulp/dentin

test
– Endodontic test 
– Implantation test

Maximization test with 
modifications
Local lymph node assay

Micronucleus test 
(rodents) 
Teratogenicity 
(rodents) 
Reproductive toxicity 
(rodents)

Patient   Clinical studies  

Others   (Occupational exposure, poisoning)a  

a No real test methods but may be helpful for assessment

2 Determination of Biocompatibility14



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_2_2008 - 06 - 18_2

changed or new components are used – then in vitro 
tests will be performed first. Subsequently, the risk 
will be reassessed, followed by more tests if needed 
(Fig. 2.1). The formal approach is regulated by stan-
dards. This policy, which appears rather complicated 
at first glance, has the advantage that each material 
will be individually assessed. This may save unneces-
sary animal experiments and allow a faster market 
launch of materials. But it must be emphasized that 
the assessing experts and the manufacturers have to 
bear a particular responsibility [86] (see also Chap. 3).

Key note Z

It is important for the clinician to realize that expe-
riences with premarket evaluation and certification 
systems, even those based on legal regulations, 
have revealed that assessment results must be criti-
cally questioned. For instance, filling materials that 
had successfully passed such a test system were 
introduced on the market without previous clinical 
studies. In daily practice, however, these materials 
generated severe side effects including pain and 
tooth fracture (refer to Sect. 2.2.7: Figs. 2.15 and 
2.16) [12]. 

2.2.2 test Materials

The biocompatibility of a material can be determined 
directly or by using an “extract.” In the first case, tissue 
will be directly exposed to the material, whereas in the 
second case, the material will be stored under specific 
conditions (e.g., defined by standards) for a certain 
time (e.g., 24 h) at a specified temperature (e.g., 37°C) 
in a liquid. Subsequently, this “loaded” liquid, known 
as extract or eluate, will be used for further tests. A 
chemical analysis of these extracts may already pro-
vide valuable information regarding the “leaching be-
havior” of materials. Hydrophilic liquids (e.g., saline 
solution) or lipophilic fluids (e.g., dimethyl sulfoxide, 
or DMSO) are used for extractions. Mixtures (ethanol/
water) are also used as extraction fluids [27, 34].

Interestingly, almost all materials release the ma-
jor share of their releasable components when they 
are not set or shortly after mixing. This is exemplified 
in Fig. 2.2, which demonstrates the release of fluoride 
from filling materials. An important conclusion from 
these findings is that dental personnel, who may have 
intensive contact with unset materials, may be exposed 

Acceptable risks

Reassessment

Clinical tests

In vivo tests (animal experiments)

Reassessment

In vitro tests (cell cultures)

Risk assessment by an expert

Reassessment

 . Fig. 2.1 Strategy for selecting necessary test methods based 
on risk assessment/management

Fig. 2.2  . Release of substances from setting materials, ex-
emplarily demonstrated by the fluoride release from two filling 
materials [30]

G. Schmalz 15
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to very high concentrations of released substances and 
thus should be considered a risk group (Fig. 2.3).

2.2.3 systemic toxicity

Experimental animals are usually used to determine 
systemic toxicity. The test substances can be admin-
istered in various ways. In dentistry, most substances 
or materials are administered orally (feeding of an 
extract or of the test material, mostly finely ground). 
Previously, the acute LD50 (see Appendix) was deter-
mined as routine. Today, other methods that are more 
sparing of animals are used, such as the so-called limit 
test (administration of a fixed dose, e.g., 2,000 mg/kg 
body weight). If this concentration is not high enough 
to reach the LD50, then generally no further tests will 
be done, and the material will not be placed in the cat-
egories of “very toxic” to “minor toxic,” according to 
Table 2.2 [76].

The chronic systemic toxicity will be determined 
by administering the material or extract over several 
months. Tests are sometimes extended over the life-
times of the experimental animals. At the end of these 
studies, survival rates of the animals and pathohisto-
logical alterations of the main organs will be deter-
mined.

Besides these classic systemic toxicity tests, addi-
tional methods may have to be used to answer special 
questions, such as those regarding genetically modified 
animal strains. Further information regarding chronic 
toxicity is obtained from accidents (high exposure 
level) and based on observations of occupationally ex-
posed subjects (e.g., dental personnel) who are often 
in contact with the “active” unset material. Substances 
can be classified in various toxicity categories accord-
ing to relevant guidelines (Table 2.2). 

Assessment: In the past, data about acute systemic 
toxicity were routinely presented to assess a material 
according to relevant legal regulations and standards. 
Unfortunately, this information is often not published 
and thus is not accessible for scientific discussion 
[109]. Available data regarding acute LD50 (Tables 2.3 
and 2.4) indicate, however, that dental materials are 
characterized by a low acute systemic toxicity in gen-
eral [87].

Only rare findings are available regarding systemic 
toxicity of dental materials due to chronic exposure. 
Dental amalgam represents an exception: Comprehen-
sive data about many different aspects after chronic 
exposure have been published, specifically addressing 
mercury toxicology (see Chap. 4). Today, the signifi-
cance of the aforementioned preclinical tests to evalu-
ate the systemic toxicity of dental materials is generally 
considered low. At least, it no longer seems appropri-
ate to determine a classic LD50 [109]. 

Key note Z

Findings from preclinical tests to determine the sys-
temic toxicity of dental materials are usually of little 
clinical relevance for the dentist. Such tests are ap-
plied for assessing new materials before they are 
introduced on the market in order to fulfill legal re-
quirements. Of special importance, however, is the 
analysis of risk groups, such as dental personnel.

2.2.4 Local toxicity and tissue  
compatibility

Local toxicity must be differentiated from local tissue 
compatibility. Local toxicity is based on the chemical 
interaction of a toxic substance with biologically rel-
evant molecules. Tissue compatibility, however, may 
also be dependent on causes other than material toxic-

Fig. 2.3  . Contaminations, such as at the outer surface of a 
bottle containing pit and fissure sealant, can cause direct skin 
contact with high amounts of resin monomers

2
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ity, including accumulation of bacteria below or at fill-
ings and other restorations/dentures or the tempera-
ture rise generated by setting autopolymerizing resins 
(Fig. 2.4).

Local toxic features are determined by a great va-
riety of different tests. Relatively simple test methods 
(cell cultures, implantation tests) will not represent 
the target tissues after application of the material in 
the patient’s oral cavity; therefore, the data from such 
tests inform about the unspecific toxicity of a material. 
By contrast, in so-called usage tests, the experimental 
materials are used in animals or, in exceptional cases, 
on humans equivalent to the subsequent application 
on patients.

2.2.4.1 cell cultures

Many claims about the biocompatibility of products 
made by manufacturers are based on data from cell 
culture studies. Isolated cells derived from animal or 
human tissues are grown in culture plates and then 
are used for these tests [46, 56]. Today, mainly per-
manently growing cells (permanent cell lines) are 
used for this purpose because these cells can be easily 
amplified and their behavior is well known, relatively 
consistent, and constant [83]. Frequently, permanent 
mouse fibroblasts (L-929, 3T3) or human epithelial 
cells (HeLa) are used. However, other cells directly 
grown from explants (biopsies) of target tissues are ap-
plied, too, like gingival or pulp fibroblasts. These cells 
are called primary cultures [2]. Recently, primary cells 
were “immortalized” by transfection with certain virus 
particles (oncogenes), in order to maintain character-
istics of the original tissue (gene expression pattern) 
but to be able to keep them for a long (theoretically 
unlimited) time in culture [85, 94]. Cells can be also 
grown in vitro three-dimensionally, which allows bet-
ter in vivo simulation [98].

These cell cultures are treated (“incubated”) with 
the materials or their extracts. Subsequently, a series 
of various parameters will be measured, for example, 
the number of “surviving” cells, protein synthesis, en-
zyme activity, or synthesis of inflammatory mediators 
[85]. One of the first methods for the evaluation of cell 
damage due to materials was based on the dye “neutral 
red” (Fig. 2.5). This dye stains vital cells, whereas cells 
with membrane damage will not be stained. Another 
method, which is often applied today, is to determine 
the activity of mitochondrial enzymes photometrically 
via a color change reaction (MTT assay).

Table 2.2  . Classification of toxicity grades based on the acute 
LD50 (rat) [58]

Category Oral LD50 (rat; mg/kg body weight)

Very toxic   ≤  25

Toxic     25–200

Less toxic     200–2,000

Not classified > 2,000

Table 2.3  . Acute systemic toxicity of orally applied composite 
resin compounds [15, 87]

Substance LD50 (rat; mg/kg body 
weight)

Bis-GMA > 5,000 

UDMA > 5,000

TEGDMA  10,837

Bisphenol A   3,250

Glycidyl methacrylate    597

Methyl methacrylate   8,000

2-hydroxyethyl methacrylate   5,050

Compare: nicotine      1

Table 2.4  . Acute systemic toxicity of orally applied filling ma-
terials [87]

Material LD50 (rat; mg/kg body 
weight)

Polymethyl methacrylate   8,000

Silicate cement (powder) > 8,000

Silicate cement (liquid) 5.7 ml/kg

Eugenol   4,000

Zinc phosphate cement 
(powder)

> 8,000

Zinc phosphate cement 
(liquid)

5.7 ml/kg

Temporary cement (Provilink) > 5,000

G. Schmalz 17
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More recent techniques are dentin-barrier tests, 
which simulate the tooth conditions by placing a den-
tin disc between target cells and test material. Three-
dimensional cultures consisting of immortalized pul-
pal fibroblasts can be used as target cells. Cultures are 
permanently perfused with growth medium, which 
will keep the cultures vital for up to several weeks. 
That way, animal experiments will be unnecessary in 
certain cases [94, 95, 98] (Fig. 2.6).

Molecular toxicology methods have also been in-
troduced. For example, fluorescence-activated cell 
sorting (FACS) and Western blotting (a method for de-
tecting specific proteins by gel electrophoresis, trans-

fer to a membrane such as nitrocellulose, and detect-
ing by antibodies) are applied to detect the influence 
of a biomaterial on cell metabolism, especially upon 
signaling pathways within the cell. This may include 
the determination of radical oxygen species, apopto-
sis rate, DNA damage and repair, changes of the cell 

Fig. 2.4a,b  . Inflammation of the palatal mucosa. a Reaction beneath a denture. b Healing of the inflammation after hygiene 
instructions and rinsing with 0.1% chlorhexidine digluconate

Fig. 2.5a,b  . Cell culture. a The size of the zone of neutral red 
decolorization around the sample is indicative of cell damage 
(left). b The cell morphology (e.g., rounding, disintegration) in-
dicates the extent of damage (right)

Fig. 2.6  . Dentin-barrier test: a dentin disk is placed between 
the test material and the target cells (three-dimensional cell 
culture)

2
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cycle, or synthesis of specific inflammation mediators 
[104]. Gene expression analysis using microarray test 
systems (e.g., Affymetrix) reveals information on the 
genes involved in the cellular stress response [105].

Assessment: Cell culture studies are comparatively 
quick and simple to perform, and findings are largely 
reproducible. But results depend on the selected test 
conditions. Therefore, it is always necessary to test and 
assess a material in comparison with similar materi-
als whose clinical behavior is known (relative toxicity 
analysis) [85]. 

The major problem associated with cell cultures 
is the question of possible extrapolation of the results 
to patients. There are, in fact, situations in which this 
extrapolation is possible. For instance, most materials 
damage cells immediately after setting but not in the 
set state. Equivalently, pulpal alterations can be ob-
served after the application of fillings in deep cavities; 
these alternations usually disappear after a few weeks 
if the pulp is sound and reveals a sufficient regenera-
tive capacity. These reactions may be due to the initial 
toxicity of filling materials, eventually combined with 
cavity preparation trauma.

On the other hand, discrepancies between cell cul-
ture data and patient reactions have been documented. 
Zinc oxide and eugenol cement (ZOE) is, for instance, 
highly toxic in cell cultures but almost nontoxic for the 
pulp in those cavities where the dentin has not been 
perforated [85]. Thus, an evaluation of ZOE based only 
on cytotoxicity tests would result in a wrong assess-
ment of a material, which is important in dentistry.

In the future, these problems will be solved by a 
best possible simulation of clinical conditions in cell 
culture, as is already possible, for instance, in the den-
tin-barrier test [94]. But currently, only limited expe-
riences are available for this method.

Key note Z

It is important for the clinician to realize that cell cul-
ture data cannot be a priori transferred to the patient. 
In fact, such studies indicate only whether potentially 
incompatible substances are released from a mate-
rial at all. Further studies are then necessary to in-
vestigate compatibility with the target tissues of the 
oral cavity. But cell cultures are an excellent tool to 
study the mechanisms of incompatibility reactions.

2.2.4.2 Implantation tests

For implantation tests, materials are implanted sub-
cutaneously, intramuscularly, or in the bone of an ex-
perimental animal (rats, rabbits, etc.). After different 
periods of implantation of the material in the tissues 
(between 1 week and several months), the adjacent 
tissue is investigated macroscopically and micro-
scopically (Fig. 2.7). After a short implantation time 
(1–2 weeks), degrees of inflammation surrounding the 
implant will primarily be assessed. In the case of an 
extended implantation period, the nature and quantity 
of the connective encapsulation will be evaluated, too.

Fig. 2.7a,b  . Implantation test. a Formation of an abscess at 
the interface between material and connective tissue (arrows 
mark the location of the open ends of the Teflon tube contain-
ing the test material, which was implanted into the tissue). b The 

histologic slide reveals severe inflammation at the interface be-
tween the material and connective tissue (**), but no reaction at 
the contact area with Teflon (*) (magnification ×80)

G. Schmalz 19
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Assessment: In contrast to cell culture tests, implan-
tation studies also provide information about the 
removal of toxic substances from the tissue (open 
system) and about the defense reaction of the entire 
organism, such as via an inflammatory reaction. Thus, 
this type of study is closer to the patients than cell 
culture experiments are. However, a good correlation 
was found between cell culture data and findings from 
implantation tests regarding certain dental filling ma-
terials [84]. For instance, ZOE provokes a pronounced 
tissue reaction in implantation tests, as it does in cell 
culture experiments. When testing alloys by means of 
implantation, an extended implantation period of tis-
sue contact of more than 4 weeks is necessary.

2.2.4.3 pulp damage and the pulp/dentin test

Pulp compatibility of dental materials is naturally of 
great importance for the dentist. To generate better 
understanding of the processes of pulp reaction dur-
ing evaluation of a material as well as daily treatment 
of patients, this topic will be discussed in more detail. 
Pulp compatibility of a material is investigated on teeth 
of experimental animals or on human teeth that have 
to be extracted for orthodontic reasons (pulp/dentin 
test) [43]. In both cases, class V cavities are prepared 
as atraumatically as possible and are then filled with 
the test material. This approach is equivalent to the fu-
ture mode of application on patients. After a period of 
days to several months, the teeth are removed and his-

tologically prepared, and the pulps are microscopically 
evaluated for signs of acute or chronic inflammation 
and odontoblast reaction (including dentin neogen-
esis; Fig. 2.8). In addition, the space between test ma-
terial and the cavity wall is investigated for bacterial 
penetration [47].

These methods can be modified in such a way that 
the pulp is exposed or part of the pulp is removed be-
fore the material is applied. In this way, materials and 
methods intended for direct (vital) pulp cappings or 
pulpotomies can be assessed.

Assessment: The most important causes of pulp dam-
age resulting from a restorative procedure (in addition 
to cavity preparation) are the following:
• Toxic substances released from the material
• Bacteria and their toxins between the material and 

the cavity

The pulp can react to these irritations in the following 
ways:
• Inflammation, which, based on the degree of irrita-

tion, may be reversible (with subsequent healing) 
or irreversible (with the formation of pulp abscesses 
and subsequent necrosis)

• Tertiary dentin formation; minor irritations can 
stimulate present odontoblasts to form tertiary 
dentin (“reactive dentin”) in the pulp combined 
with an obliteration of dentin tubules (dentinal 
sclerosis). More pronounced stimuli will result in 
degeneration of the original odontoblasts, which 

Fig. 2.8a,b  . Pulp/dentin test. a No pulp reaction after appli-
cation of zinc oxide and eugenol cement. (magnification ×120) 
b Pronounced pulp reaction after application of a glass iono-
mer cement, likely caused by a bacterial layer on the cavity floor 
(magnification ×80)
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will be replaced by “secondary” odontoblasts due 
to differentiation of pulp (stem/progenitor) cells. 
Secondary odontoblasts can also form tertiary, or 
regenerative, dentin, but it may reveal a more ir-
regular structure and voids (tunnel defects) [114].

Toxic substances, bacteria, and bacterial toxins may 
only evoke a pulp reaction if they can diffuse through 
dentin tubules toward the pulp. At the same time, 
dentin exerts a certain barrier function despite dentin 
tubules. This barrier function is increased by a smear 
layer that is generated during preparation (Fig. 2.9) 
[78, 92]. In addition, some substances, including zinc 
ions and eugenol, will be bound to dentin. An addi-

tional barrier factor is the obliteration of dentin below 
a carious lesion (dentinal sclerosis; Fig. 2.10), which 
may further reduce diffusion of substances [106]. 

The barrier function of dentin may be reduced by 
acids, which may particularly remove the smear layer 
and extend the orifices of the dentin tubules [21, 79]. 
On the other hand, acids are neutralized when coming 
into contact with dentin, which may potentially abol-
ish their toxicity [66].

However, the barrier function of dentin does not 
mean that the transport of substances through den-
tin is completely inhibited. First, permeability of 
dentin depends on the topography: Distant from the 
pulp, permeability is lower than close to the pulp due 

Fig. 2.9  . Scanning electron microscopic image of dentin with (a) and without (b) smear layer

Fig. 2.10a,b  . Dentin tubules of the same tooth. a Obliterated beneath a caries lesion (sclerotic dentin). b Not obliterated in the 
vicinity of the pulp
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to the lower number and the smaller volume of den-
tin tubules in the dentin periphery (Fig. 2.11) [79]. 
The barrier function is also dependent on the den-
tin thickness; permeability increases exponentially 
with decreasing dentin thickness (see also Chap. 
5) [92]. Apparently, at a remaining dentin thick-
ness of less than 0.5 mm, defense mechanisms of the 
pulp are increasingly stimulated [72]. These factors 
may explain why reactions observed in deep cavities 
are different from those in medium-deep or shallow 
cavities. Dentin sclerosis reduces the dentin’s perme-
ability, but low-molecular substances may diffuse 
even through sclerotic dentin [37].

This (limited) barrier function of dentin applies for 
substances released from filling materials and for bac-
terial toxins as well [65, 66]. The concentration of toxic 
substances leaching from filling materials generally 
decreases with the setting of materials and with in-
creasing time (Fig. 2.2); if bacteria can penetrate below 
a filling, then the synthesis of toxins will increase with 
increasing time. This may explain the pronounced pulp 
reaction that has been observed in these cases [11, 93] 
(see also Chaps. 5 and 6).

Extensive experiences are available with the pulp/
dentin test. It was found that some filling materials, in-
cluding silicate cements and composite resins without 
a cavity base and applied without adhesive techniques, 
cause severe inflammatory reactions in this test. These 
materials have also resulted in pulp necrosis/gangrene 
in patients. ZOE, however, triggers no or only slight 
pulpal reactions in the pulp/dentin test and in patients 
as well, as long as the dentin layer is intact and not 

perforated [47]. A high degree of conformity of data 
from these studies and clinical experience has been 
documented over the years.

However, sound teeth, mostly without obliterated 
dentin, are used in pulp/dentin tests. Thus, there may 
be a discrepancy between the clinical situation (below 
a carious lesion with dentinal sclerosis) and the usage 
test with filling materials. The diffusion of potentially 
damaging substances through sclerotic dentin toward 
the pulp may be reduced. On the other hand, similar 
situations are given if a tooth was prepared for a crown 
and sound dentin was extensively exposed. 

In addition, the target organ of the pulp/dentin 
test is the pulp of sound (test) teeth and not the “pre-
damaged” pulp, as is frequently the case in patients. A 
chronic inflammation in the patient’s tooth pulp may 
impair the defensive capacity of the pulp, rendering it 
more susceptible to toxic material components. 

Furthermore, recent studies addressing direct 
pulp capping with dentin adhesives revealed that no 
or little reactions were triggered in experimental ani-
mals, especially primates, whereas inflammatory al-
terations up to necrosis were generated in humans 
(see also Chap. 5). The pulps of experimental animals, 
especially primates, seem to be much more resistant 
to chemicals – but less resistant to bacteria and bac-
terial toxins. Another problem is the use of (mainly 
large) experimental animals, such as primates, dogs, 
and miniature pigs, which is not only rather costly but 
also increasingly questioned by the public. Certain cell 
culture tests (e.g., dentin-barrier test) could partly re-
place these animal experiments.

Fig. 2.11  . Number and diameter of dentin tubules of the same tooth are much higher close to the pulp (a) than distant from 
the pulp (b)
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Key note Z

It is important for the clinician to know that data 
from pulp/dentin tests exhibit a comparably good 
transferability to the clinical situation (patient) be-
cause this method simulates the following clinical 
application in the best possible way. But since these 
methods also reveal a number of disadvantages, 
data always need to be assessed together with find-
ings from other tests, such as cell culture experi-
ments and clinical studies.

2.2.4.4 Mucosal damage  
and Mucosa usage tests

Various cell cultures and animal models have been de-
scribed in the literature for testing mucosal compat-
ibility (oral mucosa test) [47, 96, 116]. A relatively new 
model consists of in vitro grown skin equivalents and 
is already being applied for test purposes in the cos-
metics industry [88]. For instance, in vitro co-cultures 
are grown that consist of skin fibroblasts and keratino-
cytes [88]. Partially or completely differentiated, mul-
tilayered, epithelial-like cells are being used in other 
models [96], and a number of new skin/mucosa mod-
els are currently being developed [26, 69]. 

Assessment: Because of their technical limitations, 
oral mucosa tests are not considered in most national 
and international standards, so the number of rel-
evant publications is comparatively small. Alterna-
tively, other test methods (cell cultures, implantation 
tests) can be used to determine potential damage of 
the mucosa. Based on the experience of the cosmetics 
industry, in vitro grown mucosa equivalents may offer 
an interesting perspective, but experiences with dental 
materials are still minor. 

Key note Z

It is important for the clinician that no optimal pre-
clinical test system for assessing mucosa compatibil-
ity is available. As alternatives, data from cytotoxic-
ity tests, implantation studies, or, more recently, cell 
culture models (in vitro mucosa equivalents) need 
to be used for evaluation.

2.2.4.5 periapical tissue damage 
and endodontic usage test

The literature includes descriptions of animal models 
(e.g., primates, dogs) that allow the application of a 
given material into the root canal according to endo-
dontic techniques after a usual root canal preparation. 
Compatibility is assessed by histologic evaluation of 
the periapical tissues. It is also possible to induce pulp 
gangrene as a disease model in the experimental ani-
mal and to perform an appropriate treatment [28].

Assessment: The classic endodontic usage test is very 
elaborate and includes the same technical and ethical 
problems as the pulp/dentin test using large experi-
mental animals. Relatively few studies using this test 
method are available in the literature. The presented 
findings, however, document a good correlation with 
clinical observations. In particular, stimulating effects 
on special cells can be determined, such as the influ-
ence of calcium hydroxide compounds on periapical 
cementoblasts [110]. Otherwise, implantation tests, 
in which Teflon tubes are filled with the experimental 
material and subsequently implanted, may be used as 
alternatives (Fig. 2.12). 

Fig. 2.12  . Implantation test of a root canal sealer filled into a 
Teflon tube. Inflammatory reactions at the interface of the ma-
terial (containing paraformaldehyde) and the connective tissue 
indicate an incompatibility (**); no inflammatory reactions in 
the contact area with Teflon (*) (magnification ×80)
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Key note Z

The clinician should know that data from endodon-
tic tests can be “translated” into the patient under 
consideration of the mentioned technical problems. 
Such tests are especially useful when assessing the 
claimed bioactive effects of test materials. But it 
should be emphasized that appropriate and modi-
fied implantation tests generate data that allow 
assessment of toxic properties of root canal filling 
materials and are well transferable to the clinical 
situation.

2.2.4.6 Intraosseous Implant test

Materials used for dental implants are inserted into 
the jaw of test animals (intraosseous implants). For 
this, penetration of the epithelial barrier, equivalent to 
the treatment of patients, is simulated on experimen-
tal animals. Appropriate animals are, among others, 
primates, dogs, miniature pigs, guinea pigs, and rats. 
Tissue reaction is assessed histologically, with the tis-
sue in contact with the implant being of particular in-
terest [19].

Assessment: Available data from these animal studies 
show that implants based on titanium or ceramics, for 
example, are generally well tolerated by the surround-
ing tissue. A good correlation of these findings with 
patients’ situations can be expected.

Key note Z

Many factors, including surgical technique, biome-
chanics, anatomical conditions, and oral hygiene, 
play an extremely important role in the clinical suc-
cess of implant materials. Preclinical intraosseous 
implant tests are a prerequisite for the use of dental 
implants. Clinically, however, a variety of additional 
factors must be considered (as for other materials) 
in order to secure biocompatible behavior of the 
implants.

2.2.5 Allergenic properties

In general, allergenic properties (type IV reaction) of 
dental materials are currently preclinically tested on 
experimental animals. According to OECD Guideline 

406 (see also Chap. 3), two test methods are recom-
mended using guinea pigs: the maximization test and 
the Buehler test [6, 29, 55].

For the maximization test, the investigated sub-
stance is at first injected intradermally into the ex-
perimental animal, together with Freud’s Complete 
Adjuvans (FCA). Seven days later, the same sub-
stance is applied topically at the same site for 2 days. 
It is intended to amplify the immunological effect by 
FCA and, thus, to increase the sensitivity of the test. 
Fourteen days after this induction period, the test sub-
stance is applied on a different area of the skin. Subse-
quently, the skin reaction is assessed after an appropri-
ate exposure time (Fig. 2.13). It is important that the 
substances be applied at a concentration that does not 
evoke primarily toxic (irritating) skin reactions.

The Buehler test is similarly executed on guinea 
pigs but without the application of FCA. Therefore, the 
Buehler test is considered to be more protective for the 
animals than the maximization test. The local lymph 
node assay (LLNA) on mice and the mouse ear swell-
ing test (MEST) are of increasing importance. In addi-
tion, in vitro methods are being developed.

Assessment: Extensive data are available with these 
test methods because they are part of various inter-
national standards. Therefore, many materials that are 
certified according to national or international legal 
requirement must be subjected to these tests [6, 29, 
55]. There is some indication that the Buehler test is 
less sensitive than the maximization test [29]. Some 

Fig. 2.13  . Allergy test on a guinea pig; the redness of the back 
skin is typical of an allergenic material (Courtesy of A. Hensten, 
Tromsø, Norway)
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resin-filling materials (e.g., acrylates), cements (e.g., 
eugenol-containing compounds), and metals (nickel, 
palladium) have caused positive reactions in the maxi-
mization test. A higher incidence of allergic reactions 
to these materials has also been documented in pa-
tients. This applies specifically for dental personnel 
(see also Chaps. 12 and 14).

Cases have been reported, however, in which a 
material that was inert in this preclinical test resulted 
in allergic reactions in some patients. This may be be-
cause dental materials are used in a very high number 
of patients. Thus, the probability is much higher that 
an accordingly disposed patient is exposed to the ma-
terial, compared with preclinical experiments with a 
limited number of test animals. 

Key note Z

It is important for the clinician to know that preclini-
cal data derived from allergy tests are transferable 
to the patient. This applies specifically to positive 
findings. Dentists need to know about correspond-
ing test results of those materials that are used in 
their practice; this information must be considered 
before application on patients.

2.2.6 other reactions

2.2.6.1 Mutagenicity

A variety of different methods, mainly in vitro tech-
niques, are described in relevant standards. Basically, 
the influence of a material on the genome (DNA) of 
bacteria or of mammalian cells is investigated. The 
Ames test is the most famous in vitro method [57]. 
Genetically altered bacteria are used as test organisms. 
These bacteria cannot grow and form colonies on a 
special culture agar, which is histidine-deficient. But 
as soon as they come into contact with a mutagenic 
substance, they begin to grow. The number of forming 
colonies is a criterion for the mutagenicity. The result 
indicates that the genome has been changed and was 
passed on to the next generation of bacteria (mutagen-
icity).

With other methods, DNA damage is determined 
without demonstrating that the damage was trans-
ferred to the next generation (genotoxicity). In vitro 
test systems based on cells include (among others) the 
HPRT test [99], in which an alteration of the gene is 

detected that encodes for the enzyme HPRT, and the 
in vitro micronucleus test, in which direct morpho-
logical alterations of the chromosomes are identified 
(formation of micronuclei). Genotoxicity can be also 
documented on lower animals such as clams, but these 
tests are primarily used in environmental toxicology 
(e.g., water pollution) [39]. 

Mitchell investigated the carcinogenicity of a num-
ber of dental materials by implanting them in rodents 
for an extended period of time, the life span of the 
animals. None of the tested materials caused a tumor. 
The authors concluded that this technique would be 
appropriate for detecting carcinogenic properties of 
dental materials [67].

Assessment: The number of (published) studies ad-
dressing the mutagenicity of dental materials is com-
paratively low. Mostly in vitro data about root canal 
sealers, composite resins/adhesives and some cements 
have been reported [39, 99 –103]. For some materi-
als, e.g. glutaraldehyde-containing dentin adhesives, 
specific epoxy-based root canal sealers and for some 
acrylic materials, in particular when unset, mutagenic 
effects have been reported [39, 50, 100, 101, 103]. The 
number of animal studies about mutagenicity and car-
cinogenicity is even lower.

The assessment of the results of mutagenicity tests 
is very difficult. The evaluation of a series of 300 chem-
icals by means of the Ames test revealed that approxi-
mately 90% of the tested carcinogenic substances were 
mutagenic and 87% of the noncarcinogenic chemicals 
were nonmutagenic [61]. More recent studies differ-
entiate between carcinogenic substances, which react 
directly with DNA, and those that do not. More than 
80% of the carcinogens reacting directly with DNA 
were positive in the Ames test, but less than 10% of the 
other group (not directly with DNA-reacting chemi-
cals) [3].

So far, no clinical reports have been published that 
document a carcinogenic effect of certain dental ma-
terials in the oral cavity. The long exposure time that 
is necessary for the emergence of a malignant tumor 
is a very aggravating factor for clinical assessment of 
potential carcinogenic properties. Therefore, it is only 
possible to draw indirect conclusions from other areas 
(e.g., occupational exposure to chemicals) to a pos-
sible carcinogenic effect.

Today it is generally accepted that results from 
single mutation tests do not allow conclusions about 
a possible mutagenic or carcinogenic effect of a ma-
terial in patients. Rather, positive findings from three 
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different test systems, at least two in mammalian cells, 
are necessary [42]. Then, animal experiments (e.g., in 
rats) have to be performed if the carcinogenicity of a 
material is to be disproved.

clinical practice Advice i

It is important for the clinician to request data 
about mutagenicity and carcinogenicity of a mate-
rial from the producer. If suspicion has been raised 
that a material may be mutagenic when unset, then 
the dental personnel should avoid repeated skin 
contact (“no-touch” technique). It should be kept in 
mind that some substances can penetrate protec-
tive gloves (see also Chaps. 5 and 12). If a material 
caused positive results in different mutagenicity 
tests, specifically when set, then caution should be 
exercised.

2.2.6.2 teratogenic effects  
and Influence on reproduction

To assess these types of damage, the test substance will 
be applied to animals, such as rodents, before mating 
(males and females) or after mating (only females). 
At the end of the study, female animals and fetuses/
newborns are macroscopically and microscopically 
evaluated for malformations. This trial may possibly 
be extended to the next generation. The indication of 
these extensive studies is considered with great reser-
vation in relevant standards regarding dental materi-
als (ISO 10993-3) [42]. So far, no clinical case with a 
suspicion of such effects deriving from exposure to a 
dental material has been published.

2.2.7 clinical studies

The vast majority of clinical studies address the effi-
ciency of new materials, for instance, wear, formation 
of marginal gaps, or longevity. The examination of the 
biocompatibility of dental materials is a part of clinical 
studies but not their main focus. For example, if filling 
materials are investigated, pulp sensitivity, postopera-
tive pain, and other potential problems (hot-cold sen-
sitivity, etc.) are also examined, but more detailed in-
vestigations, such as by means of histology, are rarely 
executed.

Clinical studies have to be approved by ethical 
committees, mainly based on the Helsinki Declaration 
(see Chap. 3). Drugs are frequently examined in blind 
studies; that is, patients are not informed whether they 
receive the tested drug or a control substance, which 
might be an older drug or a placebo. In double-blind 
studies, the treating physician is also unaware which 
drug he or she is going to administer in each individ-
ual case. This approach is frequently not possible for 
dental material testing, since handling and appearance 
are often completely different between the test and 
control materials.

In a controlled clinical study, test and control mate-
rials are examined at the same time. Controlled clinical 
studies possess a higher level of significance/evidence 
compared with studies in which only one material is 
investigated. In studies with a so-called split-mouth 
design, both materials (test and control material) are 
applied in the same patient on similar teeth (e.g., in 
different quadrants). The assignment of test material/
control material to individual teeth/cavities should be 
randomized, similar to a rolling of the dice [70].

Assessment: Biocompatibility data from clinical stud-
ies are naturally of special interest for the dentist, since 
the examination was done on the target group of this 
material (patients). But this should not conceal the fact 
that clinical studies reveal limitations, too. An uncriti-
cal transfer of such results to patients in daily practice 
may result in problems, for instance, if data are not 
based on a blinded study. Therefore, at least treatment 
and subsequent assessment should be done by differ-
ent persons. In addition, the clinical diagnosis of pulp 
damage is afflicted with significant uncertainty. For in-
stance, pathologic processes in the pulp may proceed 
without clinical symptoms [113]. This was observed 
in the past with silicate cements [47], but also nowa-
days with dentin adhesives (in very deep cavities) [38] 
(Fig. 2.14).

Many unwanted reactions appear only after 
chronic exposure. But clinical studies – in particular 
those with new materials – are frequently limited 
to comparatively short periods of time (some only 
6 months). In addition, only a small and often strictly 
selected group of patients is included in the study, for 
instance in a university hospital. In one clinical study, 
tooth fractures occurred more than 6 months after 
the application of a new filling material [12] (Figs. 
2.15 and 2.16). Another problem with today’s clinical 
studies is the very low rate of side effects. It could be 
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demonstrated that for a side effect frequency of 0.1%, 
it is necessary to have a test group of 3,750 patients 
in order to be able to document such effects [32, 44]. 
Because such high numbers of patients are usually not 
available for clinical studies, unwanted side effects may 
not completely be identified. It is, therefore, of out-
standing importance to monitor the market through 
an observation and reporting system that is critically 
dependent on participation of the practicing dentists 
(see also Chap. 3).

Key note Z

It is important for the clinician to keep in mind that 
clinical studies, although of high significance, are 
also characterized by certain disadvantages and 
therefore have to be critically questioned in each 
single case. An overall picture of the biocompat-
ibility of a material requires preclinical compatibility 
tests and clinical studies as well.

2.3 diagnostic tests on patients 

Contrary to the test methods that are used to charac-
terize a (new) material and which have been described 
so far, diagnostic tests on patients are used to more 
deeply analyze claimed or real unwanted side effects 
in individual subjects (individual compatibility). This 
branch of biocompatibility studies has become very 
important during recent years, since many materials 
do not cause clinically manifest reactions in the vast 

Fig. 2.14  . Tooth discoloration indicating a pulp necrosis, of-
ten occurring with no pain symptoms 

Fig. 2.15 . a–c Tooth fracture 2 years after application of a 
(modified) composite resin: crack of the lingual cusp (arrow) 
(Courtesy of N. Krämer, Erlangen, Germany)

G. Schmalz 27



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_2_2008 - 06 - 18_2

majority of the population but may generate claimed 
or real disease symptoms linked to materials in single 
cases. The assumption of an individual compatibility 
for dental materials is based on these observations. 
Thus, examination of the individual compatibility of 
various materials has been attempted by means of one 
or more test methods in order to find a feasible ex-
planation for certain symptoms, to perform a causal 
treatment, or, if possible, to avoid such symptoms by a 
preceding examination.

A variety of methods have been described, some 
of which are accepted by the scientific community and 
some that have not yet been scientifically approved. 
The most important methods will be discussed and 
critically evaluated in the following sections. Other 
methods, such as the analysis of blood or urine to de-
termine exposure to heavy metals, are part of general 
toxicology or occupational medicine. The metal con-
centration of whole blood, blood plasma, or 24-h urine 
can be analyzed by common chemical procedures (e.g., 
atomic absorption spectrometry). These methods are 
explained in detail in textbooks of toxicology or oc-
cupational medicine. 

2.3.1 Allergy tests

The patch test, originally developed and described by 
Jadassohn [16], is the most important allergy test re-
garding dental materials. This test can be applied to 
identify delayed type hypersensitivity (type IV reac-
tions) as the cause for an allergic contact dermatitis 
[16]. Immediate reactions (type I reaction, such as 
asthma) can be diagnosed by the prick test. The ra-
dioallergosorbent test (RAST) may be used as an al-
ternative or supplement to the prick test (see below). 
Further immunological tests are offered in the cur-
rent literature and will be mentioned for the sake of 
completeness, but based on previous experience, these 
tests should not yet be used for routine diagnosis.

2.3.1.1 patch test

Adhesive tapes containing the potential allergens at 
concentrations that are just high enough to trigger the 
allergic reaction (but which are nonirritating) are ad-
hered to the clinically sound skin of the patient’s back 

Fig. 2.16 . a–d Tooth fracture 2 years after application of a (modified) resin-based composite: complete fracture of the mesial-
lingual cusp [12] (Courtesy of N. Krämer, Erlangen, Germany)
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(Fig. 2.17) [48] (see also Chap. 14). The most important 
allergens are combined in so-called standard series 
at ready-made concentrations and are commercially 
available. Special series include dental materials. The 
patient should avoid excessive sweating or exposure 
to sun as well as scratching of the back, and should 
not have a shower or bath. During the following days, 
after the tape has been removed, the skin is evaluated 
for test reactions: redness, itching, blisters, etc. Skin 
reactions are assessed after 2 and 3 days (Fig. 2.17), 
but later checks (after 5 and 7 days) are also neces-
sary to detect late reactions, since immunocompetent 
T lymphocytes occasionally require several days be-
fore they cause a visible allergic reaction. 

Assessment: The patch test is the primary method for 
the detection of a delayed-type hypersensitivity (type 
IV reaction) allergy to dental materials. Although 
many attempts have been made, cell cultures are not 
yet generally accepted for diagnosing a type IV hy-
persensitivity (see below). Skin and oral mucosa react 
similarly in the case of an allergy, as in many other dis-
eases, too. The skin is, therefore, an adequate organ for 
the appropriate allergy tests. The basic requirement for 
the stimulating effect on T lymphocytes is that the al-
lergen is released from the material in sufficiently high 
quantities and then penetrates the skin. 

It was recommended, as an alternative to the patch 
test, to assess the allergy at the actual tissue of tar-
get, the oral mucosa (epimucosal test). However, this 

approach is much more difficult to perform, and re-
sults are considered to be less meaningful. Saliva will 
dilute the allergens, and the oral mucosa may have a 
different immunological reaction, for instance, with 
a lower increase in the numbers of Langerhans cells 
after allergen exposure compared with the skin [75]. 
Thus, higher allergen concentrations are necessary to 
trigger positive test reactions. Altogether, this means 
a lower reactivity of the oral mucosa compared with 
the skin of the back. Also, some patients who reveal 
a positive reaction to a substance (e.g., nickel) on the 
skin of their back may not show clinical symptoms to 
nickel-containing alloys in their mouth. The intraoral 
situation, however, may change due to, for instance, a 
reduction of salivary flow because of disease or to drug 
therapy. Thus, the more sensitive patch test should be 
preferred. The patch test is recommended by a num-
ber of national and international contact allergy asso-
ciations for diagnosing type IV hypersensitivity [8, 10, 
14].

clinical practice Advice i

Questions about existing allergies should always be 
part of the first medical examination of the patient. 
In addition, the patient should be asked at regular 
intervals to report newly developed allergies; thus, 
the general medical history should periodically be 
updated.

Fig. 2.17  . Assessment of allergic reactions in the patch test. 
a Applied tapes. b Skin reactions indicating a type IV hypersen-
sitivity
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It is important for the clinician to know when patch 
tests are indicated because the dentist is the patient’s 
primary contact person. It must be kept in mind that 
patch tests should be performed only if there is a well-
founded suspicion of a type IV hypersensitivity, since 
the test itself may cause sensitization. Therefore, a gen-
eral patch testing of patients with no clinical symptoms 
prior to a dental treatment (“prophetic test”) is disap-
proved of. Even in the case of a negative result of the 
patch test, the possibility that the patient will develop 
an allergy to the applied material in the future cannot 
be excluded. Likewise, tests should not be performed 
with undiluted substances (e.g., acrylates) because this 
may increase the risk of sensitization by the test itself.

Anamnestic details that are reported by the pa-
tient, such as allergies to jewelry (rings, studs) com-
bined with claimed reactions to dental alloys, may 
be indications of an allergy. This information may be 
supplemented by clinical intraoral signs of inflamma-
tion (redness, swelling, bleeding) or blisters, which 
may be chronologically associated with an exposure 
to a certain material. Additional information may be 
obtained by a positive elimination test and/or a provo-
cation test. These tests are possible only with remov-
able restorations, such as dentures. If the dentures are 
removed (elimination test), complaints may decrease 
and may reappear after reinsertion (provocation test). 
Additional manifestations of an allergy are extraoral 
symptoms, like eczema on hands or face (Fig. 2.18). 
Purely subjective extraoral complaints, such as itching, 
that are chronologically linked to a material exposure, 
represent a limited indication for a patch test.

It is important that the clinician is passing relevant 
information on to the allergologist/dermatologist. 
These include anamnestic information, specifically 
with respect to a chronological association between ex-
posure and symptoms. Finally, the dermatologist will 
need data about the composition of the material that 
might be causative for the symptoms, in order to exe-
cute a targeted test. For this, the dentist has to rely on 
the manufacturer’s information. Data provided by the 
package information sheet are generally not sufficient 
for this purpose. Therefore, in these cases the dentist 
should directly contact the manufacturer. When test-
ing for possible allergies to alloys, the use of test discs 
(consisting of the cast alloy) for the patch test proved 
to be of little help. It was found in a number of cases 
that the results of the patch test indicated an allergy to 
the relevant metal salts (in accordance with the clini-
cal symptoms), whereas the alloy discs provoked no 
reaction in the patch test [32].

Key note Z

Diagnosis of a material-linked type IV hypersensitiv-
ity is possible only if the clinical signs of an allergy 
can be associated with the presence of the posi-
tively tested (patch test) allergen that is present in 
the oral cavity.

2.3.1.2 prick test

This test is used to detect “immediate-type” allergies 
(type I reactions) [48]. The allergen is applied as a drop 
to the skin, and then the skin is “pricked” through the 
drop [48]. Test substances/extracts (e.g., containing 
natural latex) are offered by various manufacturers. 
After 5–30 min, the skin reaction is assessed (redness, 
formation of weals, etc.: Fig. 2.19). Although the risk 
of provoking an immediate allergic reaction by the test 
itself is very minor, it cannot be completely excluded. 
Therefore, this test should be executed only by quali-
fied personnel. The risk of sensitization of a patient by 
the prick test is considered low [48].

Key note Z

It is important for the clinician to know that imme-
diate-type reactions to dental materials are very rare 
(e.g., pit and fissure sealants). Much more frequent, 
however, are immediate allergic reactions to latex 
(Fig. 2.20).

Fig. 2.18  . Contact allergy after patient contact with the den-
tist’s latex gloves (cause: the additive thiuram)
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Fig. 2.20a–d  . Allergic reaction, immediate type (type I), to la-
tex gloves. a Local: urticaria. b Allergic edema. c Conjunctivitis. 
d Allergic shock (Courtesy of A. Heese, Bayreuth, Germany)

Fig. 2.19  . Prick test on the forearm; persons suffering from a 
latex allergy frequently show cross-reactions with various fruits, 
such as apricots, peaches, avocados, and bananas. (Courtesy of 
M. Landthaler, Regensburg, Germany)
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2.3.1.3 radioallergosorbent test (rAst)

The RAST belongs to the group of in vitro tests for 
diagnosing an allergy. It is used to diagnose imme-
diate-type allergies (IgE mediated) by identifying an 
allergen-specific IgE in the patient’s blood [48]. Be-
cause the RAST is an in vitro test, the patient will not 
be exposed to the risk of sensitization by the test itself. 
However, with atopic patients or through other circu-
lating antibodies, this test may render results that are 
inconsistent with clinical findings.

Key note Z

This test can be used for diagnosing suspected al-
lergies to medication or latex, potentially in combi-
nation with the prick test. But indication, execution, 
and assessment need to be done by an experienced 
allergologist through an allergy laboratory.

2.3.1.4 Immunotoxicological test Methods

Recently, immunotoxicological test methods for de-
termining the biocompatibility of dental materials 
(mainly metals) have been discussed. These techniques 
are used to identify the influence of a substance or ma-
terial on one or several components of the immune 
system. Components may be the triggering of specific 
sensitizations (see above), the induction of autoim-
mune reactions or the inhibition (or promotion) of the 
cellular immune defense [9]. A number of studies thus 
aim to further characterize the influence of materials 
on the immune system [96]. 

A completely different approach, however, is fol-
lowed by other immunotoxicological methods in 
which the patient is characterized corresponding to 
his or her specific reaction to a material. One of these 
tests is the lymphocyte transformation test (LTT) [9]. 
For the LTT, a blood sample is taken from the patient 
with suspected allergy, and then the proliferation of 
T-lymphocytes in the presence of the allergen is deter-
mined. This test has been claimed to detect sensitiza-
tion to metals, for instance. The memory lymphocyte 
immunostimulation assay (MELISA) is a modifica-
tion of the LTT. Monocytes derived from the patient’s 
blood are used for the MELISA. 

Assessment: Although immunotoxicological testing 
of materials is a widely accepted procedure, the testing 

of the specific reactions of patients using the LTT and 
MELISA tests is still under scientific evaluation [9]. 
Associations with clinical signs and symptoms have 
been sporadically reported, but are not consistent. In 
particular, the function of genetic factors has not been 
clarified so far. Thus, these methods have not yet been 
scientifically approved as routine tests [9, 51]. For in-
stance, mercury-associated local lichenoid reactions 
of the oral mucosa (contact lesions), which are mainly 
allergic in nature, provoked no different lymphocyte 
stimulation in blood of patients compared to subjects 
without clinical symptoms (control group) in the LTT 
[51].

Key note Z

Immunotoxicological test methods that have been 
described so far to evaluate patients are not yet sci-
entifically approved and should not be considered 
for routine clinical application. National and interna-
tional contact allergy groups recommend the patch 
test as standard procedure [8, 10, 13, 14]. 

2.3.2 Measurement of Intraoral Voltage

All metals in the oral cavity are exposed to an aque-
ous environment. They corrode (more or less) and at 
the same time release different positively charged ions. 
The metal surface thereby becomes negatively charged, 
which will then cause the attachment of positively 
charged ions from saliva (Ca2+, Na+, or K+). Voltage 
differences can be found against a reference electrode 
or between two metals in the oral cavity (e.g., between 
two equivalent gold alloys) [45]. If there is a conduc-
tive contact between the two metals (e.g., direct con-
tact or through wires), then ionic electricity can circu-
late (ion shift) in the tissue/saliva. The electric current 
or the current density per cross-sectional tissue area 
cannot be directly measured. Various authors have re-
ported that measuring intraoral electrical phenomena 
and comparing the results with threshold values for 
tolerance may allow determination of the individual 
compatibility of a patient for materials, particularly 
metals.

A number of measurement devices are available on 
the market that can be used for determining intraoral 
voltages between different restorations. These devices 
require a high internal resistance (at least 20 mega-
ohms). Certain techniques measure a “current.” But it 
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should be kept in mind that this does not represent 
a current (electricity) in tissue or in saliva, but a dis-
charge via an instrument-specific internal resistance, 
although it is sometimes referred to as measurement 
of intraoral current [59]. Change of electric current 
by time (e.g., per second) can be measured by means 
of appropriate computer programs. Some techniques 
even claim to be able to measure currents between 
resins.

Assessment: Local electrical phenomena can occa-
sionally generate perceivable reactions in patients. 
This may be caused by short circuits, for instance, if 
a new amalgam filling is placed in direct proximal or 
occlusal contact with a high gold alloy [63]. The conse-
quence may be a metallic taste. In general, however, an 
insulating oxide layer will soon be formed on the amal-
gam, which will act as high electrical resistance, and 
thus the sensations will disappear after a few days [73]. 
Another example is electric current peaks, which are 
generated by the insertion of tinfoil into the oral cav-
ity. This may result in pain sensation. Voltages without 
current discharge may cause sensations (e.g., metallic 
taste), if they exceed a certain level, which is 1,000 mV, 
according to Kappert [45]. A maximum electrode volt-
age of 600 mV will occur between an amalgam filling 
and a high gold alloy. In a few patients, the threshold 
may be much lower, for example 200 mV. This may 
cause local sensations [63], which can be eliminated 
by exchanging the restorative material, for example 
[63]. 

General symptoms, including headache, gastro-
intestinal irritation, circulation discomfort, psycho-
vegetative and central nervous alterations, and sleep 
disturbances, have also been linked to intraoral volt-
ages/currents and are referred to as pathological/oral 
galvanism or “oral battery” [59]. A previous review of 
the literature regarding the influence of voltage on bio-
logical systems is the basis of the following informa-
tion. Cells migrate if they are exposed to an electrical 
field of at least 500 mV/cm2. But no cell damage has 
been documented. An electrical field of 5,000 mV/
cm2 caused increased proliferation of tumor spheroids 
(three-dimensionally growing cells derived from tu-
mor tissue), but cell death was observed only at field 
strengths of 20,000 mV/cm2. This and other studies 
do not provide evidence that electric effects due to in-
traoral metallic restorations may damage nerval and 
nonnerval biological structures or tissues [24].

Furthermore, it was reported in the literature that 
patients who associated their (mainly general) symp-

toms with intraoral electric phenomena (oral galva-
nism) revealed no correlation between their com-
plaints and the level of the measured intraoral electric 
values [1, 20, 97, 115]. The “experimental” readings 
were not different from measurements in the control 
group (subjects without symptoms/complaints) [1, 
64]. Interestingly, various authors who are in favor of 
this method specify different tolerance threshold val-
ues [59]. Evidence that this technique is of diagnostic 
value for assessing general symptoms is still missing 
[63].

2.3.3 evaluation of pulp sensitivity

The sensibility test of the pulp may demonstrate func-
tional nerval structures. This method is used for pulp 
diagnosis and is mainly based on the application of cold 
and of electric current [17, 31]. The threshold of pulp 
nerves regarding electric current varies between 20 
and 100 μA, whereas this value for periodontal struc-
tures ranges between 176 and 250 μA [60]. Thus, it is 
possible to differentiate between an irritation of nerves 
in the pulp and in the periodontium [60]. Thermal ex-
amination is performed with sticks of ice, CO2-snow 
(– 78.5 oC), or cold sprays, which, for instance, contain 
propane, butane or similar substances (– 22 to – 50 oC). 
Dichlorine–difluorine–methane, which has been used 
previously, has been discontinued for environmental 
reasons. All substances will cause a similar tempera-
ture decrease in the pulp [31].

Assessment: These tests are frequently applied in bio-
compatibility tests to determine material-associated 
pulp damages in clinical studies. However, a decisive 
limitation of sensibility tests is that they only indicate 
the presence of functioning nerval structures. But these 
tests cannot be used to prove vitality or specific inflam-
matory reactions of the pulp. For example, a histologic 
control showed that, despite positive sensibility reac-
tions, up to 40% of the evaluated cases revealed partly 
pronounced pulp necroses [40]. It was found that the 
nerval structures of the pulp belong to the most resis-
tant tissues [71]. The probability that a negative sensi-
bility test in fact indicates a nonvital pulp exceeds 90% 
[40]. On the other hand, the probability that a positive 
sensibility test documents a vital pulp is much lower. 
Altogether, sensibility tests tend to draw a picture that 
is too optimistic [40]. Sensibility tests are not likely 
to cause damage in patients, such as an electric pulp 
tester current in patients with a pacemaker, or enamel 
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cracks due to application of cold [53, 80]. Lack of 
pulp damage by cold application was documented in 
animal experiments [41]. Some authors found enamel 
cracks or an enlargement of preexisting cracks after an 
extended application of cold [4, 52], but this was not 
confirmed by other studies [80].

Key note Z

Sensibility tests are an essential part of any kind of 
pulp diagnosis, but it must be kept in mind that a 
number of pulp damages will not be diagnosed by 
these methods. Some substances, such as propane 
and butane, are easily flammable. Cold should be 
applied only briefly in order to prevent (possible) 
formation of enamel cracks.

2.3.4 Analysis of Intraoral Alloys

Knowledge about the exact composition of materials 
in patients’ oral cavities is an important prerequisite 
for subsequent clinical tests, such as allergy tests. But 
so far, appropriate techniques are available only for the 
routine analysis of metals. For removable restorations 
and dentures, processing and corrosive alterations can 
be examined by means of modern analytical methods 
(polished metallic micrograph sections in combina-
tion with energy dispersive x-ray analysis, or EDX). 
However, clinical evaluation is much more difficult 
if restorations such as crowns, inlays, or bridges are 
fixed in the oral cavity and thus cannot be removed 
for identification of the alloy and the structure in the 
laboratory [118].

In these cases, the composition of an intraoral alloy 
can be identified using the chip test. A small amount 
of alloy particles (chips) is produced intraorally us-
ing a silicon carbide stone or a tungsten carbide bur. 
The alloy particles are collected on a small, circular, 
self-adhesive graphite plate. This self-adhesive carrier 
conducts electricity. Subsequently, the collected alloy 
particles can be identified quantitatively and qualita-
tively by means of EDX analysis (Fig. 2.21). 

Assessment: Our own experiments revealed that this 
analytical method (chip test) is easy to perform and 
generates reliable data. Naturally, it is not possible to 
identify a specific brand, since too many almost iden-
tical alloys are on the market. Also minor element 
shifts due to processing of the alloy are always pos-

sible, e.g. warm transformation of alloys. Neverthe-
less, the analytical accuracy is ± 1% for individual alloy 
components.

Key note Z

It is important for the clinician to know that the 
composition of intraoral alloys can be analyzed with 
an accuracy of ±1% using the chip test. Exact knowl-
edge about the composition of intraoral materials is 
an important prerequisite for a specifically designed 
allergy test. However, the chip test is not able to ex-
amine a correct processing of the alloys, which must 
be considered a disadvantage of this test because a 
correct processing is of decisive influence on corro-
sion and, thus, also on tissue compatibility. 

2.3.5 Analysis of Metals  
in saliva and Biopsies

So far, examination of saliva to diagnose material-
linked side effects concentrates on the detection of 
metals, although most recently, resin components 
were also identified in saliva (see Chap. 5). A defined 
amount of “morning saliva” (before any food or drink 
intake or oral hygiene measures) is collected and, af-
ter chemical pulping, is analyzed, such as by atomic 
absorption spectrometry (AAS) [89]. Biopsies, for in-
stance from the gingiva adjacent to metal restorations, 
were also used to determine the metal content. Metal 
concentrations in biopsies are usually analyzed by AAS 
after chemical pulping [118].

Assessment: There is a certain correlation between 
salivary metal content and the composition of in-
traoral alloys: Metals that are part of dental restoration 
can be usually found in saliva, too. But the salivary 
metal content reveals great variations, even if sample 
collection is standardized [33, 91]. For instance, the 
metal content is considerably dependent on the nutri-
tion and parafunctions [111]. Repeated collection of 
saliva from the same subjects within a few days and 
using generally identical conditions revealed a varia-
tion of the metal concentration of several orders of 
magnitude [33, 91]. Therefore, it must be concluded 
that it is methodologically extremely difficult to set a 
reproducible value for each patient. Further, it is not 
possible to differentiate between the oxidation levels 
of the single metals, which is decisive for absorption 
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in the gastrointestinal tract, and for toxicity. Thus, the 
salivary metal content is an imprecise indicator for the 
applied dose and provides no information about the 
effective dose of a substance (see also Chap. 1).

So far, the metal content of the gingiva adjacent to 
dental alloys has only been analyzed by a few research-
ers. Cases have been reported that revealed a signifi-
cantly elevated metal concentration (determined by 
AAS) in the severely inflamed but plaque-free gingiva 
next to a metal restoration compared to sound tissue 
[117]. However, in other studies, metals were also de-
tected in clinically sound gingiva, which supposedly 
originated from adjacent restorations [81]. Of all ana-
lyzed gingiva samples, 73% revealed alloy compounds, 
to some extent in the form of particles [81]. Our own 

investigations have shown that there is a good corre-
lation between the metal content of biopsies and the 
adjacent alloy [89, 90].

However, metal analysis of gingival biopsies is also 
associated with some problems. First of all, it is not 
possible to differentiate between the oxidation levels of 
the single metals. In particular, tiny metal chips, which 
are generated by finishing of the alloy or the removal 
of old restorations and which are then transported in 
the proximate tissue, will significantly increase the 
metal content of a biopsy. But these metallic particles 
are considerably less biologically active than metal 
ions. Finally, it is not yet possible to define threshold 
concentrations below which no tissue reaction due to 
metals is to be expected. 

Fig. 2.21a–d  . Analysis of intraoral fixed alloys. a Collection 
of alloy particles/chips. b Alloy chips attached to self-adhe-
sive graphite disk. c Scanning electron microscopic image of 

an alloy chip. d Results of energy dispersive x-ray analysis; peaks 
indicate the identified elements
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Key note Z

It is important for the clinician that in general, metal 
analyses of single saliva samples are not helpful for 
the diagnosis of side effects. The examination of the 
metal content of the gingiva is also of little diagnos-
tic value for dental practice.

2.3.6 test Methods of “Alternative Medicine”

Under this heading, a large number of very heteroge-
neous diagnostic methods will be summarized, which 
have not yet been scientifically approved, since they do 
not fulfill the usual requirements of reproducibility, 
verifiability, and diagnostic quality [18]. Some meth-
ods, for instance using the pendulum, even obviously 
and crassly contradict current trusted knowledge. Of-
ten, these methods are called “complementary” meth-
ods, which gives the impression of supplementation of 
or even a further advantage to scientifically accepted 
test methods. Altogether, these methods claim to be 
able to be a valuable tool for the diagnosis and treat-
ment of the individual incompatibility/compatibility 
of (dental) materials.

Procedures of alternative medicine have to be 
distinguished from classic methods of naturopathic 
treatment or medical practices of other cultures [107]. 
Naturopathic treatment applies natural impulses like 
motion/exercise, warmth, cold, etc. in order to stimu-
late the regeneration of the organism. Classic meth-
ods of naturopathic medicine with proven efficacy are 
accepted and practiced by science-based medicine. 
Medical practices of other cultures include traditional 
Chinese medicine, for instance. Although some of 
these hypotheses and models have been disproved, 
other techniques have been found to be effective, such 
as traditional Chinese medicine acupuncture. These 
methods can be also used in dentistry, e.g. to reduce 
choking and pain. 

Procedures of alternative medicine are receiving 
more and more public attention [22, 23], and many 
patients ask their dentist about these methods. In ad-
dition, “diagnostic” findings based on these tests are 
frequently the reason for very invasive therapeutic 
procedures, like removal of fillings, extraction of teeth 
or even the resection of entire segments of the jaw 
(Fig. 2.22) [107]. Therefore, some of the methods will 
be briefly described and assessed.

Electroacupuncture according to Voll (EAV) sup-
posedly allows for the diagnosis of degenerative, in-

flammatory, toxic, or allergic tissue alterations of 
single organs by measuring the skin resistance at dif-
ferent sites (acupuncture sites) [77]. EAV also includes 
a drug test, which supposedly permits determination 
of the compatibility of materials in individual patients. 
Small, closed glass bottles contain the materials, which 
are placed in a measurement comb. This measurement 
comb consists of a brass block with appropriate cavi-
ties. The electric current is conducted through these 
cavities to read the skin resistance. Certain changes in 
the patient’s skin resistance are supposed to indicate 
a material incompatibility. The basic concept of this 
method is that each substance irradiates “informative 
energy with a characteristic mode of vibration,” which 
causes defined alterations in the organism [59]. The 
early diagnosis, which means identifying incompati-
bilities before clinical symptoms emerge, is considered 
a special advantage. Based on EAV, other techniques 
are using the “distribution of charge density on the 
skin surface” or “electromagnetic oscillations” as well 
as the “measurement of ultrafine body energies” to de-
termine individual compatibility.

In contrast, applied kinesiology (AK) is breaking 
different ground. Changes of posture, muscle move-
ment, and, above all others, muscle tone, are con-
sidered to be leading signs of a disease or a material 
incompatibility [35, 36, 59]. The diagnosis is based 
mainly on manual exploration of the patient’s muscle 
tone.

Key note Z

Alternative methods are not scientifically proven 
and thus cannot be used as rationale for diagnos-
ing and treating oral or systemic diseases. But it is 
important to know the basics of such alternative 
concepts in medicine and dentistry in order to com-
petently inform patients about them.

Assessment: Alternative diagnostic and therapeutic 
methods have been assessed in detail in the literature 
and by scientific associations [18, 62, 74, 77, 82, 107, 
112]. The most important problems are as follows:
1. Misleading terminology: These methods are fre-

quently called holistic and are associated with 
naturopathic medicine. Followers of such methods 
postulate that with these methods, the patient is di-
agnosed and treated in his or her entirety, whereas 
scientifically based methods envisage only single 
organs. However, the methods of scientifically-ori-
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ented medicine and dentistry also incorporate the 
entire patient; this is also true for biocompatibility 
testing of dental materials (see Chap. 1.5 on inter-
disciplinary collaboration). “Holistic” is, therefore, 
also characteristic for scientifically based methods 
and not specific to “alternative” procedures. Also, 
psychological and psychosomatic aspects are cur-
rently included in a scientifically based diagnostic 
approach. Naturopathic methods (for example, a 
balanced lifestyle, healthy diet, and adequate body 
hygiene) are well accepted today and are intensely 
covered by medical and dental education.

2. Contradiction of current knowledge of natural 
sciences: As described above, a number of these 
alternative methods are based on concepts like 
“information energy” or “bioenergy” of a material. 
However, these phenomena cannot be physically 
described as can, for instance, an electron volt or 
a product of mass and the square of the speed of 
light [62]. The drug test using EAV simply ignores 
physical laws because the sample is completely iso-
lated by glass. Of course, the possibility exists that 

current knowledge may be found to be false in the 
future. But many of the alternative concepts are so 
far beyond the current state of knowledge that their 
truth is extremely unlikely [62]. Furthermore, orig-
inators of new concepts should prove that their hy-
potheses are true. This becomes very problematic if 
natural science as such is fundamentally challenged 
and called into question. However, the patient 
should then be clearly informed that such methods 
are in opposition to natural science. In any case, 
these methods are speculative in nature and based 
on belief. “It is the unavoidable risk of believing op-
erators that they may get into the sphere of charla-
tanry” [62].

3. Missing reproducibility of the test results: This is 
even conceded by advocates of these methods [5, 
107].

4. Missing proof of diagnostic validity: Advocates of 
these methods mainly refer to single case reports 
describing the successful use of their methods in 
patients who could not be successfully treated by sci-
entifically based methods. However, the success of a 

Fig. 2.22a–c  . A 40-year-old patient who complained of sciatic 
pain and insomnia. a Elsewhere, an allergy to metals was diag-
nosed based on the radiograph; the glutathione-S-transferase 
test was positive; and the saliva analysis revealed elevated levels 

of Au, Pd, Pt, Ag, Sn, and Hg. b Extraction of anterior teeth else-
where; bone was resected twice. c Patient 9 months later, with 
no recovery of complaints but with a large bone defect
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procedure demonstrated in single case reports is no 
proof for the diagnostic validity or the correctness of 
the acclaimed mechanism behind those alternative 
diagnostic methods. The result may be due to a pla-
cebo effect (or a suggestive effect; see also Chap. 1), 
especially because the advocates of this direction 
always refer to a close interaction between operator 
and patient as a decisive precondition for these test 
methods [59]. It would be very easy to prove the 
diagnostic value of EAV because materials could be 
blind-tested in the comb. Such a joint study between 
EAV supporters and a scientific laboratory was 
rejected by leading EAV representatives in 2001.

 Recently, applied kinesiology was tested in a dou-
ble-blind study evaluating the individual compat-
ibility of a number of patients towards two different 
resin-based composites [108]. The testing was per-
formed by advocates of this method. It was, how-
ever, found that the reliability of applied kinesiol-
ogy in diagnosing compatibility/incompatibility of 
the two different products did not exceed random 
chance. The authors further stated that any method 
that fails to be reliable cannot be valid [108].

5. Differentiation between electroacupuncture and 
classic acupuncture: While classic acupuncture re-
sults in accepted effects (pain elimination, preven-
tion of choking, and so on) [107], EAV is based on 
completely different, unaccepted hypotheses (such 
as information energy).

6. Speculative assessment: Real physical parameters 
are measured by some alternative medical proce-
dures, for instance by EAV. But there is no scien-
tific basis for assessing the measurement results. 
Therefore, the nature of the interpretation of these 
results, such as regarding an incompatibility to ma-
terials, is speculative.

7. Potential for misuse: The aforementioned proce-
dures, used in the sense of a final attempt, are fre-
quently offered as supplementation (“complemen-
tary methods”) with the reference that the classic, 
science-based (test) methods were unsuccessful in 
some patients. Often, the methods are also desig-
nated as harmless and noninvasive. However, the 
situation becomes problematic if an extensively 
invasive therapy is recommended based on a non-
science-based diagnosis, for instance, removal of 
intact fillings, extraction of teeth, and even resect-
ing of entire segments of the jaw (Fig. 2.22) [107]. 
It is necessary to countervail the success due a pla-
cebo effect against possible failures. Reproducible 
data are missing here.

Another case illustrates the problem: A 12-year-old 
girl suffering from insulin-dependent diabetes was 
subjected to alternative methods (“bioresonance ther-
apy”), resulting in the diagnosis that amalgam was the 
reason for the diabetes. Amalgam removal and the 
cessation of insulin intake were recommended. Six 
weeks later the girl lost consciousness and died despite 
emergency treatment [25]. 

2

2 Determination of Biocompatibility38



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_2_2008 - 06 - 18_2

Appendix

LD50: Median lethal dose. Calculated dose of a chemi-
cal substance that causes death of 50% of the 
experimental population (i.e., experimental ani-
mals). Formerly the standard procedure for the 
determination of acute toxicity for all types of 
application except inhalation.

LC50: Median lethal concentration. Calculated con-
centration of a chemical substance, either dis-
solved or in air, that is expected to cause death 

of 50% of a defined experimental group (cells or 
animals), exposed to the substance for a specific 
period of time.

TC50: Median toxic concentration. Calculated concen-
tration of a chemical substance, either dissolved 
or in air, which causes an expected 50% reduc-
tion of a specific biological function in a defined 
experimental group (cells or animals) exposed 
to the substance for specific period of time.

conclusions for the dental  )
practitioner

1. The biocompatibility of dental materials can be 
only characterized based on a battery of differ-
ent test methods. Statements about biocompat-
ibility based on one test method only, have to be 
assessed very critically.

2. Materials release substances specifically before 
setting and immediately after mixing, which 
may cause side effects. Therefore, dental person-
nel represent a risk group for these materials.

3. Cell culture data are frequently used for advert-
izing statements, since these tests can be quickly 
performed and they are cost-effective. But ex-
trapolation of such findings to the patients is 
often questionable. The development of new 
methods may solve this problem in the future. 
Today, these tests are very important during the 
development of a material and the detection of 
causes of tissue reactions. 

4. The extrapolation of findings from in vitro mu-
tagenicity tests to the patient requires caution, 
in particular, if the material was only mutagenic 
when freshly mixed. A no-touch technique is 
recommended for dental personnel.

5. Usage tests (e.g., pulp/dentin test) and allergy 
tests on experimental animals generate results 
that better represent the clinical situation. How-
ever, even these tests have certain limitations, 
and they always have to be evaluated together 
with the results from in vitro and clinical tests. 

6. Clinical studies are decisive for the final as-
sessment of a material and should always be 

requested from the manufacturer. However, re-
garding the biocompatibility there may be prob-
lems, since some damages, e.g., of the pulp, may 
occur without clinical symptoms. Therefore, 
clinical studies always need to be evaluated to-
gether with pre-clinical tests. 

7. The patch test plays the most important role in 
the determination of the individual compatibility. 
However, it is only indicated in cases with a rea-
sonable suspicion of a type IV hypersensitivity. 
Knowledge of the composition of the potentially 
causative material is essential for a specific test. 
The chip test can be used to analyze unknown, 
fixed intraoral metallic restorations or devices.

8. The measurement of intraoral voltage between 
various materials may reveal a lower threshold 
value in individual cases. But these findings can-
not be linked to general symptoms. Metal analy-
sis of saliva is associated with many basic and 
technical problems. They are usually assessed as 
being unreliable. Metal analyses of gingival bi-
opsies reflect the adjacent alloy. But they are of 
little value for therapeutic decision making be-
cause, among other reasons, no threshold con-
centrations are known.

9. Different alternative medical test methods have 
been described to determine individual com-
patibility. They do not fulfill the basic require-
ments of a scientifically accepted method, e.g. 
reproducibility, validity, and specific efficiency. 
On the other hand, these procedures, which by 
themselves may not be invasive, may be the basis 
for very invasive treatments. Therefore, their ap-
plication is discouraged.
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3.1 Introduction

Dental materials and devices are subject to legal reg-
ulations in most countries. In this chapter such legal 
regulations in different parts of the world are reviewed.  
The Global Harmonization Task Force (GHTF), which 
is an international group of medical device regulators 
and industry representatives from the United States, 
Canada, Europe, Japan, and Australia, is working to-
ward a global regulatory system for medical devices 
by developing broad principles for the regulation of 
medical devices that can be implemented by individ-
ual jurisdictions. All these regulations address safety 
(including biocompatibility) and effectiveness of the 

materials and devices. Dentists should know about 
the regulations and their responsibilities required by 
the regulations (for example, adverse effect reporting). 
Manufacturers should be knowledgeable about regu-
lations in countries in which their products are to be 
marketed. These include meeting the requirements for 
medical device directives, product requirements, and 
record keeping and reporting, as well as postmarket 
surveillance. There are also regulations concerning 
waste disposal, environmental protection, and oc-
cupational safety. These subjects will be reviewed in 
Chaps. 12 and 13. Only the name of original versions 
of regulations and standards will be cited in this re-
view, but the actual effective version is always meant.

3.2 Legal regulations  
in the european union

In the European Union (EU), a number of regulations 
apply and must be followed for materials and devices 
used in dental practice. The most important regula-
tions are the Medical Device Directive (MDD) [8] and 
the European Chemical Regulation for Registration, 
Evaluation, Authorization, and Restriction of Chemi-
cals (REACH) [13]. Besides the EU directive for medi-
cal devices, other directives are also applicable, includ-
ing the following: 
• Cosmetics (76/768/EEC), which comprises, among 

other things, oral hygiene products [6]
• Drugs (65/65/EEC), now included in directive 

01/83/EEC [4, 10]
• Active, implantable medical devices (AIMD; 90/385/

EEC) such as heart pacemakers, which are currently 
not significantly applicable to dentistry [7]

• In vitro diagnostics (98/79/EEC) [9]

3.2.1 Medical device directive

The directive 93/42/EEC on medical devices (MDD) 
was adopted on 14 June 1993 [8]. Directives of the EU 
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are equivalent to laws and must be turned into national 
legislation within the given time limit by all member 
countries of the EU. Directives, like laws, are periodi-
cally amended. The MDD was most recently amended 
in 2007. 

Key note Z

The directive 93/42 EEC for medical devices is the 
legal basis for the market launch of dental materi-
als within the European Economic Area and thus 
also regulates the field of biocompatibility. Further-
more, additional legal regulations of the EU, such as 
REACH, have to be considered for market launches 
of medical devices. 

3.2.1.1 Area of Jurisdiction and definitions

The MDD applies in the area of the countries of the 
European Economic Area (EU countries, Norway, 
Iceland, Liechtenstein, and Switzerland). The term 
“medical device” is defined in the MDD. Accordingly, 
a medical device is applied, among other reasons, for 
diagnosis, prevention, monitoring, treatment, or al-
leviation of disease. It does not achieve its principal 
intended action in or on the human body by pharma-
cological, immunological, or metabolic means, but it 
may be assisted in its function by such means. Because 
the intended main function of dental materials is gen-
erally to replace lost tissue, these materials fall by defi-
nition into the jurisdiction of the MDD.

3.2.1.2 essential requirements

Key note Z

The basic idea behind the MDD is that the so-called 
essential requirements must be fulfilled by each 
medical device that is intended to be marketed. 
These essential requirements are related to safety, 
performance, and quality. To meet these require-
ments, the general condition and outlines are de-
fined in the directive.

The MDD does not describe in detail how these essen-
tial requirements have to be fulfilled. One possibility is 
the fulfillment of appropriate “harmonized standards” 

(see Sect. 3.7.1). But it is left to the manufacturer to use 
other test methods as well, if they correspond with the 
state of the art. However, available standards (such as 
those of the International Organization for Standard-
ization, or ISO) are used in most cases. Thus, available 
standards are presently of high importance for fulfilling 
the essential requirements. But even if harmonized 
standards are applied, the essential requirements and 
the state of the art are always (legally) decisive. 

3.2.1.3 classification of Medical devices

The MDD applies to a great variety of more than 
400,000 different medical devices [29]. Therefore, a 
classification system is necessary. This classification 
into four classes is based on the intended application 
of the products and the risk potential associated with 
each individual product (Table 3.1). In general, class I 
is associated with low health risk, and class III devices 
carry the highest risk.

The type of testing and the extent of individual re-
quirements depend on the classification of the medical 
device. For instance, in contrast to class IIb devices, no 
clinical tests are mandatory for class IIa devices (see 
Sect. 3.2.1.4); clinical testing of class IIa devices is re-
quired only when clinical assessment cannot provide 
the necessary information [43]. Dental materials are 
usually classified under class IIa; exceptions include 
dental implants (class IIb) and root canal filling ma-
terials containing active pharmaceutical ingredients 
(class III). Recently, a bioactive dental bonding ma-
terial containing an antibacterial monomer [19] was 
registered as a class III product. This category of mate-
rials must fulfill the relevant requirements of the drug 
directive.

3.2.1.4 conformity Assessment 

A medical device that is in compliance (conformity) 
with the essential requirements of the MDD receives 
the CE label (Fig. 3.1) and can be launched on the mar-
ket within the area of MDD jurisdiction. The respec-
tive process is therefore called conformity assessment. 
Various possibilities for such a conformity assessment 
are described in the MDD, depending on the class to 
which the individual medical device belongs.

Conformity assessment for class I devices: Devices 
of class I can be assessed for conformity by the manu-
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facturers themselves. This applies, for instance, to im-
pression materials. The manufacturer, however, needs 
to have all information available for a clinical assess-
ment of its devices.

Conformity assessment for class II and class III de-
vices: Medical devices of classes II and III must be as-
sessed together with an external authority (“notified 
body”). Class II and class III devices are assessed for 
conformity by different processes. The manufacturer 
always uses the CE label at its own responsibility when 
all essential requirements are met and the stipulated 
conformity assessments have been successfully per-
formed.

In the case of class IIa products, either the manu-
facturer or one of its products can be certified by the 
notified body. If a manufacturer has been certified 
(complete quality assurance system), then the manu-
facturer can place the CE label on the devices it man-
ufactures with no further involvement of a notified 
body. This policy is preferred by most manufacturers 
of dental materials of class II ( e.g., restorative materi-
als and alloys). For medical devices that contain phar-
maceutically active agents (class III), a statement by 
the legal authority responsible for drugs is necessary 
during the conformity assessment.

Table 3.1  . Classification of medical devices according to Medical Devices Directive 93/42 EEC [8]

Class Definition and examples

Class I Noninvasive products, such as adhesive bandages for small wounds
Invasive products (for transient contact with the body, such as impression materials and materials for bite 
registration)
Reusable surgical instruments

Class IIa Surgically invasive products (for longer than transient contact with the body), such as pit and fissure sealants 
and filling materials and syringes and needles for dental anesthetic cartridges
Active therapeutic products without potential risk, such as dental hand pieces
Active diagnostic products, such as appliances for determining pulp vitality

Class IIb Dental implants
Contraceptives; condoms
Active therapeutic appliances with potential risk, such as electrosurgical devices
Ionizing radiation

Class III Products for life-maintaining functions
Products with druglike effect

Fig. 3.1a,b  . The CE label on the wrapping of a dental material 
indicates that this product was brought on the market accord-
ing to the Directive for Medical Devices based on all appropriate 
European legal requirements. a The number below the CE label 

shows which notified body was in charge (products of classes II 
and III); the name of notified body can be identified by this num-
ber in the internet. b If no number is shown below the CE label, 
the product belongs to class I

G. Schmalz, P.L. Fan 47



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_3_2008 - 06 - 18_2

Key note Z

Conformity assessment of a medical device is based 
on a clinical assessment, which either can be done 
by a review of the appropriate literature or can be 
based on clinical and other studies (Appendix X of 
the MDD [43]). Devices with a higher risk (classes IIb 
and III) are always subject to individual clinical stud-
ies. However, it is the view of scientific associations 
that for dental materials with fundamentally new 
compositions (even if they “only” belong to class IIa), 
clinical studies are always necessary. Thus, it is re-
commended that the dentist requests clinical data 
from the manufacturers of such materials.

The execution of clinical studies is regulated in a spe-
cific paragraph of the MDD. Each clinical study has 
to be registered with the appropriate agency, and a 
number of requirements (such as approval by an eth-
ics committee) have to be met before such a study 
can be initiated. These regulations are meant to pro-
tect patients who participate in these studies (see also 
Sect. 3.7 on standards). 

3.2.1.5 responsibilities and Liability

3.2.1.5.1 Manufacturer/Importer

According to the MDD, the responsibility for perfor-
mance, safety, and quality of a medical device – that is, 
fulfillment of the essential requirements – always lies 
with the manufacturer. Importers may be responsible 
for products imported from countries outside the Eu-
ropean Economic Area. In general, the manufacturers 
define the indications for use of their medical devices.

3.2.1.5.2 Dentist

The legal regulations of the MDD do not release den-
tists from their responsibility to inform patients inde-
pendent of the manufacturer’s interest and to define 
the indications for each individual case within the 
scope of the specifications set by the manufacturer. 
Furthermore, a patient will most likely contact the 
dentist first if he or she has a problem with a mate-
rial. In addition, it has been found in the past that 
various filling materials were labeled with CE (with-
out clinical examination) but subsequently caused 

problems in patients (pain, tooth fractures; refer to 
Figs. 2.15 and 2.16). Therefore, if any doubt exists, 
one should not just rely on the CE label but should 
critically question the statements associated with the 
material’s label.

If a medical device is not applied by the dentist 
according to the manufacturer’s specifications (for 
example, use of an expired product or application of 
a product outside the range of indications), then this 
qualifies as malpractice. In this case, the injured per-
son can claim compensation. 

3.2.2 european chemical Legislation 
(reAcH)

Since 1 June 2007, the new European regulation on 
registration, evaluation, and authorization of chemi-
cals (REACH) has been in force [13]. The main pur-
pose of this legislation is a high level of protection of 
human health for consumers, workers, and the envi-
ronment. It is directed at chemical elements and their 
compounds, preparations (mixtures or solutions com-
posed of two or more substances), and articles (ob-
jects of special design) that mainly determines their 
functions. The responsibility for safe use lies with the 
manufacturer of the substances. 

Manufacturers and importers of chemicals have 
until 2018 to use a stepwise approach to register with 
the European Chemicals Agency (ECHA) in Helsinki 
all new and currently available (presently, approxi-
mately 30,000 marketed substances) chemicals that 
have a production volume of >1 ton (1,000 kg) per 
year. Particularly dangerous substances must pass an 
authorization procedure. 

REACH replaces about 40 different pieces of legis-
lation with a streamlined and improved regulation. Re-
lated legislation (such as that regarding product safety, 
construction products, and the health and safety of 
workers who handle chemicals) and other legislation 
that regulates chemicals (such as in cosmetics and de-
tergents) are not replaced by REACH and will continue 
to apply. REACH has been designed not to overlap or 
conflict with other chemical legislation [15].

Dentists, dental manufacturers, and dental labo-
ratories belong mainly to the group of “downstream 
users” as long as they do not synthesize chemicals 
themselves. For them, it is important that scenarios 
of chemical exposure in dentistry be addressed in the 
basic documents for the substances. Therefore, the 
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manufacturers of such substances must declare that, 
for these substances, the exposure scenarios in den-
tistry have been taken into account. Information for 
the downstream user is provided by information such 
as the safety data sheet. It is stipulated that the struc-
ture of this data sheet must provide a clear format with 
all necessary information. 

Key note Z

Safety data sheets are an important source of infor-
mation on the safety of substances. They are also 
required for dental materials (material safety data 
sheets), and they can be requested from the manu-
facturer or obtained from the Internet (refer to the 
manufacturer’s Web site). These data sheets (see 
Table 3.2) are an important source of information 
concerning the components of a material and its 
biocompatibility. However, because this is a short-
cut standard information format, other information 
sources, such as the scientific literature, are still nec-
essary. 

3.3 Legal regulations 
in the united states

The United States Food and Drug Administration 
(FDA) Center for Devices and Radiological Health 
regulates the dental materials and devices marketed in 
the United States.

3.3.1 food, drug, and cosmetic Act 
and Medical device Amendments 

The Federal Food, Drug, and Cosmetic (FD&C) Act 
was enacted in 1938. This act was supplemented by 
the Medical Device Amendments in May 1976, with 
subsequent amendments. The current document is 
updated to December 2004 [31]. The document puts 
on record that the FDA has regulations for premarket 
notification of an intent to market a medical (includ-
ing dental) device and for the classification of all mar-
keted medical devices in one of three classes (I, II, and 
III) in consideration of safety and effectiveness [32]. 
This means that the class to which a medical device is 
allocated defines the requirements necessary for mar-
keting that device.

3.3.2 classification of devices

Class I devices are subject to general controls as de-
fined by the FDA. For dental devices, the controls 
identified by section 510k [32, 33] of the FD&C Act 
require manufacturers to provide the FDA with pre-
market notification, along with information that the 
device is “substantially equivalent” compared with a 
predicate device and has the same intended use [34]. 
Class I devices are not purported or represented to be 
used for supporting or sustaining human life. In addi-
tion, they are not intended for a use that is of substan-
tial importance in preventing impairment of human 
life, and they do not present an unreasonable potential 
risk of illness or injury. Examples of class I devices are 
denture adhesives and preformed crowns [35].

Table 3.2  . Information provided in a material safety data 
sheet

1. Product and company identification (USA)
Identification of the substance/preparation (EU)

2. Ingredients (USA)
Composition/information on ingredients (EU)

3. Hazard identification

4. First-aid measures

5. Firefighting measures

6. Accidental release measures

7. Handling and storage

8. Exposure controls/personal protection

9. Physical and chemical properties

10. Stability and reactivity

11. Toxicological information

12. Ecological information

13. Disposal considerations

14. Transport information

15. Regulatory information

16. Other information
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Class II devices are subject to special controls where 
there is sufficient information to establish controls, 
such as performance standards or guidelines. The 
FDA has recognized a number of international stan-
dards developed by the ISO Technical Committee 106 
for dentistry, as well as standards developed by the 
American Dental Association Standard Committee on 
Dental Products, which operates under the auspices 
of the American National Standards Institute [35, 36, 
37]. Examples of class II devices are tooth shade resin 
materials and endosseous implants [35]. 

Class III devices are subject to premarket approval in 
which the manufacturer is required to provide infor-
mation on safety and effectiveness, possibly including 
clinical data on the device. For these devices, there 
is insufficient existing information to determine that 
general controls are sufficient or that special controls 
would provide reasonable assurance of safety and ef-
fectiveness. The device is purported or represented for 
use in supporting or sustaining human health or pres-
ents a potential unreasonable risk of illness or injury. 
Examples of class III devices are total temporoman-
dibular joint prostheses and interarticular disc pros-
theses [35].

3.3.3 premarket notification 
and fdA review

The FDA conducts reviews of premarket notification 
submitted by device manufacturers intending to mar-
ket medical and dental devices. The FDA could con-
duct its own reviews of the submissions. It also has a 
third-party review process through its Accredited Per-
sons Program [38, 39]. Under this program, the FDA 
has accredited third parties (accredited persons) who 
are authorized to conduct the primary review of pre-
market notification submissions based on claims of 
“substantial equivalency” (often referred to as 510k) 
for eligible devices [33]. The accredited person con-
ducts the primary review and forwards the submis-
sion, review, and recommendation to the FDA, which 
makes the final determination on the submission. 

Information on the Federal FD&C Act and steps to 
obtain marketing clearance for devices from the FDA 
Center for Devices and Radiological Health is avail-
able from the FDA’s Web site [40]. Because regulations 
are subject to change, it is imperative to obtain current 
information from the FDA.

3.3.4 records and reports on devices

A manufacturer or importer of a medical/dental de-
vice is required to maintain records to assure the safety 
and effectiveness of the device [41]. The manufacturer 
or importer is also required to report to the FDA any 
information that reasonably suggests that the device 
may have caused or contributed to death or serious 
injury. User facilities are also required to report to the 
FDA any information that reasonably suggests that the 
device may have caused or contributed to death, and if 
the device’s identity is known, the information is to be 
reported to the manufacturer or importer. 

When a health professional or consumer encoun-
ters a serious problem with a device, he or she can re-
port it to the FDA Safety Informational and Adverse 
Event Reporting Program known as MedWatch [42]. 
Health professionals and consumers can report seri-
ous adverse events and product quality problems. 
Health professionals can also report errors in product 
use (see also Sect. 3.8 on surveillance and reporting). 
The FDA has a data base for clinical adverse effects, 
which can be visited under http://www.accessdata.fda.
gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM

3.4 Legal regulations in Australia

The Australian Therapeutic Goods Act of 1989 pro-
vides the legislative basis for controls over therapeutic 
goods, including dental products such as dental mate-
rials and equipment [1]. Under this umbrella, the new 
Australian regulatory system for medical devices came 
into force in 2002. It was created in line with the prin-
ciples developed by the Global Harmonization Task 
Force (GHTF) for regulating medical devices. 

Therapeutic goods supplied in Australia must be 
included in the Australian Register of Therapeutic 
Goods [2]. The Australian medical device regulatory 
system is in line with the GHTF principles, and the sys-
tem is based on classifying devices according to risks 
and essential principles of safety and performance.

The Australian Therapeutic Goods Administration 
classifies medical devices into five categories:
• Class I (low risk) – examples are dental impression 

material and curing lights
• Class IIa (low-medium risk) – examples are dental 

filling materials and dental alloys
• Class IIb (medium-high risk) – examples are non-

absorbable suture and permanent implants
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• Class III (high risk) – examples are absorbable su-
ture and absorbable implants

• Active implantable medical devices (high risk)

Conformity assessment procedures are used to de-
monstrate that medical devices conform to essential 
principles. Australian standards for dental materi-
als and devices may be used for assessment. Manu-
facturers of medical devices and the Therapeutic 
Goods Administration are responsible for postmarket 
monitoring. Medical device users can report adverse 
events, or suspected problems that may present a 
health hazard, to the Therapeutic Goods Administra-
tion [3].

Key note Z

The legal regulations in Australia closely resemble 
those in the EU. In the EU, active implantable medi-
cal devices are regulated under a separate directive 
(directive 90/385/EEC).

3.5 Legal regulations in Japan1

In Japan, dental materials are listed as a category of 
medical devices and are regulated by the Pharmaceu-
tical Affairs Law (PAL) and its ordinances. The Min-
istry of Health, Labour and Welfare (MHLW) revised 
the former PAL with the intention to adopt the GHTF 
rules and issued the new PAL, which came into effect 
on 1 April 2005. Besides the medical device regula-
tions, a variety of chemical laws regarding the evalu-
ation, regulation, and control of chemical substances 
and preparations must be considered in view of health 
and environmental protection (e.g., the necessity of 
safety data sheets). Further information on the Japa-
nese legal regulations is available from various sources 
[16–18, 26–28].

1 The text for the legal regulations in Japan has kindly been 
provided by Dr. Barbara Wagner-Schuh, R•A•C Regulatory 
Affairs Consulting, www.R-A-C.de, Germany.

3.5.1 classification and Marketing 
Authorization

The Japanese Medical Device Nomenclature (JMDN)
has been adjusted to the Global Medical Device No-
menclature (GMDN), although some terms for dental 
materials have been added and some definitions modi-
fied. The PAL classification for medical devices is close, 
but not identical, to the international GHTF classifica-
tion. Medical devices are classified into four groups 
(Table 3.3). For class IV and class III devices (high and 
high-moderate risk), marketing approval has to be ob-
tained before marketing. “Controlled medical devices” 
of class II, which belong to the low-moderate GHTF 
risk class, also need a marketing approval unless they 
fulfill the requirements of the specified standards for 
“designated controlled medical devices.” In such cases, 
a marketing certification by a Registered Certification 
Body (RCB) is sufficient. “General medical devices” 
of class I (low-risk GHTF class) require only a noti-
fication. With the exception of most class I medical 
devices, for all other medical devices a Quality Man-
agement System survey is required, depending on the 
manufacturer’s classification and location (domestic 
or foreign), by the Pharmaceutical and Medical De-
vices Agency (PMDA), the Prefectural Government, 
or an RCB.

Table 3.3  . Japanese medical device classification

Class Marketing 
authorization

General medical devices (class I),  
such as x-ray film 

Notification

Designated controlled medical devices 
(class II),  
such as silicone-based impression 
material
Controlled medical devices (class II),  
such as dentin adhesives

Certification

Approval

Specially controlled medical devices 
(class III),  
such as calcium-hydroxide-containing 
root canal filling material 

Approval

Specially controlled medical devices 
(class IV),  
such as absorbable bone regeneration 
material 

Approval
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3.5.2 Marketing and Manufacturing  
Licenses

A person who places a medical device on the mar-
ket in Japan needs to obtain a marketing license, de-
pending on the device’s classification. The Marketing 
License Holder (MLH) has to fulfill the requirements 
of standards for Good Quality Assurance Practice 
(GQP), Good Vigilance Practice (GVP) and Good 
Postmarketing Surveillance Practice (GPSP). When a 
foreign manufacturer intends to get a marketing ap-
proval or certificate, he needs to assign an MLH lo-
cated in Japan as his appointed “Marketing Approval 
Holder” (MAH). The MAH is required to obtain the 
appropriate type of marketing license. He also has to 
fulfill the relevant standards. The MAH is responsible 
for the medical device, just as the manufacturer or au-
thorized representative is according to the European 
MDD. However, if an MLH imports medical devices 
from foreign manufacturers and places them on the 
market under his own responsibility, the foreign man-
ufacturers do not need to appoint an MAH. 

Each manufacturing site must obtain a special 
manufacturing license (valid for 5 years) issued by the 
Prefectural Government for the category of manufac-
turing processes being used. Also, foreign manufactur-
ers need a category-related special accreditation from 
the PMDA for each manufacturing site. 

3.5.3 Marketing Authorization

To obtain a marketing approval or certification or to 
submit a notification, the applicant should have the 
appropriate business licenses (see Sect. 3.5.2). He must 
provide the complete documentation for the approval, 
certification, or notification basically in Japanese 
language.

The certification process for designated controlled 
medical devices shows some analogies to the certifi-
cation system of the MDD in Europe according to 
international standards (essential requirements, con-
formity standards, and so on). To get the marketing 
approval/certification, and in connection with the no-
tification of certain designated devices, a Quality Man-
agement System survey of all involved manufacturing 
sites is also required. This audit has to be renewed after 
5 years. After review of the application documents and 
completed audit(s) for every application, the market-
ing approval/certification will be issued.

3.6 Labeling

Labeling of a substance, preparation, or medical de-
vice (including dental materials) serves as a tool for 
risk communication from the manufacturer to the 
user. So far, no worldwide accepted system for label-
ing is available; therefore, the dentist should request 
information from his or her national dental associa-
tion. Within the EU, a labeling system for chemicals 
is laid down in directives 67/548/EEC (substances) [5] 
and 1999/45/EC (preparations) [12]. The latter regula-
tion is obligatory in some EU countries (e.g., in Scan-
dinavia) to be used for dental materials; in others, it 
is used by certain manufacturers. A central aspect of 
these regulations is the use of specific symbols to visu-
alize risks. These symbols are placed on the device to-
gether with “R-phrases” to further specify the risk (see 
Table 3.4, Fig. 3.2, Fig. 3.3). “S-phrases” describe safety 
advices for the material. The formulations of these 
sentences are standardized and have to be selected by 
the manufacturer according to the directive’s defined 
procedure. 

Key note Z

If a dental material includes a danger label, the den-
tist should consult the safety data sheet for further 
information, especially concerning safety advice. 
These data sheets can be obtained from the manu-
facturer, the Internet, or the supplier.

After about 10 years of effort, a new regulatory body 
was developed by the United Nations and adopted in 
2003: the Globally Harmonized System of Classifica-
tion and Labeling of Chemicals (GHS). The GHS will 
enter in the EU into force in 2008. It includes crite-
ria for classifying health, physical, and environmental 
hazards, and it furthermore specifies which informa-
tion should be included on labels of hazardous chemi-
cals and on safety data sheets. The GHS is intended 
to be utilized globally as a harmonized system for 
managing chemical substances. The symbols used in 
the GHS are partially new and partially modified com-
pared to those currently used in the EU, for example. 
Up to now, it has not been clear whether this system 
will apply to medical devices or only to substances 
(chemicals). GHS classifies chemicals into 27 catego-
ries according to physical properties and health and 
environmental hazards and indicates their hazard level 

3

3 Regulations and Standards52



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_3_2008 - 06 - 18_2

Table 3.4  . Selection of symbols, R-phrases (risk phrases indicating the nature of the special risk and definitions), and definition of 
terms with relevance for dental materials (EU directive 1999/45/EEC) [12] 

R-phrases Hazard symbols/R-phrases

F: Highly flammable 
Substances and preparations which may become hot and finally catch fire in contact with 
air at ambient temperature without any application of energy, or
Solid substances and preparations which may readily catch fire after brief contact with 
a source of ignition and which continue to burn or to be consumed after removal of the 
source of ignition, or
Liquid substances and preparations having a very low flash point, or
Substances and preparations which, in contact with water or damp air, evolve extremely 
flammable gases in dangerous quantities

Highly flammable

Xn: Harmful 
Substances and preparations which may cause death or acute or chronic damage to health 
when inhaled, swallowed or absorbed via the skin

Harmful

T: Toxic
Substances and preparations which in low quantities cause death or acute or chronic 
damage to health when inhaled, swallowed or absorbed via the skin

Toxic

C: Corrosive
Substances and preparations which may, on contact with living tissues, destroy them

Corrosive

Xi: Irritant
Noncorrosive substances and preparations which, through immediate, prolonged or 
repeated contact with the skin or mucous membrane, may cause inflammation 
(the same symbol is used for sensitizers)

Irritant

N: Dangerous for the environment
Substances and preparations which, where they enter the environment, would or could pre-
sent an immediate or delayed danger for one or more components of the environment

Dangerous for the environment
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in nine pictographs. The system also makes it easy to 
know their harmfulness and danger with mandatory 
labeling of signal words (danger, warning) and phrases 
(“may cause cancer,” etc.).

3.7 standards

Standards play an important role as tools for organiz-
ing daily life. Standardization, which is done by inter-
ested groups, is the planned unification of material 
and immaterial matters for the benefit of the general 
public. Standards are jointly defined by manufacturers, 
traders, users, and scientists, based on set rules. One 
of the aims of standards is to determine minimum re-
quirements for the quality of products, such as dental 
materials. Standards are intended to provide protection 
(e.g., of the consumers and the environment) and save 
costs by means of standardized elements. Standards are 
regularly revised to adjust them to the newest techno-
logical standards. It is the general philosophy of the 
International Organization for Standardization (ISO) 
that international standards contribute to making the 
development, manufacturing, and supply of products 
and services safer, cleaner, and more efficient. They also 
make trade between countries easier and fairer [25].

However, based on general experience, the gen-
eration of standards is a very time-consuming process 
and may take several years in some cases. Therefore, 
newer technological developments might not be re-
flected by some standards. Furthermore, standards can 
be regarded as the least common denominator of the 
interests of the various participants. Overall, however, 
standards have proved to be valuable for quality assur-
ance in all dental areas (and in other areas as well) for 
more than 80 years.

3.7.1 Harmonized standards

“Harmonized” standards play a special role in the EU. 
These are standards that are requested by the Euro-
pean Commission based on a specified procedure; 
they have been generated on a European level, and 
their titles are published in the official journal of the 
EU. Most standards for dental materials have been 
harmonized through a so-called cumulative standard 
(EN 1641) [11]. This cumulative standard has been 
generated to simplify matters; it summarizes a variety 
of different individual standards, including ISO 7405 
for dentistry [21]. Standards that are not harmonized 
in terms of the MDD are characterized by a lesser ob-
ligation; this may play a role in cases of liability or le-
gal conflicts.

Key note Z

Harmonized standards are of high importance 
within the framework of European legislation on 
medical devices. The wording of the law explicitly 
calls them a possibility to specify the essential re-
quirements that have to be met by a medical device 
regarding performance, safety, and quality.

3.7.2 oecd Guidelines

Besides standards, other test guidelines exist in toxi-
cology, such as the Organization for Economic Coop-
eration and Development (OECD) guidelines for test-
ing of chemicals. These comprise a series of accepted 
test methods including testing for acute and chronic 
toxicity, sensitization, and teratogenicity as well as for 

Fig. 3.3  . Reference to an irritating, highly flammable, and en-
vironmentally hazardous substance (adhesive for an impression 
material)

Fig. 3.2  . Reference to a toxic and caustic substance (acid for 
ceramic etching)
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mutagenic and carcinogenic properties. In the stan-
dard series ISO 10993, reference is made in some areas 
to appropriate tests within the OECD guidelines [20].

3.7.3 relevant standards

A variety of different standards have been generated 
that specify composition, processing, or physical/
chemical properties of dental materials. This para-
graph will review only standards for the assessment 
of biocompatibility. Distinctions have been drawn be-
tween the following:
• Horizontal standards
• Semihorizontal standards
• Vertical standards

Horizontal standards are valid for all medical de-
vices; semihorizontal standards are valid for groups of 
products (such as dental materials); and vertical stan-
dards are valid for individual materials such as amal-
gam. For reasons of simplicity, only ISO terms will be 
used in the following. In general, ISO standards are 
adopted by the Comité Européen de Normalisation 
(CEN) and receive the EN ISO prefix. Harmonized 
standards used for the European MDD are always EN 
standards.

Iso 10993: Biological evaluation 
of Medical devices [20] 
Under this name, a series of standards is summarized 
that is, in most cases, jointly issued by ISO and CEN. 
It is effective (for the major part) for the entire area 
of medical devices (horizontal standard). Part I of this 
series contains guidelines for selecting appropriate 
test methods, and the following parts describe various 
methods for evaluating different aspects of biocompat-
ibility (for details, see Table 3.5).

Iso 7405 (2008): preclinical evaluation  
of Biocompatibility of Medical devices used  
in dentistry – test Methods for dental  
Materials [21] 
This standard applies specifically to dental materi-
als (semihorizontal standard) and supplements the 
mentioned series of horizontal standards, ISO 10993. 
The focus of ISO 7405 is test methods that are not or 
are only cursory described in the horizontal standard 
ISO 10993 (see Table 3.6) and for which special needs 
and special experiences exist in dentistry.

Table 3.5  . Standards of the ISO 10993 series (all standards ad-
opted by the Comité Européen de Normalisation)

ISO Standard Title

ISO 10993-1: 2003 Evaluation and testing

ISO 10993-2: 2006 Animal welfare requirements

ISO 10993-3: 2003 Tests for genotoxicity, carcinogenicity, 
and reproductive toxicity

ISO 10993-4: 2002 Selection of tests for interactions with 
blood

ISO 10993-5: 1999 Tests for in vitro cytotoxicity

ISO 10993-6: 2007 Tests for local effects after implantation

ISO 10993-7: 1995 Ethylene oxide sterilization residuals

ISO 10993-9: 1999 Framework for identification and 
quantification of potential degradation 
products

ISO 10993-10: 2002 Tests for irritation and delayed-type 
hypersensitivity

ISO 10993-11: 2006 Tests for systemic toxicity

ISO 10993-12: 2002 Sample preparation and reference 
materials

ISO 10993-13: 1998 Identification and quantification of 
degradation products from polymeric 
medical devices

ISO 10993-14: 2001 Identification and quantification of 
degradation products from ceramics

ISO 10993-15: 2000 Identification and quantification of 
degradation products from metals and 
alloys

ISO 10993-16: 1997 Toxicokinetic study design for degrada-
tion products and leachables

ISO 10993-17: 2002 Establishment of allowable limits for 
leachable substances

ISO 10993-18: 2005 Chemical characterization of materials

ISO/TS* 10993-19: 
2006

Physicochemical, morphological, and 
topographical characterization of 
materials

ISO/TS* 10993-20: 
2006

Principles and methods for immunotoxi-
cological testing of medical devices

* TS = Technical specification only, no ISO-standard
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Iso 14971: Medical devices – Application of risk 
Management to Medical devices [22]
Risk analysis and risk assessment are the basis for the 
justification of a risk (see also Chap. 1). This standard 
summarizes the guidelines for the general procedure 
of risk management (including risk analysis). In doing 
so, the intended application of each material as well as 
its composition, solubility, and damaging potential are 
evaluated. The result of a risk analysis is either a deter-
mination of tests that still have to be done (test profile) 
or, if all necessary data are available, the decision of 
whether a risk is acceptable and/or under which limi-
tations (for example, a special indication) it would be 
acceptable. This evaluation requires reference to prod-
ucts that are already available on the market.

Iso 14155-1: clinical Investigation of Medical 
devices for Human subjects – part 1: General 
requirements [23]
This standard conceives clinical investigations as each 
systemic evaluation on test subjects and is intended to 
evaluate the safety and performance of a certain medi-
cal device under normal conditions of application. 
Standard ISO 14155-1 describes the competences, re-
sponsibilities, and principle process of a clinical evalu-
ation. A clinical investigation is essentially based on 
the prerequisites of the Declaration of Helsinki for the 
protection of test subjects (the current version can be 
downloaded from http://www.fda.gov/oc/health/hel-
sinki). All levied data and information are confiden-

tial, and the investigation must be approved by an eth-
ics committee. The test subjects have to be informed in 
an appropriate manner; their consent must be given in 
writing and include the right to end their participation 
in the clinical investigation at any time without justifi-
cation. The investigation itself has to be described in a 
detailed test protocol (ISO 14155-2) [24]. Dental ma-
terials of class IIa must undergo a “clinical assessment.” 
Approval for marketing is not necessarily linked to a 
clinical evaluation according to ISO 14155. 

3.8 surveillance  
and reporting systems

Experience has shown that even the most meticu-
lous risk analysis/risk assessment cannot avoid cases 
in which a material does cause reactions in patients 
during the time of application. This fact has also been 
considered in legal regulations that dictate postmar-
ket surveillance and reporting systems for medical de-
vices. Details are regulated, such as in a safety plan for 
medical devices in the EU [30]. As mentioned above 
(see information on U.S. regulations), such reports in 
the United States must be directed to the FDA. Similar 
systems exist in other countries.

Side effects caused by medical devices are generally 
first detected by the treating dentist, who is respon-
sible and obligated to transfer this information to the 
authority in charge. The modalities of this feedback 
differ among countries, and dentists must check their 
national legislation regarding the stipulations for their 
country. 

Some countries, including Norway, have central 
national report registers for side effects due to dental 
materials. These central agencies are not dictated by 
law within the EU, since side effects caused by den-
tal materials are generally not severe (compared with 
fatal consequences) [14]. Because the frequency of 
side effects of dental materials is low, central registers 
have the advantage that scientific and clinical expe-
riences regarding diagnosis, therapy, and, eventually, 
prevention of these effects can be gathered on a broad 
basis.

Table 3.6  . Test methods according to ISO 7405 [21] that are 
not explicitly defined in series ISO 10993 [20]

Cell cultures Usage tests

Agar-overlay test Pulp/dentin test

Filter test Pulp-capping test

Dentin-barrier test Endodontic usage test
Implant usage test
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conclusions for the dental  )
practitioner

1. A multiplicity of laws, standards, and recom-
mendations regulate the marketing of medical 
devices, generating the impression that the den-
tist can rely exclusively on them (e.g., CE label-
ing). Most laws and directives, however, are of 
newer date. Therefore, experiences are more 
limited. Thus, insecurities may exist in single 
cases during their application, such as for clas-
sification and the requirement for clinical evalu-
ations. Therefore, legal regulations do not release 
the dentist from the responsibility to gather as 
much information as possible about the prod-
ucts used or to request this information from the 
manufacturer. The dentist should use only those 
medical devices for which appropriate informa-
tion is available.

2. Within the European Economic Area, the den-
tist has to consider the following (according to 
the MDD):
• Only materials labeled with “CE” may be 

used.
• All materials that are used in patients have to 

be documented.
• Dental lab work (end products) usually con-

sists of medical devices. The dentist, as the 

operator of a dental laboratory, is therefore a 
producer in terms of the MDD.

• Information about the responsibilities associ-
ated with the MDD is available in detail from 
the respective countries’ dental associations.

3. In the United States, the FDA regulates dental 
materials and devices. It defines the require-
ments for products to demonstrate safety and 
effectiveness in order to obtain clearance to mar-
ket. 

4. Japan and Australia have adopted the principles 
of the GHTF with some modifications. The clas-
sifications are similar to those in the EU and the 
United States.

5. Safety data sheets for medical devices can be 
downloaded from the Internet. They are an im-
portant source of information about the biocom-
patibility of dental materials as they were inves-
tigated by the manufacturers. Appropriate safety 
labels on the wrappings should be considered.

6. The manufacturer/importer is responsible for its 
products and is potentially liable for damages. 
The dentist is responsible for correct application 
of the medical device; this also applies to correct 
use by the dentist’s personnel. Liability claims 
may be made in terms of damage compensation 
as well as compensation for pain and suffering.
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4.1 Introduction

Silver amalgam has been the most important restor-
ative material in the history of dentistry. The mate-
rial has been widely used for almost two centuries, 
although the composition has changed during this 
period. In many countries, silver amalgam is still of 
great importance for restoring decayed teeth. For ex-
ample, in England and Wales, out of a population of 
38 million people (those age 18 years and over), ap-
proximately 17 million amalgam fillings were placed 
each year in the early 1990s (Dental Practice Board, 
United Kingdom, 2002). However, the overall use of 
amalgam in Western countries is decreasing; for ex-

ample, in Denmark, with a population of 5.5 million, 
the number of amalgam fillings dropped from about 
3.5 million in 1980 to about 700,000 in 2006. The ma-
terial is relative cheap, and when handled correctly, 
the durability of amalgam fillings exceeds that of alter-
native direct restorative materials [24, 161, 225, 247] 
(Fig. 4.1). Acceptable durability can be obtained even 
under difficult operative circumstances, in contrast to 
analogous materials, which are more technique-sensi-
tive (Fig. 4.2). On the other hand, silver amalgam has 
been and still is a matter of concern for patients and 
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the dental profession due to its content of toxic sub-
stances, mercury in particular.

4.2 composition and setting reaction

4.2.1 Mercury-Based Amalgams

The word “amalgam” is derived from the Arabic “al-
malgham” and the Greek “malagma,” which refer to a 
soft substance or mass. Silver amalgams are primarily 
composed of metallic mixtures whose main compo-
nent is mercury. The alloy powder of modern high-
copper amalgams comprises silver, tin, copper, and 
zinc (Table 4.1).

4.2.1.1 setting reaction 

The setting mechanisms of amalgam are very complex 
(Fig. 4.3). The following description, therefore, repre-
sents a simplification of these reactions.

The particles of the alloy powder are moistened 
with mercury during the trituration of alloy powder 
and mercury, which diffuses into the particles. As a re-
sult, the amalgam sets through dissolution and subse-
quent crystallization, forming a solid mass. Depending 
on the manufacturing type of the alloy particles and 
their shape, two possible reactions will take place in 
high-copper amalgams. These two types of amalgam 
are called non-γ2 amalgams. In one type of reaction, a 
γ2 phase is initially formed, which subsequently trans-
forms into a γ1 phase and an ŋ’ phase within 1 year 
(Fig. 4.3a). In the other type of reaction, no initial 
γ2 phase is generated (Fig. 4.3b).

Key note Z

The γ2 phase is of special interest for toxicologi-
cal reasons because this phase – in contrast to the 
γ1 phase and the ŋ’ phase – reveals the highest sus-
ceptibility to corrosion.

Low-copper amalgams, with less than 5% copper, 
were primarily used from the end of the 19th cen-
tury until around 1970. These amalgams essentially 
form a continuous γ2-phase network throughout the 
restoration, which facilitates a corrosive deteriora-
tion specifically of insufficiently condensed fillings 
(Fig. 4.3c). No transformation to γ1 occurs in these 
amalgams, and they are often called γ2 amalgams. 
During corrosion of the γ2 phase, mercury is released 
and may react with unreacted γ phase or evaporate. 
However, non-γ2 amalgams have almost completely 
ousted these amalgams due to their improved re-
sistance to corrosion, reduced “creep,” and better 
clinical performance [139, 155].

4.2.1.2 Mercury emission 
and corrosion products

The chemical reactions in the oral cavity are very com-
plex and depend on numerous varied factors. Several 
reactions may contribute to the release of mercury 
from amalgam:

Fig. 4.2  . Extended amalgam restorations on an upper molar 
and premolar tooth. Indirect restorations would have been the 
treatment of choice for these severely decayed teeth, but pa-
tients’ individual situations may require more inexpensive solu-
tions, such as large amalgam fillings

Table 4.1  . Composition of alloy powders for γ2-free amalgam 
(wt.% weight percent)

Silver 45–70 wt.%

Tin 12–30 wt.%

Copper 15–30 wt.%

Zinc  0–2 wt.%
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• Free (unbound) mercury can be detected in the su-
perficial layer of fresh amalgam specimens [165].

• Mercury is released in the oral cavity because of the 
low melting point of the γ1 phase (127°C) over the 
course of time.

• Mercury can evaporate from the surface in contact 
with air because of its relatively high vapor pressure 
in equilibrium with the γ1 phase [156].

• Further, it has been found that after placement of 
amal gam restorations, the γ1 phase is, over a num-
ber of years, gradually transformed to a phase with 
lower mercury content, leaving free mercury to be 
released.

• An increased emission of mercury from amalgams 
with a very low silver content but high copper con-
tent may occur under adverse circumstances. This 
has been ascribed to the risk of either a surplus of 
unreacted mercury or a mercury-rich γ1 phase in 
the set material [112]. 

In the case of electrochemical corrosion, all constitu-
ents of amalgam may be released from the restoration. 
Saliva acts as an electrolyte. The heterogeneous struc-
ture of high-copper amalgam favors the corrosive 
dis solution of the most electrochemically susceptible 
phases, for instance, the ŋ’ phase in non-γ2 amalgams, 
whereas the least electropositive γ phase and γ1 phase 
corrode less [141]. The corrosion products of modern 
non-γ2 amalgams usually contain zinc, tin, and copper 

[188]. Corrosion products may be detected in the sur-
face of the material, in adhering plaque, in microgaps 
between restoration and dental hard tissue, and in ad-
jacent soft tissues. Corrosion occurs primarily in a very 
porous amalgam when fresh amalgam is added to old 
amalgam or when amalgam is placed in contact with 
mate rial of lower electrochemical activity, such as gold 
alloys. 

Electrochemical activity may be perceived by the 
patient as a minor electric shock immediately after 
placement of an amalgam filling, when the new resto-
ration is brought into a short conducting contact with 
an existing gold restoration. The symptoms are usually 
short-lasting and disappear after a few days because a 
protective layer consisting of peroxides and corrosion 
products is formed on the surface of the amalgam. 
This layer causes a “passivation.”

The release of mercury from the filling is gradu-
ally reduced by formation of the passivation layer. This 
protective layer is generated by the deposition of cor-
rosion products at the surface of the amalgam resto-
ration, in microgaps between filling and dental hard 
tissue, or in the contact area with gold alloy.

The passivation layer can be temporarily removed 
either mechanically, due to intense brushing or masti-
cation, or by dissolving when pH in the adjacent envi-
ronment is low. Both events facilitate the emission of 
mercury. 

Ag3Sn + Hg –> Ag2Hg3 + Sn7–8Hg + Ag3Sn –> Sn8Hg + Ag/Cu-Particles –> Ag2Hg3 + Cu6Sn5
γ 1 γ2 γ γ2 γ1 η1

Ag3Sn + Cu3Sn + Hg –> Ag2Hg3 + Cu6Sn5 + Ag3Sn + Cu3Sn
γ Σ γ1 η1 γ Σ

Ag3Sn + Hg –> Ag2Hg3 + Sn7–8Hg + Ag3Sn
γ 1 γ2 γ

conventional γ2-containing amalgam  

non-γ2-amalgam

a

b

c

non-γ2-amalgam

γ

γ

Fig. 4.3  . Setting reactions of non-γ2 (a,b) and γ2-containing (c) amalgams
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Fig. 4.4  . Influence of meals and toothbrushing on the release of mercury from amalgam fillings. 
Readings during 24 h on test subjects with a total of 36 (a) and 18 (b) amalgam surfaces [152] (Cour-
tesy of J. R. Mackert, Augusta, Georgia, USA, and A. Berglund, Umeå, Sweden)
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A temperature rise at the surface of amalgam – due 
to contact with hot coffee, for instance – slightly in-
creases the vapor pressure and thus the release of mer-
cury [152]. The emission of mercury vapor is elevated 
during toothbrushing, the intake of hot beverages, and, 
particularly, gum chewing, whereas intake of other 
foodstuffs apparently has little effect on mercury re-
lease (Fig. 4.4) [152]. On the other hand, formation of 
corrosion products on the amalgam surface and in mi-
crospaces tends to reduce the release of mercury from 
the restoration over time. Chemicals such as carbam-
ide peroxide used for bleaching and mouth rinses used 
for controlling plaque have no or only a slight effect on 
the release of metal ions from amalgam [5, 251].

4.2.1.3 new Alloys

Several attempts have been made to improve the resis-
tance of amalgam to corrosion and emission of mer-
cury. One direction has been to change the relation-
ship between metals in the alloy. Modern amalgams 
contain 40–54% mercury, and another approach has 
been to substitute some of the mercury with gallium 
(see also Sect. 4.2.2).
• A small quantity of palladium (0.5–0.7%) has been 

added to reduce the release of mercury and increase 
resistance to corrosion [43, 157]. Clinical studies 
have shown some advantages of these amalgams 
compared with non-γ2 amalgams regarding surface 
gloss but not in terms of marginal fractures [157, 
240].

• Another example is the addition of platinum or 
indium to the alloy powder or the liquid mercury. 
The intention of this approach was to reduce the 
quantity of free mercury in the set amalgam, to cre-
ate a more efficient superficial oxide layer, and thus 
to reduce the vapor pressure of the mercury-releas-
ing phase [187, 264]. But in vitro studies have not 
unambiguously shown a reduced release of mercury 
from these amalgams compared with conventional 
non-γ2 amalgams [81, 156, 187]. A reduced long-
term release of mercury from indium-containing 
amalgams has especially been questioned [74]. 

• The ratio of tin in the set amalgam also influences 
the degree of mercury release. In vitro studies re-
vealed that a high amount of tin in the Ag-Hg 
phase causes a reduced vapor pressure of mercury, 
a complete oxide layer, and consequently a reduced 
emission of mercury [156].

clinical practice Advice i

Appropriate amalgams, for instance, non-γ2 amal-
gams, should be selected to minimize the risk of 
release of mercury from amalgam fillings. The ratio 
between alloy powder and mercury should be ad-
justed carefully according to the manufacturer’s in-
structions. Preferably, capsulated amalgams should 
be used. Mixed amalgam has to be carefully con-
densed in the cavity and subsequently contoured. 
The surface must be carved accurately to avoid 
fractures of the fillings and/or a subsequent heavy 
grinding on the filling (see Sect. 4.3.1). The filling 
should be polished a few days after placement in 
order to minimize corrosion. Finish (and removal of 
amalgam fillings as well) should be performed with 
sufficient water rinsing/cooling and aspiration of 
the resulting water mist to reduce exposure to mer-
cury vapor. The use of a rubber dam in relation to 
removal and insertion of amalgam restorations may 
be considered (see also Sect. 4.7.2). 

4.2.2 Mercury-free Amalgams

The best way to prevent a release of mercury would be 
to completely replace this element. Therefore, the re-
placement of mercury by gallium has been attempted. 
Gallium is a silver-white metal whose melting point is 
slightly higher than that of mercury. It also has a lower 
vapor pressure. Alloy powders, similar to those used 
for conventional amalgam, are triturated with liquid 
gallium, whose melting point is further reduced by 
adding indium and tin.
• The commercially available formulations contain 

50–60% Ag, 25–28% Sn, 11–15% Cu, 2–9% Pd, and, 
eventually 0.3% Zn and 0.05% Pt.

• The liquid contains 62–65% Ga, 19–25% In, 13–16% 
Sn, and 0.05% Bi.

• The materials set by creating various phases similar 
to those of conventional amalgams.

The technical properties, such as expansion during 
setting, creep, and compressive strength, are equal or 
slightly inferior to amalgam that contains mercury. 
Condensation is very difficult, and increased poros-
ity and inferior marginal adaptation have been shown 
in vitro [221]. Manufacturers’ instructions state that 
moisture must be avoided during condensation and for 
several hours thereafter in order to prevent unwanted 
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expansion of the restoration. Furthermore, corrosion 
is a major problem, especially for the Cu–Ga phase 
and the Sn phase, the latter being very susceptible to 
corrosion in an acidic environment. Clinical studies 
have shown marginal deterioration, tarnish, fracture of 
hard tooth substance, and postoperative sensitivity to 
be up to twice as high as for mercury-containing amal-
gam fillings [59, 122, 181, 190]. It may be concluded 
that the presently available gallium alloys have clinical 
properties inferior to those of conventional mercury-
containing amalgam. In 1990 the Japanese government 
approved gallium alloys as dental restorative materials. 
A product that was approved in the European Union 
has since been taken from the market.

Key note Z

There have been several attempts to change the 
composition of amalgam in order to reduce the 
release of mercury. To date, the success of these 
attempts is only fair, since technical and clinical 
properties of these alternative materials have been 
shown to be inferior to those of conventional amal-
gams. 

4.3 systemic toxicity

Dental amalgams consist of metals that may cause con-
cerns about the risk of systemic toxic reactions if re-
leased in sufficiently high quantities. Before discussing 
this risk, it should be emphasized that amalgam resto-
rations belong to the most durable type of direct restor-
ative materials. If the release of substances from amal-
gam were high, the durability of the restoration would 
be short due to material disintegration. As discussed 
previously in this chapter, the release of mercury has 
especially caught public and professional attention, al-
though other constituents of amalgam may also leach. 
The most important question is whether mercury or 
other released metals pose a health hazard for individ-
uals with amalgam restorations or for their offspring.

4.3.1 Metabolism, distribution, 
and excretion of Mercury

4.3.1.1 release and uptake

The main part of mercury released from restorations 
is found as mercury vapor in the intraoral air or dis-

solved in saliva. Corrosion products and microparti-
cles of amalgam may also be found in saliva. Mercury 
concentrations in the intraoral air and saliva of persons 
with amalgam fillings are significantly higher than in 
individuals without amalgam restorations. A qualified 
estimate of the mean daily intake via the lungs and the 
gastrointestinal tract indicates values between 2 and 
5 µg in persons with 20–40 amalgam surfaces [20, 87, 
152, 189], but there are great individual differences. 
Persons with a high number of amalgam fillings or an 
overall extensive amalgam surface may reveal a release 
of very little mercury, whereas individuals who suffer 
from bruxism or use chewing gum for several hours 
per day may liberate much higher quantities than the 
aforementioned amounts (e.g., [205]).

The published data regarding the release of mer-
cury from amalgam restorations and its subsequent 
resorption vary significantly [152]. This is due to vari-
ables such as different reading techniques, uncertainty 
regarding analytical quality control, the frequency of 
measurements, the ratio of oral-to-nasal breathing, 
and whether the collected air was exhaled or sampled 
in the oral cavity or the trachea. Furthermore, there is 
also uncertainty about the amount of mercury swal-
lowed. Evidence exists that toothbrushing and specifi-
cally the use of chewing gum will increase the release of 
mercury. However, chewing of other foodstuffs as part 
of the regular diet or as snacks will not increase the 
liberation of mercury and may even cause a decrease 
of its release (Fig. 4.4). A hypothesized increased re-
lease of mercury following exposure to low-frequency 
magnetic fields has not been verified [22]. 

Mercury uptake from amalgam fillings occurs pri-
marily via the respiratory tract, specifically the lungs, 
where approximately 80% of the inhaled mercury va-
por diffuses from the pulmonary alveoli to the alveolar 
capillaries. Uptake from the gastrointestinal tract of 
mercury dissolved in swallowed saliva is normally con-
sidered to be 5–10%. Resorption of liquid elemental 
mercury is extremely low (about 0.01%) [153, 255].

Within minutes, catalase and hydrogen peroxide 
oxidize most of the absorbed mercury to ionic mer-
cury in red blood cells and tissues (Hg0 → Hg2

2+ → Hg2+) 
[153]. Before oxidation, circulating elemental mercury 
is able to penetrate cell membranes and thus the blood–
brain and placental barriers. Oxidation significantly 
reduces the lipid solubility of mercury. Consequently, 
the ability of oxidized mercury to pass cell membranes 
is reduced, which leads to an accumulation of this ele-
ment in the tissues in question [47, 255]. 

Gastrointestinal uptake via bacterial methylation 
of elemental mercury by microorganisms of the oral 
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cavity and the gut is negligible [65]. But if this bi-
otransformation should occur at all, it would happen 
only on a minimal scale in mammalian tissues [13, 45, 
47, 255].

The body’s burden of methylmercury originates 
primarily from fish consumption, especially from fish 
ranking high in the food chain, for instance, halibut, 
tuna and marine mammals (salt water) or pike and 
trout (fresh water). About 90% of organic methyl-
mercury is absorbed in the gastrointestinal tract. In 
contrast to elemental mercury, methylmercury is 
lipid soluble and readily penetrates the blood–brain 
or placental barrier by means of a rather complex re-
action [47]. The brain and the entire central nervous 
system are the primary tissues targeted, and the clini-
cal symptoms of chronic intoxication are paresthesia, 
ataxia, tunnel vision (constricted field of vision), and 
impaired hearing [153, 154]. The elevated exposure of 
certain populations (for example, around the North 
Atlantic) to organic mercury via intake of fish and 
marine mammals with high levels of methylmercury 
has been known for decades (see also Chap. 13). Large 
epidemiological studies performed during the 1990s 
investigated the possible influence of prenatal organic 
mercury exposure (the mother’s ingestion of fish and/
or marine mammals) on cognitive abilities in children 
in New Zealand, the Faroe Islands, and the Seychelles 
(for review, see [47, 85]). The available data seem to 
suggest that the nutritional benefits of breastfeeding 
and fish consumption outweigh the potential adverse 
effects of methylmercury in infancy and early child-
hood [47]. It is, however, yet to be elucidated whether 
potential adverse affects may become more prominent 
at adolescence [85, 175]. 

A possible uptake of mercury via the oral mu-
cosa has been discussed in the literature. One study 
reported elevated mean mercury concentrations in 
oral mucosal biopsies of symptom-free subjects with 
amalgam fillings compared with persons without 
amalgam restorations [260]. It was suggested that the 
oral mucosa might be a reservoir of mercury derived 
from amalgam [27, 260]. But Bolewska and colleagues, 
who used a very sensitive histochemical autometallo-
graphic method, found only minute traces of mercury 
in biopsies of normal mucosa that was in contact with 
amalgam fillings [31]. Further, no traces of mercury 
could be detected in desquamated oral epithelial cells 
of subjects with amalgam restorations contacting the 
oral mucosa [7].

In animal studies, mercury has been found in den-
tin tubules and occasionally in dental pulps and pulpal 
nerves of teeth with amalgam restorations [105, 106]. 

In a study on rats, amalgam was directly applied to the 
dental pulp. Traces of mercury were identified in the 
trigeminal ganglia of only about half of the animals 
by means of the aforementioned autometallographic 
analysis [8]. Histologic sections from the brain stem 
revealed no mercury deposits in neurons, axons, or 
the parenchyma. 

Key note Z

Approximately 80% of the mercury vapor will be 
absorbed in the lungs, and 5–10% of the inorganic 
mercury (saliva) will be resorbed in the gastrointes-
tinal tract. The hypothesized intake of mercury via 
oral mucosa or dental pulp, however, seems to be 
negligible. 

4.3.1.2 proposed threshold Values 

The World Health Organization (WHO) confirmed 
in 1999 a provisional tolerable weekly intake (PTWI) 
value of 5 µg/kg body for total mercury intake, the 
same level as was recommended in the 1980s [256]. 
Not more than 3.3 µg/kg body weight of the PTWI 
value should consist of methylmercury (MeHg) [257]. 
In 2003 the joint Food and Agriculture Organization 
of the United Nations (FAO)/WHO Expert Commit-
tee on Food Additives arrived at a reduced PTWI of 
1.6 µg MeHg/kg  body weight, which is considered suf-
ficient to protect the developing fetus, the subgroup of 
the population most sensitive to mercury [113]. Vari-
ous public agencies have also in recent years reduced 
the recommended threshold value of the dose rate of 
organic mercury (primarily derived from the diet) that 
can be absorbed lifelong without a significant risk of 
adverse effects [46]. For instance, the following thresh-
old values have been recommended: 
• U.S. Environmental Protection Agency [243]: 0.1µg 

MeHg/kg body weight/day
• U.S. Food and Drug Administration [244]: 0.5µg 

MeHg/kg  body weight/day
• U.S. Agency for Toxic Substances and Disease Reg-

istry [1]: 0.3 µg MeHg/ kg  body weight/day
• European Food Safety Authority [237] 1.6 µg 

MeHg/kg  body weight/week
• U.S. National Research Council [180]: 0.7 µg MeHg/

kg  body weight/week

The estimated intake of mercury in Europe varies by 
country, depending on the amount and type of fish 

D. Arenholt-Bindslev, P. Hørsted-Bindslev 65



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_4_2008 - 06 - 18_2

consumed. Exposure to methylmercury from fish and 
seafood varies between 1.3 and 97.3 µg/week, corre-
sponding to < 0.1 to 1.6 µg/kg  body weight in a person 
weighing 60 kg [66]. Thus, the highest average intake 
is just at the latest PTWI recommended by FAO/WHO 
and adapted by EFSA. 

U.S. and European agencies have recommended a 
threshold value of 0.05 µg Hg/m3 air for the mean an-
nual exposure of the general population. At the same 
time, the typical daily dose rate for an adult would be 
0.6–0.8 µg Hg [69]. WHO declares an occupational  
threshold limit value (TLV) of 50 µg Hg/m3 as the 
maximum concentration of exposure based on a 40-h 
working week. The calculated mean dose rate of mer-
cury, however, varies between 300 and 500 µg Hg de-
pending on physical activity and the minute volume 
[20]. Meanwhile, several countries have introduced 
lower concentrations (25 or 35 µg Hg/m3) as the up-
per limit. 

From time to time, national and international agen-
cies publish recommended threshold values regarding 
exposure of the general population and specific occu-
pational groups to chemicals, contaminants in food, 
and environmental pollution. As aforementioned, these 
threshold values are, in general, administratively deter-
mined, such as by decreasing a LOAEL value (lowest 
observed adverse effect level) by 10–1,000 times (see 
also Chap. 1). These values, however, do not consider 
a substance’s benefit. For instance, concerns were ex-
pressed about the extent to which the continuous de-
crease of threshold values regarding uptake of organic 
mercury will challenge the traditional diet with its 
manifold benefits in countries with a customarily high 
consumption of fish and marine mammals.

Key note Z

Despite the reduction of recommended threshold 
values for mercury during the past decades, the 
responsible agencies do not assume a health risk 
caused by amalgam for the general population:
“… There are no scientific studies that show that 
having dental amalgams is harmful, or that remov-
ing your amalgam fillings will improve your health.” 
(U.S. Food and Drug Administration, consumer infor-
mation, October 2006)“It has been determined that 
… dental amalgam fillings do not pose a health risk, 
although they do account for some mercury expo-
sure to those having such fillings” and “The practice 
of having all your dental amalgam fillings replaced

 with non-mercury filling materials just to remove 
the possibility of mercury exposure is not recom-
mended by the ATSDR.” (Agency for Toxic Substances 
and Disease Registry, USA, September 2003)
“It is concluded that no risk of adverse systemic ef-
fects exist and the current use of dental amalgam 
does not pose a risk of systemic disease” (EU-Com-
mission: Scientific Committee on Emerging and 
Newly Identified Health Risks. SCENIHR) [69a].

4.3.1.3 deposition in organs

The kidney is the main depository of mercury after 
administration of elemental mercury vapor [47, 255]. 
In guinea pigs and ewes, mercury has also been found 
in the thalamus and cortex a few days after placement 
of amalgam restorations [75, 86, 250]. In primates 
and minipigs, mercury originating from amalgam fill-
ings was determined in kidneys, pituitary and adrenal 
glands, pancreas, liver, lungs, and gastrointestinal tract 
following observation periods of 1–2 years, but no 
mercury was found in the central nervous system [52, 
108]. Studies on human cadavers have given some in-
dication of a positive correlation between the number 
of amalgam restorations and the mercury level in the 
brain and kidneys [55, 150]. However, mercury con-
centrations in pituitary glands did not correlate with 
the number of dental amalgam fillings, and, contrary 
to studies in rodents, it was concluded that the hypoth-
esis of a flow of mercury vapor from dental amalgam 
fillings to the cranial cavity by a direct oronasal route 
in humans could not be supported [150]. In contrast 
to controlled studies in animal models, human studies 
are hampered by many confounders from a complex 
lifetime experience. The biological half-life varies in 
different tissues and over time in relation to exposure. 
The half-life ranges from a few days or weeks for most 
absorbed mercury to years for fractions of mercury 
stored in kidney, brain, and pituitary. The form of 
mercury responsible for a long biological half-life may 
be biochemically inactive mercury selenide [255].

The mechanism of mercury toxicity is not yet fully 
understood, although mercury is one of the most exten-
sively investigated of metals. An interference with the 
cells’ enzymatic processes and a binding of the divalent 
mercury ion to SH, OH, NH2, and Cl groups of struc-
tural proteins is very likely of primary importance, but 
additional detrimental mechanisms may also occur. 

The target organ of prime concern is the central 
nervous system. Tremor and psychological distur-
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bances (erethism) are classical symptoms of a chronic 
mercury intoxication caused by extensive occupational 
exposure. Erethism is characterized by acute irritabil-
ity, abnormal shyness, timidity, and overreaction to 
criticism. Disturbance of memory, loss of appetite, de-
pression, fatigue, and weakness may also occur. Fur-
ther symptoms of chronic intoxication with inorganic 
mercury are decreased nerve conduction velocity and 
gastrointestinal disturbances [45, 153]. Oral symp-
toms, including metallic taste, swollen salivary glands, 
disturbed salivation, severe gingivitis, mucosal ulcer-
ations, necroses, and even tooth loss have also been re-
ported (Table 4.2, Fig. 4.5) [71, 160]. A so-called bluish 
mercury line along the gingiva, equivalent to a Burto-
nian or lead line caused by lead intoxication, has been 
observed in some cases. In these cases, the blue mer-
cury line was described as a leading symptom [71].

Mercury accumulates in the kidneys. Animal ex-
periments have revealed that 50–90% of the body’s 
burden of mercury is stored there [47, 255]. If the dose 
exceeds the capacity limit, direct toxic damage of the 
proximal renal tubules (e.g., impaired filtration rate of 
the nephritic glomeruli) or as yet poorly understood 
immunotoxic reactions (for review, see [67]) may oc-

cur. Proteinurea is the most prominent symptom of 
renal damage. Almost two decades ago, an experiment 
in which amalgam restorations were placed in sheep 
generated public interest because the released mer-
cury was supposed to cause kidney damage [32]. The 
selected animal model as well as the research design 
was subsequently intensely debated in the literature 
(for review, see [152]). Subsequent human studies did 
not corroborate the data from this trial with sheep; no 
signs or symptoms were found that might be indica-
tive of renal dysfunction in humans due to released 
mercury from amalgam fillings (e.g., [15, 98, 99, 210]; 
see also Sect. 4.3.2 on immunotoxicity). 

4.3.1.4 Mercury concentrations  
in Blood, feces, and urine

Organic mercury is primarily bound to erythrocytes, 
whereas most inorganic mercury is in plasma. A corre-
lation between mercury levels in plasma and amalgam 
surfaces has been shown in quite a number of animal 
as well as human studies [47, 152]. Mercury concen-
trations in plasma reveal relatively little variation as-

Table 4.2  . Clinical symptoms of mercury poisoning that may be found in heavily exposed persons (according to Magos [153]) 

Poisoning Symptoms

Acute inhalation exposure to mercury vapor Chest pains

Dyspnoea

Coughing

Hemoptysis 

Pulmonary inflammation

Chronic mercury vapor poisoning Fine tremor (initially involving the hands)

Erethism (≅ irritability)

Gingivitis, salivation, metallic taste

Proteinuria

Methylmercury poisoning (organic) Paresthesia

Ataxia (impaired coordination)

Constricted field of vision

Impaired hearing
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sociated with diet. Thus, mercury levels in plasma and 
urine have been the markers most often used to as-
sess the body burden of mercury released from dental 
amalgam. In the literature, urinary mercury excretion 
is frequently related to creatinine excretion in order 
to correct for dilution effect, since the quantity of ex-
creted creatinine per day is constant. By contrast, the 
urinary mercury concentration may vary consider-
ably during the course of the day because of a varying 
amount of generated urine (“dilution effect”).

The main route of excretion after short-term ex-
posure of inorganic mercury is fecal (50%), followed 
by exhalatory (37%) and urinary (13%) [153]. After 
long-term exposure, urinary excretion is the principal 
pathway [47]. By contrast, methylmercury is primar-
ily eliminated via feces, and to a minor extent through 
urine (10%). Urinary exposure is the most frequently 
used biological indicator of inorganic mercury expo-
sure. Several studies have revealed a correlation be-
tween the number or surface area of amalgam restora-
tions and mercury concentrations in urine (for review, 
see, e.g., [47, 61, 105, 118, 120, 218]).

A rapid increase and slow decrease of Hg/U and 
Hg/B has been found following placement and re-
moval of amalgam restorations, respectively. The half-
life of elevated plasma concentrations of mercury after 
removal of amalgam fillings was 3.5–13 days [88, 209]. 
Due to a slow mobilization of mercury from deposits 
in organs, periods of 1–3 years have been observed be-
fore plasma levels were similar to those found in sub-
jects without amalgam restorations [18, 173, 209]. 

The median half-life of urine concentrations after 
removal of amalgam fillings is about 46 days [209]. 
Urinary excretion of mercury in subjects without 
amalgam fillings who are not occupationally exposed 
to inorganic mercury ranges between 0.2 and 2 µg/day 
[70]. WHO has described an average mercury level for 
the general population of 4 µg/l [255]. However, the 
trend in the general population of the European coun-
tries, notably Germany and Sweden, has been a grad-
ual decrease in urinary concentration of mercury dur-
ing the period 1990–1998 [17, 253]. A recommended 
TLV for mercury vapor of 25 µgHg/m3 corresponds to 
about 33 µg Hg/g creatinine (=20 nmol/mmol crea-
tinine). At a urinary mercury level over 100 µg Hg/g 
creatinine, the probability of developing classical neu-
rological signs of mercury intoxication (tremor, ere-
thism) and proteinuria is high [255]. Levels between 
25 and 100 µg Hg/g creatinine may be associated with 
early symptoms in particularly sensitive subjects, in-
cluding psychomotor alterations, tremor, impaired 
nerve conduction velocity, and subjective symptoms 
such as fatigue, elevated irritability, and loss of ap-
petite, but the relationship is poor [255]. Therefore, a 
level of approximately 50 µgHg/g creatinine may not 
cause any objective or subjective signs and symptoms 
of mercury intoxication [47]. Recent studies on uri-
nary mercury concentrations and amalgam fillings 
have estimated that 10 amalgam surfaces may increase 
the urine level by about 1 µg Hg/l [61, 120]. Based on 
several investigations, Mackert and Berglund [152] es-
timated that some 450–530 amalgam surfaces would 

Fig. 4.5a,b  . A 48-year-old worker in the chloralkali industry 
suffering from acute mercury poisoning. The urine concentra-
tion of mercury was 11,000 mg/l immediately after arrival at 
the hospital. a Epithelial desquamation at the upper vestibule. 

b Epithelial desquamation at the left margin of the tongue. c Ne-
crosis of the marginal and interdental gingiva [203] (Courtesy of 
Danish Dental Journal)
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be necessary to reach a level of 30 µgHg/g creatinine 
(18 nmolHg/mmol creatinine)! However, it has been 
demonstrated that persons with only a tenth of this 
number of surfaces who chew chewing gum for several 
hours per day, especially combined with bruxism, may 
reveal mercury concentrations in the aforementioned 
order of magnitude. These values are high above the 
mean levels found in the general population [14]. 

Animal studies suggest that the absorption of in-
organic mercury in the gastrointestinal tract is less 
than 10%. Human studies that quantified the share of 
mercury excretion via feces before and after removal 
of amalgam restorations indicated that fecal mercury 
levels temporarily increase by a significant amount 
subsequent to the removal of amalgam fillings [27]. 
The major part of the amalgam-derived mercury in 
feces consists of solid particles, and the uptake there-
fore is very low [27]. Due to many interfering factors, 
such as the mercury burden in the diet, fecal excre-
tion of total mercury is not a valuable or reliable 
indicator of systemic exposure to mercury caused 
by amalgam fillings. 

Methylmercury can be converted to inorganic 
mercury, especially in the intestinal tract [47]. Thus, 
consumption of fish may add to the burden of inor-
ganic mercury [14]. On the other hand, methylation 
of inorganic mercury does not appear to take place to 
any significant extent in human tissues [47]. 

Animal studies on monkeys demonstrated a marked 
increase in the proportion of aerobic, mercury-resis-
tant bacteria in the intestinal microflora after place-
ment or removal of amalgam restorations [233]. Sub-
sequent human studies did not confirm these data [64, 
193]. Thus, no significant amalgam-associated changes 
of the human intestinal microflora were found. One 
of these studies, however, suggested that a transient 
increase of mercury resistance and antimicrobial re-
sistance of the human microflora in the gut cannot 
be excluded during the intestinal passage of amalgam 
particles after the removal of fillings [64]. But then, no 
selection of antibiotic-resistant strains in patients with 
amalgam fillings was found in the first systematic anal-
ysis of more than 800 bacterial isolates (Streptococcus 
mutans) from more than 200 patients [137]. Further, 
it was recently demonstrated that mercury-resistant 
bacteria are frequently present in the dental plaque of 
children who have no amalgam fillings [199]. Other 
factors than amalgam thus seem to play an important 
role regarding the generation of mercury-resistant 
bacteria in the gastrointestinal tract.

Key note Z

Kidneys are the primary storage organ for inorganic 
mercury derived from amalgam fillings. The creati-
nine-adjusted excretion of mercury in urine is pres-
ently considered the best para meter to assess the 
body’s burden of inorganic mercury.

4.3.1.5 Mercury in saliva

A linear correlation exists between surface area and 
exposure time and mercury release from amalgam 
specimens incubated in vitro with a mixture of light 
paraffin oil and saline solution [87]. Salivary mercury 
content in patients consists of amalgam micropar-
ticles, mercury ions, and dissolved mercury vapor. 
The majority of studies on the contribution of dental 
amalgam to the salivary mercury content reported a 
total mercury amount without specifying the chemi-
cal form of the available mercury. This factor, however, 
would be of great importance for its bioavailability. 
Mercury bound in abraded particles of set amalgam 
will be absorbed at a significantly lesser quantity 
than dissolved mercury ions. The uptake of inorganic 
(ionic) mercury in the gastrointestinal tract is not 
very high and should not exceed 5–10%, according to 
general estimates [255]. A Norwegian study demon-
strated that a considerable share of mercury and silver 
in samples of stimulated and nonstimulated saliva was 
in fact bound in amalgam particles [149] (stimulated 
saliva is that directly collected after intense mastica-
tion; nonstimulated saliva is that collected after hours 
without chewing).

Numerous investigations indicate that the average 
mercury concentration in saliva of amalgam bearers 
is significantly higher than in subjects without this 
type of filling (e.g., [ 27, 149, 195, 261]). An additional 
increase was found after the chewing of chewing gum 
(e.g., [27, 195]). Halbach estimated the total absorbed 
quantity of mercury based on combined readings of 
the mercury content in intraoral air and saliva sam-
ples before and after chewing paraffin. He calculated 
a total absorbed amount of 4.8 µg Hg/day, of which 
3.7 µg Hg/day was derived from intraoral air and the 
rest (approximately 1 µg Hg/day) from other sources 
such as saliva [87]. This amount represents 2% of the 
provisional tolerable weekly intake (PTWI) value for a 
person weighing 70 kg (see above information on re-
lease and uptake).
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It is occasionally postulated that the mercury con-
tent of single saliva samples could be used to estimate 
the individual exposure to mercury from dental amal-
gam [124]. But due to the great variety of influencing 
factors, including varying salivary flow rate, different 
chemical forms of mercury, chewing habits, and in-
take of foods and beverages and their composition, 
it is meanwhile generally accepted that isolated saliva 
samples cannot be used as a reliable indicator for the 
absorption of mercury from amalgam restorations 
(e.g., [79, 89, 90, 197]). No clear difference was found 
between mercury levels in saliva samples of persons 
who ascribed their health problems or symptoms to 
amalgam fillings and subjects with amalgam fillings 
but without health complaints [149]. Considerable in-
terindividual variations in data were found, as in pre-
vious studies.

4.3.1.6 Mercury in scalp Hair

Blood methylmercury is incorporated in hair and is 
therefore a recognized screening indicator for dietary 
exposure to methylmercury [45, 46]. Once incorpo-
rated into the formed hair strand, the concentration of 
mercury remains unchanged. Thus, hair samples may 
be used to assess former methylmercury concentra-
tions in blood [23]. However, hair analysis is impaired, 
first by difficulties in differentiating between exoge-
nous metal contamination from water, air, or cosmetic 
treatment and the metal deposited endogenously, and 
second by the lack of information on the mechanisms 
and kinetics by which endogenous trace elements are 
incorporated into the hair. Analyses have shown that 
inorganic mercury accumulates in hair only to a small 
extent [23]; nevertheless, based on scalp hair analy-
ses from German dental students, it was proposed to 
use this method to monitor occupational exposure 
to mercury vapor [259]. But some studies have indi-
cated that the confounding effect of methylmercury 
and other sources of mercury is much too high to use 
the mercury concentration in hair as a reliable indi-
cator for a person’s exposure to mercury vapor from, 
for instance, amalgam fillings or occupational activi-
ties [23, 76, 153]. This is particularly true for subjects 
with regular dietary intake of methylmercury, such as 
from fish. Despite the generally accepted limitations 
of the method, two recent papers have reported cor-
relations between the mercury content in neonatal 
scalp hair and amalgam exposure of the mother [143, 
198]. Both reports claimed that fish consumption in 

the study populations was minimal and therefore not 
considered a confounder. 

Key note  Z

According to the literature, analysis of neither saliva 
samples nor scalp hair is a reliable indicator of ex-
posure to inorganic mercury from amalgam restora-
tions.

4.3.1.7 transplacental distribution  
of Mercury from dental Amalgam

One specific study on sheep has frequently been 
cited by the media [250]. This study investigated the 
maternal–fetal distribution of radioactively labeled 
mercury from amalgam fillings placed in ewes at 
112 days of gestation. Samples of body fluids, feces, 
and tissue biopsies were collected during the subse-
quent observation period. Mercury levels in ewes rose 
to a maximum 40–80 days after amalgam placement. 
Mercury was found in fetal blood and amniotic fluid 
within 2 days after insertion of the restorations. The 
highest Hg concentrations in organs of the adult ewes 
were observed in kidneys (9 µg Hg/g tissue) and liver 
(1 µg Hg/g tissue), whereas the fetuses showed highest 
levels in the liver (0.1 µg Hg/g tissue) and pituitary 
gland (0.1 µg Hg/g tissue). Concentrations in fetuses 
were significantly lower than in ewes. The placenta ap-
peared to concentrate mercury progressively as preg-
nancy advanced. Accumulations of substances in the 
placenta are generally considered to be a protective 
mechanism. More recent studies of the offspring of rats 
and mice that had amalgam restorations placed dur-
ing pregnancy have also found that mercury vapor 
emitted from amalgam surfaces may cross the pla-
centa and ultimately deposit in fetal organs in dose-
dependent amounts correlating to the number of 
amalgam restorations in the mother [235, 236]. So 
far, no animal studies have documented any signs 
of brain damage in relation to the amounts of mer-
cury that may be deposited in fetal organs as a result 
of placing amalgam fillings in the pregnant moth-
ers. As mentioned below, the limitations of the ani-
mal models must be taken into consideration (eat-
ing habits and patterns, masticatory intensity and 
pattern, difficulties in refinement of occlusal adjust-
ment of fillings) when attempting to extrapolate 
these results to the human situation. Human findings 
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have been significantly different from results obtained 
in animal studies. This may be due to operational dif-
ferences during placement of fillings, such as difficul-
ties with occlusal adjustment in animal models, and 
different masticatory function (sheep are ruminants). 
One human study included the collection of amniotic 
fluid by amniocentesis from 95 pregnant women and 
20 additional women during delivery. Blood samples 
from mothers and their neonates as well as breast milk 
samples were also collected. No correlations were 
found between mercury levels and either the number 
of amalgam fillings or their surface area [123].

Biopsies of liver, renal cortex, and cerebral cortex 
of 108 children and 46 fetuses were analyzed in one 
autopsy study. The authors postulated that there was 
a correlation between the mercury levels in the or-
gans of the children and fetuses and the number of 
maternal amalgam fillings [56]. However, the study 
did not compare the mercury concentrations in all 
of the organ biopsies but rather selected a different 
number of organ specimens in selected age groups. It 
was quite intensely discussed that this selection would 
be problematic regarding the applied statistical tests, 
and the significance of the presented correlations was 
therefore questioned (see below). In another autopsy 
study, mercury, cadmium, and lead concentrations 
in brain and renal tissues of 20 fetuses and 15 babies 
were analyzed [147]. Mercury levels in kidneys were 
significantly higher than in brain tissue. In addition, 
an increasing mercury concentration in fetal kidneys 
(but not in the brain) was observed with an increasing 
number of amalgam fillings in mothers [147]. 

A clinical study compared the blood level of mer-
cury in 185 pregnant women and their newborn in-
fants [230]. There was a correlation between mercury 
concentrations in the blood of mothers and their 
babies and the women’s fish consumption, but blood 
mercury levels did not correlate with the number 
and dimension of amalgam fillings in mothers. An-
other study compared the mercury concentrations 
in the blood of mothers and their infants. The par-
ticipants were subdivided into two groups: mothers 
with old amalgam fillings and mothers with recently 
placed restorations. There was no significant differ-
ence between the two groups [231]. Taken together, 
total mercury concentration in blood is highly de-
pendent on fish consumption [9], and blood levels are 
not a sensitive indicator of inorganic mercury, as al-
ready mentioned in this chapter. A more recent study 
showed a significant correlation between amalgam 
fillings and the concentration of inorganic mercury 

in maternal plasma and the umbilical cord [245]. As 
mentioned above, similar correlations were found be-
tween the number of amalgam fillings in the mother 
and the concentration of mercury in scalp hair from 
newborn babies [143, 198]. 

Key note Z

The scientific literature has documented that mer-
cury is trapped in the placenta, which acts as protec-
tive barrier. But mercury passes the placental barrier 
to some extent and may be deposited in fetal or-
gans. Organic mercury and mercury vapor pass the 
barrier more readily than inorganic mercury. A num-
ber of animal and human studies have shown corre-
lations between the number and extent of maternal 
amalgam restorations placed during pregnancy and 
mercury levels in different specimens from fetuses. 
No deleterious effects have been documented as a 
result of in utero exposure to mercury from maternal 
amalgam restorations. However, based on the fact 
that mercury can, to some degree, pass the placen-
tal barrier, health agencies in a number of countries 
have recommended that women avoid extensive 
amalgam work during pregnancy. This is in line with 
the widespread recommendation that pregnant 
women should keep their intake of organic mercury 
low by following certain restrictions on the intake of 
seafood during pregnancy. 

4.3.1.8 Mercury in Breast Milk

It is well established that both organic and inorganic 
mercury in the blood of lactating women may be 
excreted via breast milk. Results from animal stud-
ies (e.g., sheep [249]) raised public concerns about 
mercury in the breast milk of mothers with amalgam 
fillings. A number of recent human studies have con-
firmed a correlation between the number of maternal 
amalgam fillings and the mercury level in breast milk 
[49, 57, 58, 191, 242]. A correlation between mater-
nal fish consumption and the mercury level in breast 
milk samples was also evident [57, 58, 191]. In milk 
samples collected during the first week after delivery, 
the mercury was found to depend both on fish con-
sumption and the number of amalgam fillings [57, 
58]. In samples collected 2 months later, mercury 
concentrations in milk were dependent only on fish 
consumption [58]. After 2 months of breastfeeding, 
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mercury concentration above the detection limit were 
found in only approximately 33% of the milk samples, 
and the levels were significantly lower compared with 
those determined during the first week after deliv-
ery [58]. It has been suggested that this reflects that 
a larger amount of milk is produced later in the lacta-
tion period, which dilutes the amount of mercury ex-
creted. It was postulated that the use of chewing gum, 
bruxism, and so on would significantly influence mer-
cury levels in breast milk [249]. The only study so far 
presenting data from women who chew gum daily or 
grind their teeth did not, however, find any recogniz-
able influence of these habits on the mercury level in 
breast milk [58].

It is remarkable that the mercury concentration 
in breast milk is lower than or equal to mercury lev-
els in formula milk [57] and cow’s milk [58], two al-
ternatives to breast milk. German studies concluded 
that the exposure of breastfed babies to mercury from 
maternal amalgam fillings is of lesser importance than 
maternal fish consumption [58]. The relatively low 
mercury burden in both breast milk and formula milk, 
plus the numerous benefits of breastfeeding, contra-
dict any limitations on nursing, even for mothers with 
a high number of dental amalgam fillings [57, 242]. A 
Swedish study could not support inorganic absorption 
through breast milk as a significant source of exposure 
[207]. In summary, the majority of scientific reports 
support the view that the uptake of inorganic mercury 
via breast milk does not play a significant role regard-
ing mercury exposure of infants.

 Key note Z

A correlation exists between the number of mater-
nal amalgam surfaces and the amount of mercury 
found in breast milk. An even stronger correlation 
was found in relation to maternal fish consump-
tion. The possible amalgam-related mercury level 
in breast milk is lower than or equal to mercury lev-
els in formula milk and cow’s milk. The majority of 
the literature supports the view that the benefits 
of breastfeeding far outweigh the possible low-
level mercury exposure from breast milk. To avoid 
any unnecessary exposure of infants to potentially 
harmful substances, a number of public agencies 
recommend that women avoid extensive restorative 
treatments during pregnancy and lactation. 

4.3.2 Immunotoxicity

Based on results from animal studies, mercury was for 
many years considered an immunosuppressive sub-
stance that increased the susceptibility of experimen-
tal animals to infectious agents by inhibiting both the 
humoral and the cellular immune system (for review, 
see [67]). More recent experiments on rodents have 
shown an immune complex glomerulonephritis fol-
lowing exposure to inorganic mercury, and hence an 
immune stimulatory effect. Further, a number of stud-
ies provide evidence of mercury-induced autoimmune 
reactions in genetically susceptible rodents [67, 109]. 
The clinical relevance of these experimental findings 
in genetically susceptible strains of animals – also re-
garding a low mercury exposure such as from amal-
gam fillings – remains unclear. 

A number of clinical studies have investigated the 
potential influence of mercury from amalgam on vari-
ous parameters of the human immune system. Mackert 
and colleagues measured the levels of the three major 
populations of lymphocytes in persons with and with-
out amalgam fillings [151]. Comparing the groups, no 
statistically significant differences between mean lym-
phocyte counts or the count of any of the six investi-
gated lymphocyte subgroups and the number or size 
of amalgam fillings were found. A further study also 
compared two groups of patients, one group receiv-
ing amalgam fillings for the first time, and the other 
group having all of their existing amalgam restorations 
removed [258]. The absolute and relative numbers of 
granulocytes, T-lymphocytes, T4- and T8-cells, B-
lymphocytes, and natural killer cells were determined 
before and after these treatments. The authors found 
no differences between the groups; amalgam fillings 
did not influence the numbers or proportions of these 
cell types. Cascorbi and colleagues examined a large 
number of immunological parameters in patients who 
attributed various symptoms to their amalgam fillings. 
No differences between the group of patients and a 
group of healthy individuals without amalgam restora-
tions were found. It may therefore be concluded from 
these data that the immunological functions of pa-
tients with symptoms supposedly caused by amalgam 
fillings were within a physiologic range [38].

One possible consequence of the influence of amal-
gam on the immune system could be an increased risk 
of immunological diseases. Acute glomerulonephritis 
and Henoch–Schőnlein purpura are two examples of 
diseases with a well-known immunomediated etiol-
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ogy. Herrström and colleagues performed a case-con-
trolled study on Swedish children who suffered from 
these diseases [100]. Their findings did not indicate 
an increased risk of illness associated with amalgam 
restorations. 

Some authors have claimed in recent years that 
special in vitro tests, lymphocyte proliferation assays, 
performed on blood samples may be used as tools to 
diagnose immune-system-mediated adverse effects of 
amalgam restorations. But a number of studies have 
revealed that these in vitro lymphocyte proliferation 
assays are not appropriate for selecting those patients 
whose symptoms would disappear after amalgam 
replacement [40, 127, 145]. Most importantly, two 
lymphocyte proliferation assays (lymphocyte trans-
formation assay, or LTT, and memory lymphocyte im-
munostimulation assay, MELISA) together with other 
relevant parameters such as a standard patch test for 
dental materials and the numbers of T- and B-lym-
phocytes, monocytes, granulocytes, and natural killer 
cells in peripheral blood, were investigated in differ-
ent groups of subjects: patients with amalgam fillings 
and symptoms; subjects with amalgam restorations 
but without symptoms; patients suffering from oral 
lichenoid reactions adjacent to amalgam fillings; and 
healthy subjects without amalgam restorations. None 
of the investigated parameters was indicative of signifi-
cant differences between amalgam patients and control 
subjects. With the in vitro lymphocyte proliferations 
assays, a high frequency of positive results was ob-
tained among healthy subjects with and without dental 
amalgam. It was consequently concluded that in vitro 
lymphocyte proliferation cannot be used as an objec-
tive marker of mercury allergy or so-called mercury 
hypersensitivity in dental amalgam bearers [40]. 

A number of parameters have been investigated 
in patients suffering from lichenoid reactions next to 
amalgam restorations, including release of interferon 
gamma (INFγ), phenotypes of peripheral lymphocyte 
subsets, frequency of circulating cells expressing the 
interleukin(IL)-2 receptor, serum concentrations of 
IL-6, and lymphocyte reactivity. No specific or typical 
in vitro lymphocyte reactivity was found. Further, the 
lymphocyte transformation assay was not able to differ-
entiate between so-called mercury-tolerant and mer-
cury-intolerant patients [40, 41, 42, 127, 145], nor were 
immunohistologic examinations of specimens from 
oral lichen planus and oral lichenoid reactions able to 
disclose specific diagnostic features in specimens from 
lesions adjacent to amalgam restorations [144].

Key note  Z

Current scientific data do not indicate that immune 
functions in humans are impaired by mercury re-
leased from amalgam restorations.

4.3.3 neurotoxicity

A WHO report concluded that an exposure to mer-
cury vapor exceeding 80 µg/m3, corresponding to a 
urinary mercury level of 100 µg/g creatinine, is associ-
ated with a high risk of developing classical neurologi-
cal symptoms of mercury intoxication and proteinuria 
[255]. An exposure to a mercury vapor concentration 
of between 25 and 80 µg/m3 corresponding to a level 
of 30–100 µg/g creatinine was associated with an in-
creased frequency of certain less severe toxic effects, 
such as objectively detectable tremor and evidence of 
impaired nerve conduction velocity, without apparent 
clinical manifestation. Results from studies on persons 
occupationally exposed to mercury have been used to 
establish such LOAEL values (see also Chap. 1). Stud-
ies on dental personnel who are occupationally ex-
posed to levels of mercury below the aforementioned 
values suggest that lower concentrations of mercury 
vapor than previously anticipated may cause faint be-
havioral side effects [62, 63, 169, 183, 202]. There are, 
however, some difficulties in using occupational expo-
sure studies to predict possible consequences for pa-
tients with amalgam restorations. Occupationally ex-
posed individuals may experience episodic exposure 
(e.g., from spills) that may result in peak urinary levels 
significantly above their mean concentrations of mer-
cury in urine. Short periods of high exposure may be 
responsible for neurological alterations being revealed 
by neurobehavioral tests. It must also be considered 
that dentists may develop a tremor due to the frequent 
use of vibrating equipment, such as hand pieces or ro-
tating instruments [267]. This may mimic a mercury-
induced tremor and be mistaken as such. 

clinical practice Advice i

A mechanically induced hand tremor (i.e., caused by 
frequent use of vibrating and rotating instruments) 
should not be mistaken for a mercury-induced 
tremor.
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The mercury body burden of dental personnel has of-
ten shown higher levels than that of the general popu-
lation because dental personnel handle mercury in the 
clinic, remove or assist in removing amalgam fillings, 
and may also have amalgam fillings themselves. A 
concentration of 1–5 µg Hg U/l has been considered 
within the normal range for the population not subject 
to occupational exposure [61, 91, 95, 120, 131, 266]. 
Subtle and nonspecific symptoms of mercury intoxica-
tion have been discussed in the literature at concentra-
tions above 25–50 µg Hg U/l [105, 130, 152, 154, 205]. 
From Table 4.3 it can be seen that some dental person-
nel still suffer concentrations above the normal range 
for nonoccupational groups. In the United States, the 
mean concentration decreased dramatically during the 
period 1968–1985, probably reflecting higher operator 
hygiene, and from 1985 to 1995, also due to a decrease 
in caries prevalence and an increase in the use of al-
ternative materials. However, in 1995, 2% of the den-
tists still experienced levels >20 µg Hg U/l, and some 
reported outdated methods for processing amalgam, 
such as squeeze-cloth techniques [159]. In 2003 only 
0.6% of the dentists experienced a level >20 µg Hg U/l 
[44]. Occupational studies from countries where old-
fashioned techniques are still practiced are not rep-
resentative for dental practices where modern tech-
niques are applied.

As an example of a nonoccupational study of pos-
sible amalgam effects on neurobehavioral performance, 
a study of 129 nuns living under identical environmen-
tal conditions but with individual dental status found 
no evidence of decreased cognitive function as a result 
of mercury release from amalgam restorations [211]. 
When the health conditions of almost 300 twin pairs 
(pairwise genetically identical but with different indi-
vidual dental status) were studied, no negative health 
effects associated with dental amalgam were found 
[26]. The authors concluded that the study did not 
indicate any adverse effects from dental amalgam on 
physical or mental health or memory functions in the 
general population. This conclusion was confirmed by 
a German study on elderly patients [185]. Also, a group 
of healthy adult employees demonstrated no detectable 
subtle neuropsychological deficits (i.e., cognitive or fine 
motor functioning defects) due to mercury exposure 
from amalgam fillings [72]. Recently a major study of 
American military veterans failed to find any associa-
tion between amalgam exposure and neurological signs 
or clinically evident peripheral neuropathy [121]. 

In recent years a possible link between mercury 
exposure from preservatives (thimerosal) in vaccines 

and the development of autism has been a matter of 
controversy [154]. Critical reviews have concluded 
that reliable epidemiological studies do not support a 
link between thimerosal and autism; this is supported 
by data from Denmark, where the use of thimerosal-
containing vaccines was discontinued in 1992 with no 
effect on the rise of autism (see [154]).

Most importantly, ongoing randomized clinical 
trials on neurobehavioral effects of dental amalgam 
in children have not found statistically significant 
differences in neurobehavioral assessments or nerve 
conduction velocity when comparing children with 
amalgam fillings with amalgam-free children who re-
ceived resin composite materials [19, 53]. Numerous 
studies on groups of dental patients attributing general 
symptoms to the presence of amalgam restorations 
have also failed to document neurobehavioral changes 
that could be attributed to mercury release from den-
tal amalgam fillings (see Sect. 4.7). 

Key note Z

The neurotoxic characteristics of mercury vapor are 
well documented. Available scientific data indicate 
that exposure to low concentrations of mercury re-
leased from dental amalgam fillings does not pose 
a risk of adverse neurobehavioral effects to the 
general population. Dentists and dental personnel, 
however, need to consider modern techniques for 
processing and handling amalgam in order to avoid 
unnecessary exposure risks. 

4.3.4 fertility dysfunction 
and teratogenicity 

Animal experiments have provided evidence that high 
concentrations of all chemical forms of mercury may 
have significant reproductive effects (e.g., [219]). Some 
clinical studies also reported serious consequences to 
persons who were occupationally exposed to mer-
cury, most probably to mercury levels significantly 
exceeding the TLV [219]. In recent years, concerns 
about possible adverse effects have been expressed 
among dental assistants previously exposed to now 
outdated handling procedures for dental amalgam, 
such as squeeze-cloth techniques and the heating of 
copper amalgam. Ongoing studies in Scandinavia aim 
at elucidating the possible long-term effects of such 
exposures (see Chap. 11). Studies in recent years have 
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emphasized that a continuous focus on applying con-
temporary regulations and recommendations for mer-
cury hygiene in dental clinics is still needed in some 
regions (e.g., [118, 202]; see also Sect. 4.3.3). 

One Polish study in particular, reporting five 
cases of the spina bifida malformation out of a total of 
117 babies of female dental personnel, received great 
public attention [223]. But subsequent publications 
criticized the arguments put forward in that report 
and pointed to serious shortcomings of the study (for 
review, see [136]). According to other reports, neither 
female dental assistants nor the wives of dentists ex-
hibited an increased risk of spontaneous miscarriage 
[36, 93, 142]. No increased rate of congenital malfor-
mation was observed in the children of dental person-
nel [36, 68]. A Norwegian investigation addressed the 
fertility of female dentists compared with teachers; the 
dentists revealed neither an increased risk of fertility 
dysfunctions nor a delayed conception period [50]. 
Most recently, the results of a large Finnish case-con-
trol study comprising more than 3,500 births, 1,002 

miscarriages, and 801 additional abnormalities con-
cluded that no strong association or consistent dose–
response relationship was observed between expo-
sure to chemical agents in dental work and the risk of 
miscarriage [142]. The authors stated that, in general, 
there is no need to restrict work in dental clinics dur-
ing pregnancy; it is, however, important to conform to 
good occupational hygiene during pregnancy in den-
tal workplaces. In a large cohort study of nondental 
professionals in New Zealand, no association between 
complications of pregnancy and childbirth and cumu-
lative amalgam exposure was found during a 20-year 
outcome period [15].

The possible correlation between the number of 
amalgam fillings and mercury concentration in morn-
ing urine and ejaculate was analyzed in 80 German 
men whose wives had undergone fertility treatment 
[92]. No positive correlation could be documented 
between the parameters of mercury concentrations in 
urine and ejaculate and the quality of semen (fertility 
index). Thus, no correlation was found between a man’s 

Table 4.3  . Mercury concentration in urine of dental personnel

Mean Range

USA 1968 [115] 40 µg/l 30% >50µg/l

USA 1985 [177] 14 µg/l 5% >50 µg/l

Sweden 1986 [184] 4 µg/l

Control 3 µg/l

USA 1987 [129] 12 µg/l 13% >20 µg/l

Norway 1990 [114] 8 µg/l  0–55 µg/l

USA 1995 [159] 5 µg/l  2% >20 µg/l

Sweden 1997 [132] 5 µg/l  2–27 µg/l

Control 4 µg/l  0–23 µg/l

Venezuela 2001 [204] 22 µg/l

Mexico 2002 [170] 3 µg/l 0.2–12 µg/l

The Netherlands 2003 [95] 11 µg/l  5–22 µg/l

USA 2003 [44] 4 µg/l 0.6% >20 µg/l

Scotland 2004 [202] 5 µg/l 0.4–27 µg/l

Turkey 2005 [118] 6 µg/l  2–16 µg/l
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fertility index and number of dental amalgam restora-
tions. The authors concluded that no evidence exists 
for a hypothesized relationship between mercury bur-
den from amalgam and male fertility disorders [92].

Key note Z

According to the available scientific literature, pro-
vided that contemporary recommendations for safe 
handling and storage of mercury in dental clinics are 
maintained, the handling of dental amalgam does 
not imply risks of fertility disorders or teratogenicity 
in dental personnel. This also applies for people with 
dental amalgam restorations who do not experience 
occupational exposure. 

4.4 Local toxic reactions

4.4.1 cytotoxicity and Implantation studies

When tested in various in vitro systems, metal ions 
similar to those that can be released from amalgam 
cause cytopathogenic effects ranging from reduced 
metabolic activity to cell necrosis [116, 214, 216, 252]. 
Specifically, copper and zinc were highly cytotoxic in 
human fibroblast cultures compared with silver, in-
dium, and mercury. Gallium revealed the least toxicity 
[116]. In short-term in vitro studies on gingival fibro-
blasts, it has been shown that mercury from amalgam 
was more toxic than composite monomers and inhib-
ited growth of oral bacteria [25, 200, 201].

Fresh amalgam specimens reduced the prolifera-
tion rate of oral cultured fibroblasts, whereas 7-day-old 
samples had no effect [213]. Similar data were reported 
for composite resins: Fresh samples were significantly 
more cytotoxic than “aged” specimens [213]. Consec-
utive extracts of 2-week-old amalgam specimens were 
less and less cytotoxic simultaneous to the decreasing 
release of zinc from one amalgam, or were more cyto-
toxic in the case of a gallium alloy simultaneous to an 
ongoing release of gallium. The consecutive eluates of 
another amalgam that released almost no substances 
were permanently low in cytotoxicity [252].

It can be concluded that in vitro cytotoxicity var-
ies between brands, depending on the stability of the 
amalgam and the nature of the released substances. 
Apparently, amalgams that liberate zinc and copper are 
the most cytotoxic. These short-term studies indicate 
that amalgams may initially cause cytotoxic reactions 

that diminish over time. Further, gallium alloys are not 
necessarily less cytotoxic than silver amalgams.

The importance of aging regarding cytotoxity of 
amalgam has been documented in implantation stud-
ies. A rapid decrease in toxicity after implantation in 
rabbit muscle was equivalent to the findings of in vitro 
cytotoxicity studies [217]; amalgam with a high level 
of copper was more cytotoxic than γ2 products. Later 
studies have confirmed that amalgam is well tolerated 
by connective tissues after a short period of time [192, 
232] (see also Sect. 4.4.3).

4.4.2 pulp reactions

The following pulp reactions may occur immediately 
after application/condensation of amalgam in deep 
cavities with a remaining dentin thickness (RDT) of 
less than 0.5 mm (Fig. 4.6) [174]:
• Reduced number of odontoblasts
• Odontoblast nuclei in dentin tubules
• Dilated capillaries
• Slight to severe inflammatory cell infiltration in the 

odontoblast layer

Whether these immediate reactions are caused by the 
condensation pressure or the penetration of copper, 
mercury, or other substances has not yet been fully 
clarified. 

Long-term studies have shown mercury, silver, tin, 
and zinc to be present in the dentin of unlined cavities 
of amalgam restorations, and mercury has been de-
tected in dentin tubules and pulp of both unlined and 
lined restorations (Fig. 4.7) [106, 107]. Lining refers 
to the application of a regular cavity base as well as the 
use of liquid liners or varnishes. Histological studies 
did not confirm a toxic effect of these substances on 
pulpal tissue. Usually only slight or no inflammatory 
alterations can be observed 1–2 months after appli-
cation of amalgam restorations. A substantial apposi-
tion of irregular dentin may be the only histological 
indication of a pulpal effect (Fig. 4.8). It is generally 
agreed that the microbiological challenge from bacte-
ria and their metabolic products poses a greater threat 
to pulpal health than pulp-toxic effects due to sub-
stances released from dental restorative mate rials. The 
deposit of corrosion products in microspaces between 
amalgam filling and dental hard tissue or in dentin 
tubules covered by amalgam may reduce penetration 
and multiplication of a substantial number of micro-
organisms. 
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clinical practice Advice i

An appropriate cavity base or lining should be used 
in deep cavities for pulp protection to prevent the 
risk of an immediate pulp reaction after insertion 
of amalgam. Similar pulp protection (e.g., a liner) 
should be considered in medium-depth or shallow 
cavities, especially in young people with wide and 
open dentin tubules. This will protect the patient 
from unpleasant symptoms due to thermal conduc-
tion.

4.4.3 reactions of the oral Mucosa

4.4.3.1 Mercury

Oral manifestations of verified mercury intoxication 
in occupationally exposed persons are very rare. Se-
vere gingivitis, bleeding gums, ulcerations of the oral 
mucosa, swollen salivary glands, and altered saliva-

Fig. 4.7a,b   . Demineralized minipig tooth originally filled 
with amalgam. a The black lines in dentin show autometallo-
graphic visualized mercury (arrows). This method causes the 
precipitation of silver ions adjacent to mercury molecules. b The 
higher magnification of the dentin shows an accumulation of 
mercury in the tubules of the transition zone between regular 
and irregular dentin (arrows). The real volume of mercury is low-
er than demonstrated by the silver deposition [107] (Courtesy of 
European Journal of Oral Sciences)

Fig. 4.6  . Pulp reaction 1 month after application of an amal-
gam filling. Dilated blood vessels close to the predentin; oth-
erwise, no noteworthy alterations. Distance between pulp and 
cavity is 0.52 mm (Courtesy of B. Möller, Malmö, Sweden)
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tion (hyposalivation or hypersalivation) have been ob-
served. These alterations may result in local necroses 
or loosening or spontaneous loss of teeth [71, 160, 203] 
(Fig. 4.5). A bluish mercury line along the gingiva – 
clinically similar to a lead or bismuth line (Burtonian 
line) – has been described in relation to chronic expo-
sure to high concentrations of elemental mercury [71]. 

An acute intoxication with elemental mercury may 
cause a progressive periodontitis associated with ne-
crosis of the gingiva [160, 203]. Other oral manifesta-
tions are local desquamation of the buccal or lingual 
mucosa and the gingiva, as well as swollen salivary 
glands. Periodontitis caused by mercury is character-
ized by a different clinical acute progression compared 
with infectious periodontitis. It is generally accepted 
that mercury intoxication does not trigger a perio-
dontitis but rather accelerates the progression of a 
preexisting periodontitis. The mechanisms of tissue 
destruction associated with mercury have not yet been 
clarified in detail. Abundant mercury deposits have 
been found in inflamed and necrotic tissue of individ-
uals who suffered severe intoxication. Therefore, it was 
suggested that these deposits may accelerate degrada-
tion of the tissue via a local cytotoxic reaction.

Key note Z

Severe mercury intoxication, for instance in persons 
with extensive occupational exposure to mercury, 
may cause pronounced intraoral reactions, includ-
ing necroses and loosening or loss of teeth. No cor-
relation between the development and progression 
of gingivitis or periodontitis and the presence of 
amalgam fillings has been documented.

4.4.3.2 Amalgam

Oral amalgam pigmentations (tattoos) are relatively 
common clinical lesions produced by unintended de-
position or displacement of amalgam into the oral soft 
tissue during dental operative or surgical procedures. 
The incidence of amalgam tattoos varied between 1% 
and 8% in different study populations (e.g., [104, 196]). 
Amalgam tattoos can often be diagnosed because of 
their opacity under radiographic examination. Over 
time, corrosion products leach into surrounding tis-
sue, causing discoloration. Usually, amalgam tattoos 
present as flat blue-black pigmentations (Fig. 4.9a). 

Fig. 4.8a,b  . Irregular tertiary dentin (TD) beneath the cavity of a primate tooth. 
a Originally filled with carious human dentin and amalgam for 7 days; after removal of 
the first filling, the cavity was refilled with amalgam for another 104 days; no inflam-
mation of the pulp. b Same treatment as in a; hyperemia and mild cellular infiltration 
in the pulp (Courtesy of I. Mjör, Gainsville, Florida, USA)
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They may appear similar to other pigmented intraoral 
lesions, such as nevi, racial pigmentations, and melan-
otic macules. Histologically the tissue alterations seem 
to be related to the amount and size of metallic par-
ticles and to the depth of their location in the tissue. 
In superficial lesions, a tissue reaction is often absent. 
The particles may appear as dark granular fragments 
that can be found in collagen and elastic fibers of the 
connective tissue as well as intracellularly and in blood 
vessel walls (Fig. 4.9b). When only fine particles are 
implanted, tissue reactions are minimal or even lack-
ing (e.g., [37, 265]). 

Larger particles generally elicit chronic granuloma-
tous inflammations characterized by localized infiltra-
tion with lymphocytes, plasma cells, and macrophages 
(e.g., [104, 265]). 

Large and dense implanted aggregates are sur-
rounded by macrophages and/or condensed fibrous tis-
sue. This reaction may be due to dissolution of amalgam 
by tissue fluids. In a number of recent studies, no mer-
cury but silver, sulphur, copper, and lead were found in 
the products of amalgam tattoo decay (e.g., [265]). The 
failure to detect mercury adjacent to the tattoos may be 
explained by the active role of histiocytes, fibroblasts, 
multinucleated foreign giant cells, lymphocytes, and 
granulocytes. Amalgam displaced into deeper tissue 
layers will most frequently trigger a chronic inflam-
mation [104]. In immunohistologic examination of 
biopsies from amalgam tattoos, some tissue reactiv-
ity to the alloy deposits was visualized, for example, 
increased metallothionein activity, which is assumed 
to be associated with detoxification of substances such 
as heavy metals [138, 144]. Since amalgam tattoos are 

normally totally asymptomatic, the clinical relevance 
of these findings remains to be proven. 

In one case, a fragment of an amalgam restoration 
was unintentionally left in the alveolar cavity during 
extraction of a molar [119]. The female patient suffered 
from pain in her mandible for some years. By pan-
orama radiography, the amalgam fragment was seen 
surrounded by a translucent area, which was diagnosed 
as an inflammatory process in close contact with the 
mandibular nerve canal. The patient recovered com-
pletely after surgical removal of the amalgam deposit. 

clinical practice Advice i

Unintended amalgam contamination of soft and 
hard tissues should be avoided. According to the 
literature, implanted amalgam does not normally 
cause acute tissue reactions and is normally totally 
asymptomatic. Therefore, these fragments of amal-
gam generally do not need to be removed except 
for diagnostic reasons.

Oral lichen planus (OLP) is a rather common disease 
with a prevalence of about 2% in the adult population. 
It is well described in textbooks. Oral lichenoid reac-
tions (OLRs) are lichen-like oral lesions that do not 
show the typical clinical and histological diagnostic 
findings of classic OLP. OLRs are relatively frequent, 
and it has been documented that some are associ-
ated with drug therapies (Table 4.4) [163] or dental 
materials, most frequently amalgam. The lesions may 
be white (leukoplakia-like or lichen-planus-like), so-

Fig. 4.9a,b  . Amalgam tattoo. a Discoloration of the gingiva/oral mucosa. b Amalgam particles in the connective tissue; almost 
no tissue reaction is visible
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called lichenoid reactions, but some of them may be 
also erythema-like (Fig. 4.10) or even ulcerative (see 
review in [104]). Previous reports hypothesized a pos-
sible link between such lesions and electrogalvanic 
events due to metal restorations (see review in [104]), 
but neither clinical nor experimental studies provide 
evidence of this hypothesis. Therefore, terms like “gal-
vanic lesion” are no longer used in the current scien-
tific literature [104].

Histological examination of biopsies, including 
immunohistochemistry, failed to detect specific dif-
ferences between OLP and OLRs (e.g., [31, 111, 135, 
239]). Recently a single case report described the de-
velopment of an OLR lesion adjacent to an amalgam 
tattoo [228]. Patch tests of patients with OLP and 
OLRs have generated no clear results (see Sect. 4.5). 

4.5 Allergies

Studies addressing the prevalence of allergic reactions 
in professionals occupationally exposed to metal-
lic mercury indicate that allergy to metallic mercury 
is rare. Only isolated cases of allergic type I reactions 
caused by mercury are available in the literature (e.g., 
[30, 60, 166]). Only two patients out of about 4,000 
individuals who were referred to a department of oc-
cupational dermatology revealed a mercury-induced 
dermatosis due to occupational exposure. Both pa-
tients had handled unset amalgam or mercury with 
their bare, unprotected hands [117]. Miller and col-
leagues investigated the incidence of positive skin test 
reactions in dental students. No significant increase in 
the number of allergic individuals was found as stu-

Table 4.4  . Drugs that may cause oral lichenoid reactions (according to McCartan and McCreary [163])

Drug group Drug

Antihypertensives Methyldopa
Oxyprenolol
Practolol
Propanolol

Antimalarial drugs Chloroquine
Pyrimethamine
Quinacrine

Antimicrobials Ketaconazole
Paraaminosalicylic acid
Tetracycline

Metals Bismuth/Arsenic
Gold

Nonsteroidal anti-inflammatory drugs (NSAIDs) Fenclofenac
Phenylbutazone
Unspecified NSAID
Naproxen

Hypoglycemic drugs Tolbutamide
Chlorpropamide

Penicillamine Penicillamine

Miscellaneous Allopurinol
Amiphenazole
Carbamazapine
Cyanamide
Levamisole
Lithium
Lorazepam
Metopromazine
Pyritinol
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dents progressed through the dental curriculum [171]. 
The authors concluded that mercury is not a signifi-
cant allergen for dental professionals provided that 
contemporary recommendations for mercury hygiene 
are adopted.

Delayed allergic type reactions to amalgam resto-
rations most frequently present as contact lesions in 
the oral mucosa. Only rare cases of generalized stoma-
titis and systemic dermatitis have been described [28, 
73, 176, 241, 248] (Fig. 4.11). Based on observations of 
some degree of healing of oral lichen lesions after re-
moval of amalgam restorations, a number of previous 
reports suggested that OLP might be associated with 
allergy to mercury from dental amalgam. Since the 
1990s, more detailed studies have, however, revealed 
that a close topographical relationship between lesions 
and amalgam restorations appears to be a rather good 
predictor of the nature of the lesion and thus of the 
outcome of removal of adjacent amalgam restorations 
[111]. A number of studies have thus demonstrated 
that in patients with lesions confined to the mucosa in 
close contact with dental amalgam, the complete reso-
lution of OLR occurs more frequently than in patients 
with more diffuse lesions extending beyond the con-
tact area (Figs 4.12–4.17 and Fig. 14.5a in Chap. 14) 
[31, 33, 94, 110, 126, 128, 194, 238]. Further, patients 
with defined contact lesions more frequently react 
with a positive patch test reaction to components of 
dental amalgam than patients with more widespread 
diffuse lesions. Type IV allergic reaction may thus be 
an influencing factor in cases of defined contact le-

sions, whereas lesions extending beyond the contact 
area may have other causes such as OLP. A study of the 
resolution of lichen planus following removal of amal-
gam restorations in patients with proven mercury al-
lergy showed that, except in intractable cases, removal 
of all amalgam fillings is not necessary to achieve total 
improvement of the contact lesions [224]. 

Fig. 4.10a,b  . Primary erythema-like mucosa reaction adja-
cent to amalgam restorations. a A 57-year-old woman with an  
erythematous OLR lesion in the contact area of an amalgam fill-

ing, buccally of 47. b A 46-year-old woman with a primary ery-
thematous OLR lesion in the contact area of amalgam restora-
tions buccally in 27 and 37

Fig. 4.11  . Rare case of dermatitis in the armpit of a 45-year-
old woman due to an allergic reaction to amalgam components 
(Courtesy of N. Veien, Aalborg, Denmark)
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Fig. 4.12a,b  . Contact lesion before and after replacement of an amalgam restoration in a 44-year-old woman. a White contact le-
sion in the contact area of an amalgam filling in 37. b Remission 1 month after amalgam was replaced by composite resin

Fig. 4.13a–d  . Contact lesion before and after replacement of 
amalgam in a 52-year-old woman. a, b White contact lesion in 
the contact area of an amalgam restoration in 45. c, d Remission 

after the buccal part of the amalgam filling in 45 was replaced 
with composite resin
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Fig. 4.16  . Contact lesion before (a) and after (b) replacement of amalgam in a 43-year-old man; extended white lesion in the 
contact area of an amalgam restoration in 34

Fig. 4.14a,b  . Contact lesion before and after replacement of amalgam in a 59-year-old woman. a Primarily white contact lesion in 
the contact area of a large amalgam filling in 36. b Remission after replacement of amalgam by a partial gold crown

Fig. 4.15a,b  . Contact lesion before and after replacement of 
amalgam in a 41-year old man. a Primarily erythema-like mu-
cosal lesion at the margin of the tongue in the contact area of 

a large amalgam restoration in 34. b Complete remission after 
replacement of the amalgam by a composite resin buildup
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In a Swedish study of adolescent students, no 
evidence was found for an association between the 
number of amalgam restorations and the prevalence 
of eczema, allergic rhinoconjunctivitis, asthma, or 
hypersensitivity to specific allergens [97]. A parallel 
investigation of 15-year-olds analyzed a number of 
cellular and humoral immune factors and the relation-
ship between these parameters and amalgam fillings 
and mercury levels in plasma [98]. No significant in-
fluence of the number of amalgam surfaces or mercury 
concentrations in plasma on the examined immune 
factors was found. A subsequent study on 19-year-old 
high school students revealed a weak correlation be-
tween mercury levels in plasma and immunoglobulin 
IgG2 [101]. These data, however, were not confirmed 
by other investigations, and their clinical significance 
remains unclear.

Recently a few cases of symptoms to zinc released 
from dental amalgam have been presented [162, 262, 
263]. One female patient revealed a coated, burning 
tongue, gingivitis, and a widespread erythema of the 
oral mucosa. A buccal dermatitis emerged 1 week after 
a filling with a zinc-containing amalgam was placed. 
A patch test revealed a positive reaction to zinc. The 
dermatitis healed spontaneously after replacement of 
the restoration [262]. Another woman had extensive 
eczema on her hands and feet 1 year after she had five 
amalgam restorations. She had a positive patch reac-
tion to zinc. Symptoms cleared completely within 
less than a month after all her amalgam restorations 
had been replaced with zinc-free materials [263]. The 

third case suffered from facial eczema and had posi-
tive patch reactions to tin, indium, and zinc [162]. 
Many years previously, she had had a retrograde root 
canal filling with amalgam in an upper central incisor. 
A black discoloration of the gingiva could be seen to-
gether with a granular radiopaque material extending 
from the incisal alveolar area to the lower part of the 
anterior nasal aperture. The foreign bodies were sur-
gically removed, and the patient’s dermal symptoms 
cleared within some months after surgery [162]. 

Key note Z

Immediate allergic reactions (type I) to components 
of dental amalgam are extremely rare. Delayed aller-
gic reactions (type IV) may occur in the oral mucosa. 
They are usually limited to the area in contact with 
an amalgam filling.

clinical practice Advice Z

A close topographical relationship between oral 
mucosa lesions and amalgam restorations appears 
to be the best predictor for partial or total remission 
after amalgam removal. It is generally unnecessary 
to replace amalgam fillings that are not in direct 
contact with mucosal lesions. For diagnosis, histol-
ogy does not appear to be helpful (e.g., [239]), and 
patch testing is of limited relevance [111].

Fig. 4.17a,b  . Lichen-planus lesion on a 55-year-old woman. a Extended lichenoid lesion of the right buccal mucosa; several amal-
gam restorations in the lower and upper jaw. b Significant remission without replacement of amalgam
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4.6 carcinogenicity

Studies of human risk groups occupationally exposed to 
mercury vapor and other inorganic forms of mercury 
at much higher concentrations than dental personnel 
or patients with amalgam fillings (e.g., miners or work-
ers in the chlorine alkali industry) have generally failed 
to demonstrate a link between mercury exposure and 
the development of cancer. A recent investigation com-
prising almost 7,000 workers in mercury mines and 
factories in Spain, Slovenia, Italy, and Ukraine also pro-
vided no evidence for an increased rate of cancer [29]. 
Increased mortality due to lung cancer was observed 
in two mines (Slovenia and Ukraine). Because no cor-
relation between the incidence of lung cancer and the 
duration of employment or the estimated mercury ex-
posure was found, however, the reported elevated rate 
of lung cancer in both mines was related to the coex-
posure to silica and radon. It was concluded from these 
findings that exposure to inorganic mercury in mines 
and processing facilities does not seem strongly related 
to an increased risk of cancer [29]. 

Likewise, studies on groups of patients with amal-
gam fillings revealed no correlation between existing 
restorations and the development of general diseases, 
including cancer (e.g., [3, 4, 26, 211]). Ahlqwist and 
colleagues initiated a prospective study in 1968–1969 
on approximately 1,500 Swedish women. They con-
cluded in the latest status report of this study that the 
mercury levels found in the serum of amalgam bearers 
do not cause negative consequences regarding mor-
tality or frequency of diseases (including cancer) in a 
population of middle-aged and older women [4]. More 
recently, a large cohort study in New Zealand followed 
20,000 persons from 1977 to 1997 and linked data on 
regular dental treatment with cancer registrations and 
hospital admissions. No association between amalgam 
fillings and cancer was found [15].

4.7 clinical studies

4.7.1 relationships Among symptoms, 
General diseases, and Amalgam 
fillings

As a result of the intense debate on possible adverse ef-
fects of dental amalgam fillings, increased attention has 
been focused on patients who related their symptoms 
to the presence of amalgam restorations. A number of 

treatment facilities diagnosing and treating these pa-
tients were established, particularly in Scandinavian 
countries, and since the 1990s an increasing number 
of scientific papers have reported data and experi-
ences gained through multidisciplinary examinations 
of patients attributing symptoms to their amalgam fill-
ings [e.g., [10, 34, 35, 51, 78, 80, 81, 83, 96, 136, 148, 
158, 168, 168a, 182, 229]. These reports characterize 
the patient group as very heterogeneous, revealing a 
broad variety of symptoms (Table 4.5) compared with 
the rather well-defined set of effects that have been 
documented for occupational and accidental mercury 
exposures. This was clearly exemplified by a large Ger-
man study in which 34 dental practices participated in 
a multicenter study addressing the characterization of 
symptom patterns found in patients exposed to amal-
gam [168]. The majority of the participating practices 
claimed to practice “holistic dentistry” with a focus on 
the substitution of amalgam restorations. About 7,000 
patients with known dental status completed a ques-
tionnaire listing 48 symptoms that might be associated 
with mercury toxicity. Although the aim of the study 
was to define criteria for symptoms that would justify 
replacing amalgam restorations, the authors failed to 
document a link between the presence of amalgam 
restorations and certain symptoms or their intensity. 
Thus, no differences between persons with and with-
out amalgam restorations could be found. It was sub-
sequently concluded that these data gave no support to 
establishing a set of standard criteria of specific symp-
toms for the replacement of amalgam fillings. None 
of the abovementioned patient studies report a cor-
relation between mercury parameters (for instance, in 
body fluids) and the presented symptoms. Many cases 
of previously undiagnosed general diseases, including 
cancer, were reported (e.g., [10, 34, 35, 96, 133]). Rela-
tively high frequencies of mental disorders and soma-
tization were found [10, 11, 34, 35, 80, 81, 96, 133, 136, 
148, 158, 182, 229]. 

The studies on amalgam patient groups did not 
support the hypothesis that release of mercury from 
amalgam fillings is the cause of “amalgam disease,” but 
they suggest that there may be various explanations 
for the patients’ complaints. The majority of papers 
underscore the overrepresentation of patients with so-
matization disorders (e.g., [10, 34, 35, 78, 80, 81, 134, 
182]) and support the recommendation that individu-
als with complaints self-attributed to dental amalgam 
should be screened for underlying dental, physical, 
and psychiatric conditions (see also Chap. 14). A simi-
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Table 4.5  . Symptoms that have been attributed to the presence of amalgam fillings (according  
to Herrström and Högstedt [96] and Schuurs et al. [220])

oral symptoms Burning mouth

Metallic taste

Toothache

Dry mouth

Gingivitis

Red throat

Painful chewing muscles

somatic symptoms Muscle pain

Headache

Neurological symptoms (e.g., impaired memory and concentration, 
restless legs)

Painful joints

Dizziness

Abdominal distress

Cold fingers and/or cold feet

Trembling hands

Impaired vision

Allergy (nose, eyes)

Skin problems

Coughing, shortness of breath

Chest pains

Heart palpitations

Lower back pain

Genital symptoms

Hearing loss, tinnitus

Diarrhea

Sweating

Constipation

Loss of hair

psychological symptoms Lack of energy to cope with daily work or household duties

Impaired quality of life

Fatigue

Anxiety

Depression

Restlessness

Sleeping disorder

Irritability
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larity to multiple chemical sensitivity syndrome has 
been mentioned [158] (see also Sect. 4.8). 

Only two large epidemiological cohort studies on 
the possible impact of the presence of dental amalgam 
on the development of general disease have been con-
ducted [2, 3, 4, 15]. Ahlqwist’s team followed almost 
1,500 women from 1968 and onwards, and Bates’s team 
followed 20,000 people in the New Zealand Defence 
Force for 20 years. At the 24-year follow-up, Ahlqwist 
investigated the general mortality rate and the diag-
noses of myocardial infarction, stroke, diabetes, and 
cancer. No outcome was correlated with serum mer-
cury concentration [4]. In the large New Zealand co-
hort, Bates’s team was able to examine a wider range 
of health outcomes in relation to detailed dental data 
[15]. Specific attention was focused on disorders of the 
nervous system and kidneys. No evidence of any as-
sociation between amalgam and the “chronic fatigue 
syndrome” that has frequently been associated with 
amalgam exposure was provided. Also, no positive 
association between kidney disorders and amalgam 
exposure could be established, which is a particularly 
important result because the kidney is a primary target 
of inorganic mercury toxicity. Interestingly, the results 
suggested an association between amalgam exposure 
and multiple sclerosis (see below). As for two neuro-
logical diseases, Alzheimer’s and Parkinson’s, which 
have been hypothesized to be caused by amalgam, the 
authors suggest follow-up studies on the New Zealand 
cohort permitting investigation of disease outcomes 
more prevalent in the elderly. In this cohort there were 
insufficient cases for investigating Alzheimer’s or Par-
kinson’s disease [15]. 

Mainly based on animal experiments and cell cul-
ture studies, theories have been put forward that link 
mercury exposure, for instance from amalgam, to the 
development of neurodegenerative disorders such as 
Alzheimer’s disease and multiple sclerosis. Further, 
a few autopsy studies have reported elevated levels 
of metal ions in brain specimens from Alzheimer’s 
disease patients (e.g., [254]), whereas others did not 
[212]. Human studies on people exposed to identi-
cal living conditions (nuns) or with identical genetic 
background (twins) failed to demonstrate an associa-
tion between the presence of amalgam restorations 
and the outcome of neurobehavioral tests or the emer-
gence of neurodegenerative diseases [26, 211]. Clinical 
studies on Alzheimer’s patients did not indicate a link 
between exposure to mercury, such as from amalgam, 
and pathogenesis of the disease (e.g., [77, 102]). More 

recently, the theory of a correlation between edentu-
lism and the risk of developing Alzheimer’s disease 
was presented [146]. Because the development of this 
theory implies that tooth loss is automatically corre-
lated to a previous high rate of treatment with den-
tal amalgam, this theory is subject to current critical 
debate. 

As seen with patients alleging general symptoms 
caused by amalgam fillings, a number of anecdotal 
case reports have presented the experience of im-
proved health conditions in patients suffering from 
multiple sclerosis who had their amalgam fillings re-
placed (e.g., [222]). However, based on analyses of the 
heavy metal content in biopsies taken from different 
brain regions of deceased patients with multiple scle-
rosis, it was concluded that there is no indication of 
mercury participation in the etiology of this neurolog-
ical disorder [48]. Furthermore, recent investigations 
specifically addressed a possible correlation between 
the presence of amalgam fillings and the pathogenesis 
of multiple sclerosis [12, 39, 167]. None of these stud-
ies documented an association between the number of 
amalgam fillings and the time period of exposure on 
the one hand and the etiology of multiple sclerosis on 
the other hand. Most recently, the New Zealand cohort 
study [15] suggested that the possibility that multiple 
sclerosis could be associated with dental amalgam de-
serves further investigation in larger population stud-
ies than those previously performed. 

Key note Z

No study on groups of patients with dental amal-
gam restorations has documented a link between 
the presence of amalgam restorations and the de-
velopment of general or systemic diseases (e.g., [2, 
3, 4, 16, 26]). A recent large epidemiological study 
indicated that the observed possible association 
between dental amalgam and multiple sclerosis de-
serves further investigation [15]. 

Since the 1990s, a number of papers have reported 
findings indicating an association between the uptake 
of organic mercury compounds (but not inorganic 
mercury) and neurological cardiovascular alterations 
(e.g., [84, 85, 226]). A correlation between the absorp-
tion of organic mercury compounds and the progres-
sion of arteriosclerosis of the carotid has been shown 
in Finnish fishermen [206].
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Key note Z

The majority of recent reports on patients who at-
tributed their health complaints to amalgam have 
emphasized the importance of thorough medical 
diagnostics in order to elucidate general medical or 
psychological problems underlying the symptoms 
attributed to amalgam fillings. Further, one report 
has documented the important role of a balanced 
informative dialogue with the patient [133]. Such 
dialogue should preferably not exclusively focus on 
biocompatibility aspects of amalgam but should 
also address the possible risks and benefits associ-
ated with alternatives to amalgam. The current sci-
entific literature does not support replacing well-
functioning amalgam restorations with alternatives 
such as composites.

4.7.2 removal of Amalgam restorations 

4.7.2.1 effect on Health Improvement

Anecdotal reports on improved general health status 
following removal of amalgam fillings have often been 
presented in the public media. As described above, a 
clear correlation between specific symptoms or dis-
eases and the presence of amalgam fillings has not 
been proven despite extensive research efforts. On a 
group level, removal of amalgam restorations did not 
result in any significant effects on general health. In 
one patient group, the same frequency of sick leave 
was found 2 years before and 2 years after the removal 
of amalgam fillings (for review, see [152]). A 7-year 
prospective follow-up study supported the previous 
findings in that the study results seriously question the 
hypothesis that dental amalgam is an important cause 
of distress and health complaints, and it concluded 
that the hypothesis that removing dental amalgam will 
reduce health complaints to normal levels could not 
be supported [182]. A randomized clinical study re-
cently showed that a health promotion program was 
similarly effectice as amalgam removal for reducing 
participants’s subjective complaints and mental stress 
[168a]. Furthermore, low mercury level body fluids 
was not a precondition for subjective improvement.

Some authors have claimed that a variety of meth-
ods are appropriate for diagnosing “amalgam disor-
ders,” such as readings of electric current and voltage 
in the oral cavity, serum tests, saliva tests, and the ap-
plication of chelating agents. Several scientific stud-
ies, however, have failed to document the reliability of 

these methods, including the use of chelating agents 
[208, 220, 246] and lymphocyte assays [40, 41, 42, 
145] (see also Sect. 4.3.2). Studies examining the effect 
of suggested “detoxification” drugs based on chelat-
ing agents, such as dimercaptosuccinic acid (DMSA) 
or 2,3-dimercapto-1-propanesulfonic acid (DMPS), 
revealed no significant improvements of subjective 
symptoms or effects except for clear placebo effects 
[83, 168a, 208]. Up to 42% of the patients suffered 
from adverse effects caused by the chelating agents.

4.7.2.2 Mercury Burden in relation  
to removal of Amalgam  
fillings

Patients as well as dental personnel are potentially ex-
posed to mercury vapor during removal of amalgam 
fillings. A review of the literature, however, showed 
that the concentrations generated are clearly below 
the internationally recommended threshold values 
for occupational exposure and far below the thresh-
old levels of toxic effects (for review, see [215]; see 
also Sect. 4.3.3). Water cooling and vacuum suction 
during removal of amalgam significantly reduce the 
evaporization of mercury to levels far below those rec-
ommended for short-term and long-term (TLV) expo-
sures. In patients having amalgam fillings removed, a 
minor transient increase in mercury concentration in 
plasma has been seen. After 1 month, mercury levels in 
plasma had declined to the preremoval level [27, 173, 
209]. Removal of a relatively high number of amalgam 
fillings resulted in a half-life of mercury in plasma 
of 1–3 years before plasma levels were equivalent to 
those in subjects without amalgam restorations (e.g., 
[18, 173, 209]), whereas patients who had a mean of 
4.3 amalgam surfaces removed showed a significantly 
shorter half-life of mercury in plasma of 5–13 days 
[88]. The mean half-life of mercury in urine after re-
moval of amalgam was approximately 46 days [209]. 
Within 12 months after all amalgam fillings were re-
moved, urinary mercury concentration was similar 
to values measured in patients who had never been 
treated with amalgam restorations [18]. 

Björkmann and colleagues monitored the fecal ex-
cretion of mercury in relation to amalgam removal. 
Two days after removal, the median mercury concen-
tration was considerably elevated compared with the 
control group. Sixty days thereafter, mercury concen-
tration was still slightly higher than in samples from 
the control group. The authors suggested that this 
might be the consequence of a higher mercury body 
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burden in subjects who had amalgam restorations re-
moved. But they also emphasized that the effects from 
previous uptake of mercury related to diet and patient 
age may have had a significant impact on the fecal ex-
cretion of it [27]. As already mentioned in this chapter, 
fecal excretion is not a valid indicator of systemic ex-
posure to mercury released from amalgam fillings (see 
also Sect. 4.3.1). 

The application of a rubber dam can significantly 
reduce peak values of mercury in plasma after removal 
of amalgam restorations [21, 125]. But patients who 
had their amalgam removed with or without a rubber 
dam generally revealed mercury concentrations that 
were far below the relevant threshold values. It has 
therefore been forwarded that the application of rub-
ber dams may be of very limited importance from a 
toxicological point of view [125].

Key note Z

Except for very rare cases of an assumed acute al-
lergy (anaphylactic reaction) [30, 166] and single 
cases of temporary dizziness and nausea (“metal-
fume fever”) [173], no associations between non-
specific symptoms and mercury exposure during 
removal of amalgam have been presented in the 
scientific literature.

4.8 public discussion

Billions of amalgam fillings have been placed since the 
precursors of contemporary amalgam formulations 
were introduced in the beginning of the 19th century. 
The known toxic potential of mercury – being one of 
the major constituents of amalgam – has over the years 
been the obvious reason for public concern. Reports on 
a broad variety of maladies supposedly caused by amal-
gam fillings have been published in the media. Anec-
dotal improvements following replacement of amalgam 
have also been described. Persistent pressure and dis-
cussions have forced public health agencies to inten-
sify scientific studies on the potential risks to systemic 
health due to amalgam fillings. This chapter has at-
tempted to summarize the current scientific literature. 

In recent decades, several comprehensive reviews 
on possible health effects from amalgam were initiated 
by public health authorities [54, 69a, 70, 140, 172, 178, 
179, 186, 234, 257]. Generally, all of these reviews con-
cluded that the available data document that exposure 
to amalgam does not pose a health risk for the general 

population. Therefore, replacing intact amalgam fill-
ings is not indicated except in cases of verified allergy. 
An additional conclusion was drawn in the European 
Union report on amalgam: “…less information is cur-
rently available on the toxicity of alternative dental 
filling materials than on amalgam” [70]. For health 
protection reasons, a number of countries have ad-
opted recommendations for a restricted use of amal-
gam as a dental filling material, including Germany, 
Austria, Sweden, Finland, and Denmark. As of Janu-
ary 2008 Norway adopted a ban on amalgam primar-
ily for environmental reasons. Two countries, Sweden 
and Denmark, issued a ban on the use of amalgam for 
environmental reasons, together with an open clause 
allowing the use of amalgam for certain purposes until 
sufficiently suitable replacement materials have been 
developed. The status of potential replacement materi-
als is evaluated regularly. So far, amalgam can still be 
used in Denmark and Sweden with some restrictions. 
In both countries amalgam has been replaced, for 
example, by compomers and glass ionomers for res-
torations in deciduous teeth. Most western European 
countries and a number of states in the United States 
have at present issued regulations on the discharge of 
mercury-contaminated waste and waste water from 
dental clinics in order to significantly reduce the un-
controlled disposal of mercury-containing waste [6] 
(see also Chap. 13). 

It is noteworthy that despite low-risk conclusions 
from most authorities and the majority of the scien-
tific literature there is still some public concern about 
amalgam whereas the risk of side effects from the in-
creasing use of alternatives in general seems not to 
cause any fear (see also Chap. 5). The combination of 
the fact that mercury is a well known toxic substance 
and anecdotal case reports in the media describing 
miraculous healings after removal of amalgam has 
kept the public attention alive. As mentioned before 
in this chapter, a broad variety of complaints, generally 
nonspecific, and a random combination of symptoms 
characterize the group of patients attributing subjec-
tive symptoms to the presence of dental amalgam res-
torations. So far, however, no scientifically approved 
diagnostic technique or method is available to iden-
tify this so-called amalgamism. This fact apparently 
leaves a basis for continued sensitive discussions about 
whether absence of proof can be taken as evidence of 
a nonexistent risk.

Grandjean and others have made parallels to the 
variety of so-called environmental illnesses that have 
emerged, particularly at the end of the 20th century 
[82]. The patients are predominantly women who tend 
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to be well informed and attend support groups. They 
are often dissatisfied with the health care system and 
have sought alternative ways of diagnosis and treat-
ment. Somatization and mood and anxiety disorders 
have been found to occur more frequently in these 
patients than in controls [82]. Thus, Grandjean con-
cluded in 1991: 

The epidemic of amalgamism closely resembles other 
clusters of alleged environmental disease. A single type of 
exposure is identified by the patient as a cause of non-
uniform combinations of symptoms, thus overlooking 
the growing evidence of multi-causality in chronic dis-
ease. With the multitude of toxic chemicals in the envi-
ronment, public anxiety is growing, and public informa-
tion about the risk involved may not necessarily dampen 

such anxieties. As a well-documented hazard, mercury 
is an obvious focus of concern. Whether or not mercury 
toxicity plays a role in some patients, the emergence of 
“amalgam disease” as an epidemic may be looked upon 
as manifestation of severe difficulties in modern society 
in dealing with risk communication and in controlling 
chemical hazards. [82]

Since the late 1990s, patient societies (in Germany, for 
example) have expressed increasing concerns about 
dental composite resins and have presented lists of 
symptoms allegedly caused by composites. The com-
plaints on these lists are widely similar to the symp-
toms linked to amalgam [227] (see also Chap. 5). Thus, 
the conclusions of Grandjean are obviously still valid 
[82]. 

conclusions for the dental  )
practitioner

 The following diagnostic recommendations are 
made based on the current scientific literature:

1. Lichenoid mucosal reactions restricted to areas 
in direct contact with amalgam fillings will often 
improve after amalgam has been removed.

2. Patients with concerns and anxieties about pos-
sible health risks caused by amalgam restora-
tions or other filling materials should be given 
objective and well-balanced information about 
the current knowledge regarding biocompatibil-
ity of amalgam and alternative materials.

3. Patients with a variety of general and nonspe-
cific symptoms at first require a comprehensive 
examination and diagnosis of their dental status. 
Therapy may include a broad spectrum of den-
tal procedures, such as treatment of caries, pul-
pitis, occlusal dysfunctions, and periodontitis. 
The medical history should particularly address 
the intake of drugs because their adverse effects 
may mimic symptoms frequently attributed to 
dental restorations, such as altered taste sensa-
tions, dry mouth (xerostomia), burning mouth, 
and so on (see also Chaps. 8 and 14). In relevant 
cases, substitution of the drug under suspicion 
as the causative agent should be discussed with 
the patient’s physician. If a patient’s symptoms 
indicate possible mercury intoxication, excessive 
use of chewing gum or severe bruxism may be 
the cause. These patients may reveal increased 

mercury levels in plasma and urine. Therefore, 
mercury concentrations should be determined. 
If concentrations approximate the LOAEL value 
(HgU: 25–35 μg/g creatinine, HgB: 20–25 μg/l) 
patients should be advised to avoid excessive 
consumption of chewing gum. Excessive teeth 
grinding should be alleviated by inserting an oc-
clusal splint. Removal of amalgam fillings may 
be considered under these circumstances.

4. Patients who attribute a complex spectrum of 
symptoms to the presence of amalgam fillings, 
without objective signs of mercury intoxication, 
pose a challenge for the treating dentist. If a com-
prehensive medical history, a careful dental di-
agnosis, and patient treatment and information 
fail to improve the situation, close collaboration 
between the dentist and various medical special-
ists is necessary. Most importantly, the patient’s 
general physician should be included. Numer-
ous reports on large groups of patients who held 
amalgam fillings responsible for their general 
symptoms have revealed that one or more medi-
cal or psychological conditions was responsible 
for the complaints in the majority of these pa-
tients. The dentist as a member of a medical 
team needs to be aware of his or her responsibil-
ity and should encourage the patient to undergo 
a comprehensive general medical examination. 
An unfortunate result of an uncritical focus on 
amalgam restorations may be that underlying 
but severe medical diagnoses are ignored.
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5.1 Introduction

Resin-based composites are primarily used as anterior 
and posterior filling materials. Products with similar 
composition are also applied as pit and fissure seal-
ants, luting composites (e.g., for luting ceramic and 
indirect composite restorations), and for crown build-

ups and the bonding of brackets and orthodontic 
bands. Furthermore, resin-based composites are used 
for temporary crowns and bridges and most recently 
as root canal sealers. Today, resin-based composites 
represent one of the most important groups of materi-
als in dental practice. A large number of products are 
available on the market. Unfortunately, the market life 
span of some of these products is often limited to a 
few years, which makes it very difficult to assess their 
clinical performance. Composite resin monomers are 
also applied in many nondental areas, including the 
printing and car industries and as adhesives such as 
for attaching artificial fingernails [141, 179]. An ex-
posure originating from such nondental applications 
may cause sensitization; that is, subsequent exposure 
of the affected person to a dental resin may then cause 
an allergic reaction.

Resin-based composites are in many cases applied 
together with certain auxiliary materials, such as acids 
or adhesives. Because the biological effects of resin-
based composites occur despite the various types of 
use, and because they are very similar and often can-
not be differentiated from effects caused by the aux-
iliary materials, all of these types of substances will 
be addressed together in this chapter. Furthermore, 
“compomers” (polyacid-modified resin-based com-
posites) will also be covered in this chapter, as they are 
chemically closely related to resin-based composites. 
How ever, light-curing glass ionomer cements (resin-
modified glass ionomers) will be discussed in Chap. 6.

5.2 Basic Material properties

5.2.1 composition

Resin-based filling composites are very complex 
mixtures containing many substances. These are usu-
ally classified into the following groups:
• Filler particles
• Matrix resins and corresponding catalyst systems
• Coupling agents between fillers and matrix resins
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The filler content of modern hybrid-type resin-based 
composites usually varies between 60 and 70 volume 
percent (vol.%), or 70 and 85 weight percent (wt.%). 
Filler particles mainly consist of finely ground quartz, 
boron silicate, lithium–aluminum silicate glasses, 
and highly dispersed amorphous silicon dioxide. Ra-
diodensity is generated by adding special glasses that 
contain, for instance barium, strontium, or zinc [100, 
169, 234, 275]. Particle sizes of modern resin-based 
composites vary between 0.04 μm (microfiller par-
ticles) and 0.6–3.0 μm (macrofiller particles). Recently, 
so-called nanofiller particles have been added to resin-
based composites, with particle sizes from 100 nm 
down to 5 nm (0.005 μm). Nanoparticles and micro-
filler particles are used in clusters/complexes (older 
formulations) or dispersed forms (newer formulation). 
Classification of resin-based composites is usually 
based on the type and size of the fillers (Fig. 5.1). Mod-
ern fine-particle hybrid-type resin-based composites 
should contain particles with a size between 0.6 μm 
and 1 μm, which are combined with microfillers and 
partly nanofillers/nanofiller complexes. Some resin-
based composites contain fluoridated filler particles 
(for instance, based on YbF3), which release varying 
amounts of fluoride depending on the product. Com-
posites with prepolymer fillers are also available. These 
consist of finely ground filler-containing resin-based 
composite (prepolymerized). The size and distribu-
tion of filler particles are decisive for the physical and 
mechanical characteristics of resin-based composites. 
So-called flowable composites reveal an improved flow 
capacity, which is generally caused by reduced filler 
content. 

The matrix resin consists of a mixture of various 
monomers, for example, Bis-GMA and/or UDMA 
(full names and molecular weights are specified in 
Table 5.5), as well as various modifications of these 
molecules (Fig. 5.2). Other ingredients of the com-
posite matrix are comonomers (EGDMA, DEGDMA, 
TEGDMA) and various additives such as photoinitia-
tors (e.g., camphorquinone), co-initiators (e.g., DMA-
BEE, DEAEMA), inhibitors (e.g., BHT), ultraviolet 
absorbers, photostabilizers, and pigments [52, 182, 
239]. TEGDMA has an important function because 
it decreases the viscosity of the matrix, thus allowing 
increased filler content. The addition of antimicrobial 
and fluoride-containing monomers is intended to re-
duce or prevent plaque formation on the surface of 
fillings [107, 181, 221]. More recent resin-based com-
posites (ormocers) are based on a Si–O scaffold with 
methacrylic side chains, which are necessary for po-
lymerization. Bisphenol A dimethacrylate (Bis-DMA) 
and ethoxylated Bis-DMA are used as comonomers. So 
far, no detailed information about these base mono-
mers is available in the literature. Autopolymerizing 
resin-based composites are applied for buildups. 

So-called ring-opening monomers were developed 
to reduce or overcome the polymerization shrinkage 
of resin-based composites. Most recently, oxiranes 
[139] and siloranes [231] (a combination of siloxanes 
and oxiranes) are being discussed more and more 
(Fig. 5.2), with a siloran-based product being mar-
keted at present.

Polymerization in products currently used today is 
mainly initiated by light; the light-sensitive initiator 
camphorquinone (absorption maximum at a wave-
length of 468 nm) acts together with an aliphatic 
amine-type catalyst. Bleaching resin-based compos-
ites may contain the light initiator lucerin (absorp-
tion maximum at a wavelength of 380 nm) instead 
of the yellowish camphorquinone. Newer materials 
contain acid-stable catalysts instead of amine deriva-
tives. The polymerization reaction in autopolymeriz-
ing resin-based composites is started by an aromatic 
amine/peroxide system, e.g., dimethylparatoluidine 
(DMP)/benzoyl peroxide.

The coupling between filler particles and matrix resin 
is obtained through trifunctional alcoxy silanes, which 
are mostly called “silanes” in the literature. Si–OH 
groups generate the link to the filler surfaces; the un-
saturated vinyl or methacryl groups polymerize with 
base monomers and comonomers. The type of applied 

Fig. 5.1a,b  . Schematic composition of a resin-based compos-
ite. a Fine particle hybrid. b Prepolymer filler resin
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silane depends, among other things, on the filler used. 
Methacrylate is replaced by an epoxy group in silanes 
that are used for silorane composites (see above). 

Pit and fissure sealants have mainly the same com-
position as filler-containing resin-based composites. 
However, the filler content is much lower; some prod-
ucts even contain no fillers at all. Fluoride-releasing 
fillers are added to other products in an attempt to ob-
tain an additional caries-protective effect [252]. Auto-

polymerizing (aromatic amine/peroxide-initiated) or 
light-curing (e.g., camphorquinone/aliphatic-amine-
initiated) pit and fissure sealants are available. Some 
sealants are transparent, some are supplied in different 
colors, others are opaque, and others may appear in a 
different color under halogen light, which makes them 
visible.

Luting resin-based composites are used for adhe-
sively fixing indirect composite and ceramic restora-
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tions (partly for metallic restorations, too). The com-
position of these materials is basically the same as for 
filling composites; however, some of them contain an 
autopolymerizing as well as a light-curing initiator 
system (dual-curing luting resin-based composites). 
The autopolymerizing component of most products is 
based on an aromatic amine/peroxide catalyst system. 
The viscosity of luting resin-based composites is tai-
lored via the filler content. Brackets and orthodontic 
bands are bonded to the tooth enamel with low-vis-
cous resin-based composites, mainly of the fine-par-
ticle hybrid type (see above). Autopolymerizing luting 
composites are also available. Newer self-adhesive lut-
ing composites (so-called self-adhesive resin cements) 
contain acid monomers with several methacrylate and 
phosphate groups. 

Compomers also consist of filler particles and an or-
ganic matrix. Information provided here will refer to 
the first and widely used product, Dyract, for which 
the most information is available. The filler (a ra-
diopaque, fluoride-containing silicate glass) comprises 
approximately 72 wt.% and contains about 13 wt.% 
fluoride. UDMA is used as base monomer together 
with a special (acidic) monomer with polymerizable 
acrylate residues and carboxyl groups (trichloroben-
zene). Polymerization is initiated by light irradiation. 
Additions of cetylamine hydrofluoride are intended 
to increase fluoride release. The material is applied in 
combination with an adhesive. Compomers are also 
used for luting inlays, crowns, and bridges. These ma-
terials are autopolymerizing. 

Auxiliary substances that are used in combination 
with resin-based composites are various acids, silanes, 
and adhesives. Phosphoric acid (30–40%) is widely ap-
plied for the acid-etch technique, mainly incorporated 
in a gel that contains highly dispersed silicon dioxide 
and polymer particles as thickening agents. These ac-
ids are applied on enamel and on dentin, but the ap-
plication time on dentin is generally shorter than on 
enamel (the “etch-and-rinse” technique). It has also 
been reported that 1.37% NaF was added to 37% phos-
phoric acid used for bonding brackets in an attempt to 
produce a caries-protective effect [151]. 

Silicon-dioxide-based dental ceramics used for 
inlays, partial crowns, and veneers need to be condi-
tioned before adhesive luting. The inner surface of the 
restoration must be etched first (e.g., with 7.5% hydro-
fluoric acid or 10% ammonium bifluoride solution) 
[253]. Then a silan preparation is applied to the etched 

ceramic surface to generate a chemical bond between 
the resin matrix of the luting resin-based composite 
and the ceramic. Ceramics based on aluminium ox-
ide and zirconium oxide are not etched but are only 
treated with a silan preparation (see also Chap. 6).

Adhesives consist of methacrylates (e.g., 2-hydroxym-
ethyl-methacrylate, or HEMA, and 4-methacryl-oxy-
ethyl-trimellitic-anhydride, or 4-META), dimethacry-
lates (e.g., TEGDMA), phosphonated penta-acryl 
esters, acryl amides, aldehydes (e.g., glutaraldehyde), 
and organic acids [266]. Bis-DMA may be also used 
as component. Solvents are ethanol, acetone, or water. 
Some adhesives contain fillers, e.g., nanofillers. Re-
cently, an adhesive containing an antimicrobial mono-
mer (MDPB) has been marketed. This molecule con-
sists of an antimicrobial group (pyridinium bromide) 
linked through a spacer of 12 C-groups to a methacry-
late group [107]. 

The first step in (dentin) adhesion is the chemical 
conditioning of the surface, whereby the smear layer 
will be completely (Fig. 5.3) or partially (Fig. 5.4) re-
moved [267]. In general, inorganic acids (e.g., phos-
phoric acid) or organic acids (e.g., 10% maleic acid) 
are used in this process. 

Exposed dentinal collagen bundles may be ad-
ditionally stabilized by glutaraldehyde. Hydrophilic 
monomers, such as HEMA and/or TEGDMA, may 
diffuse into this zone and form a hybrid layer (see 
Figs. 5.3 and 5.4). Subsequently, the hydrophobic 
resin monomer will polymerize and bond to this hy-
brid layer. Tags are generated by a deeper diffusion of 
polymerizing components of an adhesive into dentin 
tubules. Fluoride may be part of primers (e.g., NaF) as 
well as bonding monomers (e.g., boron–fluoride fill-
ers) [172].

Self-etching monomers have been introduced to 
combine the conditioning step with the hydrophilic 
monomer infiltration step (priming). The deminer-
alization of dental hard tissues is limited to the area 
of monomer infiltration. Mild self-etching monomers 
with a pH of 2.0 (e.g., DMP) or strong self-etching 
preparation with a pH of 0.8 (Adper Prompt L-Pop) 
are available today. Some products combine all sub-
stances used for adhesion in one container (one-bottle 
system; see Fig. 5.5) [268]. The main problem with 
these products is the hydrolytic stability of the mono-
mers under acidic conditions. Different amino acids 
have been incorporated into acrylates (acrylamide-
based monomers) [162, 262], which are also interest-
ing from a biological point of view [37]. 

5
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Light-curing units are needed for polymerizing most 
resin-based composites. Most devices emit light with 
a wavelength between 400 and 500 nm according to 
the light initiators used (mostly camphorquinone). 
Quartz–tungsten halogen (QTH) light-curing units, 
which were the standard curing unit for many years, 
are now being replaced more and more by light-emit-

ting diode (LED) devices. LED curing units emit light 
within a very narrow range of wavelength (Fig. 5.6). 
Between 10% and 15% of the energy is transformed 
into light energy by modern LED curing units, whereas 
for the QTH units, this is only 0.7%. Table 5.1 sum-
marizes the various types of light-curing units that are 
presently available.

Fig. 5.3  . Morphology of the interface between an adhesive 
(All-Bond 2) and dentin after removal of the smear layer. T tags, 
HS hybrid layer, K matrix resin and resin-based composite

Fig. 5.4  . Morphology of the interface between adhesive 
(Prime & Bond) and dentin after modification of the smear layer. 
T tags, HS hybrid layer, K composite

Fig. 5.6  . Emission spectra of various light polymerization de-
vices for resin-based composites (see Table 5.1). Hp high power, 
e.g., Astralis 10; QTH Quartz-tungsten halogen

Fig. 5.5  . Morphology of the interface between adhesive and 
dentin after application of a one-step/one-bottle system. The 
hybrid layer (HS) and the generated tags (T) are clearly visible, 
but there is no separate layer of matrix resin [119]
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5.2.2 setting reaction

Resin-based composites set through a polymerization 
of matrix monomers by opening the double bonds at 
both methacrylate residues of the monomers, thus 
generating an additive cross-linking (radical chain po-
lymerization). Epoxides (oxiranes, siloranes) set via an 
opening of the epoxy ring and the formation of ether 
bonds (cationic polymerization).

The polymerization of resin-based composites will 
be either chemically initiated or, more frequently to-
day, cured by light initiation (light-curing compos-
ites). The number of double bonds that are opened 
during this process and then participate in the polym-
erization process is called the conversion rate. For 
resin-based composites, this rate varies between 35% 
and 77% [5, 7, 27, 51–53]. The conversion rate of light-
curing resin-based composites depends on a sufficient 
external light supply and on the color of the material 
[23]. The limited penetration depth of the light into 
the resin-based composite plays a decisive role. At a 
depth of 2 mm, the initial light intensity is reduced by 
10–100 times [182]. Thus, far more than 20% of the 
initial double bonds are still present in the set resin. 
The clinical significance of such an incomplete po-
lymerization has not yet been fully clarified. However, 
the studies of Pearson and Longman revealed that a 
shorter irradiation time (and thus a reduced conver-
sion rate) will cause an increased solubility of the 
resin-based composite [178]. 

In connection with plasma arc curing units, some 
manufacturers have recommended very short irradia-
tion periods, which may partly result in incomplete 
setting of the resin and increased release of residual 
monomers [98, 156, 248]. In addition, the surface of 
resin-based composites (based on acrylates) may re-
veal a pronounced inhibition of the polymerization 
if oxygen is in contact with the resin surface during 
the setting reaction. In these cases, conversion rates 
of only 25% have been documented (this is termed an 
“oxygen inhibition layer”). An increased solubility of 
this superficial layer will, of course, also influence the 
biological properties of the material.

The eluable residual monomer content must be differ-
entiated from the conversion rate. Residual monomers 
are those components that are released from the resin 
into various extraction media: hydrophilic (e.g., physi-
ological saline solution), hydrophobic (e.g., DMSO, 
ethanol), or mixed (e.g., 75% ethanol and 25% water). 
Ferracane reported a weak correlation between conver-
sion rates and eluted residual monomers if water was 
used as extraction medium. A better correlation was 
found if an ethanol–water mixture was applied [51]. 
Tanaka et al. [254] found a good correlation between 
conversion rate and the release of TEGDMA and Bis-
GMA into an aqueous medium. Approximately one-
tenth of the nonreacted methacrylate groups exist as 
residual monomers [51].

Table 5.1  . Different polymerization lamps and their light intensity (manufacturers’ information)

Type of light Device/producer Light intensity

LED Bluephase/Ivoclar Vivadent

Smartelite PS/Dentsply De Trey

Translux Power Blue/Heraeus Kulzer

Elipar Free Light II/3M Espe

LE Demetron 1/Kerr Hawe

1,200 mW/cm2 

 950 mW/ cm2

up to 1,000 mW/cm2

1,200 mW/cm2

1,000 mW/cm2

Quartz-tungsten halogen Optilux 501/Kerr Hawe

Translux CL/Heraeus Kulzer

Elipar 2500/3M ESPE

1,000 mW/cm²

 650 mW/cm²

 800 mW/cm²

Plasma ADT 1000 PAC/ADT

Apollo 95 E/DMDS

1,200 mW/cm²

1,370 mW/cm²
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Key note Z

Resin-based composites release residual monomers 
(and other substances) because of a conversion rate 
of 35–77%. Released compounds can directly cause 
biological reactions. Polymerization shrinkage is a 
material property that may indirectly influence the 
tissue compatibility (Fig. 5.7). This volume change 
may cause marginal gaps that may allow penetra-
tion of bacteria with subsequent pulpitis. Shrinkage 
of modern filling resins generally ranges between 
2 vol.% and 3 vol.% [181].

It has been speculated that resin-based composite fill-
ings in large mesio-occlusodistal (MOD) cavities may 
generate an inwardly directed bending of cusps due 
to high polymerization shrinkage (see above), with 
subsequent postoperative pain [232]. Oxirane-based 
or silorane-based resin-based composites have a sig-
nificantly lower shrinkage (approximately 0.8 vol.%) 
[273].

Setting of compomers is primarily caused by a po-
lymerization, whereas the acid-base reaction of the 
carboxyl group, including components of the glass fill-
ers, is of only secondary importance. Thus, the contri-

bution of this acid-base reaction to the entire setting 
is considered minor (no setting of compomers in the 
dark!).

Resin-based luting composites (dual-curing) reveal 
a setting reaction in the dark in addition to light po-
lymerization. This means that these materials will set 
without light irradiation. But under these circum-
stances, only a “chemical” polymerization will take 
place in those areas where the mobility of molecules 
is not decisively or at least partially restricted by light 
polymerization. The conversion rate of resin-based 
luting composites varies significantly depending on 
the product. If only autopolymerization occurs (set-
ting reaction in the dark), then the conversion rate will 
not be as high as with an additional light polymeriza-
tion. The conversion rate of some products without 
light polymerization will be up to 45% lower [196]. 
Therefore, sufficient light irradiation is necessary even 
for dual-curing resins in order to guarantee adequate 
polymerization [20].

Self-adhesive resin-based luting composites (“uni-
versal cements”), which are recent to the market, may 
be used with and without light activation. These prod-
ucts set by a polymerization of acidic monomers, but 
at the same time, a setting reaction between the acid 
residues and the alkaline filler particles in the origi-
nally hydrophilic matrix will take place, which is sub-
sequently converted into a hydrophobic matrix. Other 
luting resins that are solely chemically curing will set 
when oxygen access is blocked. Detailed information 
about the setting reaction of those luting composites is 
not available in the literature.

5.2.3 release of substances

The amount of substances that can be released from 
resin-based composites is naturally dependent on 
the extraction medium [63]. According to different 
reports, between 0.4 wt.% and 1.5 wt.% Bis-GMA 
or 4.6–11 wt.% of the original weight of all organic 
substances is extractable with organic solvents (e.g., 
tetrahydrofurane, ethanol) [63, 113]. Comonomers, 
such as TEGDMA, were identified in comparably 
higher amounts (0.04–2.3 wt.%) [239]. Significantly 
less Bis-GMA leaches into aqueous extraction media 
(0.03–0.07 wt.%) [113], but higher quantities of more 
“hydrophilic” monomers do, such as TEGDMA (up to 

Fig. 5.7  . Cervical filling after 6 years of clinical service. Due 
to an insufficient adhesion and pronounced polymerization 
shrinkage of the resin-based composite, a gap has been formed 
in contact with dentine, an initial caries is visible
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0.4 wt.%) [239]. Taken together, approximately 2 wt.% 
of the organic matrix is elutable by aqueous media 
[53]. It was observed that, in general, very many sub-
stances are released from the resin matrix, regardless of 
the composite or the extraction medium. The amount 
of these leachable substances declines asymptotically 
over time (Fig. 5.8). 

The liberated quantity of substances from filler 
particles remained constant over a period of 6 months, 
in contrast to the resin matrix [63]. Altogether, quartz 
fillers release fewer substances than glass fillers do, 
which contain barium [234, 235]. No information is 
so far available on the release of nanoparticles from 
resin-based composites during filling placement, con-
touring, or polishing and during its in-use phase. Con-
siderations of health effects of nanoparticles are gain-
ing increasing interest in toxicology. Inhalation and 
resorption via dermal routes have been the primary 
focus of discussion [263].

The composition of the eluates depends on the com-
position of the resin-based composite and the extrac-
tion medium. One study found that 34 individual 
compounds were released from four different resin-
based composites [239]. The same substances were 
segregated from the unpolymerized as well as from 
polymerized resin matrix (solvent: methanol), e.g., 
Bis-GMA, Bis-EMA, UDMA, TEGDMA, EGDMA, 
and methylmethacrylate (MMA) [239]. TEGDMA 
generally represented the major share of the segre-
gated substances (see Appendix Table 5.5) [74]. From 
filler particles, silicon, boron, sodium, and barium can 
leach into water, depending on the filler type [169]. 

Formaldehyde is released from resin-based compos-
ites into water under certain circumstances. It was ob-
served that a particularly high concentration was gen-
erated if the superficial oxygen-inhibited surface layer 
on the resin-based composite was not removed [170]. 
Even 115 days after polymerization, formaldehyde was 
identified in the extract of resin-based composites 
[170]. This also applies to light-curing glass ionomer 
cements [197]. Formaldehyde is very likely generated 
by an oxidation of unsaturated methacrylate groups, 
such as during polymerization or/and as a degrada-
tion product of the oxygen-inhibited surface layer (or 
oxygen-methacrylate polymer) [170].

Bisphenol A (BPA) was found in the extract of one 
pit and fissure sealant and in saliva in contact with 
resin-based composites [165]. A subsequent study by 
the same researchers basically confirmed these results 
[185]. However, these investigations have been criti-
cized by other authors, primarily due to methodologi-
cal problems of the applied analytical technique [65, 
74, 104, 159]. Imai et al. found only trace amounts of 
BPA in unpolymerized resin-based composites [106]. 
Even if resin-based composites were deliberately con-
taminated with BPA, only extremely low quantities of 
this substance were released [106]. Wada et al. also 
found no BPA release after testing 24 different resin-
based composite products [269]. Other authors found 
TEGDMA and minute amounts of Bis-GMA in Bis-
GMA/TEGDMA-based pit and fissure sealants after 
extraction with distilled water [74] or ethanol [159], 
but no BPA was identified. Also for orthodontic ad-
hesives, no BPA could be detected in the extraction 
medium (99% v/v alcohol) with a detection limit of 
0.1 ppm [43]. Acetonitrile extraction of 28 resin-based 
composites and dental sealants showed no BPA, with 
the exeption of a Bis-DMA-containing sealant [145]. 
Minute amounts of BPA were detected after placement 
of UDMA-based and Bis-GMA-based composite fill-
ings [202]. However, this technique may even overesti-
mate the BPA amount because of the limited specific-
ity of the antibody used [111].

Our own investigations with pit and fissure seal-
ants revealed that only a material containing Bis-DMA 
released BPA into saliva immediately after applica-
tion, but in much smaller amounts than in the report 
cited above [6, 165]. These data were confirmed by 
Fung et al., who analyzed the saliva and blood samples 
of a larger patient population [60]; even when small 
amount of BPA was present in saliva immediately af-
ter placement of the sealant, it could not be detected 
in the blood samples (detection limit 5 ppb). Similar 

Fig. 5.8  . Cumulative release of components from a resin-
based composite in percentage of the weight of the compos-
ite specimen.  In water,  In a mixture of 75% ethanol and 
25% water [51, 52]
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experiments were done by Joskow et al. [118] with a 
more sensitive analytical method. A Bis-GMA-based 
pit and fissure sealant that contained no primary BPA 
contamination released no BPA into saliva [6]. It was 
possible, in vitro, to cleave Bis-DMA hydrolytically or 
enzymatically, thus detecting BPA [216]. But no BPA 
could be separated from Bis-GMA-based pit and fis-
sure sealants by means of a chemical or enzymatic 
hydrolysis [216]. This was confirmed by experiments 
exposing Bis-GMA to an enzyme mix from stimulated 
rat livers [138]. Obviously, Bis-DMA is initially eluted 
from Bis-DMA-based pit and fissure sealants [159] 
and is then degraded to BPA in saliva [216]. 

Fluoride is released from fluoride-containing resin-
based composites and compomers depending on the 
product, but it is also partly incorporated into the ad-
jacent tooth substance [131]. However, the released 
quantity dramatically decreases after a 24-h elution, 
and the total segregated amount is altogether smaller 
than from conventional or light-curable glass iono-
mer cements [131, 265]. A caries-prophylactic effect 
is also expected based on the liberation of calcium and 
hydroxyl ions due to the addition of adequate glasses. 
However, the clinical caries-prophylactic benefit due 
to the release of these ions from resin-based compos-
ites and compomers is controversial.

Adhesives can also hydrolytically degrade over time 
[74, 101], which will result in decreased adhesion. The 
hybrid layer consisting, among others, of collagen and 

resin may degrade due to collagen degradation via en-
dogenous matrix metalloproteinases (MMP), a group 
of zinc- and calcium-dependent endopeptidases [89, 
259]. Liquid can come into contact with the adhesive 
via dentin tubules. Additionally, diffusion of small ions 
or molecules is possible through nanoleakage areas, 
which occur within the hybrid layer and which can be 
shown by silver stain (Fig. 5.9) [259]. Single-bottle sys-
tems (all-in-one adhesives) contain water as solvent. 
These may act as semipermeable membranes, being 
penetrable for water, which may probably promote 
degradation. Contact of adhesives with dentin fluid 
beneath the tags may generate small resin particles in 
the dentin tubules (Fig. 5.10), which have even been 
identified in primary dentin and in the odontoblast 
layer of the pulp [32, 258]. Those resin particles were 
also identified in the pulp [72].

5.2.4 Biodegradation of Monomers

Little information is available regarding uptake, dis-
tribution, metabolism, and excretion of substances 
released from resin-based composites. Biodegradation 
of these substances has been studied in vitro in enzyme 
mixtures and whole-animal experiments. Enzymes 
such as choline esterases (a group of esterases that 
hydrolyze choline ester at a higher rate than other es-
terases [54]) have been used for in vitro studies. These 
esterases have been shown to hydrolyze Bis-GMA to 
bis-(2,3-dihydroxypropyl) ether (BADPE-4OH) by the 

Fig. 5.10  . Resin globules in dentine tubules (arrows) [32] 
(Courtesy of C. A. De Souza Costa, Araraquara, São Paulo, Brazil)

Fig. 5.9  . Nanoleakage. The silver staining (here in white) in-
dicates a gap (arrow) in the hybrid layer and towards the dentin 
(Courtesy of T. Pioch, Heidelberg, Germany)
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loss of two molecules of methacrylic acid [55, 201]. 
However, biodegradation also depends on the molecu-
lar chemistry. It was shown that chemically modified 
Bis-GMA (e.g., ethoxylated Bis-GMA) degrades under 
the abovementioned conditions to a lesser degree [54]. 
The same enzyme converted TEGDMA into triethyl-
ene glycole and methacrylic acid [277]. If TEGDMA is 
mixed with an enzyme mixture from stimulated rat liv-
ers (S-9 mixture), biological activity changes, and it is 
also assumed that TEGDMA is cleaved into triethylene 
glycole and methacrylic acid [231]. It was also shown 
that HEMA hydrolyzes under acidic conditions into 
thylene glycole and methacrylic acid [162]. EGDMA, 
which is also used as comonomer in resin-based com-
posites, may be metabolized to HEMA, and one of 
these may be present as an impurity in the other [69].

Recently, data from animal studies have been 
presented concerning biodegradation of HEMA/
TEGDMA [188–192]. Both “water-soluble” sub-
stances are used in a variety of resin-based composites 
(TEGDMA) and adhesives (HEMA/TEGDMA) and 
thus are released from materials. Swallowed HEMA/
TEGDMA was almost completely absorbed by the 
organism. The substances were primarily excreted 
through the lungs via CO2 [188, 189]. Further inves-
tigations are necessary to clarify these substances’ 
metabolism as well as the clinical significance of these 
data. 

Key note Z

The degradation pathway of HEMA/TEGDMA to CO2 
has not yet been completely clarified. TEGDMA is ei-
ther degraded to CO2 analogous to valine or malate, 
or, via the formation of intracellular and biologi-
cally highly active epoxides, to pyruvate and subse-
quently to CO2 [190–192].

5.3 systemic toxicity

5.3.1 preclinical studies

Acute systemic toxicity was determined by means 
of LD50 (the calculated dose of a chemical substance 
that kills 50% of the experimental population; see 
Chap. 2). Results show (see Table 5.2) that base mono-
mers and comonomers with an LD50 of >2,000 mg/kg 
body weight cannot be classified as toxic (see Chap. 2). 
In addition, these data refer to the pure monomers, 

whereas the amounts of substances released from the 
polymerized materials are very low. Thus, an acute 
toxic reaction cannot be expected based on current 
knowledge.

No data are available in the dental literature re-
garding the systemic toxicity of adhesives, resin-based 
luting composites, or adhesive resins for bonding orth-
odontic brackets. It should be critically emphasized 
at this point that the manufacturers of these materi-
als possess comprehensive test data, but these are not 
published as scientific studies for public access due to 
a variety of reasons [251].

5.3.2 estrogenicity

It is well-known from environmental sciences that 
some chemical substances generate an estrogen-like 
biological reaction by binding to estrogen receptors of 
relevant cells at “subtoxic” concentrations (endocrine 
disruptors). Bisphenol A (BPA) is one of these com-
pounds. BPA is used in the production of several types 
of resins used in a variety of products, including food 
and drink containers, CDs, DVDs, and as a protective 
lining in metal food and drink containers. This envi-
ronmental exposure may be responsible for the low 

Table 5.2  . Systemic toxicity of base monomers and comono-
mers used in resin-based composites; substances were applied 
orally [16, 35, 222, 233, 240]

Substance LD50
 a

 [mg/kg (rats)]

Bis-GMA > 5,000 

UDMA > 5,000

TEGDMA  10,837

Bisphenol A   3,250

Glycidylmethacrylate    597

Methylmethacrylate   8,000

HEMA   5,888

Maleic acid    708

Phosphoric acid   1,530

Glutaraldehyde    600

a Median lethal dose; the calculated dose of a chemical substance
   that causes death of 50% of the experimental population
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but measurable BPA urine concentration in the general 
population [118]. BPA is also a component of a variety 
of molecules that are present in resin-based compos-
ites, including pit and fissure sealants. Because of its 
widespread use, its safety has attracted the attention of 
national (e.g., the U.S. National Institute of Environ-
mental Health Sciences in 2007) and international (the 
European Commission in 2003) agencies [48, 112]. As 
already mentioned, BPA can be released from resin-
based composites under certain circumstances. One 
study postulated that a specific brand of pit and fissure 
sealants releases BPA at concentrations that may trig-
ger estrogenic reactions in cell cultures. Thus, caution 
should be exercised if pit and fissure sealants are ap-
plied. One filling material based on ormocer technol-
ogy also caused an estrogenic effect in vitro [271].

Based on the aforementioned investigations, the 
estrogenic behavior of BPA, Bis-GMA, Bis-DMA, and 
other related molecules was intensely investigated in 
cell culture systems [60, 87, 145, 161, 256]. All of these 
studies showed consistently that BPA, Bis-DMA, and 
Bis-DMA-containing pit and fissure sealants caused 
estrogen-like effects. But these effects were generally 
much smaller than those reactions caused by the con-
trol substance, estradiol. This is in accordance with 
our own experiments, which revealed that Bis-DMA 
can be cleaved into BPA by enzymes. These enzymes 
may also be present in saliva [6, 216]. All of these 
in vitro investigations showed that Bis-GMA does not 
behave in an estrogen-like manner [60, 87, 161, 256], 
which is also true for the Bis-GMA degradation prod-
uct BADPE-4OH [138].

However, another in vitro study showed that out 
of 24 different resin-based composite product eluates, 
six extracts were estrogenic, but no BPA was found in 
the eluate (cell culture medium). It was suggested that 
an initiator (2,2-dimethoxyphenylactetophenone, or 
DMPA) and a photostabilizer (2-hydroxy-4-methoxy-
benzophenone, or HMBP) might be responsible for 
this effect. However, the authors concluded that the 
relevant concentrations could only be present shortly 
after setting, and thus the clinical relevance of the re-
sults remained unclear [269].

In vivo studies with ovariectomized mice showed 
that Bis-GMA at a concentration of 25 μg/kg body 
weight caused no significant changes in uterine nor-
malized weights. A slight increase in the connective 
tissue was observed at a concentration of 100 μg/
kg body weight, but no increase in cell number was 
generated. The authors concluded from their investi-
gations that, despite a very high dose, the measured ef-

fects were very low compared with estradiol. They also 
hypothesized that contaminations might play a certain 
role. Taken together, no risk could be linked to the use 
of pit and fissure sealants based on Bis-GMA. Data re-
garding long-term application are not available, how-
ever [149, 236].

Studies of patients who were treated with a Bis-
DMA-based pit and fissure sealant indicated, only 
directly after application, a very minor estrogen-like 
effect of the sampled saliva in an extremely highly 
sensitive in vitro system. After 1 h after application, 
this effect was no longer detectable. A Bis-GMA-based 
pit and fissure sealant revealed no estrogen-like effect 
[4]. These investigations and calculations of released 
substances based on “worst-case conditions” as well 
as comparison with those amounts of estrogenic sub-
stances that are consumed daily in the diet show that 
BPA may leach from Bis-DMA-based pit and fissure 
sealants. However, the doses were so minute that no 
clinically relevant estrogen-like effect is expected in 
patients. Bis-GMA-based materials that contain no 
BPA or Bis-DMA contaminants will not cause estro-
genic effects on patients under physiologic conditions. 

Key note Z

The cited studies show that, based on present knowl-
edge, use of Bis-GMA-based (and Bis-DMA-free) pit 
and fissure sealants and resin-based composites will 
not cause a clinically relevant estrogen-like effect on 
patients. Thus, the postulated estrogen-like effect 
is no reason to restrict indications for these resin-
based materials. 

5.3.3 clinical symptoms and complaints

A summary of diseases that supposedly have been suc-
cessfully treated by the removal of composite fillings 
after “electroacupuncture according to Voll” (EAV) 
[201] is shown in Table 5.3. EAV testing, however, is 
not a scientifically approved method (see Chap. 2). 
However, the compilation should point out that pa-
tients have linked a number of very unspecific symp-
toms (psychosomatic symptoms or so-called disturbed 
existential orientation) to resin-based composites. 

Interestingly, these allegations are similar to the 
complaints associated with claimed adverse effects 
due to amalgam (see Chap. 4) and dental alloys (see 
Chap. 8) [242]. A great variety of other chemicals in 
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daily life, such as dyes, varnishes, mothballs, glues, 
etc., are also blamed for similar unspecific symptoms 
(this may be termed “multiple chemical sensitivity 
syndrome”), but the toxicological background is also 
being questioned [140, 245]. 

The frequency of patients’ claims that systemic 
adverse effects are caused by nonamalgam materials 
(primarily resin-based composites) has increased in 
the past few years in Norway, according to Gjerdet and 
Askevold [67] (Fig. 5.11). The number of patients who 
referred their complaints to amalgam decreased in the 
same period of time. Simultaneous to this tendency in 
Norway, the use of amalgam decreased, whereas resin-
based composites were applied more frequently.

Key note Z

Claims of patients who link their unspecific symp-
toms to dental materials are very difficult to verify. 
Psychological/psychiatric causes are also described 
in the literature. The frequency of complaints obvi-
ously correlates with the frequency of application of 
the specific materials in a population. The general 
strategy for treating these patients is equivalent to 
that of treating patients who associate other ma-
terials, such as amalgam or alloys, with their com-
plaints.

5.4 Local toxicity 
and tissue compatibility

5.4.1 cytotoxicity

Comprehensive data based on cell culture experiments 
are available for base monomers of resin-based com-
posites, comonomers, and catalyst systems [64, 79, 
187]. The cytotoxicity of base monomers, expressed 
by the TC50 (the concentration that causes a 50% re-
duction of metabolism or cell death) is different for 
each individual substance. Very low concentrations 
may partly cause a biological reaction (see Table 5.4). 
Interestingly, bifunctional monomers (i.e., having two 
methacrylate groups) were generally more toxic than 
monofunctional monomers. 

Resin-based composites are cytotoxic before po-
lymerization and immediately thereafter (Fig. 5.12), 
whereas almost no reaction is caused by set specimens 
[120, 205, 208]. This applies also to compomers [206]. 
Composite samples whose superficial oxygen-inhib-
ited and unpolymerized monomeric surface layer was 
not removed were more toxic than specimens without 
this layer after mechanical removal [210].

Fig. 5.11  . Development of the frequency of adverse effects 
to various materials in Norway between 1994 and 1997 [67]  
(* all plastic filling materials except amalgam, but primarily res-
in-based composites)

Table 5.3  . Complaints associated with resin-based compos-
ite fillings after electroacupuncture according to Voll (EAV) test-
ing [244]

Amenorrhea Migraine

Basalioma Fatigue

Bronchitis Nephritis

Chronic sinusitis Neurodermatitis

Depression Polyarthritis

Joint diseases Rheumatism

Cardiac arrhythmia Insomnia

Hypertension Tenesmus

Iridocyclitis Tinnitus

Disturbances of concentration Urethrocystitis

Headache Vaginitis

Coxitis Cystitis

Physical inefficiency
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In addition, cytotoxicity also depends on the de-
gree of polymerization (conversion rate) [23]. Resin-
based composite samples were significantly more toxic 
after a short polymerization time (15 s) compared with 
specimens that were exposed to longer irradiation 
times of 30 s and 60 s [23]. Cytotoxicity also depends 
on the basic chemistry of the resin matrix: Ormocer-
based and silorane-based resin-based composites have 
proved less toxic in tests than methacrylate-based ma-
terials [215, 271]. Filler content influences cytotoxic-
ity, too. For instance, flowable resin-based composites 
were significantly more cytotoxic over a longer period 
of time compared with similar materials with regular 
filler content [272]. 

Adhesives were also investigated in various cyto-
toxicity tests. It was found that these materials were 
differently toxic in contact with various cell types (e.g., 
mouse fibroblasts or pulp fibroblasts) depending on the 
product [86]. But in most cases, pronounced cell toxic-
ity was observed [25, 36, 134, 135, 168]. When dentin 
was placed between the test substance and target cells, 
the effective concentration of some toxic substances 
leaching from adhesives decreased at the target cells 
[80]. Relatively hydrophilic substances, such as HEMA 
and TEGDMA, diffuse through dentin, specifically in 
the case of a thin dentin layer [17, 18]. The concentra-
tion of these compounds at the target cells was found 
to be so high that damage of pulp cells might be possi-
ble in vivo [17]. A glutaraldehyde-containing adhesive 
provoked a more pronounced reaction compared with 
products without glutaraldehyde and adhesives with a 
low pH (self-etching adhesives) [61]. An adhesive with 

a low pH caused only a cell reaction when placed on a 
dentin layer with a thickness of approximately 100 μm 
[61]. It remains to be questioned whether the cytotoxic 
effect of glutaraldehyde declines during the passage 
through dentin, as the antimicrobial effect is enhanced 
during diffusion through dentin [46]. Further studies 
are necessary. 

Key note Z

Taken together, cytotoxicity tests show that cyto-
toxic substances leach from resin-based composites 
and auxiliary materials, particularly when unset or 
shortly after polymerization [239]. Comparing stud-
ies between amalgam and resin-based composites 
using equivalent test systems revealed a similar cy-
totoxicity pattern for both groups of materials [205, 
208]. Therefore, it is necessary to investigate pos-
sible damage of adequate target cells on patients 
and operator (pulp, oral mucosa, gingiva, skin) in 
consecutive studies.

Fig. 5.12  . Cell culture test with resin-based composite: The 
material is moderately toxic shortly after polymerization, which 
is indicated by the decolorized zone (= cell death) around the 
test material (asterisk)

Table 5.4  . Cytotoxicity of base monomers, comonomers, and 
initiators used in resin-based composites in mouse fibroblasts 
[79, 187]

Substance TC50
a

 

Bisglycidylmethacrylate (Bis-GMA) 9.35 µM

Urethandimethacrylate (UDMA) 17.4 µM

Triethyleneglycoldimethacrylate (TEGDMA) 124.5 µM

Camphorquinone 235 µM

N,N dihydroxyethyl-p-toluidine (DHEpT) 760 µM

Bisglycidylether of bisphenol A (BGE-BPA) 14 µM

Ethoxylated bisphenol A dimethacrylate 
(E-BPA)

3 µM

Bisphenol A (BPA) 28 µM

Glycidylmethacrylate (GMA) 48 µM

1,6 hexanedioldimethacrylate (HDDM) 28 µM

2-hydroxyethylmethacrylate (HEMA) 3600 µM

aMedian toxic concentration; calculated concentration of a chemical 
substance, either dissolved or air, that causes an expected 50% re-
duction of a specific biological function in a defined experimental 
group exposed to the substance for specific period of time
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5.4.2 Influence on cell Metabolism

Composite resin eluates/monomers may cause cy-
totoxic reactions and, as will be shown later, allergic 
reactions, as well as alterations of the genome (mu-
tagenicity). Therefore, it can be concluded that com-
posite resin eluates/monomers may interfere with cell 
metabolism at nonlethal concentrations. Several ways 
for such an interference will be delineated in the next 
paragraph, and Fig. 5.13 provides an overview.

A key molecule in handling nonenzymatic de-
toxification of substances in the cells is the tripeptid 
glutathione (GSH). It is, among others, responsible 
for maintaining the redox balance in the cell. It was 
shown that 2–6 h after different cells (gingival fibro-
blasts and pulp fibroblasts) were exposed to HEMA or 
TEGDMA, the GSH level decreased, indicating GSH 
depletion, but the level of GSSH (i.e., oxidized GSH) 
did not increase [44, 45, 246]. Thus, the depletion of 
GSH was apparently not due to its “consumption” in 
maintaining the redox balance of the cells (in that 
case, the GSSH concentration would have increased), 
but rather to a direct interaction of GSH with the 
monomers. As a consequence, the intracellular level 
of reactive oxygen species (ROS; H2O2, superoxide an-
ion, OH radical) increased after exposure to HEMA, 
TEGDMA, or composite resin eluates [26, 238, 246]. 
However, camphorquinone, after irradiation with blue 
light used for resin-based composite curing, directly 
increased intracellular and extracellular ROS concen-
tration [142].

As a consequence of increased intracellular ROS 
(i.e., redox imbalance), DNA damage via oxidation of 
DNA bases resulting in single-strand or double-strand 
breaks has been observed [1], and DNA damage 
(TEGDMA) and chromosome alteration such as the 
formation of micronuclei (TEGDMA, HEMA) have 
also been described [225]. As was expected, (ROS-as-
sociated) DNA damage also led to a cell cycle delay in 
order to give the cell the necessary time to repair DNA 
damages. Relevant signal molecules for cell cycle delay 
and DNA repair (e.g., ATM) were activated [223–225]. 
If DNA damage cannot be repaired, cells will undergo 
apoptosis (programmed cell death) [148]. Apparently, 
a functioning p-53 (tumor suppressor protein) pre-
vents mutation to occur [1].

An increased ROS level after HEMA, TEGDMA, or 
composite resin eluate exposure leads to apoptosis [11, 
148, 186, 238]. This may, for instance, be a consequence 
of cell cycle arrest (see above) or of an activation of the 
mitochondria-associated caspase-9 pathway by activa-
tion of relevant procaspases [225]. Methacrylates may 

interfere with cellular cholesterol and phospholipids 
[24] and thus alter membrane-related functions. Mi-
tochondrial damage was demonstrated after exposure 
to TEGDMA [143]. Apoptosis, however, also occurred 
independent of ROS [238].

Nuclear factor kappa B (NFκB), a key regulator for 
immunologic reactions including inflammation and 
regeneration, was upregulated by HEMA in primary 
skin fibroblasts [238]. This is in line with the obser-
vation that expression of proinflammatory mediators 
such as interleukin (IL)-6, IL-8, and prostaglandin E2 
(PGE2) by epithelial and hematopoetic cells is influ-
enced by TEGDMA exposure [163, 221]. Also, block-
ing (PI-3-kinase) and activating mitogen-activated 
protein (MAP)-kinase pathways by TEGDMA in-
creased the NFkB level [238]. Increased NFkB levels 
seem to block apoptosis. MAP-kinases [198] are also 
influenced by TEGDMA and HEMA, and they are in-
volved in tissue regeneration and cell differentiation, 
for example, by influencing RUNX-2, a key regulator 
for hard tissue formation. As a consequence, gene ex-
pression for biomineralization is down regulated in 
pulp cells after TEGDMA exposure.

Key note Z

Composite resin eluates/monomers influence a 
number of key regulators of cell metabolism. Re-
dox imbalance apparently plays a major role. Many 
aspects are yet unknown, and some data are even 
contradictory. But they show that cell function is 
influenced by these substances in concentrations 
occurring in vivo, for instance, after application of 
an adhesive on the dental pulp or in very deep cavi-
ties [225]. Therefore, traditional concepts that relate 
adverse effects of resin-based composites and den-
tal adhesives mainly to inflammation of adjacent 
tissues (e.g., pulpitis) or to allergic reactions (e.g., 
allergic contact dermatitis) should be expanded: 
These substances also may interfere with immune 
reactions, wound healing, and cell differentiation 
and regeneration (for example, resulting in the lack 
of dentin neogenesis after pulp capping with dental 
resin materials).

5.4.3 Antimicrobial properties

Bacteria may be the cause of material-associated tissue 
damages. Therefore, the influence of resin-based com-
posites and their individual components on bacterial 
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growth has been investigated. These studies revealed 
that resin-based composites and luting composites as 
well may increase the growth of Streptococcus mutans, 
a bacterial strain that is significant in contributing to 
caries generation [58, 207]. In addition, Hansel et al. 
[83] investigated the influence of base monomers 
(Bis-GMA, UDMA) and comonomers (TEGDMA, 
EGDMA) on the in vitro proliferation of caries-rele-
vant bacteria (Streptococcus sobrinus and Lactobacil-
lus acidophilus). It was found that the base monomers 
had no influence or only a slightly growth-inhibiting 
effect on these cultures, but both of the comonomers 
tested (TEGDMA, EGDMA) promoted bacterial 
proliferation. Because these substances usually leach 
from resin-based composites at higher concentrations 
than base monomers do, an overall increased bacte-
rial growth may be the consequence in the presence of 
resin-based composites. Even the addition of fluoride 
could not prevent plaque formation on the surface of 
these materials [12].

Imazato et al. synthesized a monomer with a specific 
antimicrobial group, methacryloyloxy-dodecylpyri-
dinium-bromide (MDPB), which was incorporated 
in resin-based composites and adhesives [107–109]. 
This monomer can penetrate dentin when unset, and 
its effect in dentin is more pronounced compared with 
0.2% chlorhexidine. The molecule is immobilized by 
polymerization; subsequently, diffusion through den-
tin is no longer possible [109, 219]. The antimicrobial 
activity of a substance is often associated with cyto-
toxic effects on (pulp) cells. However, through the im-
mobilization of MDPB by the polymerization process, 
no pulp cell damage has been observed [214].

The adhesion behavior of bacteria on the surface 
of resin-based composites is also of clinical relevance. 
Modern resin-based composites are characterized by 
relatively hydrophobic monomers to reduce water 
sorption and thus possible moisture expansion and dis-
coloration by extrinsic stains. However, this promotes 
the adherence of bacteria. Negative electric potentials 
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Fig. 5.13  . Schematic and simplified overview of the influence of HEMA/TEGDMA on cell metabolism. For details, see Sect. 5.4.2
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at the surface are supposed to reduce microbial adhe-
sion [203]. Besides unspecific adhesion phenomena, 
bacteria can also bind by means of specific adhesins 
(e.g., lectins) to special structures (e.g., sugar residues 
of glycoproteins), which are absorbed from saliva by 
the material. Bacteria adhere better and more tightly 
to resin-based composites than to ceramics (Fig. 5.14) 
[218].

Key note Z

It may be concluded from the aforementioned stud-
ies that resin-based composites may promote bac-
terial growth; this aspect needs to be considered 
when planning a treatment with composite fillings. 
It also emphasizes the high-quality requirements re-
garding marginal adaptation of composite restora-
tions. Antimicrobial monomers are effective in the 
unset state, and further diffusion through dentin is 
stopped by the polymerization process. 

5.4.4 Implantation tests

Resin-based composites were implanted in muscles, 
subcutaneously, and in alveolar bones of small ex-
perimental animals [21, 211, 217, 257]. Unset resin-
based composite specimens and those tested immedi-
ately after polymerization caused tissue damage after 

short-term tissue contact (mainly 1–2 weeks). But 
completely set specimens were usually inert [21, 137, 
211, 217, 247, 257]. However, some resin-based com-
posites were more damaging to tissue after subcutane-
ous implantation than amalgam, when simultaneously 
tested [158]. Altogether, a good correlation was found 
between results from cytotoxicity studies and implan-
tation tests with these materials.

Dental adhesives have been implanted subcutane-
ously in rats, and even after 60 days the adjacent con-
nective tissue showed signs of chronic inflammation 
mediated by macrophages and giant cells engulfing 
displaced resin components [260].

5.4.5 pulp reactions

5.4.5.1 diffusion through dentin

The dental pulp may be damaged by the cavity prepa-
ration, specifically in the case of insufficient water 
cooling, as well as by filling materials (together with 
auxiliary materials). In the latter case, one must differ-
entiate between a direct toxic effect of substances that 
leach from the material and the damaging effect due 
to bacterial toxin subsequent to a microbial coloniza-
tion of the cavity floor (indirect effect). Biologically 
active molecules must penetrate from the cavity floor 
through the dentin to the pulp in order to cause an 
inflammatory pulpal reaction (see Chap. 2). However, 
dentin may act as an effective diffusion and absorption 
barrier [173, 175, 213], which is specifically due to 
the smear layer generated during cavity preparation. 
Permeability is lower in dentin distant from the pulp 
compared with dentin in the vicinity of the pulp [174, 
213]. An obliteration of dentin tubules beneath a car-
ies lesion (dentinal sclerosis) can reduce permeability 
(Fig. 5.15). Permeability of tertiary dentin varies and 
is dependent on its structure, which is associated with 
the intensity of the irritation that triggers the forma-
tion of tertiary dentin. Detailed information about this 
effect is lacking [264]. 

Acids (such as phosphoric acid or citric acid) or com-
plexing agents (such as ethylene-diamine-tetraacetic 
acid, or EDTA) can increase the permeability of dentin 
by removing the smear layer and expanding the orifices 
of the dentin tubules [152, 175]. The well-known pain 
reaction after cementation of restorations with (acidic) 
phosphate cement is also considered an indication of Fig. 5.14  . Accumulation of bacteria on the surface of a luting 

resin-based composite (left), but not on ceramic (right)
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pulp damage. Thus, the application of acids on dentin 
has been declining for many years. Recent studies, how-
ever, have shown that dentin may act as a buffer [22]. A 
reaction of hydroxy apatite with free acid-derived pro-
tons will bind the protons, and subsequently, the pH 
value will increase. Further, it was shown that apply-
ing acids only increases the permeability of thin den-
tin discs (<500 µm) significantly [213]. Therefore, no 
clinically relevant damage due to an increased perme-
ability or caused by an effect of acid protons themselves 
is to be expected in medium deep or shallow cavities 
(Fig. 5.16). Furthermore, experiments have tried to ad-
ditionally decrease the permeability by reducing the 
duration of acid etching [77]. A reduction in the acid 
concentration from 37% to 10% had no effect on per-
meability in medium-deep and shallow cavities [77].

Permeability will, however, be increased drastically 
by acids in deep cavities, which increases the diffusion 
of toxic substances from dentin adhesives and resin-
based composites, and specifically of bacteria and their 
toxins, to the pulp. Dentin in deep cavity areas reveals 
a significantly higher number of dentin tubules with 
larger diameter compared with shallow or medium-
deep cavities (Fig. 5.17) [213]. Therefore, special pro-
cedures are necessary in deep cavities to protect the 
pulp. Interestingly, no significant influence on healing 
was detected after a direct application of phosphoric 
acid on the exposed pulp. But these trials were per-
formed on pulps of young experimental animals with 
a high regenerative capacity. It has not yet been clari-

fied how a predamaged pulp would react under these 
circumstances [13].

Components of composite resin eluates or ad-
hesives, such as TEGDMA and HEMA, can diffuse 
through dentin within a few minutes [77]. The sub-
sequent effective concentration in the pulp may cause 
tissue damage [3, 62, 187], and this also was observed 
on teeth that were predamaged by caries [75]. The 
reaction was specifically pronounced in the case of a 
low remaining dentin thickness [76]. Luting of crowns 
with resin-based composites also caused such reac-
tions [3]. At this point it should be considered that the 
very low volume of the pulp will result in comparably 
high local concentrations, even if only small amounts 
of substances diffuse through dentin.

5.4.5.2 usage tests

A large number of animal experiments and studies with 
human teeth that had to be extracted for orthodontic 
reasons have been performed in order to determine 
the actual risk of pulp damage due to resin-based com-
posites (usage tests). All of these studies consistently 
revealed that no pulp reaction is to be expected in 
medium-deep or shallow cavities with a comparably 
thick remaining dentin layer, if penetration of bacte-
ria beneath the filling is avoided (Fig. 5.18) [59, 71, 
85, 110, 184, 274]. This is also the case when an acid 
(e.g., phosphoric acid) is applied on vital dentin [66, 

Fig. 5.15  . a Increased formation of peritubular dentine (arrows) beneath a carious lesion (dentinal sclerosis). b For comparison: 
dentin located close to the pulp, same tooth
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274]. These results are largely in accordance with the 
aforementioned data from in vitro experiments, which 
showed that penetration of potentially toxic substances 
from shallow or medium-deep cavities to the pulp is 
overall very low.

Comparatively few studies have addressed the ef-
fect of resin-based composites or adhesives on the 

pulp in deep cavities. Furthermore, reported data are 
rather contradictory. On teeth of experimental animals 
(mainly subhuman primates), these materials caused 
no pulp damage [261]. Human teeth, however, showed 
histologically pronounced inflammatory reactions af-
ter the application of resin-based composites and ad-
hesives in deep cavities [42, 91]. Small resin particles 
derived from dentin adhesives were documented in 
dentin tubules and in pulp; these particles were sur-
rounded by macrophages, a situation indicative of a 
foreign body or inflammatory reaction [32, 72]. 

Information on the influence of resin-based com-
posites and adhesives on the immunologic status of 
the pulp and its regenerative capacity is scarce. A sup-

Fig. 5.18  . After application of a resin-based composite in a 
medium depth cavity, no inflammatory reactions of the pulp are 
visible, except for a slight formation of tertiary dentin (30 days 
after application) (magnification ×80)

Fig. 5.16  . A statistically significant increase of the permeabil-
ity (here measured as hydraulic conductivity) was found only 
with very thin dentine discs [213]

Fig. 5.17  . Scanning electron microscopic images of dentin. 
a At the enamel-dentin junction. b Close to the pulp, same 
tooth

5

5 Resin-Based Composites116



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_5_2008 - 06 - 18_2

pression of immune competent cells by monomers was 
found [32, 117], which will increase the pulp’s suscep-
tibility to bacterial toxins [25]. Further research on 
this aspect is necessary.

clinical practice Advice i

No pulp damage is to be expected if resin-based 
composites or adhesives are applied in shallow or 
medium cavities, even after prior acid-etching of 
the dentin (total etch/total bonding technique). In 
these situations, adhesives may serve as sealants 
and thus as protection against potentially penetrat-
ing bacteria (see below). In deep cavities, however, 
especially if microexposure of the pulp cannot be 
excluded, the use of a calcium hydroxide prepara-
tion applied on the deepest part of the cavity is still 
recommended. If a calcium hydroxide suspension is 
used for this purpose, then it should be covered by 
suitable glass ionomer cement.

5.4.5.3 Bacteria at the cavity floor

It is generally accepted today that bacteria at the cav-
ity floor may be one cause for a pulp reaction after 
application of a resin-based composite or adhesive. 
Resin-based composites and adhesives are capable of 
promoting bacterial growth [58, 83, 209]. Analysis of 
bacterial species under resin-based composite fillings 
that had to be replaced showed a large spectrum of 
mainly anaerobic bacteria; quantitatively, there were 
reported to be up to eight times more microorganisms 
under resin-based composite fillings than under amal-
gam fillings under similar clinical conditions [243]. 

A prerequisite for bacterial colonization of the 
cavity floor is a gap between the filling and the cav-
ity wall. This can be prevented almost completely by 
the enamel-etch technique in cavities whose margins 
are entirely located in enamel. However, problems will 
arise if the cavity margins (e.g., cervical/proximal) are 
located in dentin/cementum and if the cavity is overall 
clinically difficult to access. In such cases, it is indeed 
clinically very difficult to apply the adhesive technique 
correctly. Adhesives may help decrease the marginal 
gap in these cases, but gaps cannot be eliminated com-
pletely [28].

Bacteria that are present beneath a composite resin 
filling may cause a pulpal reaction even in shallow or 
medium cavities, where no direct chemical-toxic effect 

of substances leaching from composites or adhesives is 
expected. This difference may be explained by the fact 
that the release of leachables from materials decreases 
over time (due to the setting reaction), and further-
more, the dentin barrier may provide sufficient pro-
tection for the pulp. However, bacteria proliferate; 
therefore, the amount of segregated bacterial toxins 
will increase with time. As a result, the dentin barrier 
for protecting the pulp will no longer be sufficient. The 
application of a “sealing” adhesive may prevent further 
penetration of bacteria into the dentinal tubulus, even 
in the presence of a gap between the adhesive and the 
resin-based composite (Fig. 5.19). Adhesives with an-
timicrobial effects may be further advantageous if re-
sidual bacteria were left behind in the cavity or if they 
penetrate through a marginal gap. For the abovemen-
tioned antimicrobial monomer MDPB, it is postulated 
that, after setting, this material has an antimicrobial 
effect on bacteria that come into contact with it [41, 
107, 219]. 

5.4.5.4 direct pulp capping 
with dentin Adhesives

Adhesives and resin-based composites have been re-
commended for pulp capping [30, 93, 114]. In particu-
lar, Cox and colleagues published data about experi-
ments using teeth of subhuman primates [30, 157]. 
They reported that after an artificial pulp exposure, 
hemostasis, application of 2.5% NaOCl (“chemical la-
vage”), and application of different resin-based com-
posites and adhesives, no or only slight inflammatory 
reaction occurred. Also, complete dentin bridge for-
mation at the exposure site was observed if no bacte-
ria had been present [30, 157]. Inoue et al. divided the 
contact area of adhesives and tissue into three zones: 
(1) a layer of set resin with inclusion of tissue (“soft tis-
sue hybrid layer”), (2) a layer of single resin particles 
in the tissue, followed by (3) a layer of tissue contain-
ing nonpolymerized monomers [114].

Interestingly, a number of pulp capping studies us-
ing subhuman primates confirm these results. Similar 
studies on dogs, sheep, and rats, however, showed op-
posite results: slight to moderate inflammation with 
no or only little dentin regeneration [136, 147]. Also, if 
the cavities had been contaminated briefly with the sa-
liva after the preparation and then disinfected with 2% 
chlorhexidine (to simulate the clinical situation more 
closely), 45% of the pulps were no longer vital after a di-
rect pulp capping with resin-based composites and ad-
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hesives [171]. Furthermore, tertiary dentin formation 
was found in only 25% of the cases. The control group, 
in which calcium hydroxide was applied, showed a 
usual reactive dentin formation in 82% of cases and 
only a share of 7% necrosis (Fig. 5.20). These data have 
been confirmed by other animal studies [147, 176]. 

Similar investigations on human teeth revealed re-
tarded wound healing and no or less “bridging,” per-
sisting inflammatory cells, and a foreign body reaction 
in most cases [2, 32, 90, 97]. The foreign body reac-
tions may have resulted from resin particles, which 
were documented in the tissue after the direct applica-
tion of adhesives on the dental pulp [33, 72]. No clini-
cal long-term studies (longer than 1 year) are available 
regarding the success rate of the application of den-
tin adhesives for pulp capping. Moreover, it should be 
taken into consideration that dentin adhesives may 
degrade over the years [88].

It should be considered, when assessing the par-
tially good results after the application of dentin ad-
hesives for direct pulp capping, that these studies were 
performed on young, mostly “juvenile” pulps with a 
high regenerative potency [13]. Furthermore, the size 
of these pulps in correlation with the pulp exposure is 
higher compared with pulps of adult patients. Over-
all, data regarding the use of calcium-hydroxide-based 
materials is much more substantial compared with 
that for adhesives. Therefore, most manufacturers of 
adhesives do not specify that these products should be 

used for direct pulp capping, and in some cases, they 
even declare it as a contraindication.

clinical practice Advice i

Resin-based composites and adhesives should not 
be used for direct pulp capping in daily practice, 
due to the contradictory data in the literature and 
the availability of an effective alternative (calcium-
hydroxide-based materials). Studies have docu-
mented consistently that success of direct capping 
is decisively dependent on avoiding bacterial infec-
tion. This corresponds to clinical experience and 
underlines the requirement to seal the cavity im-
mediately after a direct capping to avoid bacterial 
penetration.

In contrast to the direct application of resin-based 
composites and adhesives on the exposed pulp, which 
has not yet been biologically substantiated, other bio-
logically oriented treatment strategies are based on 
targeted stimulation of pulpal stem cells. It is the ob-
jective of these studies to induce the differentiation 
of pulpal stem cells into odontoblast-like cells, with a 
subsequent guided formation of dentin [34, 264]. In 
this context, the use of signaling proteins has been dis-
cussed, such as bone morphogenetic proteins (BMPs), 
transforming growth factor (TGFβ1), and bone sialo- 

Fig. 5.20  . a Pulp abscess after direct application of a dentin 
adhesive/resin-based composite on the pulp. (magnification 
×80) b Control: noninflamed pulp after capping with calcium 
hydroxide and tertiary dentine formation 30 days after applica-
tion (magnification ×120) (Courtesy of H. Stanley, Gainesville, 
Florida, USA)

Fig. 5.19  . Intact sealing of dentin tubules despite of gap for-
mation in the resin-based composite (arrow) [119]; intact seal-
ing may prevent bacteria/bacterial toxins from penetrating to-
wards the pulp
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protein (BSP). These strategies may eventually create 
new treatment concepts in the future. 

5.4.5.5 thermal effects of Light-curing units

Studies on primate teeth have documented that an 
increase of 5.5°C of the temperature in the pulp will 
cause irreversible pulpal damage in 15% of all cases 
[278]. Therefore, it is of clinical interest to determine 
the tempe rature rise that may be associated with po-
lymerization of a resin and the thermal radiation of a 
curing unit.

The exothermal setting reaction of resin-based 
composite causes, independently of the light source, 
a temperature increase in the material of up to 12°C 
within 10 s [99, 102]. The additional temperature 
increase due to the curing light unit occurs continu-
ously during the entire irradiation period. Taken to-
gether, a temperature rise of 15.5–18.6°C was found 
in resin-based composite during the application of a 
QTH curing unit, and an increase of 8.2–12.1°C was 
found when an LED unit had been used and the irra-
diation time had been the same. Thus, the temperature 
effect was significantly lower with an LED unit com-
pared with the QTH curing device tested [99, 177]. 
However, early LED curing units had a comparatively 
low power density. If temperature rise is measured 
for LED and QTH curing units at the same power 
density for both devices, previous findings that LED 
curing units induce less temperature rise are not true 
in general; temperature rise is mainly related to the 
power density [8].

Dentin is, however, an excellent thermal insula-
tor, a fact that is well known from endodontic studies 
with heated and liquefied gutta-percha. Therefore, it is 
not the temperature rise in the resin-based composite 
but the temperature rise of the pulp that is of clinical 
interest. An intrapulpal temperature increase of 8 °C 
for a period of 10 s was documented during the appli-
cation of a plasma arc lamp, with a remaining dentin 
thickness of 1 mm [81]. Other lamp types caused an 
increase of 2–6 °C. Thus, it cannot be excluded that the 
pulp will be thermally damaged during extended irra-
diation times and with a thin remaining dentin layer. 
Energy-rich halogen lamps under the same conditions 
caused a temperature increase of 4.7 °C (information 
provided by Ivoclar/Vivadent, Ellwangen, Germany). 
Overall, these data underscore that for light-curing 
units that are on the market, data on thermal effects 
should be available. 

5.4.5.6 postoperative sensitivity 
and clinical studies

In recent years, the application of resin-based com-
posites, especially in the posterior region, has been 
investigated in many studies. The main focus of these 
investigations usually has been wear, marginal gap for-
mation, and color stability. Pulp reactions were either 
not or only superficially considered as pain and in sen-
sibility tests. In general, no pulp damage was reported 
by these studies. However, the application of resin-
based composites – especially when used without ad-
hesives – caused postoperative sensitivity in up to 30% 
of all cases. Even up to 56% of patients reported pain 
during mastication after the application of posterior 
resin restorations; this applies to direct as well as to in-
direct restorations. The symptoms disappeared within 
several weeks in most cases. However, in some cases 
they persisted [167]. The frequency of these spontane-
ous complaints has decreased with the use of currently 
available adhesives [49, 57, 167]. Interestingly, these 
postoperative sensitivities also occur in cases of small 
occlusal cavities.

Investigations with a modern resin-based compos-
ite revealed that 4.8% of the fillings had to be replaced 
due to postoperative complaints [47]. Another resin-
based composite was associated with a failure rate of 
6% after 1 year, mainly caused by postoperative sen-
sitivity. Twelve fillings had to be replaced. One tooth 
had to be treated endodontically, due to postopera-
tive pain and enamel fracture [19]. Trauma caused by 
preparation, microleakage with bacterial penetration, 
polymerization shrinkage, and deformation of the res-
toration under stress have been discussed as possible 
causes for postoperative sensitivity [167]. Thermal 
conductivity and the effects of prolonged acidic appli-
cation are obviously without clinical significance. To-
day it is believed that a pumping effect during loading, 
together with a gap between the restoration and the 
dentin at the bottom of the cavity with open dentine 
tubules, are the main reasons for postoperative sen-
sitivity; this situation may cause dislocation of liquid 
within the dentine tubules, which is then associated 
with pain (Fig. 5.21). 

A different mechanism is probably responsible for 
clinical symptoms occurring after the use of special 
resin-based composites occurring several months af-
ter application. Materials with an intended release of 
antimicrobial substances (so-called smart materials) 
also had a rather high water uptake, with subsequent 
expansion. This expansion leads to cusp fractures in 
extended cavities and to painful sensations [19].
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Even small gaps in the hybrid layer (“nanoleak-
age”), which have been demonstrated in scanning 
electron microscopy by silver staining despite the ap-
plication of an adhesive, have been held responsible for 
postoperative sensitivities. This nanoleakage has been 
attributed, among other things, to incomplete penetra-
tion of the demineralized dentin by the primer and 
the adhesive resin. Self-etching primers, which com-
bine demineralization and diffusion of monomers in 
one molecule, may be clinically advantageous in this 
respect [39, 200]. 

clinical practice Advice i

A suitable adhesive should be applied to prevent 
or reduce postoperative sensitivities, even if it does 
not seem necessary for filling retention in small oc-
clusal cavities. The important effect is the sealing of 
dentin tubules (see Fig. 5.19). If postoperative pain 
nevertheless occurs, it should be monitored. The 
patient should be informed that the pain will usu-
ally disappear with time. In addition, only those 
materials should be selected for daily practice 
whose pulp compatibility has been assessed in 
clinical studies for a sufficiently long period of time 
and that caused no postoperative pain.

Cervical dentin hypersensitivities can be treated in 
certain cases by applying adhesives in the cervical area. 
The aim of this approach is to seal the orifices of the 
dentin tubules and thus prevent movement of liquid in 
the tubules, which may trigger pain (Fig. 5.22). How-
ever, it is also possible that neurotoxic effects caused 
by some adhesives inhibit nerval conductivity and 
thus stop clinical hypersensitivities [166]. The strong 
toxicity of glutaraldehyde-containing adhesives, which 
are marketed for treating hypersensitivities, may also 
play a role [220]; glutaraldehyde causes a coagulation 
of proteins within the dentin tubules [40].

5.4.6 Hazards for eyes

Most current resin-based composites are polymer-
ized with blue light ranging between 400 nm and 500 
nm. Theoretically, this may cause thermal damage to 
the retina at high light intensities and long irradiation 
times. Mutagenic effects of polymerization lights in 
bacterial cultures were also shown after long irradia-
tion times [212, 241]. However, in the dental practice, 
acute tissue damage seems to be rather unlikely be-
cause the exposure times are much shorter. Revers-
ible damage to eyes (e.g., afterimages) may occur, es-
pecially after direct glare. Irreversible photochemical 
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layer
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resin-based
composite
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odontoblasts
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composite

resin-based
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Fig. 5.21  . Proposed mechanism for the generation of post-
operative sensitivity upon masticatory load. a Polymerization 
shrinkage and gap formation. b A pumping effect and disloca-
tion of liquid in the dentine tubules with subsequent irritation 

of the odontoblast-associated pain receptors may occur during 
masticatory load. c Sealing of the orifices of the dentine tubules 
will reduce or completely prevent the shifting of liquid

5

5 Resin-Based Composites120



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_5_2008 - 06 - 18_2

damage (loss of acuity) is theoretically possible. The 
limit value for exposure time in the case of direct ir-
radiation is 3.4 min/24 h. To prevent any adverse ef-
fects on the eyes, protective glasses should be used, or 
protective shields should be attached to the end of the 
light guide of the polymerization lamp. This seems to 
be particularly important for plasma lamps. However, 
studies addressing the side effects of these devices re-
garding potential risks for eyes or vision are currently 
not available.

5.4.7 Inhalation of resin-Based 
composite particles

During the grinding and polishing of composite resin 
fillings, particles in the 0.5–10-μm size range may be 
produced [68]. Animal experiments have shown that 
inhalation of such particles may lead to foci of chronic 
lung inflammation around these particles [68]. Al-
though the clinical relevance of these results is still un-
clear, it is recommended to prevent inhalation during 
grinding and shaping of composite resin restorations, 
such as by the use of a rubber dam or suction and wa-
ter spray [11].

5.4.8 reactions of Gingiva and oral Mucosa

Observations of patients showed that the gingiva next 
to sound enamel surfaces was less inflamed than that 

adjacent to composite-resin fillings, especially in cases 
in which the fillings ended subgingivally (Fig. 5.23) 
[78]. These effects increased in patients who did not 
brush their teeth for 7 days in order to induce an ex-
perimental gingivitis [38]. In a retrospective clinical 
study, it could also be shown that the degree of inflam-
mation as well as the probing depth was higher adja-
cent to resin-based composite fillings compared with 
amalgams or gold alloys [276]. Plaque samples taken 
from intraoral resin-based composite surfaces revealed 
an increased number of Mutans streptococci compared 
with samples from the surfaces of glass ionomer ce-
ments [250]. These results are in line with aforemen-
tioned in vitro data that documented increased bacte-
rial proliferation due to resin-based composites [50, 
58, 207]. From these studies, it can be concluded that 
reactions of the gingiva and the periodontium in con-
tact with resin-based composites are probably due to 
increased plaque accumulation on these materials.

In the course of shaping, finishing, or removing 
composite resin restorations, resin particles may be 
trapped in adjacent soft tissues, such as the gingiva. 
This may be the reason for a chronic inflammation 
[82]. Unintentional implantation of a resin-based 
composite material used for temporary crowns into 
the oral submucous connective tissue led to a circum-
scribed swelling, moderate local inflammation, and 
little pain together with swelling of regional lymph 
nodes after 5 days. After removal, healing occurred 
without further problems (Fig. 5.24).

Unintentional contact of phosphoric acid with the 
gingiva or the oral mucosa may cause local irritations 
or chemical burn (Fig. 5.25). However, no information 
is available in the literature regarding whether this 
contact may cause pronounced or long-term damage.

clinical practice Advice i

Acids that are used to etch ceramics may cause se-
vere chemical burn of soft tissues after unintentional 
contact. Therefore, if such acids are used (e.g., for re-
pair of fractured ceramics) all soft tissues (intraoral 
and extraoral) must be properly protected. 

5.5 Allergies 

Allergies due to dental materials, especially resin-
based composites and adhesives, may affect patients 
and dental personnel as well. Generally, resin-based 

Fig. 5.22  . Application of an adhesive for treatment of cervi-
cal hypersensitive teeth. The orifices of the dentine tubules are 
obliterated by the adhesive resin (arrows)
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composites and adhesives may cause immediate re-
actions (type I) or delayed reactions (type IV; see 
Chap. 2). However, the identification of a specific al-
lergy type may be difficult in certain cases.

5.5.1 prevalence

Resin-based composites and adhesives contain a vari-
ety of substances that are considered to be allergens 
[95, 96]. This applies to base monomers and comono-
mers as well as to additives such as initiators and inhib-
itors (see Chap. 14). For instance, based on an investi-
gation of more than 16,000 referred patients, benzoyl 
peroxide ranks 4th in the list of most often found al-
lergens, and MMA ranks 10th [193]. Within the group 
of (methyl)methacrylates, HEMA, TEGDMA, and 
EGDMA belong to those substances with the highest 
sensitization potency [69, 124]. Formaldehyde and 
glutaraldehyde, which are released during polymer-
ization of resin-based composites or from some ad-
hesives, are classified as “important contact allergens” 
(see Chap. 1).

Reports by Danish dentists indicate that 2% of 
them are suffering from allergic side effects caused by 
resin-based composites [155]. In a group of Swedish 
dentists interviewed on the subject, 2% also reported 

Fig. 5.23  . Gingivitis adjacent to a cervical composite resin 
filling

Fig. 5.24a–c  . Unintentionally implanted resin-based compos-
ites after crown preparation. a Localized swelling. b Retrieved 
material, c healing after removal
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eczema on their hands after contact with resin-based 
composites or adhesives [164]. Interestingly, the fre-
quency of allergy to resin-based composites and asso-
ciated auxiliary materials has increased continuously 
in the past few years among dental personnel paral-
lel to an increased use of these materials in dental 
practice (Fig. 5.26) [128]. A study in Sweden showed 
a 1-year prevalence of self-reported hand eczema of 
14.9% among more than 3,000 Swedish dentists, 28% 
apparently being allergic in nature and 5% being due 
to acrylates [270]. In a recent study, it was reported 
that from 1,632 subjects in a special dental patient/
dental personnel patch test series (1995–2004), 2.3% 
of the patients and 5.8% of dental personnel reacted 
positively to (meth-)acrylate compounds. The most 
common allergens in both groups were HEMA, fol-
lowed by EGDMA, TEGDMA, and MMA [69].

The importance of (di-)methacrylates and other 
resin-based composite additives as allergens is under-
scored by the fact that commercial test series for patch 
tests of these substances are available on the market. 
A main problem for the diagnosis and prevention of 
allergic reactions is that these materials (like many 
others in dentistry) are complex mixtures, and their 
composition is generally not declared in detail by the 
manufacturers.

5.5.2 preclinical studies

Preclinical assessment of the allergenic potency of 
resin-based composites and their ingredients is very 
frequently performed with the maximization test on 
guinea pigs (see Chap. 2). It was found that up to 87% 
of the experimental animals (13 out of 15) showed an 
allergic reaction after sensitization with a commer-
cially available Bis-GMA-based product. Bis-GMA and 
contaminants as well were identified as the cause [14]. 
Söhoel et al. tested two different Bis-GMA/TEGDMA-
containing resins that were used for the bonding of 
brackets. Both substances generated a sensitization in 
50% of the experimental animals, with subsequent al-
lergic reaction [237]. Dentin adhesives that contained 
HEMA, among other substances, were also allergenic 
in animal experiments [130]. Painting a 50% HEMA 
solution on mouse ears (twice per week for 6 weeks) 
influenced the expression of IL-10 in spleen cells and 
of IL-6 in stimulated draining lymph node cells. This 
demonstrated the influence of HEMA on the immune 
system [199]. Overall, base monomers and additives of 
resin-based composites have shown a clear allergenic 
potency in animal experiments. The transferability of 
these preclinical results to human patients is generally 
considered to be good [237].

Fig. 5.26  . Frequency of allergic reactions of dentists and 
dental assistants [128]

Fig. 5.25  . Chemical burn after inadvertent contact of phos-
phoric acid with gingiva (Courtesy of D. Arenholt-Bindslev, 
Århus, Denmark)
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5.5.3 Allergic reactions in patients

Hallström [73] reported the case of a 6-year-old girl 
who suffered anaphylactic shock after application of a 
pit and fissure sealant. Asthmatic symptoms appeared 
in the night after the sealant had been applied. During 
the following 2 days and nights, severe urticaria with 
skin rashes and swellings on the entire body accrued, 
followed by formation of blisters on the child’s face, 
ears, and lips (Fig. 5.27). There was also very intense 
itching. Intraorally, blisterlike lesions of the gingiva 
next to the treated teeth were visible. The fissure seal-
ant was removed, and all symptoms disappeared within 
a period of 2 days. But during this 2-day period, the 
girl’s condition briefly worsened – despite medication 
with a high dosage of a corticoid-containing drug – 
likely because of the removal of the pit and fissure seal-
ants. The sealant contained Bis-GMA and TEGDMA, 

among other ingredients. Subsequent allergy tests with 
acrylates triggered no allergic reactions, which is not 
unusual in these types of allergies [73]. However, for 
ethical reasons, this girl was not reexposed to the sus-
pected pit and fissure sealant [73]. Rix and Andersen 
reported a similar case [195]. A 6-year-old boy who 
was treated with a pit and fissure sealant felt queasy 
15 min after application of the resin; he also seemed 
to be absent-minded and became pale. The estimated 
diagnosis was an anaphylactic reaction caused by a 
dental material based on acrylates.

Signs of allergy have been observed after appli-
cation of a resin-based composite for the bonding 
of orthodontic bands. Three days after treatment, a 
14-year-old boy revealed swollen lips, intraoral inflam-
matory symptoms, perioral erythema, and itching. The 
set bonding resin used as well as the initiator caused a 
positive reaction in a patch test. After the bands were 

Fig. 5.28a,b  . Localized swelling of the upper lip after place-
ment of a resin-based composite filling containing TEGDMA. 
The patient was tested positive (patch test) to TEGDMA. a In-
traoral view. b Extraoral view (Courtesy of D. Arenholt-Bindslev, 
Århus, Denmark)

Fig. 5.27  . Extraoral allergic reactions (type I) after applica-
tion of a pit and fissure sealant (Courtesy of U. Hallström, Lund, 
Sweden)
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cemented with carboxylate cement, the symptoms 
were no longer observed [103]. After fitting of fixed 
orthodontic appliances with a Bis-GMA resin, swell-
ing of the upper lips along with gingival inflammation 
was observed in two patients who tested positive in the 
patch test to Bis-GMA (one of the patients also reacted 
positively to EGDMA and to HEMA) [29]. Similar re-
actions were observed in another patient who revealed 
an allergy to a resin-based composite used for tempo-
rary crowns and bridges [129].

In another case, an adhesive and a composite resin 
filling caused marked swellings in the left area of the 
upper lip and in the neck [180] (see also Fig. 5.28). 
The patient had difficulties in swallowing, but breath-
ing was normal. She was referred to a hospital, from 
where she was discharged after 24 h. After the admin-
istration of adrenaline, the swelling disappeared. Na-
thanson and Lockart reported on a patient with a con-
tact allergy to resin-based composite [160]. Two other 
patients with equivalent allergy (to Bis-GMA) were 
documented by Axell et al. [10]. Kanerva and Alanko 
described a patient with recurrent stomatitis as well as 
swelling of the lips and perioral eczema subsequent to 
a dental appointment [121]; a patch test was “highly” 
positive for Bis-GMA, among other substances. Koch 
[133] reported on a patient whose resin-based com-
posite fillings had to be replaced by amalgam fillings 
because of an allergic reaction to Bis-GMA. In another 
patient, merely the visit to a dental practice – without 
contact with resin-based composites – caused a se-
vere facial dermatitis. The patient was a worker in the 
printing industry and had a proven allergy to dime-
thacrylates. The authors supposed that airborne par-
ticles in the dental practice had triggered the allergic 
reaction [15]. 

Lichenoid reactions of the oral mucosa in direct 
contact with resin-based composites have also been 
documented [146]. The mucosal alterations were lim-
ited to the contact area with the resin material and 
healed once the composite was replaced by another 
material. An allergic component cannot be excluded 
in these situations (see below). Three out of five tested 
patients [146] showed a positive result for formalde-
hyde (patch test); one case revealed a positive reaction 
to EGDMA (a comonomer contained in some resin-
based composites) [9]. 

Formaldehyde, which is a very reactive hapten, may 
cause an allergic reaction. This substance was found in 
set resin-based composites up to 115 days after polym-
erization. This is particularly the case if the material is 
in contact with air during the polymerization and thus 

an oxygen-inhibited surface layer is present. Allergies 
to formaldehyde may occur as asthma [204] (for fur-
ther details, please see relevant textbooks). Local re-
actions to formaldehyde may manifest as pronounced 
gingivitis (Fig. 5.29).

clinical practice Advice i

Compared to the extended worldwide use of resin-
based composites and adhesives, the frequency of 
dentistry-related instances of allergic reactions to 
these substances, although some very severe, can 
be considered to be rather low. In any case, this 
should not be the reason to abandon these mate-
rials all together. But it should be emphasized that 
a comprehensive medical history of the patient and 
knowledge about adequate emergency measures 
are highly important. Knowledge of the composition 
of the materials applied is essential, and information 
provided by the manufacturers (e.g., through safety 
data sheets or instructions for use) may not be ad-
equate [94]. 

5.5.4 Allergic reactions in dental personnel

Piirilä et al. described allergic reactions in 12 persons 
(six dental assistants and six dentists) [183]. Nine of 
them suffered from asthma, two showed a rhinitis, 
and one person had laryngitis. A series of clinical 
tests showed that all 12 patients were allergic to acry-

Fig. 5.29  . The patient (without clinical symptoms) requested 
the replacement of amalgam fillings with resin-based compos-
ite. The placed resin-based composite fillings caused a pro-
nounced reaction of the gingiva and the adjacent oral mucosa 
caused by an allergy to formaldehyde (Courtesy of P.-O. Lind, 
Oslo, Norway)
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lates – in 10 cases, to those substances that are usu-
ally contained in dentin adhesives. The authors also 
reported that the number of cases with occupationally 
caused asthma (due to acrylates) increased from three 
(1985–1991) to 14 (1992–1997) [183]. This increase 
happened a few years after the introduction of dentin 
adhesives and the increased use of resin-based com-
posites in the posterior region.

In 1989, Kanerva et al. had reported seven cases 
(six dental assistants, one dentist) of allergic contact 
dermatitis to substances contained in resin-based 
composites (Fig. 5.30) [122]. Eczemas located on 
hands and in the face were present in most cases. In 
one case, an induration (thickening) of the fingertips 
was observed. Another patient suffered from respira-
tory problems. Four individuals (dental assistants) 
were allergic to Bis-GMA. Two dental assistants were 
allergic to TEGDMA and TEGDA. In four cases, an al-
lergy to epoxy resin was additionally found. The dental 
assistants had to quit their jobs; the dentists could con-
tinue to use resin-based composites if they wore suit-
able gloves. In 1995, another case of an allergic contact 
dermatitis to resin-based composite and to BPA in a 
dental assistant was described [116]. 

The same authors reported a dentist with hand der-
matitis that was spreading to the forearms, chest, neck, 
and face. HEMA was identified as the cause [126]. 
Symptoms of conjunctivitis were also found in two 
dental technicians who were sensitized to TEGDMA, 
among other substances [124]. A laboratory assistant 
with contact dermatitis and a positive patch test to 
HEMA showed persistent paresthesia of the fingertips 
(even after 6 weeks of absence from work) and also 
gastrointestinal symptoms such as nausea and diar-
rhea [150]. A 58-year-old dental assistant complained 
about a moderate to severe paresthesia of the finger-
tips of both hands [127]; a patch test revealed an al-
lergy exclusively to HEMA (from a dentin adhesive). 
A 60-year-old dentist who complained of dermatitis, 
induration, and fissuring of the fingertips reacted pos-
itively to acrylates, including HEMA and TEGDMA, 
in the patch test [123]. An orthodontist suffered re-
peatedly from pharyngitis during work. Results of 
a prick test were negative, but the patch test showed 
sensitization to a number of acrylates, TEGDMA and 
HEMA among others [125]. Dental nurses seem to be 
at special risk, as larger numbers of such personnel 
are reported as being sensitized to acrylate (especially 
HEMA and EGDMA) compared with dentists [115]. 

Interestingly, other professional groups having 
contact with methacrylates are at risk of sensitization 

to these substances and of allergic contact dermatitis 
(ACD). One of these professional groups consists of 
beauticians who apply methacrylate artificial nails and 
who specialize in nail sculpturing [141, 179]. In two 
cases of patients who had ACD due to working with 
methacrylate artificial nails, mucosal erythema and 
edema developed after a crown was luted with a resin-
based composite during dental treatment [141].

Key note Z

Overall, the available investigations and case re-
ports show that the number of allergies in dental 
personnel is increasing; comparatively fewer cases, 
however, have been observed among patients. 
Thus, dental personnel must be considered a risk 
group. In this context, it needs to be considered that 
monomers may penetrate commonly used gloves 
(e.g., from latex or nitrile) within a short period of 
time [154, 194]. Neoprene gloves have been recom-
mended as the best (relative) protection [4]. (See 
also Chap. 12).

Fig. 5.30  . Allergic contact dermatitis of a dentist after contact 
with resin-based composites
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5.6 Mutagenicity and carcinogenicity

Bis-GMA and UDMA were not mutagenic in eukary-
otic cells or in bacterial cultures in vitro. However, in 
the presence of cholesterol esterase, Bis-GMA formed a 
degradation product (see above), BADPE-4OH, which 
then produced micronuclei in cultured human lym-
phocytes [249]. TEGDMA caused major DNA strand 
deletions [229] and induced micronuclei in mamma-
lian cells (chromosomal damage) [230]. Triphenyl-
stibane, a contaminant of some Bis-GMA products, 
was also shown to be genotoxic [92, 144]. Glutaralde-
hyde, which is contained in some adhesives, was mu-
tagenic in vitro, as were the glutaraldehyde-containing 
adhesives [226–228]. Numeric chromosomal aberra-
tions were induced by dimethyl-p-toluidine (DMPT), 
a frequently used accelerator in catalyst systems [255]. 
Some bonding resins for orthodontic brackets caused 
positive results in the Ames test [31, 56]; one of these 
products was subsequently taken off the market. 
TEGDMA caused no mutagenic effects in vitro if it 
was pretreated with enzymes derived from rat liver. It 
was concluded from these findings that TEGDMA is 
degraded in vivo [190]. But no information is available 
so far about kinetics and the resulting intermediary 
metabolic products. It would be important to investi-
gate the metabolic fate of this substance in animal ex-
periments [230]. 

Recently, adhesives containing acryl amides have 
been marketed. On the one hand, acryl amides are 
classified as “likely carcinogenic” by the International 
Agency for Research on Cancer; on the other hand, no 
increased frequency of carcinomas has been observed 
in humans exposed to these substances [70]. The acryl 
amide used in dental adhesives is nonmutagenic, ac-
cording to the manufacturer’s information. This in-
formation is based on nonpublished data. In our own 
studies, increased formation of micronuclei has been 
observed [37].

The assessment of data on in vitro mutagenicity 
regarding clinical significance (the disease impact 
of such effects) is difficult (see Chap. 2) [132]. The 
concentrations necessary to trigger these mutagenic 
reactions were far above those values expected in 
patients with resin-based composites. On the other 
hand, no threshold concentrations regarding the 
harmlessness of mutagenic substances have been 
defined so far. In addition, the concentration at the 
local contact area with tissue is not known, but in 
the case of adhesives is expected to be in the range of 
mutagenic reactions.

Key note Z

Dental personnel have frequent and direct contact 
with these substances and must, therefore, be con-
sidered a risk group. Because these substances are 
partially able to penetrate commonly used gloves 
[4, 154, 194], it is recommended to avoid any skin/
glove contact (“no-touch” technique). Neoprene 
gloves have been recommended as the best (rela-
tive) protection [4]. The mutagenic characteristics of 
light with a wavelength of 450 nm as well as the im-
portance of protecting shields attached to polymer-
ization lamps have already been addressed.

5.7 public discussion

Possible health risks caused by resin-based composites 
and corresponding auxiliary materials are intensively 
and sometimes very emotionally discussed in public, 
similar to discussions on amalgam and dental alloys. 
Careless and uncritical extrapolation of data from 
(in vitro) investigations to patients is frequently the 
trigger for this kind of discussion, for instance, the 
postulated estrogenic effect of pit and fissure sealants.

Patients who link their complaints to a specific 
material, including the use of resin-based composites, 
have founded organizations for patients’ protection on 
various occasions. Recently, a “green consumer ency-
clopedia” was published in Denmark; it recommends 
the use of amalgam in the posterior region to prevent 
an estrogenic effect due to resin-based composites 
[84].

Interestingly, the general symptoms that patients 
associate with resin-based composites and adhesives 
are very similar to those linked to amalgam and dental 
alloys. The number of patients with such symptoms is 
very low as a proportion of the total population, despite 
the frequent use of these materials. However, there is 
a high level of suffering in individual cases, which re-
quire comprehensive and time-consuming consulta-
tions and interdisciplinary assessment and treatment 
by physicians and dentists. Patients who claim their 
symptoms to be due to amalgam and dental alloys 
could be successfully treated by this approach. There-
fore, adequate diagnostic and treatment centers should 
not concentrate on a specific material (e.g., metals or 
alloys) but should include the entire spectrum of in-
traorally applied materials.

Furthermore, it is necessary to distinguish between 
the “general risk” for a biomaterial and the “individual 
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risk.” The general risk for presently available resin-
based composites and adhesives is such that their 
withdrawal from the market is generally not justified. 

However, the individual risk may be such that the use 
of a specific material should not be allowed in a special 
patient situation, such as in cases of allergy.

conclusions for the dental  )
practitioner

1. Beneath a composite resin restoration, a suitable 
base should be placed to protect the pulp from 
material components and bacterial toxins. This 
base may be an adhesive in shallow or medium-
depth cavities. Demineralized dentin needs to be 
completely penetrated by primer resin. Thus, the 
application times of the single components of the 
respective adhesive system have to be carefully 
followed as indicated by the manufacturers. It is 
still recommended to apply a protective layer of 
calcium hydroxide in deep cavities, either as ce-
ment or as a suspension. This layer can be fixed 
by a glass ionomer cement. The strict following 
of every single step of the adhesive technique is 
required to prevent bacterial penetration and 
consequent pulp damage due to bacteria as far 
as possible. However, marginal gaps cannot be 
completely prevented, even today and under op-
timal conditions.

2. Dentin adhesives are not recommended for di-
rect pulp capping because contradictory results 
regarding possible pulp damage have been pub-
lished, and an efficient alternative (calcium hy-
droxide materials) is available.

3. Because resin-based composites and adhesives 
may promote bacterial proliferation, which may 
subsequently cause inflammation of the gingiva, 
patients must practice intensive oral hygiene to 
prevent this inflammation.

4. Inhalation of composite resin particles during 
grinding and shaping of a newly placed restora-
tion should be prevented by suitable measures 
such as a rubber dam or the use of suction/water 
coolant. 

5. Dental personnel should always avoid any con-
tact of skin or even gloves with resin-based com-
posites or dentin adhesives, including during 
instrument cleaning and waste disposal (“no-
touch” technique). Some manufacturers have 
taken this problem into account by packaging 
composites and dentin adhesives in a way that 
allows a no-touch technique (e.g., one-way ap-
plication systems, disposable packaging).

6. Protective shields should be attached to the end 
of the light guide of polymerization lamps to 
protect the eyes of dental personnel.

7. If oral lichenoid reactions occur that are limited 
to the contact area with the filling material, this 
restorative material should be replaced by a dif-
ferent material. If mucosal lesions are not lim-
ited to the contact area with the material, then 
the material is very likely not the cause for the 
tissue alteration.

8. Resin-based composites and adhesives must not 
be used in cases of allergy to these materials or 
to their components. A profound knowledge of 
the composition of these materials is essential 
in order to analyze and prevent these and other 
side effects. 
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Table 5.5  . Substances released from resin-based composites [6, 63, 216, 239]

Abbreviation Molecular weight Molecular formula Substance

Bis-DMA 364 C23H24O4 Bisphenol A-dimethacrylate

Bis-GMA 512 C29H36O8 Bisphenol A-glycidyldimethacrylate

Bis-PMA 480 C29H36O6 Propoxylated bisphenol A-dimethacrylate

Bis-EMA 452 C27H32O6 Epoxylated bisphenol A-dimethacrylate

UDMA 470 C23H38N2O8 1,6-bis(methacrylyloxy-2-ethoxycarbonylamino)-2,4,4-trimethyl-
hexane

UPGMA 968 C51H76N4O14 Urethan bisphenol A-dimethacrylate

TEGDMA 286 C14H22O6 Triethyleneglycoldimethacrylate

TEGMMA 218 C10H18O5 Triethyleneglycolmonomethacrylate

TetEGDMA 330 C16H26O7 Tetraethyleneglycoldimethacrylate

DEGDMA 242 C12H18O5 Diethyleneglycoldimethacrylate

EGDMA 198 C10H14O4 Ethyleneglycoldimethacrylate

DDDMA 310 C18H30O4 1,10-Decandioldimethacrylate

HDDMA 254 C14H22O4 1,6-Hexandioldimethacrylate

HEMA 130 C6H10O3 2-hydroxyethylmethacrylate

PDDMA 240 C13H20O4 1,5-Pentandioldimethacrylate

BDDMA 226 C12H18O4 1,4-Butandioldimethacrylate

MBDDMA ½ 258 C13H22O5 BDDMA-methanoadduct ½ 

DBDDMA ½ 384 C20H32O7 BDDMA-autoadduct ½ 

PRDMA 212 C11H16O4 1,2-Propandioldimethacrlyate

DMTCDDA 304 C18H24O4 Bis(acryloxymethyl)tricyclo [5.2.1.02,6]decane

BEMA 176 C11H12O2 Benzylmethacrylate

SIMA 248 C10H20O5Si 3-Trimethoxysilanpropylmethacrylate

TMPTMA 338 C18H26O6 Trimethylolpropantrimethacrylate

MMA 100 C5H8O2 Methylmethacrylate

MAA 86 C4H6O2 Methacrylic acid

Appendix
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6.1 Introduction

G. Schmalz

Cements and ceramics have a very long tradition as 
dental materials, and they have been used for a great 
variety of different applications. Cements and ceram-
ics are basically inorganic, nonmetallic, hydrophilic 
materials, although there are some exceptions. Ce-
ments are powder–liquid systems that set via salt or 
chelate formation. Ceramics are fired, cast, or pressed 
under heat; subsequently, they are shaped into the de-
sired form, such as by an additional milling or by “so-
noerosion.”

The basic components of many types of cement are 
the following:
• Zinc oxide or silicon dioxide as powder
• Phosphoric acid, polyacrylic acid, or eugenol as 

liquid (Table 6.1)

Setting calcium hydroxide materials are also usually 
classified as cements [5]. Calcium phosphate cements 
are a recent development [4] and are considered to be 
bioactive (osteoconductive and osteoinductive). The 
main disadvantages of calcium phosphate cements 
are their poor mechanical properties and washing-out 
effects, which restrict their actual use to bone regen-
eration and root canal therapy [1]. These materials are 
discussed in detail in Chap. 7.

In addition to the cements that will be comprehen-
sively described in this chapter, various other similar 
dental cements have been used in the past. These will 
not be discussed here in detail because they are of little 
or no clinical importance today, but they are as fol-
lows:

Silicate cements have been used for many years as an-
terior filling material. However, these materials have 
been replaced more and more by adhesively applied 
resin-based composites, not least due to the high risk 

 6  cements and ceramics

contents

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . .  139
References . . . . . . . . . . . . . . . . . . . . . . . . . . .  140

6.2 Zinc Phosphate Cements  . . . . . . . . . . . . . .  141
6.2.1 Basic Material Properties  . . . . . . . . . . . . . .  141
6.2.2 Systemic Toxicity and Allergies  . . . . . . . . .  142
6.2.3 Local Toxicity and Tissue Compatibility . .  143
6.2.4 Mutagenicity and Carcinogenicity . . . . . . .  147

References   . . . . . . . . . . . . . . . . . . . . . . . . . .  147
Conclusions for the Dental Practitioner . .  147

6.3 Glass Ionomer Cements  . . . . . . . . . . . . . . .  149
6.3.1 Basic Material Properties  . . . . . . . . . . . . . .  149
6.3.2 Systemic Toxicity and Allergies  . . . . . . . . .  151
6.3.3 Local Toxicity and Tissue Compatibility . .  151
6.3.4 Mutagenicity and Carcinogenicity . . . . . . .  156

Conclusions for the Dental Practitioner . .  156
References . . . . . . . . . . . . . . . . . . . . . . . . . . .  156

6.4 Zinc Oxide and Eugenol Cements . . . . . . .  160
6.4.1 Basic Material Properties  . . . . . . . . . . . . . .  160
6.4.2 Systemic Toxicity and Allergies  . . . . . . . . .  160
6.4.3 Local Toxicity and Tissue Compatibility . .  162
6.4.4 Mutagenicity and Carcinogenicity . . . . . . .  163

Conclusions for the Dental Practitioner . .  163
References . . . . . . . . . . . . . . . . . . . . . . . . . . .  164

6.5 Calcium Hydroxide Cements . . . . . . . . . . .  166
6.5.1 Basic Material Properties  . . . . . . . . . . . . . .  166
6.5.2 Systemic Toxicity and Allergies  . . . . . . . . .  168
6.5.3 Local Toxicity and Tissue Compatibility . .  169
6.5.4 Mutagenicity and Carcinogenicity . . . . . . .  173

Conclusions for the Dental Practitioner . .  173
References . . . . . . . . . . . . . . . . . . . . . . . . . . .  174

6.6 Dental Ceramics  . . . . . . . . . . . . . . . . . . . . .  177
6.6.1 Basic Material Properties  . . . . . . . . . . . . . .  177
6.6.2 Systemic Toxicity and Allergies  . . . . . . . . .  180
6.6.3 Local Toxicity and Tissue Compatibility . .  180
6.6.4 Mutagenicity and Carcinogenicity . . . . . . .  183

Conclusions for the Dental Practitioner . .  184
References . . . . . . . . . . . . . . . . . . . . . . . . . . .  185



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_6_2008 - 06 - 18_2

140 6.1 Introduction

of pulp damage that was associated with silicate ce-
ments when used without a cavity base [e.g., 7]). How-
ever, bacteria proliferating beneath silicate cement fill-
ings on the cavity floor were also deemed responsible 
for pulp damage [e.g., 3]).

Polycarboxylate cements have primarily been used 
as luting materials. They reveal good pulp compat-
ibility [7, 10]. The initial pain occurring after luting 
fixed restorations with zinc phosphate cement was not 
observed if cast restorations were inserted with poly-
carboxylate cements. However, these materials shrink 
more extensively than zinc phosphate cements [9].

Silicophosphate cements (also called stone cement) 
are a combination of silicate and zinc phosphate ce-
ment in which zinc oxide is mixed with glass powder. 
They have been used as filling material and for cement-
ing indirect restorations. These materials are occasion-
ally recommended by opponents of amalgam as an al-
ternative to amalgam. However, only a small amount 
of information about their biological characteristics is 
available in the literature. The solubility of silicophos-
phate cements is similar to that of silicate cements 
[11]. A cell culture study showed that silicophosphate 
cement was much more toxic after mixing and when 
set compared with a zinc phosphate cement [6, 8]. Sili-
cophosphate cements have caused a chronic pulpitis 
after application to the vital dentin of experimental 
animals [6]. Furthermore, comparably inferior techni-
cal properties have been measured. Thus, silicophos-
phate cements are usually classified as inappropriate 
for definitive restorations, particularly because much 
better alternatives are now available [2].
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Table 6.1  . Basic components of frequently used dental cements

Liquid Phosphoric acid Polyacrylic acid Eugenol

Powder

Silicon oxides Silicate cement Glass ionomer cement

Zinc oxide Zinc phosphate cement Polycarboxylate cement Zinc oxide and eugenol 
cement
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6.2 Zinc phosphate cements

H. Stanley †

A variety of cementing materials are currently used 
as bases and luting agents, but zinc phosphate cement 
has been used for many decades [14]. The phosphoric 
acid-based cements originated from Ostermann’s for-
mula of 1832, which was composed of calcium oxide 
and anhydrous phosphoric acid. Around the turn of 
the century (1902), Fleck established a formula very 
similar to that in use today [24].

Zinc phosphate cement is primarily used for the 
cementation of indirect restorations, such as crowns 
and bridges. However, it is also applied for temporary 
fillings, cavity bases, and buildups of teeth beneath 
crowns. Zinc phosphate cement primarily has contact 
with the pulp–dentin system and in certain cases (e.g., 
temporary fillings) with the gingiva.

6.2.1 Basic Material properties 

6.2.1.1 composition and setting reaction

The powder is mainly a mixture of zinc oxide and up 
to 13% magnesium oxide. The liquid is an aqueous so-
lution of phosphoric acid containing 38–59% H3PO4, 
30–55% water, 2–3% aluminum, and 0–10% zinc (Ta-
ble 6.2). The aluminum is essential to the cement-form-
ing reactions, and the zinc moderates the reaction be-
tween powder and liquid, allowing adequate working 
time and permitting a sufficient quantity of powder to 
be added for optimum properties in the cement [25].

When the powder is mixed with liquid, the phos-
phoric acid attacks the surface of the particles, dissolv-
ing the zinc oxide, which releases zinc ions into the liq-
uid. The aluminum in the liquid is essential to cement 
formation because it reacts with the phosphoric acid 
to form a zinc aluminophosphate gel on the remaining 
portion of the particles. Thus, the set cement reveals 
a cored structure consisting primarily of nonreacted 
zinc oxide particles (28 μm in diameter) embedded in 
a cohesive amorphous matrix of zinc aluminophos-
phate (glasslike phosphate) [14, 23]. 

Excess water that forms during the setting reaction 
diffuses out of the cement, leaving pores in the interior. 
When a high liquid-to-powder ratio is used, the num-

ber of pores in the set cement increases further. Pores 
with a diameter of about 0.5 μm are concentrated at 
the lower level of the cement. Hopeite crystals with a 
height of 5–10 μm grow only at or near the surface of 
the cement in a humid environment [22]. An early ex-
posure of the cement to humidity after application will 
interfere with the setting reaction.

Cements for cavity bases: A layer of cement, thick 
enough to be called a base, may be placed under a per-
manent restoration to encourage recovery of the in-
jured pulp and to protect it against the numerous types 
of insult to which it may be subjected. The insult may 
come from preparation trauma, from thermal shock 
when the tooth is restored with metal, or, depending 
on the particular restorative materials (metallic or 
nonmetallic), from chemical irritation. The base may 
serve as a replacement or substitute for the protective 
dentin that has been destroyed by caries, erosion, or 
cavity preparation, for instance [14]. Today, cement 
bases have become clinically less important since den-
tinal adhesives have been introduced. 

Cements as luting agents: The word “luting” de-
scribes the use of a moldable substance to seal a space 
or cement two components together, such as a preci-
sion casting and the tooth surface. Subsequently, both 
parts are connected by a mechanical wedging [14, 23]. 
Today, adhesive luting materials are increasingly being 
used; these materials are discussed in Chap. 5. Con-
ventional luting cements are materials that can be used 
for cementing precision castings. They are of finer 
grain compared with base cements and are capable of 
forming films of 25 μm or less. Zinc phosphate cement 
is the oldest of the luting cements; it has the longest 
track record and serves as the standard with which 
newer systems are to be compared [14].

Powder–liquid ratio: The compressive strength of 
zinc phosphate cements is dependent on the powder–
liquid ratio. The recommended powder–liquid ratio 
for zinc phosphate cement is about two parts powder 
to one part liquid by weight, or 1.4 g/0.5 ml [14]. The 
powder–liquid ratio for commercial materials ranges 
from 2.5 to 3.5 g/ml [25]. The compressive strength of 
most set commercial luting zinc phosphate cements, 
when properly manipulated, lies between 80.0 and 
110 MPa [23–25].
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Key note Z

Working and setting time can be increased by re-
ducing the powder–liquid ratio. However, this will 
reduce the physical and mechanical properties of 
the cement and result in a lower initial pH value [23], 
which may impair biocompatibility.

6.2.1.2 release and degradation

Two physical properties of the cement that are relevant 
to the retention of fixed restorations such as inlays, 
crowns, and bridges are the mechanical characteristics 
and solubility. High solubility can induce loss of the 
cement needed for retention and may create plaque 
retention sites, which, through enhanced plaque accu-
mulation, is directly related to its biological properties 
[23].

A longer exposure time of zinc phosphate cement 
to humidity will result in release of substances even 
from well-set cement. This applies also to cement mix-

tures with a high powder–liquid ratio after a longer 
period of time in the oral cavity [13]. Hopeite crys-
tals formed by moisture adhere weakly to the cement 
surface. Thus, their presence significantly reduces any 
adhesive properties of the cement and increases its 
solubility. The surface of the cement has a distinctly 
washed-out or powdery appearance to a depth of 
about 4 μm [22].

The discrepancies in outcome between clinical ob-
servations and results from in vitro studies regarding 
solubility of zinc phosphate cements are mainly due to 
the aggressive chemical attack by saliva, plaque, diet, 
and food decomposition in the oral cavity, as com-
pared to the exposure to distilled water only, which 
has been used in most in vitro studies [13]. 

6.2.2 systemic toxicity and Allergies

A search of the literature using the keywords “systemic 
toxicity,” “allergies,” and “zinc phosphate cements” for 
the period from 1980 to 2006 in the largest worldwide 

Table 6.2  . Composition of zinc phosphate cement – powder and liquid [13]

Weight percentage

Range Typical

powder

ZnO 75–100 90.3

MgO 0–13 8.2

SiO3 0–5 0.1

Bi2O3 0–5 0.1

BaO, Ba2SO4, CaO 0–3 0.1

Liquid

H3PO4 (free acid) 38–59 38.2

H3PO4  
(combined with Al and Zn)

10–19 16.2

Al 2–3 2.5

Zn 0–10 7.1

H2O 28–38 36.0

6
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database of medical and scientific literature (Medline) 
was unsuccessful. Therefore, it may be concluded that 
there is no indication of systemic toxicity or allergy 
due to zinc phosphate cement (see also Stanley [29]).

6.2.3 Local toxicity and tissue compatibility

6.2.3.1 cytotoxicity

Various zinc phosphate cements have been shown 
to be clearly cytotoxic immediately after mixing [7]. 
Completely set specimens that were eluted in 0.9% sa-
line solution or in cell culture medium for 7 days were 
not cytotoxic (cell culture medium) or only slightly 
cytotoxic (saline solution) in cultures of periodontal 
ligament fibroblasts (PDL). Toxic reactions were ob-
served in a permanent growing cell line (3T3 mouse 
fibroblasts) [7]. Schmalz et al. [20] also documented 
that the toxicity of zinc phosphate cements in mouse 
fibroblast cultures and PDL cell cultures was depen-
dent on the setting time. In addition, toxicity was de-
pendent on the setting conditions. A clear toxic reac-
tion was observed when the cement set at 0% relative 
air humidity, but the cement was almost nontoxic after 
setting at 100% relative air humidity and subsequent 
aging for 7 days [18]. 

Reducing the powder–liquid ratio increased cell 
damage in studies in which a dentin disc was placed 
between cells and test material [17]. Advanced experi-
ments with three-dimensional cultures also revealed 
that a proper powder–liquid ratio and a dentin layer of 
at least 0.5 mm prevented cell damage [17, 19].

Key note Z

Cytotoxicity studies show that zinc phosphate ce-
ments are cytotoxic immediately after mixing. But 
after complete setting (at 100% relative air humid-
ity), almost no cell damage is caused, particularly in 
the presence of dentin between the material and 
cells.

6.2.3.2 Implantation studies

Older studies on rats and guinea pigs showed that sub-
cutaneous implanted zinc phosphate cements cause a 
pronounced inflammatory reaction immediately af-
ter mixing, which disappeared after a few weeks [2, 

16]. Zinc phosphate cement was also largely nontoxic 
90 days after intraosseous implantation [33]. 

6.2.3.3 pulp reactions – Histopathology

The acidity of the cement during application is very 
high due to the presence of phosphoric acid. The pH 
is about 2 at 2 min after mixing. Subsequently, it in-
creases to 5.5 within 24 h. Thus, it may be concluded 
that potential pulp damage caused by acid attacks from 
the zinc phosphate cement (e.g., by released protons) 
is possible only during the first hours after application 
[14]. The thickness of the dentin layer influences the 
degree of the acid’s penetration. But dentin can also 
act as a solid buffer substance for acids, thus reducing 
the penetration of protons [8, 21]. 

Zinc phosphate cement, when used as base (i.e., 
a thick mix or a puttylike mass), is not a highly toxic 
material (Fig. 6.1). Although there is some lifting of 
the odontoblast layer, the number of displaced cells 
and infiltrating inflammatory cells is countable, im-
plying the presence of a moderate lesion. Figure 6.2 
shows that 36 days after a thick mix had been placed, 
no signs of inflammation were present [28]. A signifi-
cantly higher proportion of liquid (phosphoric acid) is 
necessary if zinc phosphate cement is used as the lut-
ing agent, in order to secure a thin film. In a study to 
evaluate the effect of crown cementation on primary 
dentin with patent tubules, previously unrestored teeth 
received full crown preparations with a nontraumatic, 
high-speed, water-cooled cutting technique. Alumi-
num shell crowns or self-curing resin crowns were ce-

Fig. 6.1  . Pulp reaction after application of a powder-rich mix-
ture of zinc phosphate cement (1 day after application, remain-
ing dentin thickness 0.72 mm, magnification ×350). The number 
of infiltrating inflammatory cells and displaced odontoblasts is 
low [5]
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mented over the prepared teeth. The control specimen 
crowns were cemented with zinc oxide eugenol (ZOE) 
and the experimental specimens with zinc phosphate 
cement. Some preparations were first coated with ei-
ther a thin wash of calcium hydroxide or two coats of a 
copal varnish. No signs of pulp inflammation resulted 
when a temporary crown was cemented with ZOE ce-
ment (Fig. 6.3). 

However, if a thin mix of zinc phosphate cement 
was used to lute a crown over freshly cut dentin with-
out the use of an appropriate liner, a different response 
was seen (the liner being a suspension of zinc oxide or 
calcium hydroxide in an organic or inorganic solvent). 

Evidently, when the patient bites down on a tongue 
blade, the phosphoric acid within the mix of zinc 
phosphate cement is pushed into the dentin tubules 
in such quantity that it may destroy the odontoblasts 
right in place. After 4 days, a widespread three-dimen-
sional lesion appeared that involved all of the pulp tis-
sue, exhibiting intrapulpal edema, a diffuse infiltration 
of neutrophils, and a deep, centrally located collection 
of neutrophils (Fig. 6.4). When either a calcium hy-
droxide liquid or copal varnish was used as a lining 
material, the pulp response was either greatly reduced 
or remained similar to the control [26].

Few studies have compared the pulp reactions 
caused by zinc phosphate cement with those due to 
glass ionomer cement (GIC; see also Sect. 6.3). Pamei-
jer and Stanley found that when they permitted an an-
hydrous water-hardening GIC (Chembond) to harden 
under continuous pressure in class V preparations in 
primates to simulate the clinical conditions of inlay, 
onlay, and crown cementation, pulp abscesses and se-
vere hemorrhage occurred when the remaining den-
tin thickness (RDT) was 0.5 mm or less [10]. When 
comparing the average responses of this product at 25 
and 56 days with zinc phosphate cement without co-
pal varnish, the zinc phosphate specimens with RDT 
values within a similar range revealed no abscess for-
mations or hemorrhage. Because the worst lesions oc-
curred only when the RDT was about 0.5 mm or less, 
it was recommended that a calcium hydroxide coating 
(a small dab) be applied when using GIC to just those 
areas where the clinician judged the RDT to be thin 
(less than 1 mm) and close to the pulp before seating 
indirect restorations. This provided the required pulp 

Fig. 6.2  . Pulp reaction after application of a powder-rich 
mixture of zinc phosphate cement (36 days after application, 
remaining dentin thickness 1.41 mm, magnification ×320). Re-
generated layer of odontoblasts, formation of tertiary dentin, 
and lack of inflammatory cells [5]

Fig. 6.3  . Pulp reaction after cementation of a crown with zinc 
oxide eugenol cement (4 days after application, magnification 
×10). Only an eosinophilic staining of pulp horns is visible due 
to a hyperemic reaction; the pulpal tissue, however, is intact 
(Courtesy of H. Berk, Boston, USA)

Fig. 6.4  . Pulp reaction after application of a low powder mix-
ture of zinc phosphate cement under pressure for luting a crown 
(4 days after application, magnification ×10). A diffuse infiltrate 
of leucocytes is seen in the whole pulpal tissues. Most odonto-
blasts are missing and are replaced by leucocytes (Courtesy of 
H. Berk, Boston, USA)

6
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protection of the critical areas without decreasing the 
overall adhesion benefits of the GIC on dentin.

In 1991, Pameijer and Stanley repeated their 1984 
study and held fabricated class V inlays under pressure 
until an encapsulated and machine-mixed form of a 
GIC luting cement (Ketac-Cem) hardened, again sim-
ulating the hydraulic pressure occurring during crown 
cementation [10, 11]. They found when the RDTs be-
neath the inlays were greater than 1.0 mm, very little 
pulp response occurred. But in teeth with less than 
1.0 mm of RDT, the responses began to increase, par-
ticularly so if less than 0.5 mm, but without abscess 
formation or evidence of severe hemorrhage as in their 
previous study [10]. Although the GIC specimens with 
RDTs less than 1.0 mm showed less response at 5 days 
than the zinc phosphate cement did, at 60 days the zinc 
phosphate cement responses had faded while the GIC 
responses increased. Data on various luting cements 
from different animal and human studies with RDTs 
less than 0.5 mm showed that the acute cellular reac-
tion caused by zinc phosphate cement was lower than 
that with GIC. Polycarboxylate cement generated the 
least chronic inflammatory cell reaction, followed by 
zinc phosphate cement and GIC, whereas the forma-
tion of tertiary dentin occurred in the converse order.

clinical practice Advice i

Cast restorations should be cemented with thick 
mixes to minimize the initial toxic cell reaction and 
optimize the physical and mechanical properties of 
the luting agent. It is not recommended to reduce 
the powder-liquid ratio in order to increase the 
working time. Deep cavity areas (close to the pulp) 
should be lined with a calcium hydroxide prepara-
tion for pulp protection.

6.2.3.4 pulp reactions – clinical observations

When a luting procedure is performed with zinc 
phosphate cement, the patient may complain almost 
immediately of a stinging sensation that lasts a short 
time. This sensation is supposedly due to excess phos-
phoric acid reaching the pulp through patent dentin 
tubules [6, 26]. A young tooth with wide-open den-
tinal tubules is more susceptible to inflammatory re-
sponses than is an older tooth. Actually, very few teeth 
in middle-aged or elderly people are susceptible to this 
phenomenon because of the presence of sclerotic den-
tin, which reduces the patency of dentinal tubules, and 

reparative dentin, which lines the cut tubules on the 
pulp side and prevents acids from reaching the pulp 
even under the extreme pressure of luting procedures. 
Also, if the RDT of virgin dentin with open tubules is 
1.5 mm or greater, the irritating agents appear not to 
reach the pulp.

Although the stinging sensation is short-lived, the 
subsequent response of the pulp is probably similar to 
that seen in Fig. 6.4. Because the presence of sclerotic 
dentin and reparative dentin and the quantity of the 
RDT cannot be predicted, the best protection against 
phosphoric acid penetration is provided by coating 
the dentin with two coats of an appropriate varnish, 
a dentin-bonding agent, or a thin wash of calcium hy-
droxide. Calcium hydroxide plugs the dentin tubules 
and neutralizes acids; hydrophilic resin primers in-
filtrate the collagen mesh produced by acid-etching 
of the dentin and seal the patent dentin tubules (see 
also Chap. 5). These procedures eliminate 90% of the 
severity of the adverse pulp responses, making them 
similar to those of polycarboxylate cement (Fig. 6.5) 
[28, 30, 31]. 

Fig. 6.5  . Pulp reactions summarized from the relevant litera-
ture. The graphs showing experimental data are not represen-
tative per se, but they display a general interpretation of the 
information that is currently available. Effects of the cementa-
tion of inlays at a remaining dentin thickness of ≤0.5 mm: Glass 
ionomer cement without additional pulp protection causes a 
stronger reaction than zinc phosphate cement; polycarboxylate 
cement does not cause an equally severe reaction [31]
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When doing a full crown restoration to treat a 
tooth largely destroyed by caries, it may be necessary 
to build up the tooth before taking an impression. 
This should simultaneously protect the pulp beneath. 
However, in preparing a full crown without any de-
fect (such as for bridge restorations), the dentist may 
not appreciate how close he or she may be to the pulp, 
especially to the pulp horns. These open dentinal tu-
bules with a very short RDT are most susceptible to 
the stinging sensation.

clinical practice Advice i

Temporary cementation of a restoration (i.e., lut-
ing with a sedative temporary cement, such as one 
based on ZOE) may reduce pain during the follow-
ing definitive cementation with zinc phosphate ce-
ment. If, after a luting procedure, the tooth remains 
hypersensitive for an extended period of time, the 
only recourse is to remove the restoration and lute 
temporarily with a sedative cement such as ZOE. 
The therapeutic action of eugenol helps reverse the 
symptoms and enhances resolution of the pulp le-
sion. After proper treatment of the patent dentinal 
tubules, the restoration may then be recemented.

6.2.3.5 Microgaps (“Microleakage”)

Brännström and colleagues reported in 1971 that an 
infection due to penetration of bacteria through mi-
croscopic gaps around the restoration (particularly 
toward the cavity floor) represents the greatest risk 
to the pulp, even more than the toxicity of the restor-
ative material [3, 4]. Stanley did not find a correlation 
between the presence, absence, or number of micro-
organisms and the occurrence or severity of pulp le-
sions. Lesions that could possibly be associated with 
microorganisms were found, as well as lesions without 
bacteria and normal pulps revealing microorganisms 
[27, 30]. Three pulp studies were performed between 
1988 and 1995 [1, 12, 32]. A total of 211 teeth were 
stained using the Brown–Brenn technique in order 
to identify bacteria. Forty-three specimens (20.4%) 
revealed marginal gaps; 21 (48.8%) of these samples 
showed no pulpal lesions (normal pulps remained).

Another aspect that should be considered is the 
number of bacteria present. Intensive attempts have 
been made to quantify the amount of bacteria, even 

if only four or five individual microorganisms were 
found. In their studies, Stanley et al. found only a few 
bacteria on a 0–3 grading scale (0.5), and only a few 
samples revealed microbial invasion of the dentin be-
neath. The statistical analyses indicated that an RDT of 
less than 0.75–0.8 mm between pulp and microorgan-
isms is necessary for pronounced pulp lesions to occur 
[15, 27].

The assumption that cement is washed out at the 
crown margin within a few days, in an amount suffi-
cient to allow microorganisms and their inflammatory 
toxic metabolic products to fill the resulting gap and 
then somehow circumvent the remaining cement and 
finally reach the pulp horns, seems to be very unlikely, 
according to the author of this chapter. 

6.2.3.6 Gingival reactions

Microbial plaque is the most important etiological fac-
tor of an inflammation of the gingiva. This basically 
applies also to periodontitis. Rough material surfaces, 
like those of zinc phosphate cements, are themselves a 
base for increased plaque accumulation. Thus, if zinc 
phosphate cement has contact with gingival tissue (e.g., 
subgingival restoration margins) plaque-associated 
gingivitis may occur [9]. Periodontal destruction due 
to zinc phosphate cement that remains in the gingival 
sulcus may also be triggered by an increased plaque 
accumulation [34] (Fig. 6.6). In an older report, toxic 

Fig. 6.6  . Zinc phosphate cement that was left in the sulcus 
(arrow) with adjacent periodontal destruction, very likely caused 
by increased plaque accumulation at the rough surface of the 
cement (Courtesy of G. Schmalz, Regensburg, Germany)
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conclusions for the dental  )
practitioner

1. No systemic or allergic reactions caused by zinc 
phosphate cements have been documented up 
to now. Only local reactions need to be consid-
ered.

2. No pulp reaction is to be expected if a thick, 
baselike mix is used. The application of cal-
cium hydroxide is recommended in the deep-
est areas of the cavities that are close to pulp 
because microexposures of the pulp cannot be 
ruled out here, and thus the setting reaction of 
the zinc phosphate cement may be impaired 
and its solubility increased. 

3. When using zinc phosphate cement as a luting 
agent for indirect restorations, such as inlays, 
crowns, or bridges, severe pulp reactions (clini-
cal and histological) may occur in deep cavities 
with a low RDT. Lesions will heal if obliterated 
or sclerotic dentin (middle-aged or senior-aged 
patients) is present or if the pulp was originally 
sound. However, it is always recommended 
to coat areas that are very close to the pulp 
(<0.5 mm RDT) with an appropriate substance 
(e.g., calcium hydroxide preparation) before 
the restoration is cemented. Temporary luting 
of a restoration with ZOE reduces pain during 
cementation with zinc phosphate cement.

4. If, after a luting procedure with zinc phosphate 
cement, the tooth reveals persistent clinical 
symptoms (pain!), and other treatment options 
are unsuccessful, the only recourse is to remove 
the restoration and recement temporarily with 
a sedative cement (e.g., ZOE). If symptoms re-
verse, the restoration may be recemented after 
an appropriate pretreatment of the dentin, such 
as with a calcium hydroxide preparation.

properties of phosphate cements associated with slight 
to severe gingivitis have been described [9].

6.2.4 Mutagenicity and carcinogenicity

No information regarding mutagenic or carcinogenic 
effects of zinc phosphate cements is available in the sci-
entific literature. The composition of these cements does 
not provide any indication for such effects to occur.
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6.3 Glass Ionomer cements

G. Schmalz

Glass ionomer cements (GICs; also known as polyalk-
enoate cements) were introduced in 1972 by Wilson 
and Kent [120]. Today, GICs are used as filling mate-
rial for cavity bases and buildups as well as for root 
canal fillings (orthograde/retrograde; see also Chap. 7) 
and as luting agents for indirect restorations such as 
inlays, crowns, and bridges. In addition, GICs have 
been occasionally applied as pit and fissure sealants. 
Adhesion to both enamel and dentin makes GICs at-
tractive for their application in dentistry.

The cermet cements used up to this time are glass 
ionomer cements with metal additives (e.g., silver). 
An increasing number of combinations between glass 
ionomer cements and resin-based composites have 
been developed in recent years (“hybrid ionomers”). 
A broad spectrum of new materials has entered the 
market, ranging in composition between materials 
with a pronounced resin-based composite charac-
teristic (compomers, polyacid-modified resin-based 
composites) and materials that are very similar to con-
ventional glass ionomer cements with an aqueous base 
(resin-modified glass ionomer cements). Compomers 
are discussed in Chap. 5, and resin-modified glass ion-
omer cements will be covered in this chapter.

6.3.1 Basic Material properties 

6.3.1.1 composition

Conventional glass ionomer cements are powder and 
liquid systems. The powder contains finely ground 
glass (containing, for example, calcium and sodium 
fluorophosphoaluminosilicate). The liquid typically 
consists of a polyacrylic acid (47.5%) with a molecular 
weight of about 10,000 D (or higher) and additional 
polycarboxylic acids such as maleic acid, tartaric acid, 
and itaconic acid. Cermet cements contain elemental 
silver, which is incorporated in sintered glass–silver 
particles. The size and distribution of the glass par-
ticles are decisive for the mechanical and optical prop-
erties of the cement. Materials with particularly finely 
ground particles are used as luting agents, whereas ce-
ments with larger particles are applied as filling mate-
rials in visible areas, such as cervical fillings. Densely 
packed particles result in materials with improved me-
chanical characteristics. It is recommended to pretreat 

the cavity briefly (15–20 s) with polyacrylic acid in or-
der to remove the smear layer, increase the wettability 
of dentin, and enhance the adhesion between dentin 
and the GIC. Gels containing 10–40% polyacrylic acid 
are mostly used for this procedure. Most products cur-
rently on the market contain 10–25% polyacrylic acid. 
Aluminum chloride is also added to some products 
[110, 119].

Resin-modified glass ionomer cements consist of 
a glass powder (e.g., SiO3, AlF3, SrO, Na3AlF6) and a 
liquid composed of polymerizable groups attached 
to the polyacrylic acid and/or hydrophilic monomers 
(e.g., 2-hydroxyethyl methacrylate, or HEMA). Vari-
ous catalysts are applied, such as diphenyliodonium 
chloride (DPICl), which is biologically very active [38]. 
The manufacturers of resin-modified glass ionomer 
cements also recommend substances for the pretreat-
ment of dentin, such as products used together with 
conventional glass ionomer cements or products used 
together with resin-based composites, such as self-
etching primers (see also Chap. 5) [11, 18]. A compar-
atively new development is the use of amino acids in 
an attempt to make acid groups more available for salt 
bridging to dental hard structures in combination with 
new methacrylic-based or other monomers [17].

6.3.1.2 setting reaction

Conventional glass ionomer cements set through an 
acid-base reaction. The acid causes an initial release of 
calcium ions from the glass, followed by a segregation 
of aluminum ions. These ions replace the protons of 
the acidic groups, thus generating insoluble calcium 
and later aluminum carboxylates. Glass ionomers are 
initially very acidic (pH 1.6–3.7) [109]. The completely 
set cements reveal a pH between 5.4 and 7.3.

Key note Z

The setting reaction depends on a correct water bal-
ance. Exsiccation as well as pronounced exposure to 
humidity during the setting reaction will negatively 
influence the material properties and, for instance, 
increase solubility, which will then elevate toxicity 
[4, 96].

Resin-modified glass ionomer cements are light-cur-
able (e.g., quartz–tungsten–halogen or light-emitting 
diode light, which is also used for resin-based com-
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posites). Setting of resin-modified GICs is a highly 
exothermic reaction, and some of these products gen-
erate more heat than resin-based composites, perhaps 
due to a high concentration of HEMA [9, 54]. An acid-
base reaction will occur in time, too. Thus, resin-mod-
ified GICs will also set without light irradiation in the 
dark, in contrast to compomers. Some products addi-
tionally set through a chemically initiated polymeriza-
tion. It has been proposed to replace HEMA by amino 
acid acrylates and methacrylate derivatives [121].

6.3.1.3 release and degradation

6.3.1.3.1 Fluorides

Various studies have documented that glass ionomer 
cements release fluoride. This release depends on vari-
ous factors, primarily the setting reaction and elution 
time. Higher amounts of fluoride are initially released. 
Fluoride release drops significantly within a few hours 
(Fig. 6.7), but some fluoride release has been found 
for a period of up to 2 years [31]. GICs leach lower 
amounts of fluoride into artificial saliva than into de-
ionized water [26]. Fluoride leaching is increased at 
low pH and due to esterases [37]. Fluoride was also 
found in the saliva of children whose deciduous teeth 
were filled with glass ionomer cement [32, 41, 108]. 
Cermet cements generally segregate significantly less 
fluoride than conventional GICs, since about 40% of 

the fluorine-containing glasses are replaced by silver. 
External fluoride application (e.g., fluoride-containing 
toothpastes or fluoride gels) may increase the fluoride 
concentration in GICs, similar to dental hard tissues. 
Subsequently, fluoride release increases again, par-
ticularly after application of fluoride gels [32, 55, 58, 
99]. Fluoride is very likely released by means of three 
mechanisms: surface wash-off, diffusion through pores 
and cracks, or diffusion through the bulk [58]. 

Released fluoride diffuses into the adjacent dental 
hard tissue [112], which causes a reduced acid solu-
bility in vitro compared with untreated tooth speci-
mens [114]. It is, however, controversial whether the 
amounts of fluoride released are of clinical relevance 
for caries prevention (Fig. 6.8) [46, 106, 115].

Resin-modified glass ionomer cements also release 
fluoride, similar to conventional GICs. Some studies 
have reported a different fluoride release from various 
products [47, 48], whereas other authors did not find 
statistically significant differences [33, 67]. Overall, so-
called compomers (see Chap. 5) release considerably 
less fluoride than resin-modified GICs do (Fig. 6.7).

6.3.1.3.2 Additional Ions

Other ions are released besides fluoride, including 
calcium, sodium, silicon, strontium, and aluminum. 
Leaching of these ions varies among products [3, 29, 
36, 37]. The extended release of aluminum has been 

Fig. 6.7  . Fluoride is released from glass ionomer cements at 
differing amounts. Overall, there is an initially high rate of re-
lease, which decreases in time asymptotically [33]

Fig. 6.8  . Clinical aspect of a class V restoration with glass ion-
omer cement after 11 years without marginal caries

6



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_6_2008 - 06 - 18_2

151G. Schmalz

intensively discussed regarding biocompatibility [29, 
40, 73, 85] (see also Sect. 6.3.2). Some GICs contain 
zinc compounds, and zinc ions leached into liquids 
[72]. Silver ions leach from cermet cements [87]. 

6.3.1.3.3 Organic Components

Organic components are mainly released from resin-
modified GICs, but little data are available. Leaching 
of HEMA, ethylene-glycol compounds, camphorqui-
none, and a specific initiator (DPICl) have been docu-
mented [38, 52, 53]. DPICl is characterized by a very 
high cytotoxicity and has been identified as a cause 
of the comparatively high toxicity of the product that 
contains this initiator, Vitrebond [38]. HEMA, which 
is segregated by resin-modified GICs, can diffuse 
through dentin in vitro (see Chap. 5).

Key note Z

Low amounts of formaldehyde leach from some 
resin-modified GICs [86], which is of particular con-
cern with respect to a possible allergic reaction.

6.3.2 systemic toxicity and Allergies

No data have been published about the systemic toxic-
ity of GICs. But because these products are medical de-
vices and thus have to be certified according to various 
national and international regulations and standards, 
the systemic toxicity of GICs must be assessed prior to 
their market launch. Unfortunately, much of the data 
about the systemic toxicity of individual products is 
never published [107]. However, it may be concluded 
that these materials should not pose an acute systemic 
risk. The chronic toxic behavior of GICs has not yet 
been characterized.

Because of the positive preclinical biocompatibility 
results, GICs have been used for bone replacement in 
comparatively large quantities in patients, for instance, 
in treating bony cranial defects. Two of these patients 
died. Although their deaths could not be linked un-
equivocally to the use of this material, both patients 
had an extremely high aluminum concentration in 
their lumbar cerebrospinal fluid, plasma, and urine. It 
is, however, unknown whether the reason for this high 
aluminum concentration was the material itself or the 
possibility that it had been applied incorrectly (e.g., 

premature exposure to humidity). In any event, the 
use of GIC for bone replacement was not pursued fur-
ther [40, 85]. Aluminum-free GICs are presently be-
ing developed for bone surgery, but clinical experience 
is still lacking [42]. Aluminum ions are also released 
when GICs are used for dental procedures. However, 
due to the low amounts, systemic toxic reactions are 
extremely unlikely to occur [71].  

No cases of allergies to conventional GICs have 
been published. Only Mjör [63] reported one case, 
in which a generalized urticaria occurred after the 
application of GIC. But no details, such as patch test 
reaction, were given. Resin-modified GICs contain 
monomers, such as HEMA, that are known allergens. 
Because these substances are primarily released from 
resin-based composites, the biological reactions to 
them are reviewed in Chaps. 5 and 14. The informa-
tion provided there also applies to resin-modified 
GICs. Furthermore, the generation of formaldehyde, 
which may elicit allergic reactions, has also been ob-
served with these materials. 

6.3.3 Local toxicity and tissue compatibility

6.3.3.1 cytotoxicity

The cytotoxicity of glass ionomer cements has been 
intensively investigated in a number of studies using 
different cell types (including cultured pulp cells and 
gingival cells) [12, 38, 68, 78, 92, 95, 97]. It was consis-
tently documented that the cytotoxic behavior, similar 
to that of other cements and resin-based composites, 
depends on the setting condition. Nonset materi-
als are very cytotoxic, whereas set specimens are not 
cytotoxic or are only slightly cytotoxic. Interestingly, 
one specific glass ionomer cement product, Ketac-
Cem, caused no alterations of cell morphology, it but 
inhibited RNA and protein synthesis of the treated 
gingival fibroblasts. Epithelial cells were unaffected 
[12]. Thus, substances leaching from glass ionomer 
cements at concentrations that are “sublethal” for the 
cells can nevertheless influence cell metabolism. A se-
ries of studies additionally indicated that toxicity var-
ies among products [100]. In general, the cytotoxic ef-
fect of freshly mixed GICs was referred to their acidity 
and their fluoride release as well [56], although other 
ions have also been taken into consideration, includ-
ing aluminum [69]. The amount of leached aluminum 
ions, however, was apparently too low to cause cyto-
toxic reactions [1]. The cytotoxicity of GIC is appar-
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ently greater than that of mineral trioxide aggregate 
(MTA) [116].

In contrast to resin-based composites, the toxicity 
of GICs is influenced by the relative air humidity in 
the environment. Very low air humidity increases the 
toxicity [94]. Low air humidity (<60%) causes an in-
complete setting of the GIC, thus increasing solubility 
and cytotoxicity [4, 94]. 

Key note Z

Dentin between filling material and cells signifi-
cantly reduces the toxicity of glass ionomer cements 
[23]. Conventional glass ionomer cements were not 
cytotoxic in a dentin barrier test using three-dimen-
sional cultures (Fig. 6.9) [98]. Obviously, dentin may 
act as an acid buffer and as an absorption medium 
for fluorides.

Resin-modified glass ionomer cements have caused 
various reactions, some rather toxic in the uncured 
state [2]. But after setting, some products were only 
slightly toxic [27]. However, cytotoxicity was mainly 

greater for these materials than for Portland cement, 
which strongly resembles MTA [61]. On the other 
hand, one product, Vitrebond, was consistently cyto-
toxic in different studies using different cell lines and 
different evaluation methods [21, 38, 53, 59, 94]. These 
materials were also assessed in dentin barrier tests. 
Most products were almost completely noncytotoxic, 
also assessed using three-dimensional cultures as tar-
get cells. Only Vitrebond was consistently cytotoxic, 
and increasingly so with decreasing dentin thickness 
between the test material and the target culture [35, 
93, 98]. It has been suggested that the pronounced cy-
totoxic effect of this product is caused by the catalyst 
DPICl [38].

6.3.3.2 Antimicrobial properties

Antimicrobial properties of GICs have been inves-
tigated in vitro and in vivo. It was found that freshly 
mixed specimens inhibited bacterial growth in gen-
eral, equivalent to their cytotoxic behavior, whereas set 
samples revealed no antimicrobial effect (Fig. 6.10) [20, 
33, 91, 99]. Specifically the proliferation of Streptococ-
cus mutans and Streptococcus sanguinis was inhibited, 
but growth of Streptococcus milleri and Streptococcus 
casei was not affected [74, 88, 91]. The application of 
fluoride-containing toothpastes increased the antimi-
crobial properties slightly, whereas fluoride gels caused 
a clear increase in the antimicrobial potency [99]. A 
specific antimicrobial effect of cermet cements, due to 
the addition of silver, was not observed. The antimi-
crobial properties tended to be lower compared with 
conventional GICs [33, 91].

In addition to their antimicrobial effect, GICs also 
reveal a decreased microbial adhesion, for instance, 
compared with resin-based composites [74]. Reduced 
bacterial adhesion and inhibited bacterial growth ob-
viously depend on the fluoride release among other 
factors [74, 105]. Some authors suppose that acidity or 
leaching zinc ions are also responsible for these anti-
microbial properties additional to fluoride release [19, 
51, 82, 83, 88, 90]. Antimicrobial properties vary, de-
pending on the product [100]. 

Resin-modified GICs also reveal antimicrobi-
alcharacteristics [83]. Studies over a period of 180 
days showed a significant correlation between fluoride 
release and antimicrobial properties [33]. However, no 
difference was found in vivo between the number of 
bacteria on the surface of various glass ionomer ce-
ments after 1 year of clinical service compared to resin-

Fig. 6.9  . Conventional glass ionomer cements were not cyto-
toxic in the dentin barrier test (100% cell vitality). The pretreat-
ment of the dentin with polyacrylic acid (+) caused a slight tox-
icity. A resin-modified glass ionomer cement (Vitrebond) caused 
a cytotoxic reaction

6



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_6_2008 - 06 - 18_2

153G. Schmalz

based composites and enamel [117]. But other authors 
have documented an inhibition of bacteria on GIC 
restorative surfaces [30] and at the margin of fillings 
[105]. The number of Streptococcus mutans in in vivo 
plaque samples from glass ionomer cements was lower 
compared with those taken from resin-based compos-
ites. These differences could be explained by the differ-
ent fluoride supply of individual patients.

It is very difficult to evaluate whether fluoride re-
lease from GICs is of clinical relevance for caries pre-
vention. This assessment must be based on clinical 
studies [46]. A number of studies give some indication 
of a caries-protective effect. There was significantly 
less secondary caries around class V cavities filled 

with GIC compared with resin-based composite [115]. 
GICs revealed less marginal caries than amalgam after 
a period of 3 years [106]. GIC fillings in class II cavi-
ties showed more fractures than amalgam or resin-
based composite restorations after 5 years of clinical 
service, but less secondary caries [65]. However, other 
studies, which addressed the causes for filling renew-
als in dental practices using questionnaires, revealed 
that secondary caries were the main reason for failed 
GIC restorations [10, 64]. But it has to be considered 
that “secondary caries” in these studies were diag-
nosed without prior standardization by the participat-
ing dentists, and thus the results should be interpreted 
with a certain reservation [10, 64].

Key note Z

Overall, the available studies provide certain indica-
tion that fluoride release and its associated bacterial 
inhibition may cause a lower incidence of second-
ary caries to some extent. But very few studies (spe-
cifically, controlled and prospective investigations) 
have been performed to clarify this aspect. Thus, 
fluoride release cannot be correlated with certainty 
to a decreased rate of secondary caries.

6.3.3.3 Implantation studies

In line with results from cytotoxicity studies, conven-
tional GICs caused an inflammatory reaction in rats 
a few days after subcutaneous implantation, which al-
most completely healed after a longer period of time 
[6]. GICs were also implanted in bone of experimental 
animals. After an initial inflammatory reaction, the 
implants were completely surrounded by and incor-
porated in bone [5, 8, 122]. An integration of GIC by 
bone was documented [50]. GIC was even discussed 
and patented as bone replacement material in bone 
surgery because of its potential osteoinductive effect 
and thus was applied in various studies [44]. Based on 
two fatalities (see Sect. 6.3.2) after clinical application 
of this material for the reconstruction of skull defects, 
GIC is no longer used in bone surgery, although the 
applied GIC could not clearly be confirmed to be the 
cause of the complications [85]. An implantation study 
revealed that very thin mixes of GIC (e.g., used as a pit 
and fissure sealant) generate much more pronounced 
tissue reactions than a thick mix of the same product 
(used as filling material) [104].

Fig. 6.10  . Influence of glass ionomer cement and hybrid ion-
omers on the growth of bacteria: Some glass ionomer cements 
inhibit bacterial growth. The effect, however, decreases with in-
creasing age of the materials [33]
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A resin-modified GIC, Vitrebond, which has been 
characterized by high cytotoxicity, caused a severe tis-
sue reaction after implantation in rats [89]. This mate-
rial was also not compatible when implanted in bone, 
unlike conventional GICs [73]. However, another 
study characterized this product as bone-compatible 
[111].

6.3.3.4 pulp reactions

Pulp studies on different experimental animals con-
sistently showed that the first products that were 
launched on the market elicited moderate pulp reac-
tions. But these effects were lower than those observed 
with silicate cements [57, 75]. Later investigations 
documented a pronounced initial pulp reaction, which 
healed with time [113]. Newer conventional GICs do 
not damage pulp if the pulp is not exposed and is com-
pletely covered by dentin, and bacterial penetration 
can be prevented [66, 95, 97, 101]. This applies also 
to relatively deep cavities (Fig. 6.11). But interestingly, 
only minor tertiary dentin formation was observed in 
many cases. This may be indicative of a sublethal influ-
ence on the metabolism of odontoblasts. However, a 
very severe pulp reaction will be the consequence of 
bacterial colonization of the cavity floor beneath the 
GIC (Fig. 6.12) [7, 97]. 

When applied on the exposed pulp, GICs have 
caused very severe pulp reactions, including abscess 

formation, in various studies with different species 
of experimental animals (Fig. 6.13) [77, 95, 97]. The 
possible cause of these effects may be that the setting 
reaction is inhibited due to the contact with the hu-
mid pulp surface, and thus solubility of the cements 
increases [1]. Subsequently, high amounts of various 
ions, including fluoride, will leach. Other authors have 
discussed bacteria as a potential trigger for inflamma-
tory reactions of the exposed dental pulp.

The results of the animal studies discussed above 
were confirmed in various human pulp studies with 
teeth that had to be extracted for orthodontic reasons. 
Older materials triggered moderate pulp reactions 
[13], whereas newer products caused no damage when 
the pulp was completely covered by dentin [8, 39].

GICs used as luting agents caused severe pain in 
certain cases, which made it necessary to remove the 
restorations [14]. The exact causes for these clinical re-
actions have not yet been fully clarified. Incorrect han-
dling (e.g., pronounced drying of the prepared tooth 
prior to cementation) [102] was discussed as well as 
excessive pressure during cementation or an insuffi-
cient remaining dentin thickness [103]. GICs require 
a certain degree of humidity to secure hydration and 
thus a complete setting reaction. Very dry dentin may 
cause an incomplete setting and subsequently an in-
creased solubility. It should also be considered that the 
cement might withdraw the necessary water needed 
for hydration of the cement from the pulp (hygro-
scopic effect), which then may cause pain. Animal 

Fig. 6.12a,b  . a Pronounced inflammatory reaction of the 
pulp after application of a conventional glass ionomer cement 
(90 days after application, magnification ×80). b Bacteria in the 
associated dentin tubules (magnification ×400)

Fig. 6.11  . No pulp reaction after application of a convention-
al glass ionomer cement in deep cavities (30 days after applica-
tion, magnification ×80)

6



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_6_2008 - 06 - 18_2

155G. Schmalz

experiments performed by Pameijer et al. [76] docu-
mented that an increased frequency of pulp reactions 
occurred when the cement was applied with exces-
sive pressure. However, bacteria in microgaps have 
also been held responsible for these clinical reactions 
[79–81]. But this seems to be very unlikely because the 
clinical reactions generally appeared a few hours after 
cementation of the restorations with the GIC. Bacteria 
usually need a much longer period of time to prolif-
erate under the given circumstances. However, fewer 
cases of postluting pain have been noticed in recent 
years after cementation with GICs.

clinical practice Advice i

It should be considered that deep cavity areas close 
to the pulp should be built up (eventually in combi-
nation with a calcium hydroxide material) before a 
restoration is cemented with GIC. In addition, over-
drying of the dentin should be avoided prior to ce-
mentation.

Pretreating enamel and dentin with polyacrylic acids 
in combination with conventional GICs, in order to 
increase their adhesion, is also recommended. How-
ever, this would increase dentin permeability, too. A 
slightly higher cell reaction was observed in a dentin 
barrier test [96], but no clinical data are available that 
might confirm negative consequences. Commonly 
used adhesives as alternatives to polyacrylic acid 
have been recommended for use in combination with 

resin-modified GICs, equivalently to resin-based com-
posites. The results regarding adhesion varied: Some 
authors reported no increased adhesion [49], whereas 
other authors described a considerably improved 
bond between the resin-modified GIC and dentin [62, 
70]. The biological effect of adhesives is discussed in 
Chap. 5.

Resin-modified GICs elicited no pulp damage in 
various animal experiments when no bacterial penetra-
tion occurred [24, 28, 34]. Cox et al. [16] applied two 
resin-modified GICs, one of them the highly cytotoxic 
Vitrebond, directly on the exposed pulp of experimen-
tal animals. The authors observed good pulp compat-
ibility, but these authors also recommend dentin ad-
hesives for direct pulp capping. Other studies showed 
that this approach is associated with a high risk of pul-
pal damage (see also Chap. 5). Other authors found 
pulp damage after the application of Vitrebond on the 
exposed pulp with displacement of its components to 
the coronary pulp tissue. Even after 300 days, no hard 
tissue barrier formation occurred, but chronic inflam-
mation was observed [25]. Recent studies on human 
teeth described no pulp reaction after the use of Vit-
rebond in deep cavities [15, 22]. However, it should be 
taken into consideration that all of these experiments 
were performed on intact teeth with sound pulps that 
possessed a high regenerative capacity. It is not known 
how predamaged pulps would react.

clinical practice Advice i

There is no sound scientific evidence for applying 
resin-modified glass ionomer cements for direct 
pulp capping. Therefore, the dentist should prefer 
well-proven materials based, for instance, on cal-
cium hydroxide for direct pulp capping. 

6.3.3.5 reactions of Gingiva and oral Mucosa

In contrast to zinc phosphate cement, no histologic 
inflammatory reaction was observed when GIC was 
brought into contact with the oral mucosa of hamsters 
for several days [45]. Clinical studies also showed that 
GIC is not damaging to the oral mucosa. Optimally 
shaped GIC fillings that were in contact with the gin-
giva caused no increased inflammation compared with 
control teeth with no restorations (Fig. 6.14) [117, 
118]. 

Fig. 6.13  . Pronounced inflammatory reaction of the pulp af-
ter application of a conventional glass ionomer cement on the 
exposed pulp (30 days after application, magnification ×80)
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6.3.4 Mutagenicity and carcinogenicity

Conventional and resin-modified GICs were not mu-
tagenic in the Ames test [27, 60]. One resin-modified 
GIC that was repeatedly characterized as cytotoxic 
elicited genotoxic and mutagenic reactions in several 
in vitro tests and in one in vivo test [43], with compo-
nents in the liquid being responsible for this reaction 
[84]. Again, a no-touch technique is recommended for 
the dental personnel.

conclusions for the dental  )
practitioner

1. Glass ionomer cements are, in general, cytotoxic 
shortly after mixing but are inactive when set. 
They can be applied on vital dentin if one is cer-
tain that the pulp is not exposed.

2. Deep cavities are always associated with the risk 
of a (potentially unrecognized) pulp exposure. 
Therefore, it is recommended to cover areas close 
to the pulp (and pulp exposures) with a calcium-
hydroxide-based material.

3. When GICs are used as luting agents for restora-
tions, the tooth should not be excessively dried. 
Areas close to the pulp should not only be cov-
ered with a calcium hydroxide material, but de-
fects should be built up prior to cementation.

4. Resin-modified GICs can be used virtually in the 
same way as conventional GICs, but the product 
Vitrebond should always be used in combina-
tion with a calcium-hydroxide-based material in 
medium-deep and deep cavities.

5. Resin-modified GICs should not come into di-
rect contact with skin and gloves because these 
materials contain potentially allergenic sub-
stances, such as HEMA (see Chap. 5 on resin-
based composites).

6. Light-curing units used together with resin-
modified GICs should be operated with caution, 
as with resin-based composites (see Chap. 5).

7. Because varying reactions have been observed 
with various GICs, assessment of their biocom-
patibility should not just be based on the group 
or type of material, but adequate data should be 
requested for each individual product. 
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6.4 Zinc oxide and eugenol cements

G. Schmalz and B. Thonemann

Zinc oxide and eugenol cements (ZOE) are primarily 
used as temporary filling material, for temporary lut-
ing of cast restorations, for indirect pulp capping, and 
as root canal sealers (the latter application is reviewed 
in Chap. 7). The biological properties of the ZOE ma-
terials include wanted effects (e.g., pain reduction or 
treatment) as well as unwanted reactions. Eugenol 
and isoeugenol are not only used in dentistry but are 
also frequent ingredients in cosmetics, fragrances, and 
foodstuffs [26]. 

6.4.1 Basic Material properties 

6.4.1.1 composition and setting reaction

ZOE consists of two main components: zinc oxide 
powder and eugenol (2-methoxy-4-allylphenol). When 
zinc oxide is mixed with eugenol, a zinc oxide–eugenol 
chelate will form in the presence of humidity [40]. The 
mixture sets within a period of 12–24 h. The addition 
of resin, quartz, calcium phosphate, or zinc acetate ac-
celerates the setting of the material (see Chap. 7). Be-
cause oil of cloves contains about 70% eugenol, some 
products use it instead of pure eugenol. 

6.4.1.2 release and degradation

The setting reaction of ZOE to zinc-oxide-eugenolate 
is reversible. If ZOE is located in an aqueous environ-
ment, then the superficial eugenolate complex is hy-
drolyzed, eugenol leaches, and zinc hydroxide as well 
as zinc oxide remain in the material [5]. Eugenol re-
lease depends on the powder–liquid ratio. ZOE with a 
powder–liquid ratio of 2:1 releases high quantities of 
eugenol during hydrolysis because of its high share of 
eugenolate. Maximum eugenol release from ZOE was 
observed within the first 5 h after mixing and repre-
sented 4–5% of the entire quantity of eugenol [22].

6.4.2 systemic toxicity and Allergies

The LD50 of eugenol when applied intraperitoneally 
in mice is 1,109.6 mg/kg body weight [42]. Eugenol is 
a chemically defined flavoring agent and is classified 

as a dietary supplement [9]. So far, no systemic toxic 
effects after the application of ZOE in dentistry have 
been reported.

6.4.2.1 preclinical Allergy studies

Eugenol was weakly allergenic in the guinea pig maxi-
mization test, whereas isoeugenol was a strong al-
lergen [3]. This may be due to a different metabolic 
pathway for the two substances [8]. Also, Hilton et 
al. [14] reported that eugenol caused a positive reac-
tion in the maximization test on guinea pigs as well 
as in experiments on mice. In addition, eugenol gen-
erated a statistically significant increase of serum IgE 
concentration in mice [14]. On the other hand, it was 
found that eugenol at a concentration of 10 μg/g body 
weight completely prevented an experimentally in-
duced systemic anaphylactic reaction in rats [18]; the 
experimental animals showed a significant decrease of 
the histamine level in serum compared with the con-
trol group [18]. Kallus et al. were unable to elicit an 
allergic reaction to ZOE in the guinea pig maximiza-
tion test, although an allergic potential of eugenol was 
found in association with periodontal dressings and 
mouth-rinsing solutions [16]. The authors explained 
their findings by the inflammation–inhibitory potency 
of eugenol. 

6.4.2.2 Allergic reactions of patients

Cross-reactions between eugenol and Peru balm have 
been reported [29]. Peru balm may be, along with oth-
ers, a component of so-called eugenol-free zinc oxide 
materials, such as noneugenol periodontal dressing 
materials. A 50-year-old patient developed an allergic 
reaction after application of a noneugenol periodontal 
dressing. Two weeks previously, a eugenol-containing 
periodontal dressing material had been used on this 
patient. A slight redness of the palatal mucosa was vis-
ible after this eugenol-containing periodontal dressing 
material was removed. Therefore, a different, eugenol-
free dressing material was applied during the subse-
quent treatment. Immediately after application, the 
patient reported a burning mouth and swelling of the 
tongue. Her arms and face became red, and she com-
plained of nausea, abdominal pain, urticaria, and hot 
flushes [25].

In other cases, ZOE used for temporary luting has 
led to a gingival and mucosal inflammation after a res-
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toration was luted with a ZOE preparation or after the 
use of a ZOE temporary cavity dressing. Hypersensi-
tivity to eugenol was confirmed by patch testing [21, 
30].

A survey of dentists addressing the frequency of 
adverse effects to dental materials in their patients re-
vealed a total number of 147 patients suffering from 
side effects of dental materials. Of these, 26 patients 
revealed adverse effects to eugenol-containing tempo-
rary filling materials. Redness, swelling, or pain of the 
oral mucosa, gingiva, and lips occurred in 25 cases, 
but no systemic reactions were documented (Fig. 6.15) 
[13].

Isoeugenol and eugenol are often ingredients of 
fragrances marketed for personal and domestic use. 
Eugenol is often used in perfumes, and 2.5% of pa-
tients suspected of perfume allergy show a positive 
reaction to eugenol [41]. Isoeugenol is frequently used 
in deodorants [7] and may cause allergic contact der-
matitis. Isoeugenol is one of the two most frequent 
allergens for patients who test positive for fragrances, 
and eugenol ranks in the middle [37]. It should be re-
alized that a number of patients who react positively 
to isoeugenol are also allergic to eugenol, although in 
animal studies, isoeugenol and eugenol did not cross-
react [37].

6.4.2.3 Allergic reactions of dental personnel 

The above mentioned survey [13] also showed that 48 
out of 115 dentists suffered from occupational health 
problems, and two of them complained about side ef-

fects to eugenol-containing materials. Of dentists who 
suffered from dermatitis, six out of 25 revealed a non-
occupational allergic contact dermatitis, and 12 re-
vealed an occupational allergic contact dermatitis [28]. 
Five of these 12 persons reacted positively to eugenol, 
and two of them additionally to isoeugenol [28].

Patch tests on dental personnel addressing occu-
pational allergens revealed that 36.9% of them had an 
occupational allergenic contact dermatitis, and 46.2% 
had an irritative contact dermatitis [6]. Four dentists 
of the 12 who suffered from an occupational allergic 
contact dermatitis reacted positively to eugenol [6]. 
One dental assistant revealed an occupational allergic 
contact dermatitis caused by eugenol, which was con-
tained in a temporary filling material [17]. 

Key note Z

Eugenol and its derivatives are often used as scent 
in cosmetics and fragrances; in addition to geraniol, 
eugenol is one of the most frequently applied scents 
in European antiperspirants [26]. An allergic contact 
dermatitis to fragrance products may be associated 
with a sensitization to eugenol [26].

Sensitization may also be caused by foods, since 
eugenol is used as a flavoring agent [23]. For instance, 
eugenol may be added to chewing gum up to a con-
centration of 221 ppm and to chocolate up to 750 ppm 
[9]. Eugenol occurs naturally in cloves, bay leaves, 
camphor, and cinnamon [9]. An allergy to these spices 
may also be caused by eugenol, and vice versa.

Fig. 6.15a,b  . Allergic reaction. a Perioral eczema (partially covered by cosmetics). b Reaction of the gingiva after temporary ce-
mentation of a crown with a zinc oxide and eugenol cement. The patient reacted positively to eugenol in the patch test
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clinical practice Advice i

Each dentist should be familiar with the allergenic 
potency of eugenol-containing products. But these 
materials can generally be used without restriction 
in dental practice, based on the available data and 
clinical experience, if the usual contraindications are 
considered in patients who are allergic to these sub-
stances.

6.4.3 Local toxicity and tissue compatibility

6.4.3.1 cytotoxicity

Eugenol, which is a phenol derivative, is highly cyto-
toxic in vitro [32]. Hensten-Pettersen and Helgeland 
[12] documented a pronounced cytotoxic reaction of 
eugenol in four different test systems even 24 h after 
mixing. However, if dentin is present as a barrier be-
tween ZOE and cells, no or only slight cytotoxic ef-
fects have been observed [36]. Thus, dentin possesses 
a protective effect that may be related to an adsorption 
of eugenol to calcium apatite and to certain proteins, 
such as albumin, in dentin [33]. 

6.4.3.2 Antimicrobial properties

ZOE materials have antimicrobial properties against a 
great variety of oral bacteria. In contrast to other re-

storative materials such as glass-ionomer cements and 
resin-based composites, usually no bacteria are found 
at the cavity floor beneath ZOE fillings. Besides other 
factors, this is considered a cause for the healing of an 
existing pulp inflammation by ZOE application and 
for its pulp compatibility, even if ZOE is applied very 
close to a nonexposed pulp that has to be covered by a 
complete dentin layer [1].

6.4.3.3 Implantation studies

ZOE cements have triggered an initial pronounced 
inflammation when implanted in muscle (Fig. 6.16), 
which decreased over time (up to 60 days after implan-
tation) [4, 34, 35]. These results are in accordance with 
cytotoxicity data (see above). In both test methods, 
cells and the ZOE cement are in close contact (no pro-
tective dentin layer in between). 

6.4.3.4 pulp reactions

A direct application of ZOE cements on the exposed 
vital pulp will cause a severe inflammatory reaction 
and pulp necrosis [38], which is equivalent to the 
aforementioned pronounced cytotoxicity. If there is a 
complete dentin layer between pulp and ZOE, no in-
flammatory reactions will occur (Fig. 6.17). This has 
been proven in various experimental animals and hu-
man teeth [10, 19, 24, 31]. ZOE is recommended as a 
nontoxic reference substance in respective 
 (pulp-dentin test according to ISO 7405; see also 
Chap. 3). The protective effect of dentin was also 
shown in vitro (see above). This is corroborated by the 
finding that the concentration of eugenol at the cav-
ity floor was 100 times higher than in the pulp when 
ZOE was applied on dentin with a thickness of 2 mm 
[15]. This effect may be explained by the adsorption of 
eugenol to inorganic and organic dentin components 
(see above) [15, 33]. Tertiary dentin was formed be-
neath cavities filled with ZOE but to a much lesser ex-
tent than with calcium hydroxide [10, 24]. 

ZOE has a pain-relieving effect. When applied 
in deep cavities, ZOE suppresses the excitability of 
nerves in the pulpal tissue [39]. This may be due to 
the capability of eugenol to block transmission of 
action potentials of nerves [39]. Eugenol blocked the 
conduction of stimuli in isolated sciatic nerves of frogs 
at a concentration of 0.01% [20]. In vitro studies have 

Fig. 6.16  . Implantation study: pronounced necrosis and in-
flammatory reaction in the tissue after intramuscular implanta-
tion of a zinc oxide eugenol cement (7 days after application, 
magnification ×80)
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shown an interaction of eugenol with vallinoid recep-
tors on nerve cells playing an important role in noci-
ception, which may lead to inhibition of pain transmis-
sion [11]. In addition, eugenol inhibits inflammation. 
It inhibits cyclooxygenase activity and thus reduces 
the formation of prostaglandins and leukotrienes from 
arachidonic acid [2] (see also Chap. 7). 

clinical practice Advice i

To prevent a pulp necrosis, microperforations of 
the remaining dentin have to be excluded with cer-
tainty when ZOE cements (e.g., as a cavity base) are 
applied. The powder–liquid ratio should be as high 
as possible to reduce the quantity of unbound and 
leachable eugenol. Under these circumstances, ZOE 
cements are not pulp-damaging and may be used 
for pain relief and treatment of a reversible pulpitis.

6.4.4 Mutagenicity and carcinogenicity

Eugenol was mutagenic in the mouse micronucleus 
test [42]. This effect could not be reproduced in trans-
genic mice [27]. Based on these findings, the use of 
ZOE materials is not contraindicated.

Fig. 6.17a,b  . Noninflamed pulp after application of zinc oxide eugenol. a 7 days after application. b 90 days after application 
(magnification ×80)

conclusions for the dental  )
practitioner

1. Zinc oxide and eugenol cements are not pulp-
damaging when used for indirect pulp cap-
ping. However, in deep cavities there is always 
the risk of microperforations of the remaining 
dentin. Therefore, the deepest areas should be 
covered by a calcium hydroxide preparation. 
To avoid a pulp necrosis, ZOE must not be ap-
plied on the exposed pulp.

2. ZOE should not be used on patients who are 
allergic to eugenol. Eugenol is often found in 
fragrances and cosmetics, which may also re-
sult in an allergy. Furthermore, cross-allergies 
with Peru balm have been reported. Peru balm 
may be an ingredient in noneugenol ZOE ma-
terials. A number of patients who are allergic 
to isoeugenol (used in personal deodorants) 
may also be allergic to eugenol.

3. Dental personnel should avoid any skin con-
tact with eugenol and ZOE in order to prevent 
an occupational contact dermatitis.
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6.5 calcium Hydroxide cements

H. Stanley (†) and B. Thonemann

Calcium hydroxide cements are used for direct and in-
direct pulp capping. The long-term goals of these pro-
cedures are a vital and pain-free pulp. The vital pulp 
tissue of a tooth contributes to the formation of sec-
ondary dentin, peritubular dentin (sclerotic or oblit-
erated dentin), and reactionary/regenerative dentin 
(tertiary dentin), which is triggered by biological and 
pathological irritation or stimuli (see also Sect. 2.2.4). 
By the application of a material on the exposed pulp, 
tooth repair is intended, which in many aspects re-
sembles tooth development. Therefore, relevant sig-
naling molecules and genetically activated metabolic 
pathways will be similar in both instances.

The pulpal tissue extends into the tubular dentin 
and is responsible for the flexibility, wetness, and elas-
ticity of dentin. These properties of the vital pulp pro-
tect the tooth from possible damage due to mastication 
[70, 73]. In addition, a nonvital tooth requires a load 
2.5 times higher than does a vital tooth in order to gen-
erate a proprioceptive reaction, which is, for instance, 
necessary for a patient to localize a painful tooth. 

Calcium hydroxide suspensions will also be de-
scribed in this chapter for a better understanding of 
the mode of action. These suspensions also harden, 
but they do not set like cements. Similar to zinc oxide 
eugenol cements, the biological properties of calcium 
hydroxide materials include side effects (such as lo-
cal necroses) but also wanted biological effects, such 
as initiation of new dentin formation. Because the lat-
ter effect may also be triggered by other materials and 
substances, these compounds will be reviewed below 
in the section on alternatives to calcium hydroxide. 
Calcium hydroxide materials are also used as root ca-
nal sealers or for apexification procedures (i.e., drug-
induced formation of an apical calcified tissue barrier 
in teeth with incomplete root formation). This applica-
tion will be described in detail in Chap. 7.

6.5.1 Basic Material properties 

6.5.1.1 composition and setting reaction

6.5.1.1.1 Calcium Hydroxide

Various calcium hydroxide materials have been re-
commended for direct pulp capping. Besides calcium 
hydroxide, these compounds can contain water (sus-

pensions), organic solvents (liner), calcium salicylate 
(cements), and resin monomers. All of these materials 
are characterized by a different pH. Aqueous calcium 
hydroxide suspensions reveal a pH of 12–13, and au-
tosetting calcium-hydroxide-based salicylate cements 
(in the preset condition) have a pH of 10–11. Resin-
based materials, however, show a pH of 11–12 before 
polymerization [67]. 

Calcium hydroxide suspensions (pH 12–13): The 
mixture of calcium hydroxide powder with water re-
sults in pastes with different viscosities depending on 
the powder-liquid ratio. Aqueous calcium hydroxide 
suspensions reveal the highest degree of alkalinity and 
thus the strongest bactericidal effects [67]. Calcium 
hydroxide suspensions contain trace amounts of cal-
cium chloride, calcium oxide, potassium chloride, so-
dium chloride, and sodium bicarbonate besides water. 
Barium sulfate may be added to increase radiopacity. 
To improve the handling properties of the suspension, 
methyl cellulose may be added to some products [5]. 
Calcium hydroxide suspensions do not set in a classic 
sense; rather, they solidify because of the evaporation 
of water and formation of calcium carbonate.

Calcium hydroxide cements (pH 10–12): The tissue-
destructive properties of calcium hydroxide suspen-
sions prompted the development of products that are 
able to stimulate dentinogenesis, the formation of 
tertiary dentin (“bridging”) without causing a necro-
sis of the remaining pulpal tissue, as is the case with 
most calcium hydroxide suspensions (Fig. 6.18) [72]. 
Therefore, calcium hydroxide materials with a lower 
pH were developed, including autosetting calcium-
salicylate cements (e.g., Dycal, KerrLife) and calcium-

Fig. 6.18  . “Bridging” after application of calcium hydroxide 
on the exposed pulp (30 days after application, magnification 
×80) (Courtesy of G. Schmalz, Regensburg, Germany)
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hydroxide-containing compounds based on resins 
(e.g., Prisma VLC Dycal).

6.5.1.1.2 Alternatives to Calcium Hydroxide

There have been frequent attempts in the past to re-
place calcium hydroxide with other substances. For 
instance, cyanoacrylates, glucocorticoids, dental ad-
hesives, and, most recently, mineral trioxide aggregate 
(MTA), have been discussed, as well as biologically ac-
tive signaling molecules. 

Typical cyanoacrylate products (e.g., superglue) 
contain ethyl cyanoacrylate, isobutyl cyanoacrylate, or 
N-butyl-cyanoacrylate. In addition, methyl acrylates 
are added as thickening agents as well as stabilizers, 
such as hydroquinone and organic sulphonic acids. 
Cyanoacrylates have been used, for instance, as surgi-
cal tissue glues. Most available superglues are mixtures 
of different cyanoacrylates and are not approved for 
medical application. Dental materials consist of ethyl 
cyanoacrylate (Cyanoveneer, Epiglue) or isobutyl cy-
anoacrylate (Histoacryl) [7]. Pulp capping with cyano-
acrylates, although recommended by some authors, 
has not become a standard procedure in dentistry. 

Furthermore, glucocorticoid compounds con-
taining hydrocortisone (cortisol) or dexamethasone 
have been recommended for direct pulp capping [23]. 
These substances are often combined with antibiotics 
(1 g Ledermix: 10 mg triamcinolone, 30.21 mg deme-
clocyclin calcium). 

Recently, dental adhesives have been proposed 
for direct pulp capping [1, 17]. Information about the 
composition of dental adhesive systems can be found 
in Chap. 5.

Mineral trioxide aggregate (MTA), which has been 
introduced mainly as a retrograde root canal filling 
material or for apexification procedures, has also been 
recommended for direct pulp capping [3, 21, 24, 48, 
54, 83]. MTA powder consists primarily of tricalcium 
silicate, tricalcium aluminate, tricalcium oxide, and 
silicate oxide [79]. Bismuth oxide is added to increase 
radiopacity. The powder is mixed with water.

Other materials have been described for their po-
tential application as pulp capping products; type I 
collagen sponges, enriched homologous collagen so-
lutions, dentin matrix extracts, and bovine cancellous 
bone enriched with calcitonin have been investigated 
[13, 64]. Recently, different recombinant growth fac-
tors, such as members of the TGF superfamily, have 
also been applied for direct pulp capping [53]. The use 
of these substances, however, is still experimental. 

6.5.1.2 release and degradation

6.5.1.2.1 Calcium Hydroxide Preparations

Calcium hydroxide suspensions release permanently 
high amounts of hydroxyl ions. Contact with air trig-
gers a reaction with CO2 and the formation of calcium 
carbonate. When commercially available calcium hy-
droxide suspensions were stored in contact with air, 
the concentration of calcium carbonate increased to 
5.5% during a 6-week period. But this reaction did 
not influence pH, and subsequent mixing of the dried 
paste with distilled water restored the original (anti-
microbial) efficiency [9].

Release of hydroxyl ions from calcium hydroxide 
salicylate cements is influenced by the cements’ com-
position. Most hydroxyl and calcium ions are released 
from suspensions. No hydroxyl ions are released when 
hydrophobic substances are added, such as paraffin oil 
as a plasticizer. Calcium-hydroxide-containing res-
ins release almost no hydroxyl ions compared with 
aqueous calcium hydroxide suspensions, whereas the 
modern calcium hydroxide salicylate cements, which 
contain ethyltoluol sulphonamide, show a permanent 
release of hydroxyl ions but at a lower concentration 
than calcium hydroxide suspensions [67].

Autosetting calcium hydroxide salicylate cements 
may have little stability in an aqueous environment 
[37]. Disintegration of these compounds was ob-
served after a long period of time when they had been 
applied as a cavity base [31]. The disintegration of 
these products was accelerated in the case of marginal 
microgaps of the restoration (“microleakage”) [58]. 
However, calcium hydroxide compounds are also ex-
posed to humidity from the pulp beneath a restora-
tion, which may further accelerate the disintegration 
of these materials [66]. Calcium-hydroxide-contain-
ing resins are less susceptible to chemical disintegra-
tion [67].

clinical practice Advice i

Because calcium hydroxide salicylate cements are 
susceptible to disintegration, only very thin layers 
should be applied in cavities. The disintegration of 
thicker layers of calcium hydroxide materials may 
cause misinterpretation of x-rays when the resulting 
voids are erroneously diagnosed as recurrent caries. 
In addition, larger voids in a cavity base may reduce 
the mechanical stability of the restoration.
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6.5.1.2.2 Alternatives to Calcium Hydroxide

Cyanoacrylates polymerize at room temperature when 
in contact with humidity or water and thereby form 
esters. The resulting polymer is not disintegrated by 
phagocytosis in vivo, but hydrolysis of the polymer 
will generate formaldehyde and alkyl cyanoacrylate as 
well as CO2 and water. The amounts of formaldehyde 
released are dependent on the product [22].

Nonpolymerizing constituents of dental adhesives 
that are used for direct pulp capping, such as residual 
monomers, can diffuse into the adjacent tissues. De-
tails regarding release of substances are reviewed in 
Chap. 5.

Hydration of MTA powder generates a colloidal gel 
that solidifies, forming a hard structure. The average 
setting time of MTA is approximately 3 h [79]. With 
hydration, MTA forms a silicate hydrate gel and cal-
cium hydroxide [11]. The biological response to MTA 
has been linked to that of calcium hydroxide, and it was 
postulated that the mechanisms of action were similar 
[34, 35]. MTA stimulates reparative dentin formation. 
Pulps capped with MTA showed complete bridge for-
mation with no signs of inflammation [21, 83].

Substances like glucocorticoids, collagens, and 
signaling molecules (such as members of the TGF su-
perfamily) are soluble and interact with the biological 
environment, including drugs. Further information re-
garding metabolism of these substances can be found 
in textbooks of pharmacology.

6.5.2 systemic toxicity and Allergies

6.5.2.1 calcium Hydroxide

There are no indications in the current literature that 
calcium hydroxide materials may cause systemic ef-
fects or antigen-antibody reactions [75]. But local ef-
fects can be expected because of the high alkalinity of 
the adjacent tissue.

6.5.2.2 Alternatives to calcium Hydroxide 

6.5.2.2.1 Cyanoacrylates

No systemic toxic effects caused by cyanoacrylates have 
been reported in the literature, although some cases of 
allergic contact allergy have been documented [16, 38, 
77]. Cases of onychodystrophy (malformation of nails) 
and eczema at the fingertips have been associated with 

contact with ethyl-2-cyanoacrylate, which is used as 
glue for artificial fingernails [32]. Asthma cases caused 
by cyanoacrylate vapors are very rare [15, 76].

6.5.2.2.2 Glucocorticoids 
and Synthetic Steroids

These substances reveal a strong anti-inflammatory 
effect. Resorption of topically applied steroids, which 
are frequently used in dermatology, may cause an 
adrenocortical suppression (suppression of the adre-
nocorticoids under stress). As a consequence, no en-
dogenous glucocorticoid is secreted. The extent of the 
suppression depends on the intensity of the effect of 
the steroids, the treatment period, the applied amount, 
and the treated tissue. 

The use of topically applied glucocorticoids in den-
tistry does not significantly decrease the secretion of 
adrenocorticoids. Serious systemic reactions may be 
caused by glucocorticoids (see review by Fritsch [25]). 
However, no systemic effects have been reported in the 
literature after topical application of glucocorticoids 
for direct pulp capping.

Cases of allergic contact dermatitis after the topical 
treatment of skin with steroids have been documented 
in the current literature [85] and have been partly 
linked to constituents of the soap base (e.g., lanolin). 
There is no indication that topically applied glucocor-
ticoids in dentistry have an allergic potency. 

6.5.2.2.3 Mineral Trioxide Aggregate 

No reports have been published that indicate systemic 
reactions or allergies caused by MTA.

6.5.2.2.4 Medical Collagen Products

Theoretically, these materials could be of immunologi-
cal relevance, since collagen in commercial materials 
is mostly derived from animal tissues (bovine, porcine, 
etc.). However, those parts of the molecules that are 
primarily responsible for an antigen-antibody reaction 
are removed by a pretreatment, such as cross-linking 
of collagen or enzymatic treatment. However, in view 
of the frequent application of medical collagen prod-
ucts, relatively few cases of IgE-mediated immediate 
hypersensitivity reactions to bovine collagen, includ-
ing joint inflammation, edema, and fever, are reported 
in the current literature [8, 49, 74]. 
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Transient adverse reactions (including bruising, 
redness, and swelling) to bovine collagen derived 
dermal fillers are reported to occur at a rate of 2.1% 
[56]. Therefore, for application of injectable bovine 
collagen in plastic surgery, patient screening and test-
ing are recommended [4, 47]. Allergenicity to inject-
able bovine collagen is reliably determined by skin 
testing, and a posi tive skin test is reported in 3.0–3.5% 
of patients [42]. However, today there is no indication 
that topically applied medical collagens in dentistry 
have an allergic potency. There is presently no indi-
cation in the literature that the use of animal tissues 
might transfer bovine spongiform encephalopathy or 
Creutzfeld–Jacob syndrome.

6.5.2.2.5 Growth Factors

Autologous, homologous, or recombinant growth fac-
tors have been tested in animal experiments. So far, no 
reports have been published regarding systemic effects 
or allergies to these substances when applied for direct 
pulp capping.

6.5.3 Local toxicity and tissue compatibility

6.5.3.1 cell cultures

Calcium hydroxide was extremely toxic in cells de-
rived from human salivary glands at a concentration 
of 1 mmol [26]. Calcium hydroxide was also toxic to 
periodontal cells and in permanent cell lines [36]. 
However, calcium hydroxide preparations were not 
toxic in other studies [14, 28, 39, 41], or else the reac-
tions varied depending on the product tested [28, 41]. 
Obviously, cytotoxicity is dependent on the material 
tested and thus on the released amounts of calcium 
hydroxide. Additionally, calcium hydroxide is trans-
formed in cell culture media into calcium carbonate, 
which is nontoxic. Therefore, tests using media ex-
tracts showed nontoxic results for these materials [14]. 
Thus, the results strongly depend on the method used. 

6.5.3.2 Antimicrobial properties

The antimicrobial properties of calcium hydroxide 
have been extensively investigated in in vitro tests. 
Contradictory results were found. While Lado et al. 
[44] observed a more pronounced antimicrobial ef-
fect caused by calcium hydroxide salicylate cements in 

comparison to suspensions [44], Staehle et al. [67] re-
ported that calcium hydroxide suspensions generate a 
stronger antimicrobial effect than calcium-hydroxide-
containing cements based on salicylate or resins. (See 
also Chap. 7.) Some types of bacteria, including En-
terococcus faecalis and Candida albicans, are resistant 
to calcium hydroxide.

6.5.3.3 pulp reactions

6.5.3.3.1 Calcium Hydroxide Preparation: 
Indirect Pulp Capping

To understand the histopathology involved in the in-
direct pulp capping procedure, some basic information 
seems necessary (see also textbooks on endodontol-
ogy). If the bacterial penetration lies within 0.75 mm 
of the pulp or if the bacteria have invaded previously 
formed reparative dentin, the degree of pulpal diseases 
(inflammation) becomes extreme and most likely irre-
versible (Fig. 6.19) [57]. If carious dentin is removed, 
except for the last deep layer overlying some intact, 
mostly bacteria-free (uninfected) secondary or ter-
tiary dentin, the bulk of the acid-producing bacteria is 
eliminated. The placing of a satisfactory gap-free resto-
ration may deprive the potentially remaining bacteria 
of an abundant substrate supply and may prevent their 

Fig. 6.19  . Reaction of the pulp to bacterial contamination of 
the carious dentin. No pathologic reaction of the pulp is visible 
as long as the distance between pulp and the bacterial invasive 
front is greater than 0.75 mm. But at a distance of 0.3–0.5 mm, 
the formation of an abscess and chronic inflammatory process 
can be observed (Courtesy of R. Reeves, Bethesda, Maryland, 
USA [57])
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multiplication and the production of toxins, which 
might have caused an inflammatory pulpal reaction.

In addition to its alkaline and antimicrobial effect, 
calcium hydroxide reduces dentin permeability, for ex-
ample, via deposits on or in dentin. Some authors rec-
ommend calcium hydroxide preparations to stimulate 
the formation of reactionary/regenerative dentin. Cal-
cium hydroxide preparations, however, trigger tertiary 
dentin formation in humans only if the preparations 
are in direct contact with the pulp. Calcium hydroxide, 
when in direct contact with the dental pulp, induces 
a superficial necrosis of the pulpal tissues. But in the 
case of a remaining dentin layer between the calcium 
hydroxide preparation and the pulp, an immediate re-
action is visible only if the thickness of the dentin layer 
is 5–10 µm or less [27, 29].

6.5.3.3.2 Calcium Hydroxide Preparations: 
Direct Pulp Capping

As mentioned above, products with a very high pH as 
well as materials with a slightly lower pH are currently 
available. Accordingly, there are two different modes 
of tissue reactions. Because the bridge formation re-
sulting from the original calcium hydroxide prod-
ucts of high pH (12–13) has been described for many 
years, and some present-day products still maintain a 
high pH, it is appropriate to describe healing leading 
to bridge formation with the basic calcium hydroxide 
formulas and then the variations induced with the 
newer, less alkaline products [71, 72].

Calcium hydroxide preparations with high pH 
(12–13): The effect of calcium hydroxide during direct 
pulp capping on the pulp has been well documented. 
Most of the results subsequently reviewed were ob-
tained under optimum, primarily experimental, condi-
tions. Alkalinity of the tissue is the basis for the desired 
effect (e.g., bridging). The following zones of tissue re-
action can be observed histologically after application 
of calcium hydroxide for direct pulp capping:
• Zone of obliteration (early changes, caustic effect, 

area of superficial debris): The pulp tissue imme-
diately in contact with calcium hydroxide is usually 
completely deranged and distorted because of the 
caustic effect of the drug (a chemical cautery). This 
zone consists of debris, dentinal fragments, hemor-
rhage, blood clot, blood pigment, and particles of 
calcium hydroxide [62, 64]. Schroeder and Granath 
[62] explained that the zone of obliteration results 
from a combination of the pressure of medicament 

application and the chemical injury due to the high 
concentration of hydroxyl ions. This zone can be 
visualized after 1 h of contact between the calcium 
hydroxide and the tissue [20].

• Zone of coagulation necrosis: Because the tissue to-
gether with its plasma proteins within the zone of 
obliteration take the brunt of the calcium hydroxide 
chemical thrust, a weaker chemical effect reaches 
the subjacent, more apical tissue and results in a 
zone of coagulation necrosis and thrombosis (the 
mummified zone; Fig. 6.20) [62, 68]. The zone of 
coagulation necrosis (0.3–0.7 mm thick) represents 
the devitalized tissue without complete obliteration 
of its structural architecture. Although the cellular 
detail is greatly diminished, outlines of capillaries 
(filled with hemolyzed erythrocytes), nerve bundles, 
and pyknotic nuclei can still be recognized [71]. 

• The line of demarcation: Between the deepest level 
of the zone of coagulation necrosis and the subja-
cent vital pulp tissue, a line of demarcation devel-
ops. Glass and Zander believed that this line re-
sulted from the reaction of the calcium hydroxide 
with the tissue protein to form proteinate globules 
(Fig. 6.20) [29].

• Early stages of dentin bridge formation: Within sev-
eral days, as the repair process progresses, immedi-
ately subjacent to the line of demarcation, prolifera-
tion of mesenchymal cells and cell differentiation 
occurs (perhaps to secondary odontoblasts).

• Calcification of the bridge: Calcification occurs soon 
after the predentin has developed. Initially, irregu-
lar dentin is formed (fibrodentin with included 
cells). Subsequently, tubular dentin is attached to 
this zone after approximately 2–3 months.

Key note Z

The calcium-hydroxide-triggered coagulation ne-
crosis seems to be a stimulus that is sufficient to 
initiate healing in the subjacent vital pulp tissue. 
This process will then initiate the differentiation of 
cells to odontoblast-like pulp cells (secondary odon-
toblasts), which will finally result in a bridging. (For 
details, see [69, 82]).

Calcium hydroxide preparations with comparatively 
lower pH (9–10): With some of the new hard-setting 
formulations with comparatively low pH, tissue will be 
less extensively damaged than with calcium hydroxide 
suspensions. But there is still sufficient tissue irritation 
to stimulate healing of the pulp wound. A sufficient 
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hydroxyl ion concentration capable of stimulating the 
differentiation and regeneration of tissue still exists to 
produce a dentinal bridge. The capacity to make a more 
uniform dentinal bridge right up against the capping 
material is a great advantage (Figs. 6.21 and 6.22).

The desired alkalinity of the pulp tissue as well as 
the biological effect of calcium hydroxide products re-
quires direct contact between calcium hydroxide and 
pulp tissue. It is of particular importance that the ef-
fect of the calcium hydroxide material is not inhibited 
by bleeding or coagulated blood. 

The exact, detailed mechanism of the dentinogen-
esis resulting in bridging is not yet clear. It appears to 
depend on the extent of the stimulus. With less ex-
tensive stimuli (for example, less intense preparation 
trauma), local odontoblasts will be stimulated, result-
ing in tertiary dentin formation (reactionary denti-
nogenesis). Extensive stimuli, such as caused by pulp 
exposure, will cause loss of the original odontoblasts 

(reparative dentinogenesis). These processes are con-
trolled by a great variety of growth factors, similar to 
the processes during tooth development [82], with 
TGF β-1 apparently playing a major role [30]. The ex-
pression of fibronectin and tenascin has been shown 
after direct pulp capping with a calcium hydroxide 
preparation; these are indicators of wound healing and 
odontogenesis [55].

So-called tunnel defects may cause a problem. These 
defects, which are located in newly formed dentin, cre-
ate tunnels and thereby open communications between 
the calcium hydroxide and the pulp and may act as ac-
cess for bacteria [18]. This problem underscores that a 
tight restoration and sealing of the cavity is decisive for 
the success of a direct pulp capping. Bacterial infection 
is the most important reason for failure of a direct pulp 
capping [50]. 

6.5.3.3.3 Alternatives to Calcium Hydroxide 

Cyanoacrylates: Because of their cytotoxicity, cyano-
acrylates may cause local reactions. Although bridg-
ing has been observed after capping an exposed pulp 
with isobutyl cyanoacrylate [7], the proliferation of 
histiocytes and the generation of foreign body giant 
cells were documented in the adjacent pulp tissue [33]. 
Therefore, cyanoacrylates are not routinely applied in 
dental practice [33]. 

Glucocorticoids and synthetic steroids: No bridging 
was observed after direct pulp capping with glucocor-
ticoid-containing materials [84]. Hydrocortisone and 
dexamethasone inhibited collagen synthesis [84]. Glu-
cocorticoid materials cause rapid relief of pain of the 
pulp.

clinical practice Advice  i

Because glucocorticoids will cause analgesia of the 
pulp when applied topically, these products may 
be used for the initial treatment of pulpal pain. But 
since they do not generate reparative dentin forma-
tion (bridging), glucocorticoids are not appropriate 
for permanent pulp capping.

Dental adhesives: Biological reactions triggered by 
modern dental adhesives are reviewed in Chap. 5. Be-
cause of contradictory data in the current literature, 
den tin adhesives cannot be recommended for routine 
pulp capping procedures in daily dental practice, at 

Fig. 6.20a,b  . Direct pulp capping. a Capping of a pulp expo-
sure (upper left) with a calcium hydroxide suspension; histologic 
image after 7 days. A distinct mummified zone and a line of de-
marcation are visible (magnification ×80). b Higher magnifica-
tion of the same histologic specimen. A clear line of demarcation 
can be observed with formation of a new odontoblast-like layer 
beneath the line of demarcation (magnification ×200) (Courtesy 
of C. Turner, Gainesville, Florida, USA [81])
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least not before further long-term clinical studies are 
available.

Mineral trioxide aggregate: The pH of MTA increases 
from an initial value of 10.2 to 12.5 during the setting 
reaction within 3 h after mixing [79]. For the mate-
rial MTA-Angelus, after 24 h a pH of 10.4 was re-
ported. After 10 days, the pH decreased to 7.6 [61]. 
Therefore, a local reaction due to increased pH seems 
possible. Nevertheless, MTA was less cytotoxic than 

a zinc oxide and eugenol cement [80] and less toxic 
than a resin-modified GIC [51]. MTA promotes the 
expression of cytokines and osteocalcin in cultures 
with human osteosarcoma cells [43] and osteonectin 
and sialophosphoprotein mRNA in cultured human 
pulp cells [51]. MTA showed a better tissue compat-
ibility after intraosseous implantation in guinea pigs 
than a modified zinc oxide and eugenol cement did. 
Bone formation was documented directly adjacent to 
the MTA implant in six out of 21 cases [78]. When 

Fig. 6.21a,b  . Direct pulp capping. a Status 63 days after pulp capping with Nu-Cap. A thin layer 
of reparative dentin is visible at the interface between the capping material and the vital pulp tissue 
(magnification ×80). b Higher magnification (×200) of the same histologic specimen. A bridging and 
regular histologic appearance of the pulp without inflammatory cells can be observed (Courtesy of C. 
Turner, Gainesville, Florida, USA [81])

Fig. 6.22a,b  . Direct pulp capping. a Sixty-four days after direct capping with Prisma VLC Dycal, 
odontoblast-like cells have generated a distinct reparative dentin bridge with tubular dentin (magni-
fication ×41). b Higher magnification (×82) of the same histologic specimen [72]
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MTA was used for direct pulp capping in primates, 
an inflammation of the pulp was observed in only one 
of six cases after a period of 5 months. Interestingly, 
bridging was documented in all cases [24]. MTA and a 
calcium hydroxide suspension were used for pulp cap-
ping in dogs. After 2 months, MTA application had led 
to better bridge formation and less inflammation than 
the calcium hydroxide suspension [10].

Key note Z

Data regarding direct pulp capping with MTA are 
very promising [3, 10, 12, 21, 48, 54, 83], although 
little clinical experience with this material is avail-
able so far.

Medical collagen products: Collagen sponges (type I 
collagen) or enriched collagen (type I) solutions cause 
rapid wound healing due to their chemotactic activ-
ity. But collagen gels, when used for direct pulp cap-
ping, have generated only incomplete bridging [13]. 
Hydroxyl apatite, which is supposed to possess an os-
teoconductive and/or osteoinductive potency, is con-
troversial regarding its applicability as a pulp capping 
agent [2, 40]. However, demineralized dentin [52] and 
bone matrix enriched with calcitonin [64] both reveal 
a bridging effect. In addition, demineralized dentin is 
hetero-inductive (induction of bone formation by a 
dentin matrix) in muscles, subcutaneous tissue, bone 
defects, and so on, as well as homo-inductive when ap-
plied for pulpotomy [52].

Growth factors: These molecules stimulate reparative 
dentin formation, but contradictory data have been re-
ported for TGF β1 [53]. Although a number of studies 
indicate stimulation of dentin formation in exposed 
pulps and in nonexposed situations due to biologically 
active molecules, such as bone morphogenetic pro-
teins (BMPs), EDTA-dissolved dentin extracts, or 
osteogenic proteins [6, 19, 53, 65], the molecular 
mechanisms of these effects have not yet been clari-
fied [46]. More important, the interplay between in-
flammation and dentin regeneration deserves special 
attention because inflammation apparently interferes 
with dentin regeneration [60]. Furthermore, the struc-
ture of the newly formed dentin should be investigated 
because there is evidence that it is of the osteodentin 
type [63]. Therefore, more investigations on the use of 
biologically active molecules for direct pulp capping 
are warranted.

6.5.4 Mutagenicity and carcinogenicity

One study indicated that calcium hydroxide had no 
genotoxic effect and did not cause any oxidative DNA 
damage [59]. No data indicating a mutagenic or car-
cinogenic effect of calcium hydroxide or calcium hy-
droxide cements have been published in the scientific 
literature. These effects are more than unlikely to occur 
regarding the composition of these products, which 
also applies to the alternative materials as well (muta-
genicity of dental adhesives is reviewed in Chap. 5).

conclusions for the dental  )
practitioner

1. Calcium hydroxide products are still the stan-
dard for direct pulp capping in daily dental prac-
tice, although the therapeutic effect is at least 
partially correlated with tissue necrosis. Calcium 
hydroxide preparations, which are primarily not 
analgesic, are also recommended to be used for 
indirect pulp capping in cases when no direct 
analgesic effect is deemed necessary.

2. For direct pulp capping, calcium hydroxide must 
be applied directly onto the pulp with no blood 
clots between the pulp and the calcium hydrox-
ide in order to induce dentin bridging. An im-
mediate bacteria-tight sealing of the cavity is 
decisive for the success of the therapy.

3. Glucocorticoid-containing drugs should be used 
only for initial pain therapy because they do not 
induce regenerative dentin formation. In addi-
tion, these agents may cause chronic inflamma-
tion of the pulp.

4. Other materials or substances, including den-
tal adhesives, medical collagens, and biological 
signaling molecules, have been recommended as 
direct pulp capping agents. However, these prod-
ucts are controversially discussed in the litera-
ture, are still experimental, or, in the case of den-
tal adhesives, are definitely not recommended 
for this purpose.

5. MTA has great potential as pulp capping mate-
rial and can be recommended for this indication 
if further clinical studies support the positive ex-
perimental data. 
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6.6 dental ceramics

G. Schmalz

Dental ceramics comprise a comprehensive palette of 
different nonmetallic, inorganic materials. They are 
primarily used for inlays, veneers, partial crowns, full 
crowns, and for copings. They are also used for frame 
works and for veneering of metal/ceramic copings 
and frameworks (metal ceramics or porcelain-fused-
to-cera mics), artificial teeth, and for root canal posts. 
Ceramics are further applied as implant materials, 
for example as coatings for titanium implants, as full 
ceramic implants, or as bone replacement materi-
als. Ceramics are rigid materials that are shaped by 
sintering, casting, pressing, milling, or sonoerosion. 
Dental ceramics are also available as prefabricated 
inlays (inserts). Certain ceramics, such as those used 
for implants, are inert or tolerated by the tissue and, 
at the same time, can accelerate biological processes 
because of the release of certain ions to promote the 
apposition of new bone. These ceramics belong to the 
group of bioactive materials. Some ceramics, includ-
ing aluminum oxide and zirconium oxide ceramics, 
are also used in orthopedics. Thus, experience from 
the field of orthopedics may be used for assessing a 
material’s compatibility concerning dental application. 
High-performance ceramics yield excellent technical 
properties, which makes them suitable to be used as 
copings or frameworks for crowns and bridges. To im-
prove their aesthetics, they have to be veneered with 
other, mainly silicium oxide ceramics. 

Ceramics are rigid materials and therefore gener-
ally need to be luted to dental hard tissues. The nec-
essary materials, such as luting composite resins and 
other luting cements, are reviewed in other chapters 
of this book. However, these luting agents and other 
auxiliary materials (etching agents) also need to be 
considered when assessing the compatibility of ceram-
ics. For the biological evaluation of metal ceramics, 
the influence of the processing of the ceramic on the 
alloy used as a coping/framework material must also 
be included (see Chap. 8).

6.6.1 Basic Material properties

6.6.1.1 composition

Dental ceramics can be classified based on vari-
ous criteria, for instance, on the raw materials, their 
chemical composition, the shaping methods, the firing 

temperature, or the type of clinical application. The 
classification according to composition is based on 
the chemistry of the principal components (see Table 
6.3). Accordingly, oxides may be distinguished from 
nonoxides. Nonoxides, such as silicon carbide, silicon 
nitrite, and aluminum nitrite, are of minor importance 
in dentistry due to their black color.

Oxide ceramics used in dentistry are primarily 
based on silicon oxide (SiO2), aluminum oxide (Al2O3), 
and zirconium oxide (ZrO2). Originally, mainly feld-
spathic ceramics (SiO2-based) were used in dentistry; 
these were obtained from frits of potassium and so-
dium feldspars and sintered to the desired shape (for 
example, metal ceramics). Later, glass ceramics and 
dental ceramics based on Al2O3 and ZrO2 were intro-
duced (for example, metal-free ceramic restorations). 
The term “titanium ceramic” is used in the literature 
for a feldspathic ceramic used for the veneering of ti-
tanium.

Some dental ceramics can be combined, such as an 
Al2O3-ceramic framework veneered with SiO2 ceramic. 
Lanthanum glass is used as a coupling agent, which in-
filtrates the aluminum oxide framework. Lanthanum 
glass consists of 39% lithium oxide [7]. Additives (such 
as leucite) that are listed in Table 6.3 are intended to 
improve the mechanical properties of the ceramics, in 
particular to limit crack propagation. Lithium oxide 
is supposed to promote the formation and growth of 
leucite crystals [3]. Further additives in dental ceram-
ics are fluxing agents and coloring pigments, such as 
metal oxides, as well as fluorescents such as oxides of 
cesium and samarium. Uranium salts were previously 
added at a concentration of 1,000 ppm to simulate the 
natural luminescence of teeth [3, 47]. Because of the 
radioactivity of uranium salts, alternatives are now ap-
plied, such as oxides of rare earths [47]. Lead is con-
tained in traces in natural feldspar and for dental ce-
ramics ISO 6872 [25] requires <300 ppm lead.

Auxiliary substances are necessary for process-
ing dental ceramics. Silicon oxide ceramic is usually 
etched with hydrofluoric (HF) acid (for example, 
5% HF eventually combined with <10% H2SO4, or 
9.6% HF). These acids are generally applied in the 
dental laboratory for 1–2 min prior to adhesive luting. 
Some authors also recommend their direct application 
on the patient for the intraoral repair of silicon oxide 
ceramic (Fig. 6.23) [12]. Silane agents are then applied 
on the etched ceramic surface to improve the bond 
between the luting composite and the ceramic (see 
also Chap. 5).

Some calcium phosphate materials are regarded 
as ceramics, too. These substances represent a very 
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heterogeneous group of materials, including sintered 
hydroxyl apatite (HA) with a very low solubility and 
tricalcium phosphate (TCP) ceramics with varying re-
sorption behaviors. Calcium phosphate ceramics usu-
ally consist of 100% of the respective mineral phase 
(TCP or HA). A few products contain small amounts 
of CaO, and other materials contain 1.2% to 2.4% or-
ganic residues derived from their natural origin [64].

Calcium phosphate ceramics are used in dentistry 
for coating metal implants in order to transform the 
metallic implant surface into a more bioactive state and 
thus to accelerate the bone apposition (biofunctional-
izing of surfaces) [32]. Certain silicon oxide ceramics 
(bioglasses) also belong to the group of bioactive ma-
terials. Various calcium phosphate ceramics, including 
mixtures of hydroxyl apatite and TCP, are used for sur-

Table 6.3  . Classification of dental ceramics according to composition (main compounds) [14, 27, 53]

Main compound Frequently used additives (selection)

silicon dioxide (sio2)
(feldspar-based)

Al2O3 (30 µm grain size), through potassium feldspar
(K2OAl2O36SiO2) and sodium feldspar (Na2OAl2O36SiO2)
Glimmer (in glass ceramic)
Leucite (K2OAl2O34SiO2) (in glass ceramic)
Lithium oxide (in glass ceramic)
Lithium disilicate (in glass ceramic)

Aluminum oxide (Al2o3)
Aluminum oxide (2-5 µm grain size) as

corundum (α-Al2O3)
Magnesium-Aluminum Spinel
(MgAl2O4)

Lanthanum glass (low viscosity infiltration cast as matrix
within the sinter scaffold; In-Ceram systems), ZrO2 as
additive to Al2O3 powder

Zirconium dioxide (Zro2) Yttrium oxide (Y2O3 )
Yttrium-stabilized tetragonal zirconia polycrystals (YTZP)

calcium phosphate
Hydroxyl apatite (HA)

Tricalcium phosphate (α-TCP, β-TCP)
Tetracalcium phosphate (TTCP)
Mixtures

Fig. 6.23a,b  . Silicon oxide ceramic. a Not acid-etched. b Acid-etched with hydrofluoric acid; leucite crystals were dissolved
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gical procedures, such as filling of periodontal defects 
[41]. Calcium phosphate ceramics can also serve as car-
rier substances for growth factors [55]. Closely related 
to calcium phosphate ceramics are calcium phosphate 
cements. They are described in more detail in Chap. 7.

6.6.1.2 release and degradation

Dental ceramics are commonly regarded as insoluble or 
only very slightly soluble at best. However, their initial 
strength decreases significantly because of permanent 
load and the aqueous media [52, 59]. Thus, degrada-
tion occurs, which may be of a chemical nature (solu-
bility in an acidic, neutral, or alkaline environment), a 
mechanical nature (wear), or a combination of the two 
[3]. Some calcium phosphate ceramics are intentionally 
engineered for a gradual resorption (e.g., β–TCP) [69]. 
The release of substances can generate unwanted effects 
(biological and mechanical) on the one hand, or it may 
promote biocompatibility on the other hand, such as in 
terms of improved bone apposition (bioactivity) [6]. 

From silicon oxide ceramics (metal ceramics), 
silicon, boron, sodium, potassium, and aluminum are 
released into various diluents at different pH values; 
silicon, sodium, and potassium are leached in higher 
amounts than are boron and aluminum [42]. Solubil-
ity is highest in an alkaline environment (formation 
of soluble silicates), followed by acidic and neutral 
diluents [42], but this may vary for different ceram-
ics. Aluminum oxide and zirconium oxide additives 
decrease solubility [3]. The release of lead was below 
the detection limit (0.005 mg/l), if the ceramic speci-
mens were exposed to the solubility test conditions of 
ISO 6672 (see below) [information provided by DIN, 
German Institute of Standardization, WG Dental Ce-
ramics]. Solubility depends on surface finish, too, but 
to a different extent, depending on the material [52]. 
The solubility of ceramics with a high melting point is 
reduced by a final firing or glazing, whereas final sur-
face finish and polish reduce the solubility of ceramics 
with a low melting point [52]. The solubility of various 
silicon oxide ceramics in 4% (v/v) acetic acid at 87°C 
(according to ISO 6872: 80°C) has been found to vary 
between 9 μg/cm2/16 h (ceramic with a high melting 
point) and 89 μg/cm2/16 h (ceramic with a low melt-
ing point) [52]. These data and other values reported 
in the literature are below the requirements according 
to ISO 6872 (100 μg/cm2/day, ceramic in contact with 
the oral environment) and are considered to be low [3, 
25, 56].

Chelating agents, such as EDTA and citric acid, 
are able to increase the solubility of glasses. However, 
no data about potential effects on ceramics have been 
published [3]. Lithium may be released from lithium-
containing ceramics, particularly under slightly al-
kaline conditions [4]. Based on these in vitro studies 

Fig. 6.24  . Ceramic surface (Empress): The left side was treated 
with an acidic fluoride gel for 60 min. A morphologic alteration 
of the surface can be seen (b, higher magnification) compared 
with the untreated right side (c, higher magnification). This re-
veals the solubility of the ceramic caused by the fluoride gel af-
ter extended application time
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(elution at a temperature of 80°C and pH of 11), it can 
be extrapolated that 28 crowns with a surface area of 
74 cm2 may leach 1.2 mg of lithium per day [4]. Less 
lithium (30 μg/day) will be released under physiologi-
cal conditions and a slightly lower pH [4]. 

Acidic fluoride compounds dissolve silicon oxide 
ceramic: 8% SnF2 severely etched ceramic surfaces [3, 
5]. A 1.23% acidulated phosphate fluoride (APF) gel 
decreased surface reflectance, increased surface rough-
ness, and dissolved the surface of silicon oxide ceram-
ics, especially on autoglazed and overglazed specimens 
and when applied for more than 1 min [11, 12, 16, 20] 
(Fig. 6.24). A 1.23% APF foam did not appear to cause 
as much surface change as did the 1.23% APF gel, and 
a neutral 2% NaF gel had no influence at all [31]. Fluo-
ride-containing toothpastes have no effect on ceramic 
surfaces [3]. Hydrofluoric acid deeply dissolves silicon 
oxide ceramic. Therefore, it is used to improve the bond 
between ceramic and luting resin [12]. 

Aluminum oxide ceramics leach only minimal 
amounts of ions under physiological conditions [32]. 
Aluminum oxide ceramics used for frameworks (core 
ceramics) are more soluble than those applied for 
dentin and enamel layers (dentin and enamel ceram-
ics), which are designed for completely covering the 
framework [56]. The maximum solubility is defined by 
ISO 6872 with 2,000 μg/cm2/16 h [25]. The following 
concentrations have been documented: aluminum, 64 
ppm; silicon, 45 ppm; calcium, 20 ppm; lanthanum, 
300 ppm [56]. But no aluminum was detected in tis-
sues adjacent to aluminum oxide ceramic [73]. 

The solubility of zirconium oxide ceramic in 
4% acetic acid at 80°C (according to ISO 6872 [25]) 
was found to vary between 0 and 4 μg/cm2 (depending 
on the shade) and thus was far below the ISO thresh-
old values [5].

Key note Z

Substances are released from dental ceramics into 
the oral cavity. Acidic fluoride preparations with 
elevated fluoride concentrations may promote the 
degradation of silicon oxide ceramics and thereby 
may increase surface roughness. However, ceramics 
are not affected by normal toothpastes.

Calcium phosphate ceramics release calcium and 
phosphate into adjacent tissues [32]. The leaching rate 
is determined by the composition, structure, poros-
ity, and other factors, and can, therefore, be controlled 

within certain limits [32]. Overall, HA and fluorine 
apatite ceramics are less soluble than TCP [32]. But 
even HA coatings of implants may be resorbed with 
time [50].

6.6.2 systemic toxicity and Allergies

In general, the systemic toxicity and the allergenic po-
tency of ceramics are considered to be extremely low 
[1, 3]. Only dental laboratory technicians might be ex-
posed to an inhalation of ceramic dust due to process-
ing and finishing of dental ceramics that may cause sil-
icosis (fibrotic pneumoconiosis). These lung diseases 
have been observed in workers in the ceramic industry 
who were exposed to ceramic dust for an extended pe-
riod of time [37]. The risk to a dental laboratory tech-
nician of developing silicosis due to ceramic dust is 
currently unknown [37]. However, dental technicians 
are also exposed to other dust sources (for instance, 
investment materials, sand blasting, and polishing 
compounds) [37]. The patient’s silicosis risk is consid-
ered “very minimal” [37] if commonly accepted safety 
measures, such as dust removal, are followed.

Released lithium is of toxicological interest based 
on its specific effect as a psychotropic drug. Worst-
case calculations (28 crowns, surface area 74 cm2, 
pH 11, 80°C) indicated a daily release of 30 μg (and 
up to 1,200 μg at pH 11) [4]. According to the litera-
ture, the acceptable daily intake of lithium is 2,000 μg/
day [21]. The daily alimentary intake varies between 
8.6 and 17 μg per day [43]. For treating manic-de-
pressive patients (those suffering bipolar disorders), 
600–2,100 μg/day may be administered [19].

Key note Z

Ceramics are usually nontoxic in patients. Due to 
the relatively low amounts of released lithium, un-
wanted side effects caused by lithium leaching from 
dental ceramics are very unlikely to occur [4].

6.6.3 Local toxicity and tissue compatibility

6.6.3.1 cell cultures

Silicon oxide ceramics of different compositions made 
by various manufacturers were tested and found to be 
nontoxic in different cell culture assays (agar overlay 
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test, Millipore filter test, MTT test) [60]. This was con-
firmed by testing extracts of different silicon oxide and 
zirconium oxide ceramics on gingival fibroblasts [66]. 
Erbium oxide, used for coloring dental ceramics, also 
proved to be nontoxic [66]. A glass ceramic with a low 
melting point was slightly more toxic than the control 
(Teflon) before and after treatment of the surface with 
4% acetic acid for 16 h (according to ISO 6872), but 
was less toxic than a composite resin, for instance. 
The cells’ enzymatic activity was reduced to 87–88% 
(ceramic before etching) and 75–80% (ceramic after 
etching) compared with 100% in the control [22]. A 
lithium-containing ceramic (Empress 2) was initially 
significantly more cytotoxic than other commonly 
used dental ceramics, which were used as controls. Cy-
totoxicity decreased after storage for 1–2 weeks in a 
sterile water/3% albumin solution but reappeared after 
repolish [38]. However, less cytotoxicity is reported, 
if a clinically relevant and less polishing procedure 
is used [10a]. Further studies are needed to elucidate 
the clinical relevance of these data. Silicon oxide par-
ticles caused a toxic reaction in macrophage cultures, 
very likely because of a positive surface charge of these 
particles [8]. Ceramic particles in the nanoscale range 
may, however, elicit a cell reaction even if the ceramic 
itself is not toxic [70]. This is important regarding the 
inhalation of dust or, in orthopedics, wear debris.

Aluminum oxide ceramic containing lanthanum 
glass was tested on osteoblasts. After an initial adhe-
sion, cells in the scanning electron microscope re-
vealed signs of an alteration (necrosis) after 2 or more 
days. These damages were even more pronounced in 
cells incubated with the control ceramic consisting of 
silicon oxide [6]. This is contradictory to the overall 
minute release of substances from aluminum oxide 
ceramic. But release of ingredients from silicon oxide 
ceramic was even lower, while cell damage was more 
severe [6]. Other causes than the release of ions might 
also play an important role, such as absorption of cer-
tain proteins on the surface of the material. Lantha-
num-chlorine reveals a TC50 of 800 μM on L-929 fibro-
blasts, which is indicative of a low cytotoxicity [6]. 

Zirconium oxide ceramics were nontoxic in vari-
ous cell cultures (human gingival fibroblasts, 3T3 cells, 
L-929 cells) [66]. The smallest particles (submicron 
range) triggered an apoptotic reaction in human stem 
cells derived from bone marrow, but extracts were 
nontoxic in this test, too [68]. However, small particles 
are not of major relevance in dentistry, in contrast to 
the application of such materials for hip replacement, 
where wearing of the material may cause displacement 

of such particles into the surrounding tissue. Thus, it 
may be concluded that zirconium oxide ceramic is al-
most noncytotoxic.

Calcium phosphate ceramics (hydroxyl-apatite) 
support growth and metabolism of human gingival 
fibroblasts and therefore may be considered biocom-
patible [54]. Various HA ceramics were nontoxic in 
osteoblast cultures. High extract concentrations of one 
product inhibited cell growth [33]. No toxicity was ob-
served in chondrocyte cultures [34].

Key note Z

Although ceramics are not totally biologically inert, 
the cytotoxicity is generally regarded as low. How-
ever, because exceptions are possible, cytotoxicity 
testing is also necessary for ceramics.

6.6.3.2 Implantation studies

Silicon oxide ceramic did not cause inflammation af-
ter implantation in muscle (Fig. 6.25) [58]. Bioglasses 
based on silicon oxide were osteoconductive and os-
teoinductive when implanted in bone [13]. Alumi-
num oxide ceramic, before and after infiltration with 
lanthanum glass, was found to cause a significantly 
thicker connective tissue encapsulation and an in-
creased number of inflammatory cells 12 weeks after 
subcutaneous implantation, compared with Teflon and 
titanium [36]. On the other hand, aluminum oxide ce-
ramic resulted in osseointegration in other studies and 

Fig. 6.25  . No tissue reaction after intramuscular implantation 
of silicon oxide ceramic (7 days after application, magnification 
×80)
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thus revealed a good compatibility with surrounding 
bone [48, 72]. There are obviously differences between 
the compatibility of various ceramics, and these may 
be correlated to different indications and applications 
and different contact with tissue (for example, core ce-
ramic versus implant ceramics). Zirconium oxide ce-
ramic showed good osseointegration when implanted 
in guinea pigs [1, 49]. 

Calcium phosphate ceramics have been implanted 
in various animal models. Results were heterogeneous 
according to the materials tested and depended mainly 
on the following parameters:
• Ca/P ratio
• Chemical purity
• Removal of organic compounds from raw 
 materials
• Sintering technique
• Crystal structure (monophase or polyphase)
• Size and type of pores, interconnectivity

Numerous macrophages and foreign body giant cells 
were observed histologically during the first weeks af-
ter implantation of absorbable TCP ceramics [55]. The 
integration of nonsoluble hydroxyl-apatite ceramic in 
bone without any cellular interface (osseointegration) 
indicates good biocompatibility [32, 55].

6.6.3.3 pulp reactions

Postoperative sensitivities have been observed in a few 
cases after the (adhesive) luting of ceramics (inlays, 
crowns) [46, 63, 67]. However, these complaints could 
primarily have been caused by the luting resin rather 
than the ceramic (see also Chap. 5 and Sect. 6.3). Be-
cause ceramic is a brittle material, a certain minimum 
layer of thickness and thus a sufficient cavity prepara-
tion is necessary to prevent fractures.

clinical practice Advice i

The teeth of younger patients with an extended 
pulp are susceptible to preparation trauma in asso-
ciation with ceramic restorations. This aspect needs 
to be taken into consideration when deciding on a 
ceramic restoration and assessing the biocompat-
ibility of these materials.

6.6.3.4 Gingival reactions

Silicon oxide ceramics are innocuous for the gingiva. 
The application of acidic fluoride solutions, however, 
may roughen the surface, which increases the risk of 
bacterial adhesion [3]. The significance of rough ce-
ramic surfaces has been demonstrated on patients. Ex-
posed core ceramic with vacuoles and lacunas gener-
ated an enhanced plaque accumulation with increased 
inflammation in the adjacent gingiva compared with 
crowns in which the gingiva was in contact with glazed 
ceramic. Metal ceramic crowns, which were used as 
controls, revealed less plaque/gingivitis compared with 
crowns with exposed framework ceramic, but showed 
more plaque/inflammation compared to such crowns 
with smoothly glazed veneering ceramic [30]. Frame-
works made of aluminum oxide ceramic also reveal a 
rough surface. These should be completely covered by 
glazed ceramic in order to prevent plaque accumula-
tion as much as possible (Fig. 6.26). For many years, 
aluminum oxide and zirconium oxide ceramics have 
been used for hip joint implantation [65]. Based on ex-
periences from this type of application, these ceramics 
can be regarded as tissue-compatible (except for the 
wear debris).

Silicate granulomas can be generated by implant-
ing colloidal silicon dioxide in soft tissues, sometimes 
at a certain distance from the application site, since 
colloidal silicon dioxide can be transported within tis-
sue. The clinical relevance of this phenomenon regard-
ing dental ceramic restorations is still unknown [37].

Fig. 6.26  . Rough surface of an aluminum oxide coping (bot-
tom); smooth surface of the veneering ceramic (top)
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Key note Z

Hydrofluoric acid (which is used for conditioning 
silicon oxide ceramic) diffuses into cells and acts as a 
metabolic toxin. If hydrofluoric acid comes into con-
tact with skin or mucosa, it may not cause an imme-
diate chemical burn, but within 24–48 h, deep tissue 
necroses occur [12]. A concentration of 2% hydroflu-
oric acid can generate an erosion of the cornea [10]. 
Therefore, hydrofluoric acid should be handled with 
the greatest caution. 

On various occasions, gingival inflammations adjacent 
to metal ceramic crowns have been reported. However, 
this situation should be attributed to the alloy rather 
than to the ceramic (see Chap. 8).

6.6.3.5 periapical Area

Hydroxyl apatite (HA) used in animal experiments 
to fill periapical defects after apicectomy healed with 
direct bone apposition. The formation of new bone, 
however, was not superior compared with those de-
fects where no material was implanted [9] (Fig. 6.27).

6.6.3.6 Implants

The comprehensive literature about dental ceramic 
implants or implants coated with ceramic cannot be 
reviewed here, particularly the question about the use-
fulness of coatings with calcium phosphate ceramics 
(absorbable or nonabsorbable, porous or dense, HA 
or TCP, thickness of the coat, and so on; refer to re-

spective textbooks) [28, 35, 69]. The effect of HA and 
TCP as a coating regarding the stimulation of direct 
bone apposition has been frequently demonstrated 
[29, 69, and many more]. The advantages must be bal-
anced against the risk of a loss of the coating [61]. In 
addition, ceramic coats may change the corrosion of 
implant alloys [69]. The incorporation of growth fac-
tors in ceramic coats is currently under investigation 
[69]. However, osseointegration also depends on other 
factors, such as (occlusal) loads [61] and the surface 
properties of a material to adsorb certain proteins in 
a defined way, which are important for the growth of 
relevant cells (osteoblasts, for instance) [7].

Aluminum oxide implants were completely inte-
grated in bone (as was demonstrated on human his-
tology) and exhibited a good biocompatibility [2]. 
TCP, mixed with HA if necessary, was biocompatible 
in many studies addressing the filling of periodontal 
defects [41, 62, and many more]. HA and TCP were 
also used as a substitute (in part) for autologous bone 
for sinus lift procedures [23, 57]. This area is currently 
the subject of intensive research. 

6.6.4 Mutagenicity and carcinogenicity

The addition of uranium oxide to various dental sili-
con oxide ceramics used for crowns or bridges caused 
radioactivity of up to 4.2 times the background radia-
tion (measured by Geiger counter) [39], and artificial 
teeth revealed values of 2.3 times the background ra-
diation (238uranium mainly emitted as α-particles). It 
was calculated that uranium-containing dental ceram-
ics would expose epithelial tissue to an annual dose of 
2.7 rem [3, 41]. This value exceeds the current thresh-
old dosage of 1.5 rem (exposure to radiation nowadays 
is measured in sieverts, or Sv, with 1 Sv =100 rem). 
However, a patient would have to swallow 60 pulver-
ized crowns per week before the amount of absorbed 
radioactive substances reached the threshold value [3]. 
Therefore, it was assumed that patients were not at risk 
[3, 39, 40, 44]. But problems might occur for dental 
technicians because of their exposure to dust and ce-
ramic powder [39]. But again, the calculated exposure 
to radiation was far below the threshold values [3]. 
Nevertheless, radioactive fluorescent additives were 
replaced by alternative substances in the 1970s and 
1980s (see also Sect. 6.6.1 on composition). 

Relevant standards (ISO 6872, ISO 4824) therefore 
initially required that additives that increase radioac-
tivity may not be used in dental ceramics. The latest 

Fig. 6.27  . Hydroxyl apatite for the filling of a cyst cavity
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version of these standards states that dental ceram-
ics may not exceed an activity concentration of 1 Bq/
g238 uranium (1 Bq =1 Becquerel =1 radioactive decay 
per second) [25, 26]. Today, radiation of dental ceram-
ics is only due to natural radionuclides (mainly α and 
γ emitters) and much below the materials dated back 
to the times, when uranium salts had been added. 
Feldspathic ceramic specimens showed an activity 
concentration (Uranium/Thorium chains) of 0.015 
Bq/g [67a], which is in the same order of magnitude as 
for the human body. Alpha-particles, although being 
more toxic to tissues than γ radiation, may only play 
a minor role for oral tissues, because α-particles have 
a maximum range of 30 µm in tissues and they may 
already be absorbed by saliva and plaque covering the 
restoration before reaching radiosensitive cells in the 
basal layer of the oral mucosa [67a]. Higher levels of γ 
radiation were measured for feldspathic ceramic than 
for background radiation and were related to naturally 
occurring Potassium 40 (40K). However, the calculated 
activity concentration was again below the threshold 
limit for 40K of 10 Bq/g [67a, 24] and no radiation re-
lated adverse effects of dental ceramics have been doc-
umented in the literature [67a].

Aluminum oxide ceramics have generated no terato-
genic [17] or mutagenic effects in animals, nor were 
they found to affect fertility [71]. 

Raw materials used for zirconium oxide ceram-
ics (e.g., Zirkon, ZrSiO4) may contain contaminants 
such as thorium, uranium, and their decay products 
[18, 48,]. These contaminants generate α-, β-, and 
γ-radiation. Data from the literature indicate an ac-
tivity concentration of up to 11,500 Bq/kg for zircon 
powder [49]. The amounts of these contaminants have 
meanwhile been significantly reduced by purification 
procedures. In 1994, a comparative study with artifi-
cial hip joints documented an activity concentration of 
0.1–1 Bq/g for aluminum oxide ceramic. The activity 
concentration of zirconium oxide ceramic was much 
higher (1–5 Bq/g); other sources reported a dose as 
high as 40 Bq/kg [49]. Overall, however, the effective 
activity of zirconium oxide ceramic was below the ad-
ministrative threshold of 1 mSv/year and far below the 
mean value of the annual exposure to natural radia-
tion (1.5– 3.5 mSv/year) [49, 51].

Calcium phosphate ceramic was neither carcinogenic 
nor teratogenic in animal experiments [45]. 

conclusions for the dental  )
practitioner

1. Ceramics are generally considered as biocompat-
ible materials, although relatively little data are 
available. Few ceramics have been shown to be 
cytotoxic in vitro. The clinical relevance of these 
findings remains unclear. Auxiliary materials 
such as luting agents also have to be considered 
in the course of assessing the biocompatibility of 
ceramic restorations.

2. Acids used for etching ceramics (e.g., hydroflu-
oric acids) should be used only in the laboratory. 
If these substances are directly used on patients 
in exceptional circumstances, then this should 
be done using a rubber dam and other protective 
procedures (eye protection and so on).

3. Ceramics require an adequate layer of thickness 
to prevent fractures. This makes it necessary to 
prepare more extended cavities compared with 
direct restorations or metal inlays. The teeth of 
young patients may suffer from pulpal trauma 
due to preparation, which may cause an artificial 
pulp exposure. 

4. Acidic fluoride compounds (such as 1.23% AFP 
gels) may roughen the ceramic surfaces, subse-
quently increasing plaque accumulation. This 
must be taken into consideration if patients reg-
ularly use such substances, such as after radio-
therapy. Neutral fluoride compounds might be 
recommended for patients with silicate ceramic 
restorations [15].

5. Commonly accepted (and in some countries, re-
quired by law) occupational protective measures 
in the dental laboratory, such as suction units 
and mouth guards, should be used as protection 
against dust during the processing of dental ce-
ramics. It is essential to wear gloves and eye pro-
tection when handling hydrofluoric acid. 

6. Zirconium oxide ceramic reveals a consider-
ably higher level of radioactivity compared with 
aluminum oxide and silicon oxide ceramic. The 
radioactivity depends on the purity of the raw 
materials. However, the activity concentration of 
modern zirconium oxide ceramics is below the 
administrative threshold values.
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7.1 Introduction

Bacteria are the most important cause of disease of the 
dental pulp and the periapical tissue. Therefore, root 
canal filling materials are used to seal a root canal after 

its final, definite preparation and thereby prevent its 
infection or reinfection. The ultimate goal of the treat-
ment is healing of the inflamed apical periodontium or 
prevention of an inflammation. Sufficient biocompat-
ibility of materials used in the course of the treatment 
is considered a prime prerequisite for undisturbed 
healing, as well as other factors such as tight sealing 
of the root canal to prevent microbial penetration 
(Fig. 7.1). Recently, new materials, known as bioactive 
materials, have become available; these are supposed 
to actively promote the healing processes, for instance, 
the regeneration of periapical bony tissue. “Osseoin-
ductive” materials induce bone formation by initiat-
ing the differentiation of pluripotent connective tissue 
cells to bone-forming cells. “Osseoconductive” mate-
rials serve as a scaffold for the ingrowth of precursor 
osteoblasts.

7.1.1 classification

Root canal filling materials can be classified into three 
groups:
• Points
• Sealers
• Thermoplastic materials

Points are prefabricated materials for root canal filling. 
Shape and size can be equivalent to those of instru-
ments used for the root canal preparation. Gutta-per-
cha points are most frequently used, whereas titanium 
posts are used less often. Silver points were occasion-
ally used in the past; however, they are no longer rec-
ommended due to insufficient sealing capacity and 
increased corrosion and toxicity.

Sealers are “pastes” that are mixed and set via a chemi-
cal reaction lasting a certain period of time, which dif-
fers among products from minutes to days. Currently, 
sealers are generally applied in combination with 
points.

 7  root canal filling Materials
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Gutta-percha is not only used for points but is also ap-
plied in a thermoplastic state. It is either completely 
or only superficially heated or liquefied in order to 
better adapt to the root canal walls. Thermoplastic 
gutta-percha is usually combined with a sealer.

A new approach for root canal treatment involves 
chemical cleansing of the root canal system without 
any further preparation and subsequent incorpora-
tion of a sealer (without gutta-percha) using negative 
pressure. This represents a totally new method of root 
canal treatment [153]. However, only very limited data 
about this technique are available so far.

7.1.2 requirements

Root canal filling materials have to meet a number 
of physical, biological, and handling-related require-
ments (details can be found in textbooks on endodon-
tology). The biological requirements include the fol-
lowing features:
• No systemic toxicity
• Nonallergenic
• Compatible with local (periapical) tissue
• Sterile or sterilizable
• Antimicrobial activity (specifically in the presence 

of anaerobic bacteria, such as Actinomyces strains 
and Enterococcus faecalis) [100, 217, 233]

• Promotion of periapical healing

Key note Z

It is particularly important that root canal filling 
materials have an acceptable degree of tissue com-
patibility because these materials are in close con-
tact with vital tissue at the tip of the root (i.e., not 
separated by an epithelial barrier, equivalent to an 
implant).

However, the requirement for local tissue compatibil-
ity is somewhat in contradiction to the requirement 
for an “antimicrobial effect.” Such an effect is, in the 
context of standard endodontic treatment, mainly of 
an unspecific nature aimed at killing bacteria present 
in the root canal system. This is in contrast to antibiot-
ics, which specifically influence metabolic processes of 
bacteria at defined concentrations. Endodontic mate-
rials with antimicrobial activity are very desirable for 
many reasons: A complete biomechanical preparation 
and the entire removal of the invaded microbiota are 
technically very difficult due to the complex anatomy 

Fig. 7.1  . Radiographs taken after a successful root canal treat-
ment. Healing of a chronic apical inflammation in the anterior 
(a,b) and posterior region (c,d)

7
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of the root canal system. Furthermore, bacteria can, in 
addition to the main root canal, penetrate into acces-
sory canals, the apical “canal delta,” and up to 1 mm 
into the dentin.

A number of studies have documented that the an-
timicrobial activity of commonly used endodontic ma-
terials is often closely related to their toxicity against 
adjacent cells. This was clearly shown for zinc oxide 
eugenol (ZOE) sealers with and without formalde-
hyde. Materials containing formaldehyde revealed very 
good antimicrobial activity but have also been shown 
to be extremely toxic (see Sect. 7.3.2 on ZOE sealers). 
This should be taken into account when selecting an 
appropriate material for root canal filling. Materials 
that are antimicrobially effective (and toxic) for just a 
short period of time after mixing might be an interest-
ing alternative. After complete setting, such materials 
no longer exhibit any antimicrobial activity, but they 
are also not toxic or only slightly toxic and thus allow 
healing of the periapical tissue in the long run. 

Furthermore, dentists must consider that the re-
quirement for appropriate biological properties of root 
canal filling materials has to be consistent with require-
ments for adequate physical and handling features. For 
instance, the stimulation of periapical bone forma-
tion, e.g., by materials releasing calcium hydroxide, 
should not result in a partial disintegration of the root 
canal sealer with subsequent increased permeability 
and microleakage of the endodontic filling. Therefore, 
bioactive properties of such root canal sealers are ac-
ceptable only if the endodontic filling completely seals 
the root canal for a long period of time. At present, 
ideal materials that fulfill all requirements of an opti-
mal root canal filling are not yet available. Therefore, 
compromises are always necessary. In this context, the 
biocompatibility of endodontic filling materials has to 
be considered an important factor but not the only pa-
rameter for selecting a material. 

Key note Z

Inappropriate physical properties of root canal filling 
materials may indirectly cause adverse biological ef-
fects. The most important property in this context 
is sufficient sealing capacity of the endodontic fill-
ing. A penetration of bacteria alongside a leaky root 
canal filling from the oral cavity into the periapical 
area has to be prevented, as well as the formation of 
retention niches for remaining bacteria. Leaky root 
canal sealers, therefore, may indirectly cause a pe-
riapical inflammation. 

7.1.3 clinical data and Biocompatibility 

Clinical success rates of 70–95% have been reported 
for root canal fillings [174, 205, 257]. Clinical success 
depends on a variety of factors [83]:
• Anatomical circumstances (e.g., the possibility of 

mechanical preparation of and access to the root 
canals and their curvature)

• The severity of pulpal disease (e.g., the presence 
and extent of periapical lesions)

• Technical problems occurring during the endodon-
tic treatment (e.g., fracture of instruments)

• Sufficient restoration (providing a bacteria-tight 
coronal sealing and thus preventing bacterial pen-
etration)

• Suitable materials

Interestingly, few clinical studies have compared the 
success rate of endodontic treatments depending on 
the application of different materials. Recently, Orsta-
vik et al. [174] examined 675 roots (out of 810 treated 
ones) 0.5–4 years after treatment. Three different seal-
ers had been used (AH26, Kloroperka, and ProcoSol). 
Within the given limits of such a study, the influence 
of the sealer was demonstrated only in cases without 
periapical lesion before treatment, with Kloroperka 
revealing the lowest rates of success [174]. However, 
a much stronger association of clinical success was 
found with other variables, e.g., the periapical status 
before treatment or overinstrumentation [174]. There-
fore, endodontic materials represent only one aspect 
out of several parameters that are important for the 
clinical success of an endodontic treatment. No ma-
terial is currently available that is able to compensate 
for deficiencies of the treatment technique (e.g., insuf-
ficient preparation of the root canal). In this context 
the most important properties of endodontic materials 
are the sealing capacity, in order to prevent infections 
or reinfections, and the biological properties, which 
should allow an undisturbed healing of the periapical 
tissue. Biocompatibility of endodontic materials plays 
a major role, with the potential for mandibular nerve 
injury if overfilling occurs. 

7.1.4 Mandibular nerve Injuries

Problems of insufficient biocompatibility, in particular 
neurotoxic properties [39, 40, 41], become clinically 
directly evident in the case of extended overfilling of 
the root canals in the lower molar, with a consequent 
mandibular nerve injury. Such incidents occur rela-
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tively rarely in routine dental practice but may have 
dramatic consequences in each individual case. The 
causes of these incidents vary but can include over-
instrumentation/overpreparation combined with 
mechanical trauma of the adjacent nerve or degen-
eration of the nerve following a mechanical compres-
sion caused by the endodontic material or toxicity 
(in particular, neurotoxicity) of the material [39]. An 
insufficient biocompatibility of the applied root canal 
filling material is of specific importance in such cases 
(Fig. 7.2).

Mandibular nerve damage is indicated by a dis-
turbed sensibility, which may manifest as follows [57]:
• Hyperesthesia (increased sensitivity to touching 

stimuli)
• Hypoesthesia (reduced sensitivity to touching stim-

uli)
• Dysesthesia (stimuli are sensed as different and un-

pleasant, e.g., touching causes pain)
• Complete anesthesia 
• Painful anesthesia (rare), e.g., triggered by cold 

stimuli
Consequences of a disturbed sensitivity may be the 
following:
• Saliva dropping out of the angle of the mouth
• Labial ulcer caused by unnoticed biting on the lip
• Labial burning due to unnoticed heat exposure

clinical practice Advice i

If a mandibular nerve injury due to overextension 
of an endodontic sealer into the mandibular nerve 
canal is suspected, the patient should be referred 
for surgical treatment as soon as possible to remove 
the sealer and treat the nerve according to the de-
gree of the damage [183, 212]. Immediate treatment 
includes, for instance, the prescription of steroids 
combined with the application of cold and wet 
packs to prevent edema and inhibit inflammation.

7.1.5 rubber dam

A rubber dam should generally be used for each root 
canal treatment (for details, see textbooks on endo-
dontology). The original rubber dam consisted of 
powdered latex. Allergies to latex have been docu-
mented (see Chap. 14), and allergic reactions to the 
rubber dam have increasingly been reported in the 
dental literature in recent years [56, 76, 132, 139]. 

These are mostly type I (immediate) reactions [132], 
causing symptoms such as a localized contact urti-
caria (Fig. 7.3) or anaphylactic shock [76]. Latex-free 
rubber dams are also available, e.g., based on silicone, 
which reveal mechanical properties similar to those of 
latex rubber dams (according to manufacturers’ infor-
mation). It may be possible in the future to completely 
replace latex-containing rubber dams if these new or 
similar materials prove successful in daily practice. 
However, one recent case of a type IV reaction to a 
latex-free rubber dam has been reported [232]. 

Fig. 7.2  . Excessive overfilling of the root canal and extrusion 
of a paraformaldehyde-containing sealer into the mandibular 
canal. The patient complained of total anesthesia [57] (Courtesy 
of J.E. Hausamen, Hannover, Germany)

Fig. 7.3  . Perioral urticaria after application of a latex-based 
rubber dam. Positive radioallergosorbent test reaction indicat-
ed IgE antibodies to latex [76] (Courtesy of E.A. Field, Liverpool, 
UK)
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7.2 Gutta-percha

7.2.1 composition

Gutta-percha is a natural product made of the bark 
of the gutta-percha tree (Isonandra percha). Gutta-
percha is chemically a polymer based on isoprene. 
Two different types of gutta-percha are used in endo-
dontics: α-gutta-percha, which is characterized by a 
better flow behavior and relative volume stability and 
so is preferred for injectable techniques, and β-gutta-
percha, which is more flexible and is primarily used 
for points.

Gutta-percha points have different compositions; 
the ranges are shown in Table 7.1. These differences 
between individual products may be the cause of dif-
ferent technical and biological properties. Previously, 
cadmium-containing pigments were added to gutta-
percha points; the yellow color was supposed to facili-
tate removal of gutta-percha points in case a revision 
was needed. However, modern gutta-percha points 
contain other dyes, so cadmium compounds are no 
longer added. Cadmium impurities in zinc oxide 
vary within accepted threshold concentrations [206]. 
Gutta-percha points whose surface is heated before 
application contain resin or metal (titanium) points in 
their interior [23, 254]. Calcium hydroxide is added 
to some gutta-percha points in substantial amounts 
(52%) in order to benefit from its biological effects [6, 
112]. These products, however, are primarily used as 
endodontic dressings (see also Sect. 7.3.6 on calcium 
hydroxide sealers). Iodoform and chlorhexidine have 
been added to gutta-percha as well as tetracycline 
[161]. Gutta-percha is soluble in certain organic di-
luents, such as eucalyptus oil.

Gutta-percha can be used as a point, without 
warming, in combination with a sealer as filling mate-

rial in a prepared root canal. Furthermore, techniques 
have been described that require the heating of the 
points (e.g., Thermafil, Densfil) [254] to achieve a bet-
ter adaptation of the gutta-percha to the walls of the 
root canal. Other methods use liquefied gutta-percha 
(at 70°C or 160–200°C), which is injected into the root 
canal (Ultrafil, Obtura) [265] or liquefied by means of 
rotating instruments in the root canal (the McSpadden 
technique).

7.2.2 release and degradation 

Gutta-percha seems to be rather stable against degra-
dation under alkaline hydrolytic and enzymatic condi-
tions [239]. However, the slightly toxic reactions ob-
served with certain brands may lead to the conclusion 
that small amounts of substances are released, e.g., 
zinc ions from the zinc oxide filler [164]. Substances 
specifically added to influence the biological proper-
ties, such as calcium hydroxide or antimicrobial active 
substances, are also released. In the case of calcium hy-
droxide, contradictory data are reported; some authors 
found no change in the pH of the eluate [6, 44], whereas 
others found a moderate increase of the pH to 9.5–10.9 
[12, 58, 62]. But the amount of released hydroxide ions 
was obviously so low that no alteration of the pH value 
was documented in buffer, saliva, or serum [148].

7.2.3 systemic toxicity and Allergies

No reports documenting a systemic toxic reaction 
to gutta-percha points are available in the accessible 
scientific literature. Older products (made before 
1988, according to the manufacturers’ information) 
contained cadmium-based dyes [206]. But even in 

Table 7.1  . Composition and phase structures of gutta-percha points

Composition Phase structures

Zinc oxide: 33–61.5% α phase: Natural product

Gutta-percha: 19–45% β phase: Emerging after warming of the α phase and rapid 
cooling

Heavy metals: 1.5–31.2% γ phase: Not used in dentistry

Additives (e.g., colophony): 1–4.1%

Pigments: 1.5–3.4%
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these cases no systemic toxicity is to be expected due 
to the minute amounts and the extremely low solubil-
ity of cadmium [206].

Allergic reactions to gutta-percha seem to be very 
rare as well. So far, only one case of a suspected allergic 
reaction has been documented [33]. Gutta-percha was 
applied beyond the root apex in a female patient who 
was allergic to latex. The operator did not wear latex 
gloves. Nevertheless, pain, lip swelling, and a diffuse 
urticaria occurred after the endodontic treatment. The 
gutta-percha point was removed 4 weeks later. There-
after, the patient’s symptoms disappeared. It should be 
noted that gutta-percha and latex are natural products 
derived from trees that belong to the same botanical 
family [33]. So far, however, no increased frequency of 
sensitization to latex has been documented in patients 
with endodontic gutta-percha fillings. Thus, the gen-
eral use of gutta-percha for endodontic fillings cannot 
be discouraged [208].

The question whether patients with a latex allergy 
should be treated with gutta-percha points is more dif-
ficult to answer. No cross-reactivity has been found 
between extracts of different gutta-percha points and 
natural latex [54, 99, 125]. Data regarding raw gutta-
percha are contradictory [54, 99]. Gutta-balata, which 
may be added to some gutta-percha points, has caused 
cross-reactivity with natural latex [54]. The recom-
mendation to avoid overfilling of root canals with 
gutta-percha in patients who are allergic to latex is, 
however, clinically often very difficult to accomplish.

Proteins that may be the cause of cross-reactivity 
between latex and gutta-percha are removed from raw 
gutta-percha by a purification process before the ma-
terial is used for gutta-percha points (according to the 
manufacturers’ information). This process minimizes 
the allergenic risk. Analyses of the protein content 
of gutta-percha points documented concentrations 
of 2–5 µg/ml, whereas raw gutta-percha contained 
>200 µg/ml [125]. Two case reports about patients 
with pronounced allergy to latex are documented 
in the literature; these patients were endodontically 
treated with gutta-percha successfully and without 
symptoms [132, 142].

clinical practice Advice i

Only highly purified gutta-percha should be used 
in patients with a latex allergy. If necessary, syn-
thetic gutta-percha points can be applied (e.g., Syn-
thapoints).

7.2.4 Local toxicity and tissue compatibility

Gutta-percha caused no or only slight toxic reactions 
in various cell cultures using different toxicity assays 
[126, 146, 221]. Similar data have been documented 
after implantation in the tibia [119] as well as the 
mandible of guinea pigs [223] and after subcutane-
ous implantation in rats [162, 263] and rabbits [204] 
(Fig. 7.4). Interestingly, some gutta-percha products 
were more toxic in vitro than others [203]. This was 
also observed in vivo in histological studies. An acti-
vation of the complement system was observed only 
with certain gutta-percha products [89]. Subcutane-
ous implantation of one product in rats caused no re-
actions after 1 year, whereas another product triggered 
a chronic inflammation [111, 263].

Sonat et al. [220] investigated the tissue reaction 
in dogs after application of Sealapex, pure calcium hy-
droxide, and gutta-percha. Gutta-percha caused the 
least amount of apical healing. Cells of the surrounding 
periodontal ligament encapsulated the material, but no 
periapical regeneration was observed. Other authors, 
however, reported periapical healing [48]. There are 
obviously differences among individual gutta-percha 
products regarding their biocompatibility.

The tissue reaction to gutta-percha also depends 
on the particle size. Macrophages and foreign body gi-
ant cells were observed after subcutaneous implanta-
tion of gutta-percha particles (50–100 µm) in guinea 
pigs, which may potentially interfere with the apical 
healing process. However, larger gutta-percha particles 
caused no adverse biological reaction [218]. Mouse 
macrophages released prostaglandins E2 and I1 when 
exposed to small gutta-percha particles (50–100 µm); 
the cell culture supernatant had the potential of bone 
resorption, which could not, however, be attributed to 
prostaglandins but to interleukin-1-alpha [219].

Increased temperatures, such as when applying 
heated or liquefied gutta-percha, and their effects on 
the surrounding tissue have been intensively discussed 
in the literature. The temperatures inside the root ca-
nals generally exceeded the temperatures at the root 
surfaces. This indicates that dentin acts as a good ther-
mal insulator [260]. If the temperature at the root sur-
face is increased by 10°C for longer than 1 min, then 
the periodontal tissue may be damaged [69].

Temperatures between 45°C and 80°C have been 
measured inside root canals during the vertical con-
densation of gutta-percha (heating of gutta-percha 
points within the root canal using a hot instrument) 
[156]. The temperature increase at the root surface 
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varied between 3°C and 4°C (at the enamel–cementum 
junction) [101] and 4–7°C at a distance of 2 mm to the 
apical foramen [8] (Fig. 7.5). Less increased tempera-
tures were observed when heated gutta-percha was 
used together with a sealer [15]. 

The Endotec method represents a similar technique: 
Gutta-percha is heated inside the canal with a heated 
spreader [47]. Increased temperatures with an aver-
age of 11°C were recorded at the root surface in vitro 
during the application of this technique, the highest 
temperatures (range 4.5°–13°C) being measured at the 
enamel-cementum junction (Fig. 7.5) [93]. Animal ex-
perimentation excluded periodontal damage after use 
of this treatment method [47]. Similar methods have 
been marketed recently under different names.

The thermomechanical compaction (condensa-
tion) of gutta-percha (the McSpadden technique) has 
been shown to increase the temperature within root 
canals to 55–100°C [52, 59, 77, 78]. Recorded temper-
atures at the root surface varied between 15.4°C and 
35°C [80, 102] depending on the rotational speed of 
the compactor (see Fig. 7.5) [102]. These in vitro data 
significantly exceeded the abovementioned threshold 
of 10°C. Subsequent animal experiments documented 
an average temperature increase at the root surface of 
18.3°C at a rotational speed of 10,000 min-1 despite 
the application of a sealer (range 14°C–22.5°C; see 

Fig. 7.5). After condensation, the temperature increase 
dropped below 10°C within 15–30 s [199]. Histologi-
cal studies of the periodontium [200] documented 
that 20% of the experimental teeth showed resorptions 
of the cementum in the central area of the root after 
20 days, but without signs of pronounced inflamma-
tion. After 40 days, 28% of the analyzed teeth revealed 
resorptive alterations of the root; 22% of these roots 
were ankylotic. Control teeth (subjected to lateral con-
densation) showed neither resorption of the cemen-
tum nor ankyloses. 

clinical practice Advice i

It may be concluded from these data that thermo-
mechanical compaction (condensation), specifically 
at a higher rotational speed (>10,000 min-1), may 
damage the periodontal tissues.

The principle of the Obtura method is to heat gutta-
percha up to a temperature of 160°C (method I) or 
200°C (method II) [260] and inject it into the root ca-
nal (Figs. 7.5 and 7.6). The intracanal temperature that 
was generated by Obtura I was up to 75°C [60], and 
a maximum of 67°C was found with Obtura II [260]. 
The maximum temperature increase at the root surface 

Fig. 7.5  . Temperature increase (minimum and maximum val-
ues) at the root surface after application of heated injectable 
gutta-percha. A temperature increase of >10°C for more than 
1 min may cause bone damage (*cervical area, **central root 
surface area, ***root end, ****with sealer) [69]

Fig. 7.4  . Local toxicity of different root canal filling materials 
in implantation tests low toxicity (= low toxicity index) of gutta-
percha, decreasing toxicity of an epoxy sealer with increasing 
aging time [204]
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was 8.9°C [260]. Temperature increase was highest in 
the central area of the root, probably due to the higher 
volume of the root canal in this area. Damage to the 
periodontium was considered to be rather unlikely be-
cause the critical temperature increase of 10°C was not 
reached. Apparently the gutta-percha cools down sig-
nificantly before it reaches the root canal [259]. A tem-
perature increase at the bone surface next to a tooth 
that was treated using this method did not exceed 
1.1°C with or without the application of a sealer [97]. 
Gutmann et al. [97] reported that the Obtura method 
(with and without a calcium-hydroxide-based sealer) 
caused no damage to the periodontal tissues of dogs 
after 72 h compared with the control technique (lateral 
condensation). 

The Ultrafil method is based on injecting gutta-
percha that was heated to 70°C into the root canal. 
Periodontal damage seems to be unlikely, similar to 
the aforementioned investigations. Langeland et al. 
[147], however, reported an acute apical inflamma-
tion briefly after overfilling of root canals with heated 
gutta-percha in primates; this changed into a chronic 
inflammation with foreign body reactions after sev-
eral months. However, it should be considered that 
gutta-percha particles may trigger such an inflamma-
tory reaction [228].

clinical practice Advice i

Heat-related tissue damage due to the injection of 
heated gutta-percha is unlikely if the method is ap-
plied correctly. Overfilling of root canals with gutta-
percha must be avoided to prevent a foreign-body-
related inflammation.

7.2.5 Antimicrobial properties

Gutta-percha has a limited antimicrobial activity, e.g., 
in anaerobic cultures of bacteria taken from root ca-
nals [164, 258]. The occurrence and size of the inhibi-
tion zones vary according to the applied bacteria and 
the tested products [258]. Zinc oxide is supposed to 
cause antimicrobial effects, releasing zinc ions due to 
hydrolysis [164]. The addition of iodoform increased 
the antimicrobial effect [157], and added tetracycline 
was also active against Enterococcus faecalis [161]. On 
the other hand, iodoform may cause toxic or allergic 
reactions. Substantial clinical data on iodoform-con-
taining gutta-percha is not available. 

7.2.6 clinical data  
and Mandibular nerve Injuries 

Gutta-percha, such as when used for the lateral con-
densation technique, is currently considered the gold 
standard for root canal treatment; a deficient marginal 
adaptation is compensated for by an appropriate sealer. 
Gutta-percha is presently the endodontic filling mate-
rial that causes the least controversy.

However, liquefied gutta-percha (the McSpadden 
technique) used in combination with a calcium hydrox-
ide sealer and which extruded from the root canal into 
the mandibular nerve canal has caused pronounced 
nerve injuries with persisting local anesthesia, numb-
ness, and intermittent attacks of “pinpricking” in the 
lip and chin. When the gutta-percha was surgically re-
moved, a total loss of sensory function was the initial 
consequence, followed by a subsequent paresthesia. 
Subjective dysesthesia symptoms included sensations 
of warmth, cold, burning, pain, tingling, pricking, 
numbness, itching, and formication [165]. The authors 
concluded that the elevated temperature of gutta-per-
cha was the cause of the nerve damage [74].

Other authors reported six cases of paresthesia af-
ter overfilling of gutta-percha or chloropercha (gutta-
percha dissolved in chloroform) [165]. However, 
symptoms completely disappeared within 3 months at 
the most. In one case, in which the patient refused to 
have the gutta-percha in the mandibular canal surgi-
cally removed, the symptoms improved after 1 year, 
but tingling sensations of the gingiva and the lips re-
mained [25].

Fig. 7.6  . a According to the Obtura method, gutta-percha is 
heated up to 200°C and subsequently applied in the root canal 
using an injection device. b The device (Courtesy of JADENT, 
Aalen, Germany)
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7.3 root canal sealers

7.3.1 overview

Root canal sealers are used to fill the remaining space 
between gutta-percha points and the root canal wall as 
tightly as possible. Sealers can be classified into vari-
ous groups according to their composition:
• Zinc oxide eugenol (ZOE) materials
• Polyketone products
• Epoxy resins
• Calcium-hydroxide-based materials
• Mineral trioxide aggregate (MTA)
• Calcium phosphate cement
• Silicone-based sealers
• Resin-based sealers

In the past, chloropercha was frequently used. How-
ever, due to the possible health risk posed by chloro-
form (carcinogenicity), this type of sealer is no longer 
recommended.

For a number of years, a glass ionomer cement 
sealer was used for root canal and root end filling. This 
material was not found to be cytotoxic or mutagenic 
in a commonly used bacterial mutagenicity test (the 
Ames test) and was well tolerated after implantation 
[70, 137, 177]. However, this material is no longer 
available.

7.3.2 Zinc oxide eugenol sealers

7.3.2.1 composition

The group of ZOE sealers comprises a relatively large 
number of different products; the typical composi-
tion of one of these materials, Grossman sealer, is 
shown in Table 7.2. Some ZOE sealers contain addi-
tives such as thymol or thymoliodide in order to in-
crease the antimicrobial effect (Rickert, Tubli-Seal). 
Other products contain hydroxyl apatite [86] or cal-
cium hydroxide [175] to improve apical sealing and 
bone regeneration. Clove oil and Peru balm are used 
as alternatives for eugenol. Clove oil is the natural raw 
material that contains approximately 70–85% eugenol. 
Eucalyptus oil has also been used to replace eugenol, at 
least partially [175].

ZOE sealers may also contain colophony to in-
crease the adhesiveness of the cement, to adjust the 
speed of the setting reaction, and to decrease solubility 
or disintegration. The exact chemical composition of 
colophony may change because of the natural raw ma-
terial, which is the product of conifers [234]. Modified 
ZOE preparations (see Table 7.2) are characterized by 
better mechanical properties regarding strength, set-
ting behavior (fast/regular), and so on [266].

Some ZOE sealers contain paraformaldehyde, in-
cluding N2 (7% of the powder) or SPAD (87% in one 

Table 7.2  . Composition (in weight %) of zinc oxide eugenol (ZOE) sealers

Powder  Liquid Additives

standard material
(Grossman sealer)

Zinc oxide 42% Eugenol Thymol/thymoliodide (Rickert, 
Tubli-Seal)

Stabilite 27% Formaldehyde (N2, SPAD a)

Bismuth carbonate 15% Hydroxyl apatite (Bioseal)

Barium sulfate 15% Calcium hydroxide 
(CRCS)

Sodium borate anhydrate 1%

Modified Zoe materials  
(super eBA)

Zinc oxide 60% Orthohydroxy-benzoic acid 
62.5%

Aluminum oxide 34% Eugenol 37.5%

Resins (e.g., colophony 6%)

aThe powder contains zinc oxide, among other compounds, but the liquid is eugenol-free
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of the two liquids). The chemical synonym of formal-
dehyde is trioxymethylene. Formaldehyde is supposed 
to enhance the disinfecting effect of the materials. On 
the other hand, the use of root canal sealers contain-
ing paraformaldehyde has been strictly rejected by the 
European Society of Endodontology [73].

7.3.2.2 setting reaction and release 
of substances

ZOE sealers set in a humid environment, forming 
ZOE chelates. This setting reaction takes about 24 
h. Additives, however, such as colophony, dicalcium 
phosphate, or zinc acetate can accelerate the speed 
of the setting reaction [262]. The setting reaction 
is reversible – hydrolytic conditions may cause the 
release of eugenol and zinc ions. A further degrada-
tion of the material releasing eugenol may be caused 
by HCO3 

– (derived from tissue fluid), since the affin-
ity of zinc to HCO3 

– is greater than to eugenol [168]. 
Formaldehyde-containing root canal sealers based on 
ZOE release formaldehyde over a prolonged period of 
time [134].

7.3.2.3 systemic toxicity and Allergies

Many authors have investigated the biological effects of 
eugenol. These studies documented a low systemic tox-
icity [264]; furthermore, eugenol is an approved food 
additive [75]. The oral LD50 varies between 1,930 mg/
kg (rat) and 3,000 mg/kg (mouse) [158]. On the other 
hand, eugenol, like colophony, is a known contact al-
lergen [154] (for more information, see Sect. 6.4). 
Eugenol and its derivatives are used in fragrance mix-
tures. Allergies linked to these mixtures may be caused 
by the presence of eugenol [188]. Eugenol and ZOE 
were only moderately allergenic or nonallergenic in 
preclinical application tests, but this finding may be 
due to a suppression of clinical symptoms of an allergy 
by eugenol [106, 109, 123]. Some “eugenol-free” mate-
rials contain Peru balm, which is an important contact 
allergen as well [127]. Some authors have documented 
that Peru balm is the second most frequent allergen 
among the patients included in their studies [104]. 
Peru balm consists of approximately 250 substances, 
including small amounts of eugenol.

practical clinical device i

Patients with an allergy to eugenol (or to fragrances) 
should not be treated with materials containing 
eugenol, isoeugenol, or Peru balm.

Allergic reactions to filling materials containing ZOE 
have been observed [108], and dental personnel have 
shown allergic contact dermatitis due to eugenol-con-
taining materials [22, 108, 124]. Formaldehyde, which 
is released from ZOE sealers containing paraformal-
dehyde, is a known allergen (hapten) as well. The oc-
currence of a contact urticaria in the mandible after 
exposure to a formaldehyde-containing root canal 
sealer has been documented; the complaints, however, 
subsided after application of a corticoid-based drug. 
The patient reacted positively to formaldehyde in a 
patch test [66].

It has also been reported in the literature that the 
application (and overfilling) of a paraformaldehyde-
containing sealer caused anaphylactic shock [98]. Im-
mediately after root canal filling, the patient suffered 
from hot flushes, general itching, and shortness of 
breath. After 30 min, the patient lost consciousness 
and showed typical shock symptoms, with a systolic 
blood pressure of 50 mmHg. With emergency treat-
ment, the patient survived. The subsequent patch test 
was positive for formaldehyde; a high concentration of 
IgE was assessed [98].

Other authors have reported seven cases of allergic 
reaction – four cases of anaphylactic shock and three 
of generalized urticaria – to formaldehyde in endo-
dontic sealers [35]. Respiratory and cutaneous reac-
tions as well as anaphylactic reactions prevailed. The 
authors reviewed the literature and found 35 similar 
cases, with 15 cases of life-threatening anaphylactic 
reactions [35].

7.3.2.4 Local toxicity and tissue compatibility

Eugenol has caused a cytotoxic reaction in various cell 
culture tests and assays [203]. Similar data were docu-
mented for ZOE-based materials [107]. Compared 
with other root canal sealers, the reported degree of 
cytotoxicity for a ZOE sealer ranked somewhere in 
the middle, and no difference was found if the mate-
rials were allowed to set for 24 h or for 7 days. These 
materials were, however, significantly less toxic than a 
formaldehyde-containing ZOE sealer [70] (Fig. 7.4).
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A ZOE sealer without paraformaldehyde was tested 
and found to be nonmutagenic [209], but paraformal-
dehyde-containing endodontic sealers tested positive 
[53, 150, 173]. 

The effect of ZOE sealers on nerve conduction has 
been investigated as well. In vitro studies showed that 
eugenol may impair the conduction of various nerves 
[39, 140, 176]. Based on the effective concentration, it 
may be concluded that a reversible damage to nerves 
in vivo is possible [39]. Formaldehyde, however, ir-
reversibly suppressed the nerve conduction in vitro at 
concentrations that may also occur in vivo [39]. Stud-
ies performed with mixed ZOE pastes documented 
a reversible inhibition of nerve conduction, whereas 
paraformaldehyde-containing materials caused irre-
versible damage [41].

Eugenol (similar to aspirin) inhibits prostaglan-
din H synthesis (cyclooxygenase, or COX; COX-1 and 
COX-2 are isoenzymes of the prostaglandin H syn-
thase) and thus inhibits prostaglandin synthesis, con-
secutively suppressing inflammation and, therefore, 
pain (Fig. 7.7).

ZOE sealers have influenced immune system cells 

in vitro; low concentrations of material extracts stimu-
lated the cells, and higher concentrations inhibited 
them [34]. A specific strong inhibition of immune cells 
was observed when formaldehyde-containing sealers 
were investigated [34]. The intramuscular injection of 
a mixture of pulp tissue and formaldehyde-containing 
ZOE sealers caused a very pronounced effect on the 
immune system, with proliferation of lymphocytes 
and an increased antibody titer [26, 27]. Alterations of 
the immune system may influence the host’s defense 
toward bacteria in a negative way or may increase in-
flammatory reactions. Current knowledge in this field 
is still very limited.

ZOE sealers triggered moderate to severe inflam-
mation in rats after subcutaneous implantation, which 
continuously decreased with increasing postopera-
tive observation time (up to 120 days). However, even 
after a long observation period, slightly higher toxic 
reactions were observed compared with a calcium-
hydroxide-based sealer (Apexit) [138]. Other authors 
confirmed these data using a similar experimental set-
ting [137]. A ZOE sealer, which was subcutaneously 
injected in guinea pigs, was more irritating than a cal-

Fig. 7.7  . Eicosanoid metabolism: eugenol inhibits the prostaglandin-H-synthase (COX-1, COX-2) and 
thus inhibits the synthesis of prostaglandins, which results in, among other things, pain reduction

G. Schmalz 197



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_7_2008 - 06 - 18_2

cium-hydroxide-based or a silicone-based sealer even 
after an observation period of up to 80 days [269]. 
In particular, pronounced reactions were found after 
implantation of ZOE sealers containing paraformalde-
hyde (Fig. 7.8).

After application of a ZOE and a calcium hydrox-
ide sealer into the root canals of ferrets [110], a peria-
pical inflammation was generally found with the ZOE 
material, whereas this was the case in only three out 
of 10 teeth that were treated with calcium hydroxide. 
In another study, a paraformaldehyde-containing ZOE 
sealer caused pronounced periapical inflammation in 
dog teeth [67]. Tepel et al. [242] reported that ZOE 
sealers containing paraformaldehyde significantly im-
paired apical healing. An intentional overfilling of root 
canals (anterior teeth) with a paraformaldehyde-con-
taining sealer in animal experiments resulted in severe 
periapical inflammation 6 months after treatment. 
These reactions were significantly less severe when a 
ZOE sealer without paraformaldehyde was used. A 
formaldehyde-containing ZOE sealer that was applied 
for pulpectomy of human teeth caused extensive ne-
crosis [145].

Key note Z

Data show that ZOE sealers are characterized by a 
moderate local toxicity, which is significantly in-
creased if paraformaldehyde is added.

7.3.2.5 Aspergillosis

A number of case reports document that paraformal-
dehyde-containing ZOE sealers may cause an asper-
gillosis of the maxillary sinus when the root canals 
of upper posterior teeth are overfilled and the sealers 
are pressed into the maxillary sinus [18, 19, 20, 130, 
133, 149]. Aspergillosis presents itself radiologically 
through a homogeneous cloudy maxillary antrum 
with one or more round or oval radiopaque objects 
(Fig. 7.9) [19]. These radiopaque concrements consist 
of calcium phosphate compounds and calcium sulfate 
compounds, which are deposited in the necrotic areas 
of the mycelia [130]. Computed tomographic densi-
tometry can be used to differentiate between dental 
and aerogenic causes of aspergillosis [143]. It has been 
recommended to remove the mycotic tissue by sur-
gery. Systemic antimycotic therapy is necessary only in 
cases of an invasive aspergillosis [130]. 

Clinical symptoms may vary. Most patients com-
plain of intermittent pain, sensitivity of the cheeks, 
and occasional nasal complaints. Other patients do 
not reveal any clinical symptoms, and in these cases 
the aspergillosis is usually detected as an accessory 
finding of a radiographic examination [19]. Tests with 
fungal cultures have revealed that zinc oxide added 
to the culture medium may significantly increase the 
growth of various Aspergillus strains [20]. Aspergil-
lus spores were detected in containers with zinc ox-
ide [18]. It may be speculated that local damage of 

Fig. 7.8a,b  . Histologic reaction after implantation of a para-
formaldehyde-containing root canal sealer (rat, subcutaneous). 
a Implantation immediately after mixing caused necrosis (**) 
at the contact area with the test material (TM) and excessive 

inflammation (*). (magnification ×80) b Implantation of “aged” 
specimens 7 days after mixing causes extensive inflammatory 
reactions as well (*) (magnification ×80)
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the sinus mucosa caused by paraformaldehyde is the 
prerequisite for a zinc-induced growth of Aspergillus 
(mostly Aspergillus fumigatus) [19]. Aspergillus spores 
could also be transported into the sinus via contami-
nated ZOE sealers [170].

clinical practice Advice i

All of the available information on adverse effects 
and the high toxicity of paraformaldehyde-contain-
ing ZOE sealers gives rise to the recommendation 
to not use these materials in clinical practice. Fur-
thermore, other ZOE sealers should be applied with 
great caution to avoid any overfilling of root canals.

7.3.2.6 Antimicrobial properties

ZOE sealers, even when completely set (e.g., 7 days 
after mixing), revealed pronounced antimicrobial 
properties when in direct contact with Enterococcus 
faecalis suspensions [85]. It has repeatedly been docu-
mented that ZOE sealers possess a significantly higher 
antimicrobial potency than calcium-hydroxide-based 
materials, regardless of the type of microorganisms 
used for the tests [1, 5, 185, 216]. Obviously, eugenol 
is the primarily causative substance for this effect. 
Eugenol is bactericidal at concentrations between 10-2 
and 10–3 M [155]. Concerning bacteria-contaminated 
dentin, Orstavik [172] reported that ZOE sealers dis-
infect dentin tubules to a depth of 250 µm (Table 7.3). 
A further comparative study with anaerobic bacteria 
showed that a ZOE sealer was a stronger antimicro-
bial agent than calcium-hydroxide-based materials or 
a glass ionomer cement [1] but was less antimicrobial 
than an epoxy-based sealer (AH26) [105].

Various investigations have shown the good an-
timicrobial properties of ZOE sealer that contained 
paraformaldehyde (see Table 7.3) [42], such as in cul-
tures of Staphylococcus aureus [185] and a great vari-
ety of other microorganisms, including those isolated 
from infected root canals [186, 241].

7.3.2.7 clinical data and Mandibular 
nerve Injuries

ZOE sealers have been used for many decades as root 
canal filling materials. Clinically, their biocompat-

ibility is generally considered good. Individual cases 
of mandibular nerve injury have been described 
when the sealer was pressed into the mandibular ca-
nal [201]. More severe problems, however, may occur 
with paraformaldehyde-containing pastes. Accord-
ing to a review of the literature in 1988, more than 

Fig. 7.9a-c  . Aspergillosis of the right maxillary sinus. a Over-
filled root canal sealer in the sinus. b Severe radiologic shadow of 
the maxillary sinus (arrow). c The histologic section (not decalci-
fied section) reveals an aspergillosis containing root canal filling 
material (arrow) [130] (Courtesy of P. Reichart, Berlin, Germany)
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40 cases of paresthesia of the inferior alveolar nerve 
subsequent to a root canal filling were observed in the 
1960s and 1970s. These patients were mainly treated 
with paraformaldehyde-containing root canal sealers. 
Symptoms were irreversible without surgical treatment 
[39]. A more recent review presented 26 such cases, 
and it is again emphasized that paraformaldehyde is 
the main problem in such cases [184]. This is equiva-
lent to data based on in vitro investigations showing 
that formaldehyde-containing root canal sealers ir-
reversibly suppress nerve conduction [39, 140, 176]. 
Therefore, there is indication that the release of form-
aldehyde played an important role in these incidents 
[39].

Paresthesia also occurred in some cases in the up-
per jaw when ZOE-based sealers without formalde-
hyde were endodontically overfilled. In one case, the 
paresthesia lasted for 4 months [141]; in two other 
cases, it lasted 1 year and 2 years, respectively [144].

7.3.3 polyketone-Based sealers

7.3.3.1 composition, setting reaction, 
and release of substances

One sealer based on polyketone (Diaket) has been on 
the market since 1952 (Table 7.4). This material sets 
via the formation of a chelate complex composed of 
a ketone and zinc. No data are available regarding the 
release of toxic substances.

7.3.3.2 systemic toxicity and Allergies

Although this product has been on the market for 
many years, no reports have been published indicating 
any systemic toxic properties or allergenic potential. 

7.3.3.3 Local toxicity

Assessment of local toxicity in cell culture experi-
ments generally revealed toxic properties that were, 
however, low compared with ZOE-based sealers con-
taining paraformaldehyde [126, 128, 271]. Our own 
studies with fibroblast cultures confirmed these re-
sults, but revealed as well that cytotoxicity decreases 
after the material has set [203]. This was confirmed in 
studies with primary pulp cells [159]. The emulsifying 
of the sealer with Tween 80 (a nonionic detergent) in-
creased cytotoxicity. This indicates that the cytotoxic 
substances are not water-soluble [222]. The polyke-
tone-based sealer was nonmutagenic in a commonly 
used bacterial mutagenicity test (the Ames test) [209] 
and caused an inhibition of nerve conduction in vitro, 
which was partially reversible [41].

Diaket caused an initial toxic tissue reaction di-
rectly after intramuscular implantation. This reaction 
decreased when the material was aged before implan-
tation (see Fig. 7.4). Intraosseal implantation of this 
endodontic sealer caused a chronic inflammatory re-
action when the material was mixed in a sealer-like 
consistency [223]. Similar results were reported after 
subcutaneous implantation [84, 171]. The reactions, 
however, partly or completely disappeared over time 
[187, 202, 228]. Sealer mixed to a thick consistency (a 
double amount of powder) revealed better compatibil-
ity with bone, in particular directly after application 
[167]. A mild inflammatory reaction due to this root 
canal filling material has been reported when it was 
overfilled into the periapical area of rat molars. The 
material was slowly absorbed and tended to fibrous 

Table 7.3  . Disinfectant effect of various sealers in vitro on 
dentine infected with Enterococcus faecalis [172]

Sealer Depth of disin-
fected zone (µm)

Epoxy sealer (AH 26) 1,000

ZOE sealer (CRCS)   250

ZOE sealer (Procosol)   250

ZOE sealer containing formaldehyde 
(Endomethasonea)

  700

CH sealer (Sealapex)     0

a  Until 1993, the material Endomethasone contained formalde-
hyde; subsequently, the sealer was available as Endomethasone N 
without formaldehyde (according to the manufacturer’s informa-
tion)

Table 7.4  . Composition of a polyketone-based sealer (Diaket) 
[41]

Powder Liquid

Zinc oxide 97% Propionylacetophenone 
(76%)

Bismuth phosphate 3% Vinylcopolymers (23.3%)

Dichlorophene (0.5%)

Triethanolamine (0.2%)
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encapsulation [166]. Diaket was pronounced antimi-
crobial in cultures of Staphylococcus aureus [185].

7.3.4 epoxy-Based sealers

Several epoxy-based sealers are available on the market. 
The product AH26 is offered in two versions, with silver 
and silver-free. A further development of this product 
is named AHPlus (also marketed as Top Seal). The com-
position of these materials is described in Table 7.5.

7.3.4.1 setting reaction and release 
of substances

The setting reaction of AH26 includes a polymeriza-
tion process that causes the release of formaldehyde 
via hydrolysis of the hexamethylene tetramine to am-
monia and formaldehyde [134]. The concentration of 
formaldehyde released during this process is 300 times 
lower than with formaldehyde-containing ZOE seal-
ers [224]. Other studies with a different analytical 

technique confirmed these findings, but the difference 
between both types of sealers was smaller. In contrast 
to formaldehyde-containing ZOE sealers, however, 
no formaldehyde was detected when AH26 was com-
pletely set (2 weeks after mixing) [134]. AHPlus sets 
much faster than AH26 does [272], and it is reported 
to not release any formaldehyde [134].

7.3.4.2 systemic toxicity and Allergies

Epoxy resins are mainly biologically active substances, 
and the epoxy monomer bisphenol A diglycidyl ether 
(BADGE) is an important contact allergen [127]. How-
ever, no reports have been published in the available 
literature that indicate systemic toxic reactions due to 
an epoxy-based sealer. Kallus et al. published positive 
test results after application of AH26 in the guinea pig 
maximization test. Accordingly, sensitized guinea pigs 
documented a more pronounced tissue reaction after 
subcutaneous implantation of AH26 compared with 
nonsensitized animals [123]. 

Table 7.5  . Composition of epoxy-based sealers [210]

AH26® AHPlusTM

Silver-containing Silver-free

powder powder paste B

Bismuth(III)-oxide (60%) Bismuth(III)-oxide (60%) Calcium tungstenate

Hexamethylene tetramine (25%) Hexamethylene tetramine (25%) Adamantane amine, N,N’-Dibenzoyl-5- 
oxanonane-diamine-1,9-TCD-diamine

Titanium dioxide (5%) Titanium dioxide (5%) Zirconium dioxide

Silver (10%) Bismuth oxide (instead of silver) 10% Silicon dioxide

Poly(dimethyl) siloxane

Liquid Liquid paste A

Bisphenol A-diglycidylether
(BADGE)

Bisphenol A-diglycidylether
(BADGE)

Bisphenol A-diglycidylether

Calcium tungstenate

Zirconium dioxide

Silicon dioxide

Pigment
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Nevertheless, these sealers obviously cause aller-
gies only in rare cases. One case of an allergy to AH26 
has been documented. The clinical symptoms in-
cluded erythema of the face and nape of the neck, and 
the patch test was positive [117]. Another case showed 
generalized skin reactions, which were successfully 
treated with cortisol [94]. The manufacturer of AH26 
reported in 1999 only six cases of an allergy (since 
1988), despite the widespread use of the product and 
the long period of time it had been on the market (see 
Fig. 14.13 and 14.14 in Chap. 14) [94]. 

7.3.4.3 Local toxicity

Some authors [126] reported that AH26 was not cyto-
toxic, whereas others observed a very pronounced cy-
totoxic reaction in cell cultures [37, 88, 175]. However, 
these studies also documented a lesser cytotoxicity of 
AH26 compared with ZOE sealers containing para-
formaldehyde [146, 221]. The discrepancy between 
various toxicity data for AH26 reported in the litera-
ture can be explained, at least partly, by the fact that 
different time intervals between mixing of the mate-
rial and contact with a living tissue had been chosen in 
the various experiments. Our studies revealed that the 
test material AH26 was cytotoxic in cultures of mouse 

fibroblasts directly after mixing. This reaction was sig-
nificantly lower when the material was tested 7 days 
after mixing (see Fig. 7.4) [203]. These data were con-
firmed on primary pulp fibroblasts of rats [159] and 
on human oral fibroblasts [9]. AH26 was also highly 
cytotoxic in immune-competent cells immediately af-
ter mixing, but the set material caused a significantly 
lesser cytotoxic reaction [34]. The initial high cytotox-
icity was explained by the formation of formaldehyde 
during the setting reaction [224]. AH26 inhibited the 
nerve conduction in vitro as well [10], but this effect 
was partially reversible [41]. Only slightly toxic reac-
tions have been observed with AHPlus [65]. 

It was repeatedly found after subcutaneous, in-
tramuscular, or intraosseous implantation in small 
experimental animals that the epoxy-based sealers 
were initially toxic, but the tissue reactions subsided 
partially or completely after an extended observation 
period (Fig. 7.10; see also Fig. 7.4) [17, 203]. After im-
plantation into the tibias of rabbits, no toxic reaction 
was observed after an observation period of 3 months. 
Obviously, the in vivo toxicity depends on the setting 
reaction. Implanted specimens caused a very pro-
nounced reaction immediately after mixing, whereas 
7-day-old specimens had no toxic effect at all [204]. 
Overfilling of rat molars triggered inflammatory re-
actions, but overfilled AH26 was phagocytized in the 
course of time [166].

Key note Z

Epoxy-based sealers are initially toxic, but toxicity 
considerably declines when the materials are set, 
and then no tissue reactions, or only slight ones, are 
observed. 

7.3.4.4 Mutagenicity

Some epoxy compounds are mutagenic; therefore, 
the mutagenicity of analogous root canal sealers has 
been investigated using in vitro and in vivo methods. 
Test systems using bacterial as well as mammalian cell 
systems have indicated mutagenic properties linked 
to AH26 (with and without silver) [70, 173, 209, 211, 
236]. This effect was dependent on the setting reaction. 
Freshly mixed material was mutagenic; however speci-
mens that were investigated after a storage period of 
7 days showed no mutagenicity [118, 209]. The cause 

Fig. 7.10a,b  . Histologic reaction after implantation of an ep-
oxy sealer (rat, subcutaneous). a Implantation immediately after 
mixing causes an inflammatory reaction (*) at the contact area 
with the test material (TM). (magnification ×80) b Implantation 
of “aged” specimens 7 days after mixing causes no or only mini-
mal inflammatory reaction combined with an incipient encap-
sulation by connective tissue (*) (magnification ×80)
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of these mutagenic properties is probably formalde-
hyde released during the initial setting reaction, or, 
alternatively, the epoxy monomer BADGE. The liquid 
of the root canal sealer BADGE was clearly mutagenic 
in a bacterial mutagenicity test [209, 211].

AHPlus was also mutagenic in in vitro test systems, 
but only directly after mixing. Compared with AH26, 
an approximately 10-fold higher concentration of the 
eluate was necessary to trigger a similar mutagenic ef-
fect. No mutagenicity was observed 24 h after mixing 
[118, 151, 210, 236]. Mutagenicity data that are avail-
able up to now are difficult to interpret. BADGE is hy-
drolyzed by enzymes to bisphenol A diglycerine ether, 
which is nonmutagenic [179]. However, it has not yet 
been clarified whether this cleavage also occurs at the 
interface with oral tissues.

clinical practice Advice i

Epoxy-based sealers can be applied in patients be-
cause the set materials were nonmutagenic in most 
studies. Dental personnel, however, should avoid re-
peated and prolonged skin contact with the unset 
material.

7.3.4.5 Antimicrobial properties

Various studies have revealed pronounced antimicro-
bial properties of AH26 [185]. Parallel to toxicity, the 
antimicrobial effect decreased with increasing setting 
reaction [111]. Heling and Chandler [105] as well as 
Orstavik [172] showed that AH26 has a similar good 
disinfecting effect on infected bovine dentin, which 
can be ascribed to the initial release of formaldehyde 
(see Table 7.3) [224]. Interestingly, AHPlus, which is 
reported to not release formaldehyde, was also very ef-
fective in the same test system with Enterococcus faeca-
lis as the test strain [198].

7.3.4.6 clinical studies and Mandibular 
nerve Injuries

As already mentioned, this root canal sealer has been 
commonly applied since the 1950s without causing 
any noteworthy biological problems [94]. However, a 
few case reports describe paresthesia after extensive 
overfilling of the root canals of mandibular teeth with 

AH26, related to the release of formaldehyde shortly 
after mixing of the material [16, 225].

7.3.5 calcium-Hydroxide-Based sealers 

7.3.5.1 composition

The composition of various calcium-hydroxide-based 
products (CH sealers) is different, but they share 
two ingredients: calcium hydroxide and salicylate 
(Table 7.6). One ZOE sealer also contains calcium 
hydroxide [175], but this product should be classi-
fied as a ZOE sealer because the main effects are based 
on ZOE [14, 38, 235]. Some authors recommend the 
application of calcium oxide (“quicklime”), which is 
transformed via an exothermic reaction after contact 
with humidity into calcium hydroxide (“slaked lime”). 
Calcium oxide is supposed to have the same properties 
as calcium hydroxide combined with better penetra-
tion into tubules and removal of nonmineralized ex-
tracellular matrix [95, 96]. 

7.3.5.2 setting reaction and release 
of substances

Setting CH sealers harden mainly through the for-
mation of a chelate between calcium ions and salicy-
lates. The release of OH– and Ca++ ions differs between 
various products. CH suspensions release the highest 
number of ions. For instance, in distilled water Seala-
pex and CRCS® caused an increase of pH to 9.14 and 
8.6, respectively, 24 h after mixing [55, 63]. CH sus-
pensions elevated the pH value to approximately 12.5 
[43]. The release of OH ions is also dependent on the 
addition of so-called plasticizers such as ethyltoluene-
sulfonamide. OH– ions released from CH suspensions 
penetrated dentin tubules to the root surface after the 
smear layer in the root canal was removed [81]. How-
ever, this was not the case if setting CH sealers were 
used in combination with gutta-percha points [71, 
72]. Therefore, no OH– ions are available for diffusion 
through dentin tubules when the material is set.

7.3.5.3 systemic toxicity and Allergies

No reports regarding systemic toxic or allergic reac-
tions are available in the literature.
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7.3.5.4 Local toxicity and tissue  
compatibility

Taken together, CH sealers were only slightly toxic in 
various cell cultures (compared with other materials) 
[89, 253]. The high pH of these materials is buffered 
by the culture medium, and calcium ions are bound 
as insoluble calcium carbonate. Differences between 
individual products are related to various amounts 
of released ions. CH products did not influence im-
munocompetent cells in vitro [34]. A salicylate-based 
CH sealer was nonmutagenic in a standard bacterial 
mutagenicity test assay (the Ames test) [70]. Seala-
pex caused complete inhibition of nerve conduction 
in vitro, which was irreversible after an exposure pe-
riod of 30 min [40]. 

Subcutaneous implantation of a CH sealer in rats 

caused pronounced inflammatory reactions after 5 
and 15 days. The degree of inflammation, however, de-
creased considerably after 60 and 120 days [138]. A CH 
and silicone-based sealer caused the least inflamma-
tory reactions up to 80 days after subdermal injection 
in guinea pigs (compared with a ZOE sealer) [269]. 

ZOE and CH sealers were assessed in a usage test 
in ferrets [110]. The periapical tissue of teeth treated 
with a CH sealer was inflamed in only three out of 10 
cases, whereas the ZOE sealer generally caused tissue 
reactions. The most pronounced hard tissue formation 
at the root apex in dogs and monkeys was observed 
when a CH sealer was used; gutta-percha, AH26, and 
a ZOE sealer induced no or only slight hard tissue 
formation [220, 235]. However, in this context the in-
creased risk of a comparatively high solubility of CH 
sealers was mentioned [235]. 

Table 7.6  . Composition of calcium hydroxide-based sealers [138] (abridged)

Sealapex Apexit

Mixed material Basic material

Calcium hydroxide (25%) Calcium hydroxide (31.9%)

Zinc oxide (6.5%) Colophony (31.5%)

Silicon dioxide (3%) Silicon dioxide (8.1%)

Barium sulfate (20.4%) Calcium oxide (6%)

Titanium oxide (2.2%) Zinc oxide (5.5%)

Isobutyl salicylate and ethyltoluol sulfonamide (33%) Miscellaneous (8.9%)

Activator

Trimethylhexane dioldisalicylate (25%)

Alkaline bismuth carbonate (18.2%)

Bismuth oxide (18.2%)

Silicone dioxide (15,0%)

1,3-Butanedioldisalicylate (11.4%)

Colophony (5.4%)

Tricalcium phosphate (5%)

Miscellaneous (1.4%)
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Key note Z

CH sealers are characterized by a low toxicity, which 
occurs only in the initial period after application. 
There is clear indication that these materials may 
stimulate the formation of hard tissue. However, an 
inferior marginal adaptation together with microle-
akage due to increased solubility is a potential risk 
to be considered for this group of materials.

7.3.5.5 Antimicrobial properties

Various studies showed consistently that CH sealers 
are antimicrobial agents but to a lesser degree than 
ZOE sealers, regardless of the microorganisms used 
for the experiments [1, 5, 185, 216, 230]. CH seal-
ers had a certain antimicrobial activity in cultures of 
anaerobic bacteria (which are present in a root canal 
with necrotic pulp tissue and anaerobic conditions) 
in the agar diffusion test, but ZOE sealers were more 
effective [1]. A comparative set of experiments ad-
dressing the antimicrobial effect of different root canal 
sealers against 21 strains of bacteria documented that 
aqueous calcium hydroxide was the substance with the 
least efficacy [241]. This low antimicrobial activity was 
explained with the buffer capacity of the assay system. 
Also, on Enterococcus faecalis-infected dentin, a CH 
sealer was not an effective disinfectant (compared with 
AHPlus or a ZOE sealer) [198].

Cultures of Enterococcus faecalis were inhibited by 
a CH sealer [89]; in other studies, however, calcium 
hydroxide sealers (and suspensions) had little effect on 
this bacterial strain [244]. Moreover, Sealapex caused 
no disinfection of bacterially contaminated dentin 
(Enterococcus faecalis) 4 h after incubation, in contrast 
to a ZOE sealer (Table 7.3) [172, 198]. Enterococci 
isolated from root canals with persistent apical infec-
tion were also resistant to calcium hydroxide. Candida 
strains were resistant to calcium hydroxide suspen-
sions as well [256]. 

Key note Z

CH-based sealers are characterized by selective 
antimicrobial properties with little or no effect on 
Enterococcus faecalis and Candida albicans. Their an-
timicrobial effect (and their cytotoxicity as well) is 
lower than that of ZOE sealers.

7.3.5.6 clinical data and Mandibular 
nerve Injury

Clinical success rates of CH sealer are in the same 
range as for the previously mentioned sealers [229]. A 
special point of interest is the induction of calcified tis-
sue, both in healing apical granulomes and in closing 
a still open apical foramen (Fig. 7.11). The term “apex-
ification” is generally used in this context but is not 
entirely correct, since an induced closure of an apical 
foramen does not result in a regular “apex.” Therefore, 
the term “root-end closure” may be more appropri-
ate. Animal experiments revealed osteocementum and 
cementoid substances, respectively, at and around an 
open apex when CH suspensions were applied for 3 
and 6 months [8, 51, 226]. The newly formed hard tis-
sue covered the root tip incompletely and was in some 
cases separated from the surface of calcium hydroxide 
by a fibroblast layer [8]. Clinical success rates (barrier 
formation) vary between 74% and 100% [7, 90, 131, 
267].

The mechanism of the induction of hard tissue has 
not yet been clarified. There is obviously a correlation 
between the high alkaline pH value and calcium ions 
that are released from the material [249]. The alkalini-
zation of the adjacent tissue arrests root resorption 
and supports healing [250], for instance by inhibiting 
osteoclast activity [249]. Furthermore, calcium ions 
are supposed to influence cell differentiation, activate 
macrophages, and form calcium phosphate complexes 
[68]. An increased formation of extracellular adenosine 
triphosphate (ATP), which accelerates the mineraliza-
tion of bone and dentin, is also supposed to play a role 
[2], as are the distinct antimicrobial properties of these 
materials [68]. Calcium hydroxide promotes the re-
lease of growth factors that are bound in dentin, such 
as transforming growth factor beta 1 (TGF-β1), which 
may participate in hard tissue formation as well [252].

Mandibular nerve injuries, in the context of appli-
cation of a CH sealer, seldom occur. Two cases could 
be found in the literature, both dealing with a calcium 
hydroxide suspension [3, 268].

7.3.6 Mineral trioxide Aggregate 

Mineral trioxide aggregate (MTA) is currently being 
intensively investigated for use as a root canal sealer 
and for pulp cappings, apexification, sealing of perfo-
rations, and root end filling [192, 214, 248]. MTA was 
also used for pulpotomies on deciduous teeth and led 
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to a higher success rate than both formocresol and 
ZOE pastes [64].

7.3.6.1 composition and setting reaction

Mineral trioxide aggregate comprises a mixture of 
tricalcium silicate, tricalcium aluminate, tricalcium 
oxide, and silicate oxide [175]. It is marketed in both 
white (WMTA) and grey (GMTA) forms, with Al2O3, 
MgO, and FeO being present in higher concentrations 
in the grey material [11]. The powder is mixed with 
water. To facilitate placement of the material into the 
root canal, polypropylene glycol was proposed instead 
of water [115]. The mixing of the powder with water 
generates a colloidal gel that sets within 3–4 h [248]. 
These materials are supposed to be very similar to 
Portland cement regarding their chemical, physical, 
and biological behaviors [197]. The setting time of 
3–4 h is followed by a maturation period [192].

7.3.6.2 release of substances

For the biological behavior of the material, it is im-
portant to note that calcium hydroxide is produced 
as a byproduct of the hydration reaction and is re-
leased [46].

7.3.6.3 systemic toxicity and Allergy

No data are available for systemic toxicity and allergy. 
However, based on the material’s composition, neither 
of these adverse type reactions is to be expected. 

7.3.6.4 Local toxicity and tissue  
compatibility

Mineral trioxide aggregate was found to be less cyto-
toxic than amalgam, ZOE, and epoxy-based sealers 
[175, 246]. Camilleri et al. [46] observed no or only 
little toxicity of eluates of GMTA and WMTA, with no 
difference between the two formulations; cell growth, 
however, was poor when cells were seeded in direct 
contact with the test material. It was shown with dif-
ferent cell lines that cytotoxicity increased somewhat 
over time [45, 178]. This can be explained by the gen-
eration of calcium hydroxide over time. 

Fig. 7.11a-c  . Healing of a chronic apical inflammation with 
osteolysis. a Root canal debridement. b Application of a calcium 
hydroxide material. c Formation of a hard tissue barrier at the 
root end (Courtesy of B. Thonemann, Regensburg, Germany)

7

7 Root Canal Filling Materials206



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_7_2008 - 06 - 18_2

MTA influences cell metabolism; it increases the 
expression of alkaline phosphatase, osteonectin, osteo-
pontin, and osteocalcin (osteogenic phenotype) in dif-
ferent cell lines (a.o., periodontal ligament fibroblasts), 
as well as interleukins (-1 alpha, -1 beta, and -6) [30, 
136]. However, no stimulation of prostaglandin E2 re-
lease by macrophages or gingival cells was observed 
after MTA exposure [160].

GMTA and WMTA proved to be tissue compat-
ible when implanted into rat subcutaneous tissue [46, 
113]. When used in canine teeth with open apices, the 
use of MTA led to the deposition of new cementum 
[213]. Overfilling, however, impaired the results [213]. 
The proposed mode of action is that calcium ions are 
released from the material, which together with tis-
sue phosphates form hydroxyapatite [115]. There are 
similarities in the tissue reaction toward calcium hy-
droxide [115]. In a canine study, after pulpectomy and 
perforation of the apical cemental barrier, cementum 
deposition was observed after root canal filling, with 
no difference between materials using water or poly-
propylene glycol if the material stayed within the ca-
nal. Intentional overfilling impaired the results [115].

Used for repairing furcation perforations in the 
canine model, after 12 weeks no furcation was free of 
inflammatory cells, but GMTA showing slightly better 
results than the tested tricalcium phosphate cement 
[169]. In another study, GMTA showed mostly a lack 
of inflammation but cementum apposition and better 
results than amalgam [182]. When used to repair lat-
eral perforation, MTA elicited cementum deposition 
and small areas of ankylosis with little inflammation 
[114].

7.3.6.5 Antimicrobial properties

Grey and white MTA of different manufacturers, as 
well as Portland cement, were tested against a num-
ber of bacteria, including Enterococcus faecalis and 
Candida albicans. All MTA formulations and Port-
land cement revealed the same results, indicating an 
antimicrobial effect against all bacteria; however, this 
was lower than with ZOE and CH formulations [238]. 
The antimicrobial effect of MTA against Enterococcus 
faecalis has also been shown by other authors [215].

7.3.6.6 Mutagenicity

No mutagenicity was found in the Ames test [129] 
or comet assay [36], mouse lymphoma cells [190], or 
Chinese hamster ovary cells [191].

Key note Z

Although multiple preclinical biological inves-
tigations about MTA have been published in re-
cent years that indicate very promising biological 
characteristics, data on clinical testing, especially as 
an endodontic sealer, are sparse apart from a num-
ber of case studies [192].

7.3.7 calcium phosphate cement

Calcium phosphate cements basically consist of te-
tracalcium phosphate and dicalcium phosphodihy-
drate or dehydrated dicalcium phosphate, which can 
be mixed with a 1-molar solution of dibasic sodium 
phospho-heptahydrate, for instance [91]. No inflam-
matory reactions, or only very slight ones, were ob-
served 30 days after the material had been subcutane-
ously implanted into the connective tissue of rats [270] 
and mice [24]. More distinct reactions were caused in 
these studies by a ZOE-based sealer. This is in accor-
dance with results published by Hong et al. [116] after 
intentional overfilling of the root canals of anterior 
teeth of experimental animals: The calcium phosphate 
cement caused only a minimal periapical alteration. 
No inflammatory reactions were observed when this 
material was used as root canal filling material in rat 
molars. Calcium phosphate cement even tended to 
cause cementum formation [270]. Comprehensive 
clinical data are not yet available. 

A strongly basic calcium phosphate cement is ob-
tained by preparing cements from mechanically acti-
vated tetracalcium phosphate (maTTCP), which led to 
the formation of Ca(OH)2 during the setting reaction 
to nanocrystalline apatite [87]. Antimicrobial activity 
in comparison with a CH cement (Kerr-Life) on Strep-
tococcus salivarius, Staphylococcus epidermidis, and a 
clinical isolate of plaque showed larger bacteria inhibi-
tion zones and thus stronger antimicrobial activity of 
the prepared calcium phosphate cement [87]. This was 
probably due to the higher pH. These materials are not 
yet on the market but seem to be very promising for 
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the future. No clinical data are available yet for this 
relatively new group of materials. 

7.3.8 silicones

7.3.8.1 composition

The first of those materials were based on C-silicones 
(condensation cross-linking silicones); a newer mate-
rial is based on A-silicones (addition cross-linking), 
such as RoekoSeal. (see also Chap. 11.) Gutta-percha 
powder has recently been introduced into a silicone 
matrix (polydimethylsiloxane), marketed as Gutta-
Flow, the manufacturer claiming an improved seal by 
slight (0.2%) expansion [31]. Silver particles have been 
added as a preservative [31].

7.3.8.2 systemic toxicity and Allergy

No data are available for systemic toxicity and allergy. 
However, based on the composition of the material, 
neither of these adverse types of reactions is to be ex-
pected. 

7.3.8.3 Local toxicity and tissue  
compatibility

A silicone-based sealer was less cytotoxic on different 
cell lines than other sealers were (such as a ZOE sealer 
and EndoRez) and evoked less apoptosis [4, 32]. Gut-
taFlow was shown to exhibit a comparatively low cy-
totoxicity and less cell damage than with resin-based 
systems or AH26 [31], and it was only slightly more 
cytotoxic than the pure silicone sealer [65].

An A-silicone-based root canal sealer was non-
toxic 6 weeks after subcutaneous implantation in rats 
[92]. It caused less tissue damage compared with the 
CH- and ZOE-based materials that were investigated 
in the same study [269]. However, current clinical ex-
perience with regard to this material is limited.

7.3.8.4 Antimicrobial properties

On dentin that was infected with Enterococcus faeca-
lis, a silicone sealer was ineffective in killing the bac-
teria within the dentin, in contrast to AHPlus and a 
ZOE sealer [198].

7.3.9 resin-Based sealers

7.3.9.1 composition and setting reactions

To improve the sealing and bonding to root canal den-
tin, resin-based sealers have been introduced. Because 
these sealers may not adhere to gutta-percha, special 
points have been developed. Resilon is such a point 
material. It is a thermoplastic copolymer of polycapro-
lactone and urethane methacrylate [31]. Resilon points 
are bonded to the root canal dentin via a dual-curing 
resin sealer (Epiphany system) [31]. The composition 
is depicted in Table 7.7. The material is used together 
with a dentin primer.

Other recently marketed products (RC-Sealer, 
EndoRez, Table 7.7) do not use a separate dentin 
primer. They are also dual curing. Complete setting 
for Epiphany sealer varies from 30 minutes to seven 
days [31]. For the RC sealer a setting time of 24 h is 
described and for and EndoRez 15–20 min. The RC-
sealer is used together with Resilon points or gutta-
percha points, EndoRez together with resin coated 
gutta-percha points.

7.3.9.2 degradation and release 
of substances

Resilon is susceptible to alkaline and enzymatic degra-
dation via ester bond cleavage [239, 240]. Information 
on the degradation of resin-based sealers is scarce.

7.3.9.3 Local toxicity and tissue compatibility

Standard cell culture experiments showed that Epiph-
any primer, sealer, and the points were severely cyto-
toxic (more cytotoxic than AH26 and silicone-based 
sealers), possibly due to the presence of hydrophilic 
monomers (HEMA) [31, 32]. In another study, En-
doRez and Epiphany were strongly cytotoxic (even 7 
days after curing), but RC sealer (see Table 7.7) was 
only slightly to moderately cytotoxic [65].

EndoRez is reported to elicit a severe tissue reaction 
10 and 30 days after implantation into the subcutane-
ous connective tissue of rats, which after 90–120 days 
decreased but with a few inflammatory cells still be-
ing present in some specimens [273]. Apparently, the 
material had somewhat disintegrated [273]. Ten days 
after implantation into bone, a more distinct inflam-
matory reaction was observed than with (silicone) 
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controls; however, after 60 days no difference could be 
observed [275]. The response of subcutaneous rat con-
nective tissue to Resilon and gutta-percha was exam-
ined at 7, 15, 30, and 60 days. Initially, both materials 
elicited an inflammatory reaction, which significantly 
decreased with time. No difference was observed be-
tween the two materials [29]. There are data indicating 
that the material is well tolerated in the periapical tis-
sues of subhuman primates [152].

7.3.9.4 Antimicrobial properties

The root canal sealer Epiphany showed lower anti-
microbial activity on Enterococcus faecalis than with 
Endomethasone, Sealapex, and Diaket, but slightly 
greater than AH26 [28]. No antimicrobial properties 
were found with Resilon against a spectrum of bacte-
ria, including Enterococcus faecalis [161]. The same was 
true for EndoRez [215]. Apparently the antimicrobial 
properties of these materials are rather limited.

7.3.9.5 clinical data

Clinical data in a noncontrolled test with EndoRez 
used together with gutta-percha showed, after 
14–24 months, clinically and radiographically a success 
rate of 91% [274], which is within the range of clini-
cal success reported with other materials (see above). 
However, sufficient clinical data are not available.

7.4 Materials for retrograde  
root canal fillings 

These materials are used for the retrograde sealing of 
a root canal in order to promote regeneration of the 
apical periodontal attachments (Fig. 7.12) [261]. They 
are used during a surgical procedure that is associated 
with early exposure of a comparatively large surface 
area to humidity and the presence of a bony defect, in 
contrast to materials used for a regular root canal fill-
ing. Furthermore, a regular endodontic access cavity 
is often not possible (e.g., due to the presence of root 
canal posts that cannot be removed). At the same time, 
part of the root canal is probably microbially contami-
nated. Therefore, materials that are used for retrograde 
root canal filling need to meet specifically high stan-
dards of sealing capacity, stimulation of hard tissue 
formation, and stability in a humid environment. 

Various materials have been and are currently used 
for retrograde root canal fillings. A selection of these 
materials is shown in Table 7.8. The inserts that are 
mentioned in this table are applied after a standard-
ized ultrasonic preparation in combination with an 
appropriate cement (e.g., one based on ZOE or polyke-
tone) [231]. 

Amalgam was frequently used in the past [175], 
but because of the release of metallic components into 
the adjacent tissue, its use has significantly decreased 
in recent years. This also applies to silver points, which 
may cause unwanted tissue reaction in the periapical 
tissue due to increased corrosion.

Table 7.8  . Materials for retrograde root canal fillings (selection)

Plastic materials Rigid materials

(Amalgam)a Titanium inserts

Glass ionomer cements, particularly light-curing 
products

Ceramic inserts

Zinc oxide eugenol cements; e.g., SuperEBA (Silver points)a

Polyketone-based sealer

Mineral trioxide aggregateb

Composite resin /dentin adhesiveb

a Materials in parentheses are no longer recommended
b Only limited clinical data are available for these materials
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7.4.1 composition and setting reaction

All of the materials used for retrograde root canal fillings 
have already been reviewed in this and other chapters. 
Furthermore, the use of a resin-based composite for ret-
rograde fillings has also been documented in the litera-
ture using a 1:1 mixture of bisphenol A diglycidylether 
methacrylate (Bis-GMA) and TEGDMA, with ytter-
bium trifluoride as radiopaque substance [194, 195]. 

7.4.2 systemic toxicity and Allergies

The group of materials used for retrograde root canal 
fillings is very heterogeneous. A very large number of 
reports have been published that specifically address 
the actual or claimed systemic toxic effects of com-
posite resins and amalgam. This is also true for aller-
gies. Details are reviewed in the particular chapters of 
this book. In general, no clear contraindications have 

been defined for the application of one of these mate-
rials based on systemic toxicity data. If a patient has 
a known allergic reaction to a material or its compo-
nents, then it should not be used for endodontic pro-
cedures in that patient (see Chap. 14).

7.4.3 Local toxicity and tissue  
compatibility

Cell culture experiments for assessing local toxicity 
have consistently shown that all setting materials used 
for retrograde root canal fillings are cytotoxic immedi-
ately after mixing. However, once set, their cytotoxicity 
is significantly lower and for some materials no longer 
existent. This is especially the case for MTA.

All materials for retrograde fillings were investi-
gated in implantation studies. Parallel to the results of 
cell culture experiments, a clear correlation between 
the local toxic reaction and the setting process was 
found. Freshly mixed materials triggered an inflam-
mation, but specimens were much less damaging, with 
some variations depending on the material.

Usage tests with a ZOE cement, amalgam, and 
gutta-percha as retrograde filling material in dogs 
documented no inhibition of bony wound healing. 
Dental hard tissue (cementum) had been formed in 
contact with all materials after an observation period 
of 45 days [103]. A similar study, but with intention-
ally infected root canals, showed that amalgam after a 
short and a long observation period (up to 8 weeks) 
caused clear inflammatory reactions in the apical re-
gion [49, 50]. This was very likely due to amalgam’s 
lack of sealing ability. These results are equivalent to 
data from clinical studies that indicated an insufficient 
long-term prognosis of retrograde root canal fillings 
made with amalgam [82]. 

Modified ZOE cements caused the best results in 
animal experiments that investigated retrograde root 
canal fillings and infected root canals (compared with 
glass ionomer cement, amalgam, and composite resin) 
[251]. One material (SuperEBA) even seemed to initi-
ate the new formation of cementum [82]. 

The poorest results were caused by the compos-
ite resin. The resin could not be applied in the cavity 
with sufficient marginal adaptation, so only a super-
ficial sealing of the infected root canals was possible 
[82]. Another study documented the apposition of ce-
mentum to composite resin; however, this was in non-
infected root canals [193]. It may be concluded that 
the toxicity of a composite resin for retrograde root ca-

Fig. 7.12a,b  . Clinical aspect of a retrograde root canal filling. 
Because of the surgical procedure, the root canal filling material 
has to fulfill specific requirements regarding biocompatibility 
and sealing capacity despite early exposure to humidity. a Pre-
pared apical cavity. b Retrograde filling of the root canal
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nal fillings is low, but its sealing capacity is obviously 
insufficient. Studies in monkeys showed better results 
after reimplantation when a ZOE-based sealer com-
bined with gutta-percha was used rather than amal-
gam [180]. 

A polyketone-based sealer (Diaket) promoted the 
apical deposition of cementum after root-end resec-
tions in dogs, which is indicative of good biocompat-
ibility [189]. A similar study in dogs that analyzed 
Diaket with and without the addition of tricalcium 
phosphate granulate showed cementum formation 
of more than 50% in all 12 teeth after 60 days, and 
five of the 12 teeth revealed a complete formation of 
new cementum. A preosteoid or cementoid matrix 
was formed in direct contact with the root canal fill-
ing material. Obviously, the addition of tricalcium 
phosphate had an osteoinductive effect; the forma-
tion of cementum was significantly increased [261]. A 
light-curable glass ionomer cement (Vitrebond) and a 
ZOE sealer resulted in acceptable tissue reactions in 
infected root canals with no, or only minor, inflam-
mation, which was attributed to the good sealing be-
havior and the distinct antimicrobial activity of these 
materials [50]. 

MTA caused no periradicular inflammation, and a 
complete and thick cementum layer had formed on top 
of the filling material in five out of six investigated teeth 
5 months after surgery [13, 247]. This is in accordance 
with results from canine studies that showed a better 
cementoblast-inductive effect compared with amal-
gam [181, 245]. After experimental induction of apical 
inflammation prior to root canal treatment and peria-
pical surgery in dogs, MTA was as effective as an ep-
oxy sealer or a CH sealer mixed with zinc oxide [237]. 
It is also documented that MTA stimulates the release 
of cytokines from bone cells, which promotes the for-
mation of hard tissue [135] (also see above). 

7.4.4 clinical data

More recent clinical studies have documented a lower 
success rate after the application of amalgam for ret-
rograde fillings compared with other materials [61, 
82, 121]. Gingival discolorations, dispersion of amal-
gam particles in the surrounding tissue, and their 
corrosion are additional disadvantages when amal-
gam is used for retrograde fillings [79, 122]. Clinical 
studies with a reinforced ZOE-based root canal filling 
material (SuperEBA) showed a success rate of 88% 
regarding healing of apical lesions of molar teeth, an 
improvement in 8% of the cases and a failure in 4% 

[255]. The application of a resin- based composite re-
sulted in clinical success rates of 90% or higher [194, 
195, 196].

clinical practice Advice i

Amalgam and silver points are no longer recom-
mended for retrograde root canal fillings. Modified 
ZOE materials and light-curable glass ionomer ce-
ments as well as polyketone-based sealers (possibly 
in combination with preformed inserts) are better 
alternatives. MTA shows very promising results, but 
more clinical data are necessary. If these data are 
positive, MTA can be recommended for retrograde 
fillings.

Fig. 7.13a,b  . Treatment after extrusion of a root canal sealer 
into the mandibular canal. a Situation after excessive overfill-
ing of a lower left first molar. b Situation after surgical removal 
(Courtesy of J.T. Lambrecht, Basel, Switzerland)
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1. Gutta-percha used as a cone (point) or heated 
is characterized by comparatively good biocom-
patibility. However, only products with a proven 
good biocompatibility should be used. Thermo-
mechanical condensation, specifically at a rota-
tional speed higher than 10,000 min-1, can cause 
heat-induced resorptions of cementum and 
periodontal ankylosis. Overfilling of root canals 
with injectable gutta-percha should be avoided 
because this may initiate foreign body reactions.

2. Systemic toxicity is not caused by any of the 
reviewed root canal sealers, according to the 
available literature. Rare cases of allergies to ep-
oxy-based sealers and ZOE products have been 
documented, specifically for the latter if they 
contain paraformaldehyde.

3. Because all root canal sealers are at least initially 
toxic, they should always be applied together 
with a (gutta-percha) point to keep the contact 
area with vital tissue to a minimum. This will 
increase the sealing capacity, and subsequent ac-
cess for revision or post placement is possible. 

4. An appropriate sealer should not be neurotoxic 
and should be tissue compatible over the long 
term, at least after setting. Sealers that release 
calcium hydroxide and stimulate bone formation 
can be recommended if they do not disintegrate 
over time and become permeable.

5. Materials with distinct antimicrobial properties 
frequently reveal a high local toxicity as well, 
and they are also partially allergenic or muta-
genic (in vitro). This applies particularly for 
paraformaldehyde-containing root canal sealers 
that continuously release formaldehyde. Because 
alternative materials are available, the routine 
use of formaldehyde-releasing root canal sealers 
is no longer recommended by many authors and 
scientific associations.

6. Rare but severe adverse effects have been re-
ported after overfilling of root canals of lower 
molar teeth, with subsequent injury of the man-
dibular nerve, especially due to formaldehyde-
releasing materials. If a material is overfilled into 
the mandibular canal, then the patient should be 
immediately referred to a surgeon to remove the 
material from the mandibular canal as soon as 
possible, if necessary (Fig. 7.13).

7. Modified ZOE materials and polyketone-based 
sealer cements (eventually combined with a ti-
tanium or ceramic insert) have shown good 
results when applied for retrograde root canal 
fillings. Composite resins caused inconsistent re-
sults. MTA may be an excellent alternative in the 
future.

8. Root canal sealers are biologically very active 
shortly after mixing, like other setting den-
tal materials. Dental personnel should protect 
themselves by avoiding direct contact with the 
unset materials.
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8.1 Introduction

Alloys are used in almost every aspect of dentistry. 
More than 3,000 alloys are available on the market 
for applications that put them into long-term direct 
or indirect contact with epithelium, connective tissue, 
or bone. Given this long-term intimate contact with 
vital tissue, it is paramount that alloy biocompatibility 
be investigated and understood (Fig. 8.1). In the past 
20 years, many studies about the biocompatibility of 
dental alloys have been published. However, research 
in this area has generated as many questions as it has 

answered, and there is little doubt that much more 
will be learned about the biocompatibility of these 
materials. The biocompatibility of dental alloys will 
be reviewed in this chapter (except for amalgam; see 
Chap. 4). Reviews of the current literature on this 
subject have been recently published [47, 122, 152]. 
Reviews of general concepts of biocompatibility are 
available as well [117, 153].

The tissue compatibility of various dental alloys is 
not always known in detail. Thus, it is impossible to 
list “good” or “bad” alloys for any given application. 
The aim of this chapter is to present fundamental prin-
ciples that can serve as guidelines for assessing the tis-
sue compatibility of presently available alloys as well as 
of new alloys.

8.2 Basic Material properties

8.2.1 composition

8.2.1.1 elements

An alloy is any mixture of two or more metals or non-
metals (elements). In dentistry, alloys usually contain 
at least four metals, and often six or eight different 
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metals. Thus, dental alloys are metallurgically com-
plex. Alloy compositions are diverse, and much of 
this diversity has developed in the past 20 years as the 
price of gold and (later) palladium has increased. This 
evolution of alloy composition has continued, and 
today there are many types of alloys in dentistry that 
were unknown just a few years ago. For many years, 
most dental alloys were based on gold, that is, they 
contained gold as their most common element. How-
ever, today’s alloys may be based on silver, gold, pal-
ladium, nickel, cobalt, or titanium (Table 8.1). Minor 
elements in dental alloys may be even more diverse. 
Over 25 elements in the periodic table of elements are 
used in today’s dental alloys. 

The complexity and diversity of today’s dental al-
loys make understanding their biocompatibility diffi-

cult because any element in an alloy may be released 
and influence vital tissue. Furthermore, because of 
their rapid evolution, the biological properties of many 
dental alloys are not fully understood. 

8.2.1.2 Weight percentage 
vs. Atomic percentage

The composition of dental alloys can be expressed in 
two ways: either as the weight percentage (wt.%) of 
elements or the percentage of the number of atoms of 
each element in the alloy (atomic percentage, or at.%). 
By far, wt.% is the most common way of describing an 
alloy’s composition and is used by alloy manufacturers 
and standards organizations. 

Table 8.1  . Components of dental alloys (except amalgam) [35, 151]

Alloy Typical component elements

crowns and bridges

Gold-based Au, Ag, Cu, In, Pd, Pt, Zn

Palladium-based Pd, Ag, Cu, Ga

Silver-based Ag, Pd

Cobalt-based Co, Cr, Mo, Fe, C, Si, Mn

Nickel-based Ni, Co, Mo, Fe, C, Be, Mn

orthodontics/endodontics

Titanium–vanadium alloys Ti, V, Cr, Al, Sn

Stainless steel (iron-based) Fe, Ni, Cr, C

Nickel–titanium (Nitinol ®) Ni, Ti

Cobalt–chromium-nickel (Elgalloy ®) Co, Cr, Ni, Mo, Mn, Be, C, Fe

Beta titanium Ti, Mo, Zr, Sn

Implants

“Pure” titanium (cp titanium) Ti, O, N, C, Fe, H

Titanium alloy (Ti6Al4V) Ti, Al, V, O, N, C, Fe, H

316 stainless steel Fe, Ni, Cr, C, Si, Mn, P, Co, Mo

Cobalt–chromium (Vitallium ®) Co, Cr, Mo, Fe, C, Si, Mn

8
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Key note Z

An alloy’s biological properties are best understood 
by knowing the atomic composition because the 
atomic percentage better predicts the number of at-
oms available to be released and thereby affect the 
vital tissues.

It is important to understand that the wt.% and at.% 
of an alloy may be substantially different from one 
another [35]. Table 8.2 gives the wt.% and at.% for 
several common dental alloys. The gold-based alloy 
contains 76 wt.% gold, but only 57% of its atoms are 
actually gold atoms. Thus, the amount of gold in the 
alloy is considerably less than one might think at first 
glance. Similarly, the wt.% of copper is only 11%, but 
24% of the atoms are copper. The differences between 
wt.% and at.% are greatest when large differences exist 
among the atomic weights of the component elements. 
For the silver–palladium alloy in Table 8.2, the at.% 
and wt.% are very similar because the atomic weights 
of the component elements are also similar. For the 
titanium alloy (Ti6Al4V), 10% of the atoms are alu-
minum, 5% are hydrogen, and only 81% are titanium. 
The abundance of titanium is much less than it appears 
when expressed as wt.%. 

8.2.1.3 phases

Another way of describing an alloy is by its phase 
structure. Phases are areas within an alloy that have 

essentially the same composition. Single-phase alloys 
have (more or less) a similar composition through-
out their structure. However, elements in some alloys 
combine in such a way that some areas differ in com-
position from other areas. Thus, the alloy is not ho-
mogeneous throughout its structure (multiple-phase 
alloy). Random cross-sections of a single-phase alloy 
(Fig. 8.2a) at the microscopic level show that all of the 
alloy has essentially the same composition. However, 
microscopic examination of a multiple-phase alloy 
(Fig. 8.2b) reveals (in this case) two different phases. 
These other phases may have characteristic morpholo-
gies, and two, three, or more phases may coexist in the 
alloy. The phase structure of an alloy is critical to its 
corrosion properties and to its biocompatibility [154]. 
The interaction between the biological environment 
and the phase structure is what determines which ele-
ment will be released and, therefore, how the body will 
respond to the alloy.

8.2.1.4 Analysis of dental Alloys

Dental alloys are classified as medical devices, so their 
use must be documented by the dentist and the labo-
ratory technician. Information about the composition 
of an alloy is available in the literature or from man-
ufacturers [26]. If there are doubts about the alloy’s 
composition or type, metal shavings can be taken from 
intraoral restorations, placed on a carrier, and then 
characterized by scanning microscopy and energy-dis-
persive x-ray (EDX) analysis [43, 122] (see Fig. 2.21b 

Table 8.2  . Composition in weight percent (wt.%) and atomic percent (at.%) of three types of alloys

Gold-based alloya Silver-based alloya Titanium alloya

Element wt.% at.% Element wt.% at.% Element wt.% at.%

Ag 10 14 Ag 73 69 Ti 90 81

Au 76 57 Pd 25 25 Al 6 10

Cu 11 24 Zn 2 3 V 4 3

Pd 2 3 O  0.13  0.40

Pt  0.1  0.1 N  0.05  0.2

Zn 1 2 Fe  0.25  0.20

C  0.08  0.30

H  0.12  5

aBecause of rounding errors, the alloy components do not always add up to 100%
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in Chap. 2). The accuracy of this analysis is generally 
±1% (see Chap. 2). Information about alloy composi-
tion is a prerequisite for a targeted diagnosis in a pa-
tient who has adverse clinical signs or symptoms that 
may be attributable to the alloy.

8.2.2 corrosion and release of elements

8.2.2.1 fundamentals

The primarily electrochemical corrosion of alloys in-
volves the ionization of elements that are released 
into the environment, e.g., saliva [35]. Thus, elements 
that are initially uncharged lose electrons and become 
positively charged ions as they are released into solu-
tion. Corrosion is a chemical property of an alloy that 
influences other properties, including esthetics and 
strength. From a biocompatibility standpoint, corro-
sion of an alloy indicates that some of the alloy mass 
is available to affect the tissues around it. The released 
elements may or may not cause problems in the tissues 
around the alloy [17]. (Current definitions of funda-
mentals of corrosion of metals and alloys are reviewed, 
for example, in ISO 8044 [67].)

Corrosion is measured in a variety of ways:
• By observing the alloy for deterioration or discolor-

ation of its surface (e.g., tarnish)
• By testing the alloy for altered current flow (elec-

trochemical testing)

• By direct measurement of released elements (e.g., 
atomic absorption spectroscopy, atomic emission 
spectroscopy) [21]

Perhaps the most relevant measure of corrosion from 
the standpoint of biocompatibility is identifying and 
quantifying elements that are released. The corrosion 
of an alloy is of fundamental importance to its bio-
compatibility because the release of elements from the 
alloy is always necessary for an alloy to have adverse 
biological effects such as toxicity, allergy, or mutagen-
icity.

Key note Z

The biological response to an alloy depends on the 
biological effects of released elements, the quanti-
ties released, the duration of tissue exposure to 
these elements, and other factors [167]. Thus, cor-
rosion of an alloy and the release of elements are 
necessary but not sufficient for an alloy to adversely 
affect vital tissues.

A number of factors influence the corrosion of dental 
alloys [81]:
• Composition of the alloy (particularly at the sur-

face)
• Phase structure of the alloy
• Surface structure (roughness, presence of oxides)

Fig. 8.2a,b  . Grinding-etch images of alloy surfaces (magnifi-
cation ×200). a Single-phase alloy (Portatur, T: casting alloy 77% 
Au, 13% Ag, 8.5% Cu, 1% Pt, 0.2% In, 0.2% Zn), equal composi-
tion of the mixed crystal. b Multiple-phase alloy (ECO E2: casting 
alloy 39% Ag, 20% Au, 20% Pd, 16% In, 5% Zn). Corroded phase 

(dark) consists of Au–Ag, and the less corroded phase (light) 
consists of Pd–In; the composition represents an average of 
the compositions of the phases, according to the manufacturer 
(Courtesy of M. Stümke, Pforzheim, Germany)
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• Crevices, pits
• Thermal treatment/history
• Combinations of alloys (gold coating, soldering)
• Time in service

One fundamental idea about alloys that must be con-
sidered is that elemental release and corrosion occurs 
from all alloys, regardless of type or composition. 
However, the amount of corrosion and elemental re-
lease may vary dramatically among alloys. One of the 
most basic factors that influences element release from 
an alloy is its composition. Some elements, including 
copper, zinc, and nickel, have higher tendencies to be 
released than elements such as gold and palladium. 
These tendencies for release (labilities) are related to 
the electronic structure of the elements at the atomic 
level. The lability of an element may be substantially 
modified by other elements around it. For example, 
in dental alloys, it is known that palladium can re-
duce the lability of copper [156], and the formation of 
TiO2 on the surface of titanium substantially reduces 
the lability of titanium [92]. Another factor influenc-
ing element lability is the phase structure of the alloy. 
In general, the presence of multiple phases increases 
the risk of element release from the alloys because of 
the potential for electrochemical corrosion among 
the phases [154]. Finally, surface characteristics of an 
alloy, such as surface roughness and the presence of 
oxides, can influence element release. Surface rough-
ness tends to increase elemental release because rough 
surfaces have high surface areas that expose more 
atoms to the external environment and create local 
microenvironments that vary the exposure of the sur-
face to elements such as oxygen. The oral environment 
near the alloy also influences corrosion. For example, 
reduced pH significantly increases the corrosion of 
some alloys, particularly those based on nickel. Corro-
sion is also particularly high in crevices, gaps, and pits, 
and in the local environment of the gingival sulcus (via 
“pitting corrosion” or “crevice corrosion”) [109].

Interestingly, the composition of the surface of 
dental alloys can be significantly different from the 
composition of the bulk of the alloy. The surface 
composition may have a direct bearing on which ele-
ments are released. For some gold alloys, the surface 
was found to be significantly lower in gold than in the 
bulk of the alloy (Fig. 8.3) [166]. Copper was dramati-
cally higher at the surface, and silver was moderately 
higher. When placed into a biological medium (cell 
culture medium), this alloy released far more copper 
than gold or silver. The elevated copper release may 

have been caused by its prevalence at the surface and 
copper’s high lability. In these studies, the surface of 
a silver–palladium alloy was not so different from the 
bulk, and this was reflected in the release of these ele-
ments into a biological medium. Palladium, however, 
demonstrated a low tendency to be released. Although 
present at 12 at.% at the surface, only 3% of the atoms 
released were palladium.

Thermal treatment, such as firing of a ceramic al-
loy, may cause an alteration of the structure within the 
alloy. Consequently, 2–3.5-fold more copper and zinc 
may be released in specific cases [124]. Metal oxides, 
which are generated during the firing process, increase 
the attachment between ceramic and alloy. Oxides at 
the crown margin that are not covered by ceramic may 
promote elemental release and increase the toxicity of 
the alloy. Thus, these exposed oxides may cause gin-
givitis adjacent to ceramic alloy restorations (Figs. 8.1 
and 8.4) [43, 124]. In this context it should be noted 
that recasting of base metal alloys (50% old and 
50% new material) has been shown to significantly in-
crease the release of elements and cytotoxicity [2].

The juxtaposition of different alloys may increase 
corrosion when they are in permanent contact. Some 
laboratories have adopted the practice of placing a 
gold surface coating on a nickel-based or cobalt-based 
alloy to improve the corrosion behavior of the base 
metal alloy. However, this strategy seems to be ill-
advised based on reports of patients who experienced 
significant problems after insertion of cobalt-based 
partial denture frameworks that had been gold-coated 
(Fig. 8.5).

clinical practice Advice i

Gold surface coating of nickel-based or cobalt-based 
alloys should be discouraged because the combina-
tion of the alloys and their permanent contact may 
enhance corrosion rather than retard it. Further-
more, there are significant problems with the integ-
rity of the long-term bonds between coatings and 
the alloys [173].

Finally, the release of ions from alloys may decrease 
with the time it is exposed to a liquid environment [3] 
although elemental release may continue for extended 
periods [162]. Solders may increase the corrosion of 
dental alloys. Therefore, only those solders or alloy 
combinations should be used that have a low tendency 
for corrosion [169].

J.C. Wataha, G. Schmalz 225
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clinical practice Advice i

Gluing and welding are associated with a lower in-
crease of corrosion than soldering and, therefore, 
are preferred if possible.

If there is no direct intraoral contact between differ-
ent alloys, corrosion may generate an electric potential 
at the surface of the various alloys (galvanic cell), but 

no electron current will flow. In this case, ionic cur-
rents in saliva may only cause deposits on the alloy 
with higher nobility. Proximal contact between two al-
loys does not necessarily result in an electrical contact, 
since some alloys build up nonadhering oxide layers 
[69]. A galvanic cell increases corrosion to a much 
lesser degree than a local cell, i.e., corrosion without a 
galvanic counterpart [173]. 

Fig. 8.3a,b  . Correlation between the surface composition, bulk composition of the alloy, and re-
lease of elements from the dental alloys. a Surface and bulk of the alloy reveal a significantly different 
composition. The surface layer contains relatively little gold, but a high percentage of copper and 
silver. This correlation is reflected by the elemental release (primarily copper) after 24 h. b Surface and 
bulk composition of the alloy are similar. The elemental release is proportional to the composition of 
the superficial layer, except for palladium. Palladium occupies 12% of the surface but only 3% of the 
mass released in the culture medium [166]

8
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8.2.2.2 Implanted dental Alloys

Studies with dental and orthopedic alloys have docu-
mented that all implanted materials release elements 
into the adjacent tissues [151]. Titanium and titanium 
alloys usually release relatively small amounts into the 
neighboring tissues. Release from cobalt-base alloys, 
nickel-base alloys, or stainless steel is an order of mag-
nitude higher [92]. The amount of released elements 
varies among the different types of alloys as well as 
within the same groups of alloys [46]. High concentra-
tions of nickel and chromium were found in the soft 
tissue adjacent to implanted nickel-chromium alloys, 
whereas different alloys with almost identical compo-
sition had different release characteristics [111]. The 
amounts of released elements that are systemically 
distributed from local tissues are not well understood 
or documented. Animal studies that have investigated 
the release of titanium from titanium alloys revealed 
that titanium ions tended to stay in the local tissue, 
contrary to aluminum ions and vanadium ions. Vana-
dium ions were most rapidly excreted. The distribu-
tion of aluminum was intermediate between titanium 
and vanadium [87]. The rate of release of elements at 
the implantation site plays a major role in the tendency 
of elements to accumulate locally around these alloys. 
More studies are necessary to resolve these questions.

The corrosion of titanium alloys may be enhanced 
by the use of acidic fluoride preparations [62, 78, 95]. 
The following limits have been proposed for the com-
position of such preparations:
• 0.05% NaF at a pH of 4.0
• 0.1% NaF at a pH of 4.3
• 2% NaF at a pH of 6.2 [143]

8.2.2.3 nonimplanted dental Alloys

Based on the literature, there is little doubt that ele-
ments are released from nonimplanted dental alloys, 
particularly over long periods of time [24, 44, 46, 120, 
154], and can be identified in saliva [45, 104, 123, 170, 
172] or in the adjacent gingiva or mucosa [44, 74, 108, 
120, 171]. Furthermore, small changes in an alloy’s 
composition can result in big differences in elemental 

Fig. 8.4  . Pronounced inflammation of the gingiva after seat-
ing of ceramic alloy crowns, with little plaque (papilla bleeding 
index at teeth without crowns <0%)

Fig. 8.5a–c  . Gold coating of nickel-based and cobalt-based-
alloys. a Gold-coated partial denture. b Pronounced redness of 
the palate beneath the denture base. c Insufficient adhesion of 
the gold coating
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release. For example, the differences in composition be-
tween alloys B and C in Fig. 8.6 are relatively small, but 
the total mass released from alloy C is over three times 
as great. The comparison of these two alloys also dem-
onstrates the point that reduced nobility can result in 
higher amounts of elemental release. Alloy B has about 
53 at.% of its elements as noble elements (gold + plati-
num + palladium), whereas alloy C has about 42 at.% 
of its elements as noble. Generalizations are normally 
not appropriate for predicting element release, how-
ever. Multiple-phase alloys release considerably more 
mass, even in alloys with a high gold content (alloy A) 
compared with single-phase alloys of similar composi-
tion. In Fig. 8.6, total elemental release from alloy D is 
significantly lower than that of alloy C despite alloy D’s 
lower noble metal content (22.8 at.%). 

Although generalizations are not always accurate, 
several statements can be made about release from non-
implanted dental alloys based on analyses of elemental 
release from many different alloy compositions:
• Alloys containing titanium or alloys with a high 

gold content generally have the highest corrosion 
resistance [70], but the corrosion of titanium is 
increased by high concentrated fluoride solu-
tions [62, 78]. (High gold alloys are characterized 
by a gold content of  >65 wt.% gold. The share of 
Au- and Pt-group metals is >75 wt.% [ISO 1562] 
[65]. 

• Alloys with a reduced gold content are as resistant 
to corrosion in electrochemical tests as alloys with a 
high gold content [129], but are less corrosion resis-
tant in immersion tests [64]. (Alloys with reduced 
gold content reveal a share of Au- and/or Pt-group 
metals between 25 wt.% and 75 wt.% [ISO 8891] 
[64] .

• Pd–Ag alloys are more resistant to corrosion than 
Pd–Cu alloys.

• Co–Cr alloys tend to be more corrosion resistant 
than Ni alloys [23, 72]. The corrosion stability of 
Ni alloys is further markedly reduced by beryllium 
[25]. Therefore, beryllium should no longer be used 
in dental alloys, if possible [32, 66].

• Multiple-phase alloys tend to have higher elemen-
tal release [91].

• Copper, cadmium, nickel, and zinc reveal a rela-
tively high corrosion tendency (lability). But silver 
has a lower lability. Finally gold, palladium, and 
platinum have low lability and are unlikely to be re-
leased at high levels from nearly any alloy [91].

• Palladium may reduce the corrosion tendency of 
copper of a gold-based alloy [91].

• An acidic pH generally increases the elemental re-
lease from dental alloys. This is especially true for 
nickel-based alloys [46]. This point is of clinical 
interest because acid-producing dental plaque fre-
quently adheres to dental alloys. 

• Toothbrushing can increase the release of metal 
ions from some alloys, specifically nickel-based al-
loys [163].

• Salivary proteins form a metal–protein complex on 
the surface of an alloy [30], which can increase cor-
rosion, particularly of nickel–titanium alloys [36].

Key note Z

It is important to know that the relative number of 
individually released metal ions generally does not 
represent their relative content in the alloys. Thus, 
data regarding corrosion of the applied alloy or al-
loy combinations should be requested from the 
manufacturer. Oxides of ceramic alloys that are not 
covered by ceramic need to be removed, such as by 
using a recommended pickling solution. High corro-
sion resistance (in addition to other parameters) is 
very important when selecting an appropriate alloy.

8.3 systemic toxicity 

The tissue compatibility of a dental alloy is determined 
by a number of factors in addition to elemental re-
lease, e.g., the tissue’s exposure time to the alloy. For 
example, a copper band used for an impression may 
cause only minor adverse effects because it is present 
in the oral cavity for only a short period of time. The 
function of an alloy also influences its tissue compat-
ibility. Alloys that are subject to abrasion due to oppos-
ing occlusion or restorations may release higher levels 
of elements. Intraoral location of the alloy influences 
its tissue compatibility. Alloys that are used in bone 
may have to meet higher requirements for corrosion 
resistance than those that are used for crowns, metal 
bases of partial dentures, or orthodontic wires. The 
exact requirements are not yet known. But many alloys 
that are used for crowns can result in failures when 
implanted. Finally, the surface adhesion properties of 
an alloy – that is, how bacteria, cells, or biologically 
active molecules (glycoproteins) are bound to differ-
ent alloy surfaces – can considerably influence tissue 
compatibility. The toxicology of individual elements 
that are used for dental alloys cannot be reviewed in 
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this chapter; details can be found in text books on 
toxicology.

8.3.1 Absorption, distribution, 
and excretion

One concept related to systemic toxicity of dental al-
loys that is that elements released from a dental al-

loy into the oral cavity are not necessarily inside the 
body. Elements that are released from dental alloys 
into the oral cavity may only gain access to the body 
through the epithelium in the gut, the gingiva, or, for 
elements that form vapors (such as mercury), through 
the lungs (absorption). However, for dental implants, 
elements that are released into the bony tissues around 
the implant are, by definition, inside the body. It is for 
this reason that elemental release from dental implants 

Fig. 8.6  . The diagram emphasizes the problems related to predicting elemental release: The sin-
gle-phase alloy with low gold content (C) releases three times as much mass into the cell culture 
medium after 72 h as the single-phase alloy with higher gold content (B). The multiple-phase alloy 
with higher gold content (A) releases 20-fold as much mass as the equivalent single-phase alloy (B). 
The silver–palladium alloy (D) releases a relatively small amount of mass despite its multiple-phase 
microstructure [156, 166]
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is thought to be more important biologically than el-
emental release from other dental alloys.

The route by which an element gains access inside 
the body is critical to its biological effects [49]. A good 
example of the importance of route is the systemic tox-
icity of palladium ions. If administered orally to mice, 
palladium ions will have an LD50 (median lethal dose; 
the calculated dose of a chemical substance that will 
kill 50% of the experimental population) of 1,000 mg/
kg body weight (compare Chap. 2). If administered 
into the peritoneum of mice, the LD50 drops to 87 mg/
kg body weight [157]. The toxic dose for intravenous 
administration is one order of magnitude lower yet. 
Few studies have documented the systemic toxicity of 
particulate forms of dental alloys [112]. However, re-
sults from these tests are difficult to interpret because 
the absorbed dose is largely unknown.

Once inside the body, the distribution of a metal-
lic element mediates its ability to cause systemic toxic-
ity. Metal ions may be distributed by diffusion through 
tissues, the lymphatics, or the bloodstream. Metallic 
particles (0.5–10.0 µm) may also be ingested by cells 
such as macrophages, which are themselves trans-
ported by the lymphatics or blood vessels [77].

Ultimately, metal ions can be deposited to many 
tissues or organs, each harboring its characteristic 
amount (deposition) [16]. This applies also for noble 
metals, such as platinum, which may be released from 
high gold alloys and will be harbored in the organ-
ism [8, 105]. The distribution of metals in tissues is 
unique for each metal and even for each chemical 
form of the metal. For instance, the oxidation state 
and chemical form of the metal will significantly in-
fluence its absorption, distribution, retention half-life, 
and excretion. Ultimately, the body generally elimi-
nates these metals through the urine, feces, or lungs. 
The rate of elimination is also unique to each element. 
Thus, a “dose” of metal ions that is administered to the 
body by a dental alloy will be distributed systemically 
only to the extent that it gains access inside the body 
[61]. For example, if palladium ions are given intra-
venously to rats, 20% of the palladium will remain in 
the rats after 40 days. However, if the same palladium 
is administered orally, only 1% will remain in the rats 
after 3 days [157]. The low apparent retention of orally 
administered palladium is in large part a result of the 
low percentage of the palladium that actually gets into 
the body tissues. Most of the palladium is directly ex-
creted.

8.3.2 Implanted dental Alloys

Most of the information about systemic toxicity of 
implanted dental alloys has come from the ortho-
pedic literature concerning alloys used for hip and 
other prostheses. Like dental implants, these alloys 
are placed into bone; therefore, their biological behav-
ior is of interest to dentistry. However, the orthope-
dic implants represent a “worst case” when compared 
with dental implants because they generally have 
larger surface areas and are often subjected to fric-
tion and wear. Thus, information from the orthope-
dic literature is useful but not directly applicable to 
dentistry.

Dental implants (and their orthopedic counter-
parts) are primarily composed of titanium, titanium 
alloys, cobalt-chromium alloys, and stainless steel 
(see Table 8.1). In human studies that have retrieved 
tissues at autopsy from subjects with metallic ortho-
pedic implants, elements from these alloys can be 
detected at elevated levels in distant tissues and or-
gans [92, 151]. For example, titanium can be detected 
above normal levels in lung, kidney, spleen, liver, se-
rum, and urine in humans and animals with orthope-
dic implants. For serum levels, the normal concentra-
tion of titanium is about 3 ng/g. In human patients 
who had titanium or titanium alloy orthopedic im-
plants for 22–70 months, serum levels ranged from 
8 ng/g to 37 ng/g. These numbers should be compared 
with a normal total body burden of 15 mg of titanium, 
a normal total daily intake of 0.3–1 mg of titanium, 
and a normal daily excretion of 0.3 mg [151]. In den-
tal implants, little evidence exists concerning the sys-
temic distribution of metals from implants in various 
tissues and organs. At least one study in rabbits could 
not detect titanium systemically for implants in bone 
that were not in frictional motion [82]. For other al-
loys such as cobalt-chromium and stainless steel, 
there is ample evidence that the released elements are 
distributed systemically [18]. Despite their presence 
in tissues, there is little or no evidence that metallic 
elements from titanium-based implants cause any 
systemic toxicity. The detection of toxicity over pro-
longed, low-dose exposures is problematic, however, 
and there is concern that the presence of these ele-
ments represents a biological risk [17].
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Key note Z

In the context of the risk–benefit ratio, the known 
benefits of titanium-based implanted dental alloys 
currently far outweigh any defined risks from the 
presence of elevated systemic concentrations of re-
leased elements in various tissues or organs.

8.3.3 nonimplanted dental Alloys

Unlike implanted alloys, elements that are released 
from nonimplanted dental alloys may or may not gain 
access into the body. There is some evidence, however, 
that elements from dental crowns and other alloys 
gain access to local gingival tissues or the oral mucosa. 
In dogs, elevated gingival copper levels have been 
demonstrated adjacent to crowns composed of brass 
(copper-zinc alloy) [27, 55]. It should be noted that 
brass is extremely corrosion-prone in the mouth and 
not representative of dental alloys used today. A study 
in patients with inflamed gingiva adjacent to various 
dental alloys (high gold or reduced gold alloys, pal-
ladium-based and cobalt-chromium alloys) demon-
strated many alloy components in the adjacent gingiva 
and mucosa [44, 120]. In other studies, extremely sen-
sitive techniques have been used to demonstrate the 
presence of components of crowns and amalgams in 
human gingival tissues adjacent to dental alloys. These 
levels are generally low, however [108].

There is little evidence to demonstrate that ele-
ments released from nonamalgam dental alloys con-
tribute significantly to the systemic body burden of el-
ements. This result is not surprising when the normal 
daily dietary intake of metals in dental alloys is con-
sidered [21] (Table 8.3). In most cases, the amounts 
of elements that are released from dental alloys are far 
below those taken in as part of the diet. For example, 
the amount of zinc released from a dental alloy (gen-
erally <0.1 µg/day) is far below that eaten (14,250 µg/
day). However, in several cases, dental alloys may re-
lease levels that approach dietary intakes. For example, 
nickel released from nickel-based crowns may ap-
proach the daily intake level of 400 µg/day.

It must be stressed that release of mass from an 
alloy that approaches dietary levels does not predict 
systemic toxicity or other effects from the alloy. There 
are two problems with using daily dietary intake as a 
“ruler” for assessing the safety of dental alloys. First, 
there is no information that the dietary levels them-
selves have any meaning for long-term biological 

safety. The amount of titanium (750 µg/day) that we 
eat daily in our diet may or may not be safe. It is sim-
ply an empirical fact that we eat this much. Thus, if an 
alloy releases this much titanium (which it generally 
does not), we really do not know if the alloy is safe. 
We are led to a sense of security by this comparison 
because we observe that we do not suffer ostensibly 
from the dietary intake. Again, in terms of risks and 
benefits, it is likely that the benefits of the titanium 
in the products we use (sunscreen, drugs, cosmetics, 
foodstuffs) far outweigh the risks of any long-term ex-
posure to the metal. This balance must be established 
for each metal. 

The second reason that daily dietary intake may 
not be a useful ruler for biological safety is that it does 
not take into account local elevated concentrations 
of elements that may occur around the alloy. For ex-
ample, the amount of copper released from a dental 
crown may approach 1 µg/day, which is far below the 
3,100 µg/day that we eat. However, in the gingival crev-
ice adjacent to the crown, the concentration of copper 
might be much higher. Furthermore, the concentra-
tion that is required to have a local adverse effect may 
be much lower than concentrations necessary to cause 
systemic effects through the oral route. An epithelial 
cell in the gingiva may begin to suffer from copper lev-
els as low as 10 µg/g. Thus, we should not be biased 

Table 8.3  . Estimated daily dietary intake of some elements 
that are used for dental alloys [21]

Element Daily dietary intake (µg)

Cadmium 50

Chromium 240

Cobalt 250

Copper 3,110

Gold < 7

Iron 23,250

Molybdanium 400

Nickel 400

Silver 25

Titanium 750

Zinc 14,250
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too much by the daily dietary intake of metals when 
assessing the biological risk of dental alloys.

Nonimplanted dental alloys are mostly processed 
by lab technicians, who inhale metal dusts (besides 
other dusts) generated by the finishing and polishing 
of alloy restorations. An elevated risk of lung fibro-
sis (particularly due to beryllium dust) has been dis-
cussed (see Chap. 12) [102]. Cobalt–chromium par-
ticles (in addition to asbestos and ceramic particles) 
also were detected in autopsy samples taken from a lab 
technician who suffered from a lung fibrosis [97]. But 
appropriate suction units decrease dust concentrations 
below threshold values [22], and the use of beryllium 
in dental alloys is no longer recommended [32, 66].

Key note Z

In summary, systemic toxicity from dental alloys has 
not been demonstrated. There is evidence that re-
leased metals can and do gain access to the body, 
and these metals may be widely distributed. How-
ever, no studies have shown that the presence of 
these metals causes systemic toxicity. Further stud-
ies will undoubtedly continue to assess the pos-
sibility of systemic toxicity as long-term data (i.e., 
over years or decades) become available.

8.3.4 clinical symptoms and complaints

Although scientific studies do not indicate systemic 
toxicity caused by dental alloys, some patients refer to 
dental alloys as the cause of many health complaints. 
Few high-quality epidemiological data regarding the 
frequency of these complaints in patients are available. 
Cross-sectional studies, however, have indicated a fre-
quency of 0.01–0.02% [43], compared to complaints 
about cosmetics at a frequency of up to 12% [80] and, 
in another survey, to some sort of adverse reaction to a 
personal care product over the course of a year in 23% 
of women and 13.8% of men [103].

A summary of the general (i.e., nonoral) com-
plaints shows that the indicated symptoms are often of 
unspecific nature and may be triggered by other fac-
tors, such as concurrent systemic diseases (Table 8.4). 
Furthermore, a similar spectrum of symptoms is re-
ported by patients who attribute their complaints to 
amalgam or resin-based composites (see also Chaps. 4 
and 5).

clinical practice Advice i

Many adverse symptoms attributed by patients to 
their dental alloy restorations may also occur from 
concurrent systemic diseases or drugs the patient 
may be taking. This fact should be a prime consid-
eration when assessing the impact of dental alloys; 
patients with these symptoms often have “multiple 
morbidity” [43]. 

Interestingly, the majority of patients citing adverse ef-
fects from dental alloys are females in the age group of 
50–59 years [43]. This gender and age group also often 
complains about the same clinical symptoms purport-
edly caused by dentures or fillings (e.g., amalgam) [58, 
135, 179]. No correlation between these symptoms and 
hormonal levels in menopausal women could be found 
[142]. Furthermore, neither the systemic nor the local 
application of estrogens had a significant therapeutic 
effect [142]. Possible psychological causes of these 
complaints are reviewed elsewhere in this book (see 
also Chaps. 1, 4, and 5).

Key note Z

In patients who complain about problems purport-
edly caused by dental alloys or other materials, a 
comprehensive medical history and a careful oral 
examination are necessary to exclude other diseases 
or factors in the oral cavity (such as elevated plaque 
accumulation) as a cause. Determining the cause of 
nonspecific symptoms requires intense collabora-
tion of the dental practitioner with general physi-
cians and psychiatrists. This approach is similar for 
patients who complain about problems with other 
dental materials.

8.4 Local toxicity 
and tissue compatibility

8.4.1 corrosion and Local toxicity 

Dental alloys are in long-term intimate contact with 
local tissues, and “microenvironments” are often 
formed between the alloy and the tissues. For example, 
a dental crown often extends into the gingival sulcus. 
If elements from the alloy are released into this sulcus, 
they may reach high concentrations because they are 
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diluted less by saliva and may experience elevated cor-
rosion, for example, crevice corrosion. A similar situ-
ation exists beneath the metal framework of a remov-
able partial denture. Elements released on the tissue 
side of the framework may not be diluted by oral fluids 
to the same extent as elements released from the op-
posite side of the framework. Consequently, metal ion 
concentrations may be higher next to the tissue than 
in the saliva. 

The risk of local effects from dental alloys exists 
for both implanted and nonimplanted alloys. How-
ever, in general the risk is greater for implanted al-
loys because the elements that are released have less 

inhibited access into the body. Elements released 
from nonimplanted alloys must first gain access into 
or across the epithelial barrier before they can alter 
tissue functions. 

8.4.2 Implanted dental Alloys

Tissue necrosis and inflammation have been well doc-
umented in animal studies in which alloys with high 
corrosion behavior were implanted into bone, con-
nective tissue, or muscle. Examples of these metals 
include pure copper, nickel, zinc, and aluminum, and 

Table 8.4  . Frequency (%) of the 20 most often claimed nonoral patient complaints related to alloys [133] 

Symptoms All alloys Au-based Pd-based

General fatigue 77 74 81

Tiredness 74 67 78

Lack of energy 73 66 76

Nervousness 72 72 74

Headache 71 62 77

Impaired memory 70 70 75

Joint pain 69 62 80

Muscle pain 67 55 77

Impaired vision 64 63 69

Dizziness 64 65 61

Irritability 61 59 63

Insomnia 58 55 57

Depression 58 49 62

Mood swings 58 57 57

Cardiac arrhythmia 48 43 54

Shivering 48 50 52

Low blood pressure 44 47 40

Undecidedness 43 41 45

Diarrhea 42 45 37
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alloys such as brasses [85]. The mechanisms by which 
these released elements cause these adverse biological 
responses are not understood but are being actively in-
vestigated. 

If levels of released elements are low, the situation 
is especially difficult. Although not proven, the sig-
nificant element release associated with nickel-based 
and cobalt-based alloys is thought to be at least partly 
responsible for the inability of these materials to os-
seointegrate with bone, even though no severe necro-
sis or inflammation occurs around the implants [151]. 
The lack of osseointegration may be related both 
to the relatively large amounts of elements released 
from these alloys and to the nature of elements being 
released. Although previously considered a normal 
biological response, fibrous encapsulation of alloys is 
currently considered to be an unwanted biological re-
sponse, particularly around intraosseous implants.

If the levels of released elements are low, as with 
titanium and titanium alloys, then the biological re-
sponse over months and years is generally favorable. 
These materials will osseointegrate with bone and 
maintain this tissue integration for many years [151]. 
Such success has been repeatedly documented in hu-
man studies. The reason why these alloys osseointe-
grate is not fully understood but is thought to be at 
least partly related to the low release of elements. 
Thus, titanium remains successfully integrated in bone 
for years despite a persistent presence of titanium 
around the implants. It may be that the presence of ti-
tanium has few biological liabilities or that the levels 
are insufficient to cause such liabilities. 

However, it should be stressed that a low release 
of elements is a necessary but not a sufficient condi-
tion for osseointegration. For example, gold-based al-
loys or even pure gold will generally not osseointegrate 
despite very low levels of elemental release [140]. Fac-
tors such as surface oxide formation and oxide confor-
mation are probably important. The oxide may have 
a favorable effect on the extracellular matrix architec-
ture and cellular activity in the surrounding tissue. 
The attachment of osteoblasts to implants is an impor-
tant condition for good tissue compatibility and, thus, 
for optimal osseointegration. It is likely that the pro-
tein layer that adheres to the surface of the material is 
of critical importance for these processes [141]. Cur-
rent evidence suggests that adsorption of extracellu-
lar matrix proteins in a manner that preserves their 
native conformations is more conducive to cell ad-
hesion and osseointegration compared to a change of 
this conformation after adsorption. Material proper-

ties such as charge affect the way proteins interact with 
an implant alloy [141]. Much research is being done 
in this area. 

8.4.3 nonimplanted dental Alloys

Although the release of elements from nonimplanted 
dental alloys is well established, the local biological ef-
fects of these elements are still a topic of intense de-
bate. The central question of this debate is whether 
the levels of released elements are sufficient to alter 
the normal biological functions of the tissues around 
the alloys. Unfortunately, insufficient evidence exists 
to definitively answer this question. Current evidence 
to address this controversy has been published in the 
form of in vitro and in vivo studies.

8.4.3.1 cell cultures

At sufficiently high concentrations, metal ions alter 
cellular metabolism or lead to cell death. The effect of 
silver ions on cellular mitochondrial activity is a case 
in point [158] (Fig. 8.7). The mitochondrial activity 
shown in this figure is often used because it is indica-
tive of the cell’s ability to provide energy for other cel-
lular processes. At a low concentration (<2.0 µM), cel-
lular mitochondrial activity is essentially unchanged 
from normal. However, as the concentration of sil-
ver ions increases, cellular activity falls dramatically. 
Above 10 µM, activity is essentially zero.

This example of silver is indicative of almost all 
metal ions, except that each metal ion has its own 
critical threshold above which cellular activity deterio-
rates. In general, the toxicity of these metal ions is re-
ported as the concentration to depress cellular activity 
by 50%, or the toxic concentration 50% (TC50 value). 
TC50 values (after 24 h of exposure) for metal ions 
range from 6 µM to 3,000 µM, depending on the cell 
type and toxicity parameter being measured [118, 119, 
158, 175, 176] (see Appendix, Table 8.7). The shape of 
the curve shown in Fig. 8.7 is different for each metal 
ion, but the dose-dependent trend is usually similar. In 
general, as the exposure time increases, the concentra-
tion of metal ions required to cause a 50% reduction in 
cell activity also decreases (Fig. 8.8); that is, the longer 
the metal ions are in contact with cells, the fewer the 
metal ions required to cause cellular problems [158, 
165]. But various metal ions may interact to produce 
their toxic behavior, causing an increase or decrease 
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in cytotoxicity. The molecular reaction mechanisms 
to most metal ions are largely unknown, although a 
great deal is being discovered regarding metals of en-
vironmental importance that are also commonly used 
in dentistry, such as mercury and nickel [159]. Metals 
such as chromium, nickel, and cobalt may also cause 
apoptosis at concentrations below those that lead to 
cellular necrosis [50]. At a cellular level, studies have 
investigated how metals affect several cellular func-
tions, such as osteoclast function [98], the function of 
cellular mitochondria [89], cytokine release [125], the 
activity of transcription factors [148], the synthesis of 
glutathione [161], and the structure of the cytoskel-
eton [31]. Recent reports also indicate that metal ions 
may amplify cellular responses to inflammatory acti-
vators such as lipopolysaccharide (LPS). For example, 
low levels of nickel ions may increase LPS-induced 
cytokine secretion by 3–4-fold or may enhance expres-
sion of intracellular antioxidant proteins such as heme 
oxygenase-1. The combined effects of metal ions and 
LPS have profound implications for the safety of al-
loys, which harbor plaque and release metal ions into 
adjacent periodontal tissues [149, 160, 168]. 

Dental alloys also may, depending on their composi-
tion, damage cells in culture [155]. It has been docu-
mented that some alloys are cytotoxic over a longer 

period of time in vitro [164] or change human gin-
gival cells in vitro [88]. In basic terms, cellular dam-
age could be correlated to elemental release from the 
alloys [90, 124, 156]. In these studies, multiple-phase 
alloys, which generally have higher corrosion rates, 
were more cytotoxic than similar single-phase alloys 
[99, 100].

However, the correlations between the release of 
metal ions and cytotoxicity are extremely complex. 
Dental alloys that do not cause cell damage release 
metal ions into the cell culture medium as well. Ob-
viously, ion concentration and exposure time are not 
sufficient in these cases to cause cell damage. Thus, the 
release of metal ions is necessary to cause cell damage 
but is not sufficient in every case. 

Ceramic alloys may be more cytotoxic after ther-
mal treatment. This fact should be considered in cor-
relation with gingivitis adjacent to crowns made of 
these alloys (Figs. 8.1, 8.4, 8.10). Titanium was gener-
ally not cytotoxic [13, 150]. The combination of dif-
ferent alloys [137] or of alloys and solders caused a 
different cytotoxicity compared with the ceramic alloy. 
Thus, the toxicity of an alloy–solder combination can-
not be theoretically deduced from the toxicity of the 
individual alloys (Fig. 8.9).

Results from in vitro tests are, despite constant 
further development, of limited value for predicting 

Fig. 8.7  . Typical dose-response curve. The activity of mito-
chondria was measured after a 24-h treatment with different sil-
ver ion concentrations. The TC50 concentration according to this 
graphic is 6 µM; the control cultures were not incubated with 
silver [158] 
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Fig. 8.8  . Influence of exposure time on the TC50 concentration 
(with Cu ions). More copper is needed after short-term exposure 
to inhibit cell growth by 50% compared with longer exposure 
periods [158]
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alloy-caused reactions in patients. Only short-term 
exposures of alloys are used in most in vitro tests, in 
contrast to many years of exposure in vivo. For in vitro 
tests, single cell types are used that are often specifi-
cally altered to grow outside the body. Thus, there is 
always uncertainty whether these cells react the same 
way as cells inside the body. In general, in vitro tests 
will not cover interactions between various cell types, 
which is a frequent feature of biological reactions 
in vivo. However, these tests can evaluate the general 
biological characteristics of materials (see Chap. 2). 

8.4.3.2 Adhesion of Bacteria

Plaque is the primary cause of gingivitis and (in ad-
dition to other factors) periodontitis. Plaque accu-
mulation results from insufficient oral hygiene and 
restorations that impair the patient’s ability to perform 
adequate oral hygiene. But alloys may influence plaque 
accumulation as well; furthermore, a decreased pH 
underneath plaque may increase corrosion of some al-
loys, particularly those based on nickel or cobalt.

Different factors affect microbial adhesion, accu-
mulation of bacteria, and the formation of a dental 

plaque on dental alloys. Alloys containing copper and 
silver showed stronger antimicrobial effects in vitro 
than metals used for denture bases [5]. In addition, 
a number of in vitro investigations have documented 
that a high surface energy and a rough surface struc-
ture promote bacterial adhesion [106]. Greater plaque 
levels have been shown to accumulate on titanium im-
plants than on natural teeth, perhaps due to the higher 
free surface energy of titanium. But this plaque can be 
removed with appropriate oral hygiene [107].

Materials in the oral cavity are covered by an ac-
quired pellicle immediately – within microseconds – 
after coming into contact with saliva [86], which makes 
the differences in bacterial adhesion and free surface 
energy that are observed in vitro irrelevant. In general, 
the pellicle reduces bacterial adhesion independent of 
the material’s free surface energy [106, 134] (see also 
Chap. 2). Siegrist et al. found in patients no specific 
trends under experimental pontics made of various 
alloys [131], but certain materials generated a specific 
colonization after 4 h and 24 h. Numbers of bacteria 
could only be correlated with surface roughness after 4 
h. This is similar to the studies of Hannig [53, 54], who 
did not find pronounced differences of the plaque’s ul-
trastructure that accumulated on various materials after 
24 h (gold reduced alloys, titanium alloys, resin-based 
composites, cements, and ceramic). But Steinberg et al. 
[134] documented that certain periodontopathogenic 
bacteria adhered better to a titanium alloy (Ti6Al4V) 
than to commercially pure (cp) titanium. They also 
found that saliva generally reduces this microbial ad-
hesion. Taken together, there is no clear indication that 
certain groups of alloys result in a plaque accumulation 
that cannot be removed by appropriate oral hygiene. 
But there is an agreement that surface roughness is a 
risk factor for increased bacterial accumulation.

Fig. 8.9  . Influence of the combination of an alloy with differ-
ent solders (HN-1, HN-3, HN-10, N-4) on the toxicity. The single 
blue column (right) shows the toxicity of the individual alloy. 
The other blue columns represent the toxicity of combinations 
of solder and alloy [169]

Fig. 8.10  . Severe inflammation adjacent to ceramic alloy 
crown not induced by plaque accumulation

8

8 Dental Alloys236



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_8_2008 - 06 - 18_2

clinical practice Advice i

Intraoral alloy surfaces should be as smooth as pos-
sible (surface polish) to minimize or prevent plaque 
formation. This will prevent plaque-associated gin-
givitis and periodontitis in the vicinity of dental al-
loys and will minimize corrosion of these alloys as 
well. 

8.4.3.3 Implantation tests 

Studies in experimental animals are also performed in 
addition to in vitro tests to assess the biologic effects 
of dental alloys. For example, alloys may be implanted 
subcutaneously or intramuscularly [14, 110]. It is often 
difficult to replicate a clinical alloy-tissue interface in 
an animal model. For this reason, animal implantation 
tests are difficult to interpret in the context of clinical 
dental use, and these tests may be less relevant than 
some in vitro tests they were designed to replace [93]. 
For instance, implantation tests do not simulate the ex-
traepithelial application of dental alloys. Furthermore, 
shape, size, and surface characteristics of an alloy may 
influence the subsequent biological reaction. Finally, 
intraoral conditions (chewing, brushing, plaque, vi-
cinity to other alloys) are not accounted for in most 
implantation tests in animals. 

Only a few studies have reported the biological re-
action of nonimplanted dental alloys in a clinically rel-
evant environment. If highly corrosive alloys (such as 
brasses) are seated on canine teeth, the adjacent gingiva 
will react with a considerable inflammation caused by 
released elements [55]. The relevance of these canine 
studies is uncertain because most current dental al-
loys release 100–1,000 times less mass than the brasses 
used in these studies. It is uncertain whether these 
lower amounts are of clinical relevance. The combina-
tion of pure titanium implants and crowns made of a 
high gold alloy increased corrosion in primates but 
did not interfere with osseointegration [41].

8.4.4 Local clinical symptoms 
and complaints

8.4.4.1 subjective complaints

Subjective complaints linked to dental alloys in the oral 
cavity have been reviewed in several publications [43, 
74, 122, 133, 173]. These reviews indicate that burning 

mouth and metallic taste are by far the most frequent 
complaints (Table 8.5).

The causes for a burning mouth are not known. 
Allergies are often claimed to be the cause, yet few 
patients were shown to have a verifiable allergy in a 
study addressing burning mouth syndrome [43]. Fur-
thermore, burning mouth was also indicated as a sub-
jective adverse effect to various other dental materi-
als, such as acrylates (see also Chap. 9). Therefore, it 
is very difficult to associate these subjective symptoms 
with a particular material. Burning mouth is likely 
caused by many factors [10]. Besides dental materials, 
neuron-pathogenic conditions [38, 40] and psychiatric 
stresses, and even diseases, probably play major roles 
in the pathogenesis of burning mouth syndrome. 

Metallic taste is also a frequently indicated subjec-
tive symptom of patients [43]. It may be noticed when 
new amalgam restorations are placed in direct contact 
with gold-based alloys. In general, these symptoms dis-
appear within few days after a passivating layer of ox-
ide has formed on the surface of the amalgam filling. 

Taken together, it is nearly impossible to relate a 
patient’s subjective complaints to biological features 
of dental alloys [122]. Based on the reviews regard-

Table 8.5  . Frequency of subjective oral complaints of pa-
tients [122]

Complaints Frequency (%)

Burning mouth 72

Metallic taste 56

Electric sensations 44

Dry mouth 40

Taste irritation 37

Gingival bleeding 31

Gingivitis 28

Oral vesicles 24

Paresthesia 20

Toothache 20

Red tongue 16

Increased salivary flow 13

Palatinal erythema 9
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ing corrosion and toxicity, it may be concluded that 
these symptoms are more frequent after application of 
corrosion-prone alloys, such as gold-reduced alloys. 
This hypothesis, however, has not been confirmed: 
The relative distribution of alloys in a group of pa-
tients with subjective complaints was equivalent to the 
distribution of alloys within the population, based on 
sales numbers of the most important vendor of alloys 
in the investigated region (Degussa) [121]. Thus, other 
causes need to be considered because equivalent pa-
tient symptoms have been reported for nearly all types 
of dental materials. Therefore, it may be speculated that 
various health factors such as illness and mental con-
dition may also play a role [11, 58]. Nevertheless, the 
clinician cannot ignore systemic disease and drug side 
effects as contributors to these types of symptoms.

clinical practice Advice i

A number of drugs, including those for treating 
rheumatic disease, cause adverse oral effects such 
as metallic taste [51]. Smith and Burtner [132] sum-
marized the most frequent adverse effects of 200 
frequently prescribed drugs. Alterations of taste and 
other intraoral complaints were most commonly re-
ported.

Metal analyses of saliva are of little importance for 
diagnosing material-related subjective complaints in 
the dental office because major variations in the ana-
lytic results have been observed in the same patients. 
Furthermore, the oxidation state of the metals (ions or 
metallic particles), relevant threshold concentrations, 
and possible interactions of various metals are simply 
unknown [45, 115, 122]. Voltages between different al-
loys in the oral cavity without permanent contact (oral 
galvanism) have been cited as the cause of subjective 
complaints in some patients. In Chap. 2, the relevance 
of voltage readings is critically reviewed based on the 
scientific literature. A permanent contact between dif-
ferent alloys, however, can cause symptoms in rare cases, 
such as metallic taste due to increased corrosion.

8.4.4.2 Gingival Inflammation

Metals such as nickel and copper have been reported 
to cause gingivitis when they are released from alloys 
into adjacent oral tissues [7, 139, 171, 174]. Other re-

ports considered metals that were released from high 
gold and gold-reduced alloys as causative for discolor-
ation and hyperplasia of the adjacent gingiva, particu-
larly in the vicinity of crowns made of ceramic alloys 
(Fig. 8.10) [73, 74, 133]. In these cases, gingival inflam-
mation persisted even after stringent plaque control 
measures were implemented, suggesting that plaque 
was not only the cause of inflammation. It should be 
reemphasized that the cytotoxicity of ceramic alloys is 
considerably increased after thermal treatment [124]. 
Incomplete removal of the superficial oxide layer at the 
crown margin could contribute to gingival inflamma-
tion [90, 122]. A metal analysis of the adjacent gingiva 
is of little diagnostic importance in the dental practice 
because of the same confounding variables previously 
mentioned (see also Chap. 2) in applying salivary anal-
yses [45, 118, 120].

clinical practice Advice i

If oral plaque reduction strategies fail to resolve a 
persistent gingival inflammation adjacent to alloy or 
ceramic-alloy restorations, the practitioner should 
consider removing the crowns to resolve the prob-
lem.

Fig. 8.11  . Geographic tongue or fissured tongue in a patient 
with subjective oral complaints (burning tongue)
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8.4.4.3 Alterations of the tongue

Interestingly, 16% of those patients who indicated 
complaints related to dental alloys revealed an alter-
ation of the tongue, usually a fissured or geographic 
tongue [43, 122] (Fig. 8.11). No epidemiological data 
regarding alloy-induced fissured or geographic tongue 
are available, but the literature indicates a frequency in 
the general population of about 7% [6]. Whether these 
tongue alterations predispose for other problems, such 
as burning tongue, is under discussion [145, 180].

8.4.4.4 palatal erythema

Palatal erythema underneath a metal base has been 
observed on various occasions (Fig. 8.12; see also 
Chap. 9). The causes for these reactions may be toxic 
or allergic in nature, an insufficient fit of a denture, or 
bacterial or fungal infection [9, 12]. Latter causes can 
be excluded by oral hygiene education and cleaning of 
dentures, such as by using a 0.1–0.2% chlorhexidine 
solution. If these procedures do not improve the oral 

condition, then an elimination test (not wearing the 
restoration for a specific period of time) or insertion of 
a metal-free temporary restoration is recommended.

8.4.4.5 Lichenoid reactions

Lichenoid reactions have been documented in correla-
tion with amalgam fillings [19], resin-based composites 
[79], and dental alloys [56, 76]. A lichenoid reaction 
is generally considered a disease state independent of 
oral lichen planus and is often a material-related reac-
tion or a combination of the two (Fig. 8.13). The influ-
ence of a material can be of a mechanical (e.g., acute 
edge), toxic-irritative, or allergenic nature.

clinical practice Advice i

A lichenoid reaction that is limited to the contact 
area of the material with oral tissues may be material 
induced. (See also Chap. 8.5.) The use of alternative 
materials is strongly recommended in these cases.

Fig. 8.12a,b  . Redness of palate. a Partial denture with gold 
coating. b Pronounced redness of the palatal area that was cov-
ered by the metal base

Fig. 8.13  . Lichenoid reaction of the mucosa contacting an 
alloy
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8.5 Allergies

8.5.1 Mechanisms

As far as is known, metal ions cannot act as allergens 
themselves [49, 114]. Rather, they act as haptens, bind-
ing to resident molecules and altering these molecules 
such that the body “sees” the complex as foreign. Be-
cause of their ability to bind many types of molecules 
in the body, such as proteins, nucleic acids, and car-
bohydrates, the potential for many types of complexes 
is great. Little is known about the specific metal com-
plexes that cause the allergic response or whether these 
complexes are even similar among different allergic 
individuals. Knowledge to date indicates that metals in 
alloys cannot cause an allergic response without being 
released from the alloy. Thus, allergic reaction to an 
alloy is not possible unless an element is released from 
the alloy. Clinically, this statement has been substanti-
ated by individuals who have documented allergic re-
sponses to metal ions such as palladium ions but who 
demonstrate no allergic response to palladium metal 
because so few ions are released [146].

The exposure of metal ions to the oral mucosa may 
elicit different reactions than if the ions are exposed 
to the skin. Oral exposure has been reported to cause 
tolerance (e.g., to nickel) [71, 147]. The frequency of 
nickel allergies in a group of 14–18-year-old adoles-
cents was 30% among girls, 3% among boys, and 31% 
among ear-pierced individuals versus 2% among non-
ear-pierced subjects. None of the girls who was treated 
with an orthodontic device before being pierced re-
vealed a sensitivity against nickel, whereas 35% were 
“nickel-positive” if the piercing was done prior to 
orthodontic treatment. These results reveal a possible 
tolerance to nickel that was caused by (nickel-con-
taining) orthodontic wires [71]. This phenomenon, 
however, has not been observed or reported for nickel-
containing casting alloys.

It is often difficult to determine whether an inflam-
matory response to a metal is mediated by an allergic 
mechanism or a toxic mechanism or some combination 
of both. The boundaries between these two mechanisms 
are not always clear. Classically, allergic responses are 
characterized by dose independence; that is, the body’s 
reaction is independent of the dose applied. Thus, low 
doses that would not cause inflammation via toxicity 
would cause inflammation by activating Langerhans 
cells [114]. In reality, the boundaries between toxicity 
and allergy are not as clear. Nickel allergy occurs in 
15–20% of females [151]. This means that 80–85% of 
females will not react to nickel at allergic doses, i.e., at 

very low concentrations. In toxicity reactions (i.e., at 
higher concentrations), the response of a population is 
much more uniform. A true allergic response involves 
recognizing a metal–protein complex as foreign and 
can specifically activate the Langerhans cells. How-
ever, the absence of allergy does not preclude metals 
from affecting immune cells. Metal ions may alter 
or disrupt normal immune pathways in nonspecific 
ways that then cause an inflammatory response [48, 
52, 125]. This type of interaction could be viewed as a 
toxic response because it does not involve recognition 
of a specific metal–protein complex. The relationships 
between allergy and toxicity are still active areas of re-
search. It is possible for very low levels of metal ions to 
be released in an allergic individual with no measur-
able allergic response. Only if these levels are exceeded 
does the concept of dose independence apply. This 
would explain why some patients who were sensitive 
in the patch test to a metal did not show clinical signs 
of an allergic reaction, although the metal was a com-
ponent of an alloy in their oral cavity [104].

It is possible for metal ions to cross react in their 
induction of allergic responses. A cross-allergy occurs 
when antigens are sufficiently similar that allergy to 
one antigen will guarantee that the individual will be 
allergic to the second antigen even with no previous 
exposure. Cross-reactivity is difficult to prove, but it is 
suspected for palladium and nickel (see also Chap. 1). 
A number of studies have reported that patients who 
are sensitive to palladium are nearly always also sensi-
tive to nickel [1, 43, 60, 157]. This incidence is further 
decreased by the relatively low corrosion rate of palla-
dium alloys. Nickel exposure occurs from a variety of 
sources, including foods (see Appendix, Table 8.8) and 
corrosion of utensils. Thus, in patients in whom nickel 
sensitivity is suspected, all sources of nickel exposure 
need to be examined as possible causes.

clinical practice Advice i

A number of studies have documented that patients 
who are allergic to palladium are likely to be aller-
gic to nickel as well [43, 60, 122]. Thus, the clinician 
should carefully consider whether palladium-contai-
ning alloys should be applied in patients with nickel 
allergy, although the incidence of documented al-
lergies to palladium-containing dental alloys is less 
than to nickel-containing alloys. This incidence is 
further decreased by the relatively low corrosion 
rate of palladium alloys. Nevertheless, this possibil-
ity should be discussed with the patient.
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8.5.2 diagnosis and frequency 
of Allergies to Metal Ions

Allergy to metals is generally assessed by either apply-
ing the metal (ion) to the skin in a patch or by inject-
ing a small amount of a solution of the ion below the 
skin (see also Chap. 2). Even with careful administra-
tion and interpretation by experienced physicians, as-
sessment of the response is difficult. With metal ions, 
the salt (anion) of the metal ion is also important to 
the response. Thus, the chloride salt may elicit a dif-
ferent response than the sulfate or nitrate does. The 
oxidation state of the metal also affects the outcome 
of the test. The metal salts are generally in some liquid 
vehicle, and the nature of the vehicle will affect the re-
sults, whether it be water, oil, or petrolatum. Even the 
type of patch may influence the results. Additionally, 
many salts irritate the skin, and it is often difficult to 
distinguish between inflammation caused by the irri-
tant effect and irritation caused by the allergic effect 
[75]. Therefore, these examinations have to be done by 
an experienced allergist. In one study of patients with 
inflammatory oral reactions and a documented posi-
tive response to a patch test using metal salts, no skin 
response was observed when alloy discs containing the 
offending metals were placed on the skin [43].

The incidence of hypersensitivity to clinical dental 
products in general appears to be quite low [56]. In 
one study, only one in 400 prosthodontic patients had 
adverse effects of any kind to the material. Of these, 
27% were related to base metal alloys and noble alloys. 
In general, redness, swelling, pain, and lichenoid re-
actions were common signs and symptoms of the re-
sponders. Some systemic reactions were also reported. 
One problem in assessing the incidence of problems 
related to dental metals is that the symptoms can be 
distant from the site of the material. 

Current studies indicate that about 15% of the 
general population is sensitive to nickel, about 8% to 
cobalt, and 8% to chromium [59]. Documented al-
lergies have also been reported for mercury, copper, 
gold, platinum, tin, zinc, and titanium [15, 96, 113, 
130, 138, 177]. However, the frequencies of these aller-
gies are not well defined. Recently, gold has attracted 
special interest because large parts of the population 
have dental gold alloy restorations [94], and in patient 
groups with dermatological/mucosal problems, 5–15% 
reacted positively to gold sodium thiosulfate 0.5–2% 
in petrolatum, which is commonly used for patch test-
ing [42, 68]. There is even one study indicating that 
gold-containing dental restorations are increasingly 

associated with gold allergic reactions [115]. A Nor-
wegian adverse reaction unit for dental biomaterials 
reported after 4 years of activity (1993–1997) that of 
the patients who were patch tested, 23% were positive 
to gold, 28% to nickel, 14% to cobalt, 9% to palladium, 
and 6% to mercury [144].

Oral lichenoid reactions have been reported to 
heal in a number of cases after removal of the gold al-
loy restorations, and in single cases, burning mouth 
was reported to disappear [94]. However, contact der-
matitis reactions to high gold alloys may also be due 
to small amounts of substances like nickel or cobalt 
not declared in the composition of the alloy [29]. The 
same may be true for titanium-based implant materi-
als, which may – as was shown for orthopedic titanium 
alloys – contain trace amounts (0.012–0.034 wt.%) of 
nickel [127] .

There have been reports of allergic responses to 
other metals, although they are less well documented. 
It is clear that the frequency of hypersensitivities to 
metal ions differs considerably among the metals. The 
reasons for these differences are probably related to the 
frequency of exposure of the population to the metals, 
the likelihood that the metals are released as ions from 
the metal, and the biological interactions of the metal 
ions with cells, macromolecules, and tissues. There is 
also probably a genetic component to the metal al-
lergy. For example, the high incidence of nickel allergy 
is probably a result of the high frequency of exposure 
through metallic jewelry, the lability of nickel ions 
from alloys, and the biological interactions of nickel 
ions with the tissues [136]. The population is also 
commonly exposed to gold jewelry, but the incidence 
of allergy to gold is generally comparatively rare. This 
lower incidence probably results from the low levels 
of gold that tend to be released and may result from 
the inability or reduced ability of gold ions to interact 
with tissues in a manner that promotes the allergic re-
sponse. The reasons why some metal ions cause allergy 
whereas others do not is unknown. One study revealed 
that not more than 10% of a group of patients who re-
lated their intraoral complaints to dental materials had 
a verifiable allergy [43].  

Key note  Z

Allergies are a documented cause for clinical reac-
tions to dental alloys, but at a much lower frequency 
than patients often expect.
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8.5.3 clinical symptoms

A study of 139 patients suffering from adverse effects 
to base metal alloys documented that 99 subjects re-
vealed local symptoms and 33 patients had symptoms 
at sites distant from the restoration. Ten patients had 
showed only extraoral symptoms [57]. Such symptoms 
also occur after exposure to gold alloys (Fig. 8.14). 
Nickel-containing alloys, which are frequently used 
in orthodontic wires, may give raise to allergic peri-
oral reactions [68] (Fig. 8.15). Manifestations on the 
abdomen and on limbs have been observed [128]. A 
case of nail dystrophy caused by lichen planus in a pa-
tient with gold allergy, with healing after removal of 
the dental gold restorations has been reported [178]. 
Intraoral symptoms present mainly as inflammation 
of the gingiva or the oral mucosa that was in contact 
with the alloy (Figs. 8.16–8.18). Lichenoid alterations 
of the gingiva may also be caused by an allergy (see 
also Fig. 8.13).

clinical practice Advice i

When evaluating a patient complaint about adverse 
effects from a dental alloy, the medical history or 
anamnesis should also include patient problems 
related to jewelry (e.g., earrings), watches, or metal 
attachments to clothing, glasses frames, etc. This in-
formation may indicate a metal-related allergy.

8.6 Mutagenicity, carcinogenicity, 
and teratogenicity

Information on the carcinogenic activity of elements 
in dental alloys is incomplete or unavailable. Most evi-
dence about the mutagenic or carcinogenic activity of 
metallic elements has come from industrial settings 
where large numbers of people (workers) have been 
exposed to metallic compounds for years and show 
increased incidence of neoplasias. There is little or no 
evidence from the dental literature that indicates that 
dental alloys are carcinogenic [56]. In other databases, 
however, there is literature that documents the mu-
tagenic potential of metal ions. Mutagenicity can be 
measured in bacterial systems (e.g., Ames test [84]) 
or in mammalian cells (e.g., micronucleus test; see 
also Chap. 2). The reliability of these in vitro systems 
in predicting in vivo mutagenesis or carcinogenesis is 
currently limited at best.

Overall, there is no evidence that dental al-
loys cause or contribute to neoplasia in the body. As 
with toxic and allergic reactions, alloys must release 
elements for mutagenesis to occur. It is imperative 
to realize that the form of the metal is critical to its 

Fig. 8.15  . Perioral allergic reaction in a 15-year-old girl after 
insertion of nickel-containing orthodontic wires (CuNiTi); patch 
test positive for nickel (Courtesy of D. Arenholt-Bindslev, Århus, 
Denmark)

Fig. 8.14  . Extraoral reaction in a 48-year-old woman after 
insertion of metal ceramic restoration; reaction subsided after 
exchange of the crowns with all-ceramic restorations
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mutagenic activity. For example, knowing the oxida-
tive state of chromium is crucial for understanding its 
mutagenic potential. Chromium(III) is not a mutagen, 
but chromium(VI) is. The molecular form of the metal 
is also important. Nickel ions are weak mutagens, 
but nickel subsulfide (Ni2S3) is highly mutagenic [4]. 
Therefore, it is improper to state that a metal is mu-
tagenic or carcinogenic per se because the mutagenic 
activity will depend on the specific form and oxidative 
state of the metallic element in question.

Key note Z

In dental laboratories, the vapor form of elements 
such as beryllium is a common mutagenic threat. 
These vapors are created during the casting of prost-
hodontic appliances. Beryllium-containing alloys

should, therefore, no longer be used if possible. 
Laboratory personnel may also be exposed to a va-
riety of metals via inappropriate inhalation of small 
particulates generated during polishing and grind-
ing. Measures to protect laboratory personnel from 
particulate exposure should be routinely taken [32] 
(see Sect. 8.3.3).

Table 8.6 lists the known effects of metal ions as muta-
gens or carcinogens [84, 91]. The data in this table have 
been collected from many areas of research in the med-
ical, environmental, and industrial literature. Clearly, 
the data are far from complete. Research is badly needed 
in this area. Metal ions may exist in several oxidative 
states or molecular forms, each having its own muta-
genic potential. In some cases such as cadmium(II) 
ions, the two forms (Cd0 and Cd2+) have similar ef-
fects, each known to be able to induce carcinogene-

Fig. 8.17  . a Pronounced (not plaque-related) inflammation of the gingiva and the adjacent oral mucosa in a female patient with 
a positive patch test to gold, benzoyl peroxide, and hydroquinone. b Patient’s prosthesis 

Fig. 8.16  . a Pronounced (not plaque-related) gingivitis in a female patient around the telescopes with a positive patch test to 
gold and chromium. b Patient’s prosthesis 
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sis. For other elements, the different forms may have 
different effects. For example, with nickel subsulfide 
(Ni2S3), there have been studies linking exposure with 
respiratory tract neoplasia. Thus, nickel sub sulfide is 
a documented carcinogen. For nickel chloride (NiCl2) 
and nickel sulfate (NiSO4), the evidence is much less 
clear, and a weak mutagenic effect is suspected [34]. 
Some ions such as tin(II), copper(II), and iron(II) are 
known mutagens but have never been shown to induce 
neoplasia. It is likely that the mutations induced by 
these metals are relatively easy to repair by the body 
when compared with mutations induced by other 
metal ions. Thus, the mutations are less likely to lead 
to carcinogenesis. But the current data are too incom-
plete to answer these questions. More recent in vitro 
studies with palladium and gallium chloride indi cated 
a weak mutagenic potency of these ions [91].

To summarize, it is clear that metallic ions may act 
as mutagens or carcinogens in certain forms or through 
certain specific routes of exposure. These data have 
been determined primarily through long-term epi-
demiological studies and are therefore subject to the 
limitations associated with these types of studies. For 
example, it is dangerous and misleading to assume that 
a correlation between metal ion exposure and carcino-
genesis proves a cause-and-effect relationship. The evi-
dence at this point in time is simply empirical. Mecha-
nistic evidence is needed, and this is an active area of 
research, particularly regarding nickel, arsenic, cad-
mium, and other environmentally important metals.  

Key note Z

The use of metals in dentistry relies on accepting 
the biological risks associated with the use as well as 
the benefits these metals bring to dentistry. We can 
show that the risks of neoplasm are very low when 
using these dental alloys. Indeed, all evidence indi-
cates that the risk is exceedingly small. However, it 
is not possible to prove that the risk is zero. At the 
same time, we must also strive to minimize this 
risk by using alloys that do not contain and release 
known carcinogenic elements. 

8.7 public concerns and controversies

As for other dental materials (e.g., amalgam and resin-
based composites), certain patient groups oppose the 
use of specific alloys or particular components. In 

Fig. 8.18a,b  . Palladium allergy. a Pronounced (not plaque-
related) gingivitis in a female patient with an allergy to palla-
dium and palladium-containing alloy. b Positive patch test to 
nickel (upper arrow), cobalt (central arrow), and palladium (lower 
arrow)

8

8 Dental Alloys244



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_8_2008 - 06 - 18_2

recent years, palladium and, to a lesser extent, nickel 
were frequently viewed as harmful when used in den-
tal alloys. Interestingly, a number of subjects who ob-
ject to these dental alloys have their tongues pierced 

(Fig. 8.19) without asking about the composition of 
the jewelry used in the piercing alloy. Damage due to 
tongue piercing has been described in the literature 
[28, 83, 101].

Table 8.6  . Metallic elements in dental alloys with known mutagenicity or carcinogenicity [4, 34, 63, 84, 91]

Element Form Mutagenic/carcinogenic Remarks

Beryllium Be0 Carcinogenic Be derivatives, too

Be2+ Carcinogenic Be derivatives, too

Cadmium Cd0 Carcinogenic Cd derivatives, too

Cd2+ Carcinogenic Cd derivatives, too

Chromium Cr3+ Nonmutagenic Very reactive; kills cells before reaching cell nucleus

Cr6+ Carcinogenic

Cobalt Co0 Potentially carcinogenic

Co2+ Potentially carcinogenic

Copper Cu1+ Unknown

Cu2+ Mutagenic, but noncarcinogenic

Gallium Ga3+ Likely nonmutagenic Data from in vitro studies

Gold Unknown Minor risk in dental alloys due to its very low tendency 
to corrode; organic and inorganic forms likely different

Indium Unknown

Iron Fe2+ Mutagenic but noncarcinogenic High dietary intake

Nickel Ni0 Potentially carcinogenic

Ni2S3 Carcinogenic Nickel subsulfide

NiCl2 Weakly mutagenic

NiSO4 Weakly mutagenic

Palladium Pd2+ Limited data, potentially mutagenic Minor risk in dental alloys due to its low corrosion rate

Platinum Unknown Minor risk in dental alloys due to its very low tendency 
to corrode; organic and inorganic forms likely different

Silver Ag1+ Limited data, likely nonmutagenic

Tin Sn2+ Mutagenic but noncarcinogenic

Sn4+ Unknown

Zinc Zn2+ Nonmutagenic High daily intake
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Fig. 8.19  . Pierced tongue with inflammatory reaction of un-
known genesis. The female patient was unaware of the compo-
sition of the alloy that was used

effects, the risk of using palladium in dental alloys is 
low because of the low rate of palladium release from 
these alloys [157].

Key note Z

It appears unlikely that palladium used in dental 
alloys poses a biological risk any higher than for 
other noble metals such as gold or platinum. When 
the benefits of using palladium in dental alloys are 
considered (beneficial physical properties), the risk–
benefit ratio of using palladium is exceedingly fa-
vorable.

8.7.2 nickel in dental Alloys

Potential “dangers” that might be caused by nickel-
containing dental alloys have also generated public 
controversy, but, interestingly, to a smaller degree 
compared with palladium. The nickel content of some 
dental alloys is greater than 70 wt.%, and nickel-con-
taining alloys are used in removable partial dentures, 
crowns, orthodontic appliances, and endodontic files. 
Like palladium ions, nickel ions have documented ad-
verse biological effects if present in sufficient concen-
trations [136]. For example, nickel is toxic to cells. In 
some forms, such as nickel carbonyl, the toxicity is ex-
treme [49]. For nickel ions, studies have demonstrated 
that the toxicity of nickel ions is no greater than that 
seen with many other components of dental alloys. 
However, nickel is a well-documented allergen. Nickel 
is also carcinogenic, especially in some forms such as 
nickel subsulfide (Ni2S3) [4]. Finally, nickel ions have 
recently been reported to cause a potent and persistent 
inflammatory response in connective tissues [48, 151]. 
This inflammatory response is not allergically medi-
ated, although many of the same cells are involved.

Unlike palladium, nickel is released from nickel-
containing dental alloys into the body in higher 
amounts. This release has been demonstrated in or-
thopedics and dentistry, both in vitro and in vivo [46]. 
In this sense, the risk of using nickel-containing alloys 
is greater than that for palladium because the ions that 
mediate adverse biological responses are released in 
potentially large amounts. However, the central ques-
tion is whether the amounts released are sufficient 
in vivo to cause or contribute to these adverse bio-
logical effects. Active research continues in this area. 

8.7.1 palladium in dental Alloys

Palladium is a very common component of dental 
casting alloys of all types, and its use increases pe-
riodically in response to the increased cost of gold. 
Although there is no evidence that palladium causes 
more biological harm than other elements, there has 
been protracted controversy about the safety of its use 
in dental alloys. It is clear that in an ionic form (Pd2+), 
palladium ions can cause toxicity at sufficiently high 
concentrations. However, in studies that ranked the 
toxicity of palladium ions relative to other major metal 
ions in dental alloys, palladium is among the least toxic 
of the metal ions and is less toxic than gold ions with 
several cell lines [118]. Palladium ions are also capable 
(as haptens) of causing hypersensitivity reactions in 
the mouth [157]. In most cases, these hypersensitivity 
reactions occur in people with nickel hypersensitivity. 
According to most studies, it is rare for an individual 
to exhibit palladium hypersensitivity in the absence of 
nickel hypersensitivity; thus, a cross-allergy between 
nickel and palladium is suspected [1]. Almost all 
studies documenting the incidence of palladium hy-
persensitivity have been done by skin exposure. Little 
evidence is available about hypersensitivity through 
the oral route or about the mutagenic or carcinogenic 
effects of palladium ions. One study in mice that were 
fed palladium chloride at high levels throughout their 
lifespan indicated that palladium ions had a “slight” 
carcinogenic potential, but the differences were nearly 
not statistically significant from controls [126]. Al-
though palladium ions have known adverse biological 
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Worldwide, there are certainly significant benefits of 
using nickel-containing alloys in dentistry. For appli-
cations such as orthodontic wires or endodontic files, 
these alloys are arguably the best alloys currently avail-

able. However, the risks associated with nickel-con-
taining alloys are higher than for other dental alloys. 
Thus, the risk–benefit ratio is somewhat less favorable 
for these alloys.

Fig. 8.21a,b  . Reaction after replacement of metal-containing crowns (ceramic alloy crowns) by metal-free restorations: a Patient 
with pronounced gingivitis due to the PFM crowns; b Situation after removal of the crowns and seating of temporary resin crowns
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Fig. 8.20  . Simplified diagrammatic illustration of possible causes or factors related to symptoms 
after application of dental alloys [122]. Sublethal effects are influences of metals on the cellular me-
tabolism, for instance, an increased synthesis of proinflammatory interleukins [125]
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conclusions for the dental  )
practitioner

1. Corrosion of dental alloys is a necessary but not 
sufficient condition for adverse tissue reactions. 
Good corrosion resistance should be considered 
an important criterion for alloy selection.

2. The corrosion of dental alloys may be signifi-
cantly increased by improper processing (e.g., 
formation of pits, crevices, or gold coating). This 
principle also applies for inappropriate process-
ing of dental solders. Acids, including those 
found in some fluoride preparations, may sig-
nificantly enhance the corrosion of dental alloys, 
including titanium alloys. Nickel alloys are espe-
cially susceptible to lower pH.

3. A local reaction (gingivitis) adjacent to alloys 
may be caused by exposed oxide layers in the 
marginal area of crowns made of ceramic alloys 
(Fig. 8.21). Thus, the lab technician should com-
pletely remove oxide layers that are not covered 
by ceramic.

4. Saliva tests or analyses of the metal concentra-
tions of (inflamed) gingiva or mucosa adjacent 

to metal restorations are of little benefit for diag-
nosing adverse effects from alloys.

5. Multiple causes may be responsible for alloy-
related symptoms in the oral cavity (as well as 
in extraoral sites; see Fig. 8.20). Therefore, diag-
nosis requires a comprehensive and meticulous 
dental examination, including a potential im-
provement of oral hygiene, in order to exclude 
plaque-associated reactions. These examinations 
are usually time consuming. Knowledge about 
the exact composition of the alloy used is a pre-
requisite for an appropriate, accurate diagnosis. 
For this, the splinter or chip test has been suc-
cessfully applied [43, 122] (see Chap. 2).

6. Allergies to dental alloys have been documented, 
although their frequency is low. It is not recom-
mended to patch-test an alloy before applying 
it (“prophetic examination”) because the patch 
itself may sensitize the patient. Furthermore, a 
negative patch test is no guarantee of current or 
future absence of hypersensitivity. All evidence 
currently available indicates that dental alloys 
for prosthodontic restorations are not carcino-
genic.
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Table 8.7  . Cytotoxicity of cations of metals frequently used in dental alloys. For determining the TC50, different cell lines were 
used: mouse fibroblasts (L-929 and Balb/c 3T3 cells), kidney epithelial cells, and gingival fibroblasts [116, 119, 158]. Cell activity was 
assessed measuring mitochondrial enzyme activity (MTT assay) 

Test substance L-929 Zellen 
MTT assay 
TC50 [µM] 
[119]

Kidneys epitheli-
al cells 
MTT assay 
TC50 [µM] 
[119]

Gingival fibro-
blasts 
MTT assay 
TC50 [µM] 
[119]

L-929 cells 
3H-thymidin 
assay 
TC50 [µM] 
[116]

Balb/c 3T3 cells 
MTT assay 
TC50 [µM] 
[158]

AgNO3 4.8 4.6   18 (Ag2SO4)   5.8 (Ag2SO4)

ZnCl2 7 9.5 81   189  28

HAuCl4 3H2O 21 36 210    77  91

CdCl2 10 26   1.1

HgCl2 11 13 24

H2PtCl6 33 302    17 (PtCl4)

CuCl2 2H2O 139 251 273    97  240

CoCl2 6H2O 100 108    49

NiCl2 6H2O 188 379   166  190

PdCl2 281 134   240

MnCl2 4H20 556 216  360

CrCl3 6H2O 1,790 2,130 3,011 >1,000 (CrCl2)

MoCl5 775 927 1,585 >1,000

NbCl5 676 921

GaCl3 1,530 2,140   53  200

InCl3 2,310 2,110 4,200    30 >435

SnCl2 2H2O 3,110 2,280 >1,000
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9.1 Introduction

Currently, dental polymethylmethacrylates (PMMAs) 
are used primarily for dentures and orthodontic de-
vices. In addition, PMMAs are used for individual im-
pression trays and temporary crowns. The application 
of PMMA as a veneering material no longer plays a 
major role. According to the setting reaction, PMMAs 
are classified as heat polymerizing, light curing, or 
chemically (auto)curing. Chemically curing systems 
require a special catalyst system that initiates the po-
lymerization process without exogenous energy (see 
Sect. 9.2.1). PMMAs are also used in daily life for non-
dental purposes: as bone cements and acrylic glass, as 
a base for various stains, for artificial fingernails and 
nail varnish, and so on. This fact is important to the 
dental profession because allergies to PMMA may be 
caused by acrylic materials used for nondental appli-
cation as well.

9.2 Basic Material properties

9.2.1 composition and setting reaction

Most dentures and removable orthodontic devices are 
made of heat-polymerizing or autopolymerizing PM-
MAs [20, 66]. Acrylics reinforced by glass, aramide 
fiber, or polyhedraloligosilsesquioxane, which are sup-
posed to be more fracture resistant, have not yet suc-
ceeded on the market [54, 69, 70, 115].

Methyl esters of methacrylic acid are the basic 
modules of PMMA, but many other components are 
also contained in acrylics used for prosthetic dentistry 
and orthodontics. Heat-polymerizing denture acryl-
ics are generally based on PMMA, whereas light-po-
lymerizing and microwave-polymerizing products are 
derived partly from PMMA and also from urethane 
dimethacrylates [14]. Occasionally, ethylene glycol 
dimethacrylate (EGDMA) is added to increase cross-
linking of the polymer chains [37].

Decomposition of the initiator (mainly dibenzoyl 
peroxide) into radicals under heat initiates the set-
ting of heat-polymerizing products. Polymerization 
of chemically-curing (autopolymerizing) acrylics that 
set at room or oral temperature is triggered by a redox 
system. These materials require an accelerator, such as 
a tertiary amine, sulfinic acid, or substituted barbituric 
acid. The most important combination is an amine–
peroxide redox system [30, 66, 118]. 

Light-curing, slightly filled – up to 15 weight per-
cent (wt.%) – acrylics are used to repair and reline 
dentures, orthodontic devices, and individual impres-
sion trays. Monomer–polymer conversion of these 
products is decisively dependent on the duration of 
the light irradiation, equivalent to light-curable com-
posite resins. The degree of polymerization varies be-
tween 77 wt.% and 97 wt.%.

Permanent soft liners are applied in certain situ-
ations, for instance, to compensate for denture bases 
with differing resiliency, to minimize the risk of pres-
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sure marks in cases of unfavorable morphology of the 
alveolar ridge (defects, undercuts, etc.), or for patients 
with systemic disease. These materials are basically 
polysiloxanes that may be combined with derivatives 
of acrylic acid, polyacrylates, or plasticizers such as 
dibutyl phthalate [14].

9.2.2 release of substances 
and degradation

Two aspects are of particular importance: monomer–
polymer conversion and residual monomer content. 
The rate of monomer-polymer conversion indicates 
how many unsaturated double bonds react to satu-
rated single bonds during polymerization. Residual 
monomer refers to those substances (monomers, ad-
ditives, reaction products) that are not firmly incorpo-
rated in the polymer network and may therefore leach. 
Subsequently, these components may cause local and/
or systemic side effects.

The concentration of residual monomers and 
elutable additives depends on a great variety of dif-
ferent parameters. The most important factors are the 
following:
• Polymerization type
• Polymerization time
• Polymerization temperature
• Surface finish and structure

In general, heat-polymerized PMMA contains signifi-
cantly fewer residual monomers than chemically cured 
acrylic resin. Thicker areas show smaller concentra-
tions of residual monomers compared with thin lay-
ers [27, 113, 114]. An increase in temperature during 
autopolymerization, for instance from 30°C to 60°C, 
causes a significant decrease in the amount of residual 
monomers. Heat-polymerized acrylic resin contains 
smaller quantities of releasable substances if the po-
lymerization temperature is increased, e.g., from 70°C 
to 100°C, and the setting time is extended. Vallitu et al. 
documented that when polymerization was extended 
from 15 min to 12 h at a temperature of 100°C, the re-
sidual content of methylmethacrylate (MMA) of heat-
polymerizable denture acrylic decreased considerably 
– in fact, from more than 1 wt% to less than 0.1 wt% 
[118]. Surface finish also influences the release of re-
sidual monomers. It has been documented that the 
final application of a light-curing resin may consid-
erably reduce the elution of residual monomers from 
chemically cured PMMA acrylic. 

Key note Z

Depending on the aforementioned parameters, 
the amount of residual monomers may be approxi-
mately 3–5 wt.% in chemically curing PMMA resin 
and 0.1–1.5 wt.% in heat-polymerizable acrylics.

Numerous researchers have tried to identify the com-
ponents that generally leach from polymerized resin 
(Table 9.1). Most authors used high-performance li-
quid chromatography, gas chromatography, gas chro-
matography/mass spectroscopy, and, occasionally, 
infrared spectroscopy [3, 7, 38, 63, 100, 114, 117]. Re-
sidual monomers or additives were extracted by means 
of aqueous media including distilled water, natural or 
artificial saliva, Ringer’s solution, and organic diluents 
(methanol, ethanol, tetrahydrofurane, acetone, etc.) 
[38, 116].

Methylmethacrylate (MMA) in particular was 
identified in aqueous in vitro extracts. It was released 
over a period of several days [38, 116]. These labora-
tory findings were confirmed by in vivo data [7, 114]. 
Baker et al. investigated the MMA level of saliva of pa-
tients with dentures [7] and found that autopolymeriz-
able resin releases MMA over a period of 1 week after 
insertion (up to 45 μg/ml saliva). However, resin that 
was polymerized for 3 h at a temperature of 70°C did 
not leach MMA. Further, MMA was not found in the 
urine or blood of the participants. The authors con-
cluded that the intraorally released MMA concentra-
tions were far below the threshold doses. But it must 
be emphasized that this statement regarding intraoral 
uptake is derived from the maximum values for ab-
sorption from air (410 mg/m3 based on an exposure 
time of 8 h). In vitro studies, however, revealed that 
heat-polymerized acrylic also releases MMA over sev-
eral days but in significantly smaller quantities than 
autopolymerized products [114, 116].

Another important ingredient in aqueous elu-
ates is formaldehyde. Tsuchiya et al. documented that 
this substance is released from autopolymerized resin 
in relatively high amounts (40–50 nmol/ml on the 
1st day) in vitro and in vivo (saliva), but heat- polym-
erized and microwave-polymerized specimens did not 
leach formaldehyde [113]. In contrast, other authors 
found formaldehyde in water extracts of heat-polym-
erized acrylics but in much smaller quantities com-
pared with the simultaneously tested autopolymerized 
samples [99]. In principle, two mechanisms of formal-
dehyde formation were discussed. First, a primary oxi-
dation of unsaturated methacrylate groups is possible. 
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Secondly, oxygen can copolymerize with methacrylate 
groups during the initial phase of the polymerization. 
Decomposition of this copolymer will then result in 
the formation of formaldehyde [88, 99].

Dibutyl phthalate (a plasticizer) was also detected 
in aqueous extracts of heat-polymerized acrylic and in 
saliva as well [62, 63].

Biphenyl and phenyl benzoate could be found in 
ethanol extracts. It may be speculated that these com-

Table 9.1  . Ingredients and leaching substances from polymethylmethacrylate (PMMA) resins [8, 37, 62, 66, 97, 113]

Substance Function

Methylmethacrylate (MMA) Monomer

Methacrylic acid Degradation product of methacrylate monomers

Ethylene glycol dimethacrylate Monomer

Dibenzoyl peroxide (DBP) Initiator

N,N-dimethyl-p-toluidine (tertiary amine) Accelerator of autopolymerizing resins

Hydroquinone Stabilizer

Resorcinol Stabilizer

Pyrogallol Stabilizer

Urethane dimethacrylate (UDMA) Matrix monomer of light-polymerizing and microwave-polymeri-
zing resins

Poly(ethyl-methacrylate) Matrix monomer of light-curing resins

Ethoxylized bisphenol A-dimethacrylate Matrix monomer of light-curing resins

Camphorquinone Photoinitiator of light-curing resins 

Inorganic fillers Fillers of light-curing resins (up to 15 wt.%)

Pigments such as CdS and CdSe Coloring

Organic stains (phenol derivatives) Coloring

Copper Eventually, component of the initiator system

Dibutyl-phthalate Plasticizer

Phenyl salicylate Eventually, UV absorber

Dicyclohexyl phthalate Plasticizer

Biphenyl Reaction product of DBP

Phenyl benzoate Reaction product of DBP

Benzoic acid Reaction product of DPB

Formaldehyde Oxidation product of MMA
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pounds are reaction or decomposition products of the 
initiator dibenzoyl peroxide that are generated during 
the polymerization.

Trace amounts of phenylsalicylate were docu-
mented by Lygre et al. [63]. This substance could be a 
contaminant of the production of PMMA, or it could 
also serve as an ultraviolet absorber.

Taken together, studies addressing the residual 
monomer content and the leachable substances from 
heat-polymerizing and autopolymerizing PMMA 
acrylics have shown that fairly high amounts of sub-
stances, specifically MMA, may leach into the oral 
cavity during the initial days after polymerization. 
Clinical-experimental investigations documented a 
correlation between residual monomer concentration 
and irritation of the oral mucosa [3, 4]. This clearly 
indicates that the eluable share of residual monomers 
and additives should be as low as possible. Therefore, 
it is recommended that dentures and orthodontic de-
vices be stored in water before insertion for a long-
enough period of time. A storage period of up to 24 h 
in warm water (37–50°C) is recommended depending 
on the type of resin and the type of polymerization [7, 
114, 116].

clinical practice Advice i

The concentration of residual monomers should be 
as low as possible because leaching of substances 
is primarily responsible for unwanted side effects. In 
this regard, MMA and formaldehyde are of particular 
importance. Heat-polymerizing acrylic resins gener-
ally reveal a higher rate of polymerization and thus 
a lower level of residual monomers compared with 
autopolymerizing products.

A polymerization of several hours at the highest possi-
ble temperature and subsequent storage of the denture 
or orthodontic device for 24 h in water will minimize 
the concentration of residual monomers.

9.3 systemic toxicity

The acute oral LD50 (median lethal dose; the calculated 
dose of a chemical substance that will kill 50% of the 
experimental population; see Chap. 2) of dibenzoyl 
peroxide in rats is 950 mg/kg body weight [30]. It has 
been reported that the acute oral LD50 of MMA in rats 

is 8.4 g/kg body weight or 9 g/kg body weight. This 
very high concentration indicates a very low acute sys-
temic toxicity of MMA [12, 22, 59]. A study on rats 
receiving MMA “orally” through a stomach tube is 
in accordance with this assessment. Five minutes af-
ter oral application, methacrylic acid, a degradation 
product of MMA generated by a nonspecific carboxyl 
esterase, was identified in the blood with a peak af-
ter 10–15 min. Alterations of organs (liver, kidneys, 
heart, spleen, brain, lung, and guts) were not found. 
These data point to a low acute toxicity of orally ap-
plied MMA, which is rapidly hydrolyzed by enzymes 
in blood serum and subsequently metabolized to less 
toxic substances, such as pyruvate, via the citric acid 
cycle [9, 89]. The half-life of MMA in human blood 
varies between 20 min and 40 min [19].

Animal studies on dogs indicated that MMA re-
leased from the bone cement of hip implants is also 
excreted via the lungs [68]. Karlsson et al. documented 
a relaxing effect of MMA on the nonstriated muscles 
of blood vessels [51]. Various authors have reported 
cardiovascular effects [5,10, 72–74, 91], inhibited peri-
stalsis of the ileum [72, 73], and inhibited gastric mo-
tor function due to inhaled MMA vapor in rat experi-
ments [109]. The LC50 (median lethal concentration; 
the concentration of a chemical that kills 50% of the 
experimented population) of MMA vapor in rats is 
7,093 ppm [110]. 

Rats were also used to study the embryo-fetal 
toxicity of MMA. It was found that MMA, when in-
jected intraperitoneally at LD50 concentration, may 
cause malformations and other injury to embryos or 
fetuses [107]. Patients take up leaching substances 
from PMMA resins through the oral cavity, but den-
tal personnel and lab technicians are also exposed 
to MMA-vapor. Measurements of the formaldehyde 
and MMA concentrations in the air of a dental labora-
tory subsequent to the processing of dentures provided 
no indication of critical values [13]. The maximum 
allowable concentration values for MMA in Germany 
are 50 ppm or 210 mg/m3 compartment air [21]. Legal 
regulations for dental laboratories are based on a di-
rective regarding hazardous substances and the tech-
nical rules for hazardous materials, TRGS 900, which 
is based on this regulation [111, 119]. It was reported 
that MMA vapor in dental practices caused vertigo 
[40]. There is no evidence, however, that serious prob-
lems may be caused by inhaling PMMA ingredients, 
although MMA may irritate the eyes, skin, and respi-
ratory system.
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Key note Z

It has not been documented that MMA may cause 
acute systemic reactions or embryo-fetal alterations 
in patients or, after inhalation, in dental personnel 
or lab technicians if all relevant legal regulations are 
observed. But it should be kept in mind that MMA is 
an easily flammable substance that may irritate the 
eyes and respiratory system.

9.4 Local toxicity 
and tissue compatibility

9.4.1 cytotoxicity

The cellular compatibility of solid specimens, aqueous 
resin extracts, formaldehyde, and MMA was investi-
gated in permanent cells and primary cultures as well 
[19, 30, 79, 113]. Nakamura and Kawahara [79] stud-
ied the toxicity of 2-week-old aqueous extracts of two 
heat-polymerized acrylics and three chemically curing 
products. Although none of the eluates generated note-
worthy cellular alterations, it has to be considered in 
this connection that the two most important extract-
able substances, MMA and formaldehyde, are volatile. 
It is very likely that the test solutions did not contain 
the original concentrations of these two substances 
due to the extended extraction time. Another study re-
vealed clear toxic reactions caused by solid specimens 
of two orthodontic acrylic resins (one autopolymeriz-
ing, one light-curable) in permanent cultures of fibro-
blasts and keratinocytes. The light-curing material was 
cytotoxic if the oxygen-inhibited surface layer was not 
removed. Both products were no longer toxic 30 days 
after setting [101] (see also Fig. 9.1). Polymer samples 
made of polyethylmethacrylate/tetrahydrofurfuryl 
me tha crylate or po ly me thyl me tha cry late were more 
toxic directly after polymerization compared with 
aged specimens, and preincubation of the specimens 
in serum-containing medium decreased cytotoxicity 
in osteoblast cultures [33].

Similar data were documented in an investigation 
of solid samples of PMMA-based bone cement using 
permanent bone cell cultures. Toxicity decreased over 
time as well. The authors concluded that the initial high 
toxicity immediately after polymerization was due to 
various released radicals [77]. Compatibility, however, 
depends on the general composition (e.g., type of base 
resin) and on material aspects or the particular formu-

lation of the individual product as well. Contrary to 
the aforementioned study, no toxic effects in primary 
human gingival fibroblast cultures and osteoblast-like 
cells were caused by aqueous 24-h and 7-day extracts 
of another PMMA-type bone cement [60]. Hensten-
Pettersen and Wictorin found only a slight or moder-

Fig. 9.1  . Influence of aqueous eluates of heat curing, light 
curing, and self curing denture acrylic resins on cell activity (en-
zyme activity) KB cells human oral epithelial cells, BF cells human 
mucosal fibroblasts, asterisks indicate significant differences 
compared with nontoxic control [42]
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ate cytotoxicity of solid specimens. Interestingly, the 
type of polymerization (heat-polymerizing or autopo-
lymerizing) was of lesser significance than the nature 
of the product [39]. But it must be emphasized that 
the cytotoxicity of the specimens was not determined 
until 2 weeks after polymerization.

The cytotoxicity of heat-polymerizing, light-po-
lymerizing, and autopolymerizing acrylic resins was 
investigated in a more recent study (Fig. 9.1). The au-
topolymerizing product showed the highest cytotox-
icity, whereas the light-curable material was the least 
cytotoxic. Cytotoxicity of all products decreased after 
several extractions using aqueous cell culture medium 
[42]. Similar data were reported by Cimpan et al. and 
Kedjarune et al. [17, 53]. These researchers also found 
that autopolymerizing acrylics are significantly more 
toxic than heat-polymerizing products. 

Formaldehyde caused pronounced toxic effects at 
those concentrations that were identified in aqueous 
extracts. But MMA generated no noticeable toxic al-
terations at concentrations that were found in equiva-
lent eluates [30]. The TC50 (median toxic concentra-

tion) of MMA in permanent L-929 cells was 5 µM after 
an incubation period of 2 days [114]. Treatment of 
cells with formaldehyde at a concentration of 50 nmol/
ml decreased cell numbers to 20% of that of untreated 
control cultures. Schmalz found a high cytotoxicity 
of MMA in permanent L-929 cells. DNA and protein 
metabolism were inhibited at a concentration of 2 mM 
[102]. 

Besides MMA and formaldehyde, other substances 
that leach from PMMA acrylics may also contribute 
to cytotoxic effects (see Table 9.2). The relatively 
hydrophilic cross-linking agent EGDMA and the 
initiator dibenzoyl peroxide were comparably toxic in 
primary human fibroblasts derived from gingiva and 
periodontal ligament. But the accelerating substance 
N,N-dimethyl-p-toluidine and the photoinitiator cam-
phorquinone were only moderately cytotoxic. Urethane 
di me thacrylate (UDMA), an important base monomer 
in light-polymerizing resins, elicited severe cytotoxic 
effects [31]. Furthermore, Stea et al. reported that N,N-
dimethyl-p-toluidine may cause reversible cell damage 
associated with a retarded replication cycle [108].

Table 9.2  . TC50 (median toxic concentration) values of several resin compounds [31, 96]

Substance TC50 Reference

Methylmethacrylate 5.0 mM (L-929 cells) [96]

Ethylene glycol dimethacrylate 2.31 mM (3T3 fibroblasts)
0.46–1.17 mM (primary human fibroblasts)

[31]
[31]

Dibenzoyl peroxide 3.8 mM (3T3 fibroblasts)
0.43–0.83 mM (primary human fibroblasts)

[31]
[31]

N,N-dimethyl-p-toluidine (tertiary amine) 3.43 mM (3T3 fibroblasts)
2.3–4.25 mM (primary human fibroblasts)

[31]
[31]

Urethane dimethacrylate 0.1 mM (3T3 fibroblasts)
0.08–0.14 mM (primary human fibroblasts)

[31]
[31]

Ethoxylized bisphenol A-dimethacrylate 0.33 mM (3T3 fibroblasts)
0.21–0.78 mM (primary human fibroblasts)

[31]
[31]

Camphorquinone 2.22 mM (3T3 fibroblasts)
2.17–2.4 mM (primary human fibroblasts)

[31]
[31]

Dicyclohexyl phthalate 0.73 mM (3T3 fibroblasts)
0.69–0.85 mM (primary human fibroblasts)

[31]
[31]

Formaldehyde 5.0 mM (L-929 cells) [96]
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clinical practice Advice i

Data from studies addressing cellular compatibility 
underscore the recommendation to store dentures 
for 1 day in water to significantly reduce the amount 
of residual monomers. Heat-polymerizing products 
should be preferred over autopolymerizing materi-
als if possible. Furthermore, patients should be ad-
vised not to wear dentures at night at first because 
this might contribute to irritation of the mucosa due 
to an accumulation of residual monomers in the tis-
sue.

9.4.2 Microbial effects

Besides cytotoxicity, microbial effects, promotion, or 
inhibition of the proliferation of microorganisms may 
also be decisive for the biocompatibility of a compound 
or material. It has been well known since the beginning 
of the 1970s from in vitro and in vivo observation that 
PMMA acrylics and, particularly, permanent soft relin-
ing materials may promote the growth of various fungi 
and bacteria (Fig. 9.2) such as Candida albicans and 
other Candida species, Escherichia coli, and Pseudomo-
nas aeruginosa. In addition, MMA, phthalate, and the 
cross-linking substance may stimulate microbial pro-
liferation. But “microclefts” between permanent soft 
relining materials and the “hard” denture base may 
stimulate microbial growth, too [2, 24, 25]. This was 
corroborated by clinical studies on patients wearing 
dentures with a permanent soft relining. It was found 
that up to 85% of these patients suffered from oral 
fungi identifiable by culture techniques. An inflamed 
mucosa was clearly correlated with these microorgan-
isms [65, 121]. Colonization of permanent soft reliners 
was significantly enhanced by the salivary denture pel-
licle or serum components [83, 84]. In this context it 
was observed that proliferation of fungi (Candida ssp.) 
was closely associated with poor denture hygiene [121, 
122]. The tendency toward fungal colonization could 
be reduced if the permanently soft relining material 
were sealed with a particular varnish [86]. 

But it was also found that higher concentrations 
of MMA (>0.5%) are bactericidal, whereas larger 
quantities of the plasticizers benzyl benzoate and ben-
zyl salicylate are fungicidal [83]. Schmalz confirmed 
these observations in an in vitro study with Streptococ-
cus mutans. Both MMA and N,N-dimethyl-p-toluidine 
promoted bacterial growth at lower concentrations, 

but they inhibited proliferation at higher concentra-
tions [104]. In addition, it was found in more recent 
experiments that the cross-linking agent EGDMA may 
increase the proliferation of the two important caries 
pathogens Streptococcus sobrinus and Lactobacillus 
acidophilus [36].

Fig. 9.2  . a Inflammation of the oral mucosa beneath a 
denture base; polymethylmethacrylate resin. b Plaque at the 
denture base. c Decrease of the inflammation after thorough 
cleaning and storage in chlorhexidine (Courtesy of G. Schmalz, 
Regensburg, Germany)
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Candida albicans plays an important role in the 
etiology of “denture stomatitis” [16]. It was found, 
for instance, that the pellicle of dentures of stomatitis 
patients contained an increased concentration of cell 
particles derived from Candida albicans. There was 
also an elevated concentration of salivary compounds 
that promoted adhesion of this microorganism. These 
substances were not identified in the denture pellicle 
of sound subjects [23]. Adherence or accumulation 
of Candida albicans was promoted by a rough sur-
face structure of PMMA-based dentures. Permanent 
soft, porous relining materials promoted adhesion in 
some patients, but not in all [92, 93, 120, 122]. Besides 
Candida albicans, other microorganisms were found 
on dentures at higher concentrations. These findings 
indicate that not only mechanical retention but also 
chemical factors, such as leaching substances, may 
influence the accumulation of microorganisms on 
acrylic resins. 

It is of particular interest that dentures may trans-
fer certain pathogenic and highly virulent microbes 
from the oral cavity to the distal gastrointestinal tract 
or respiratory system. For instance, Matsuura et al. re-
ported that Staphylococcus aureus colonized dentures 
and tongues of “resected” patients with extended oral 
tissue defects at much higher concentration than in 
edentulous “nonresected” patients [67].

clinical practice Advice i

Staphylococcus aureus, a highly virulent microorgan-
ism found in the nose, can be transferred via den-
tures and the oral cavity to the gastrointestinal tract 
and respiratory system, where it may cause severe 
diseases including pneumonia and gastroenteritis. 
These findings underline the importance of regular 
careful denture hygiene. In addition, patients at risk 
should disinfect their dentures regularly with, for in-
stance, chlorhexidine [64].

9.4.3 Implantation studies

Local reactions are primarily dependent on the 
amount of substances leached and their toxicity. Thus, 
heat-polymerized products should cause fewer effects 
than autopolymerizing materials [44]. This was cor-
roborated by an in vivo implantation study on rats and 
rabbits. Specimens of various acrylic resins were im-
planted and caused a mild to severe tissue irritation 

depending on the product. Tissue irritation decreased 
between the 1st and 16th days of the implantation pe-
riod. This may be explained by a reduced release of re-
sidual monomers over time, which was also detected in 
an experimental in vivo study with two PMMA bone 
cements on rabbits after implantation into the femoral 
bone marrow [98]. Rapid release of MMA from bone 
cements was verified under simulated in vivo condi-
tions; 50% of the unbound MMA was released within 
15 min after immersion of the mixed specimens into 
an aqueous environment [106]. PMMA implants were 
also very well tolerated after insertion into the alveolar 
bone of dogs or the limb bones of baboons. No signs of 
inflammatory reactions in adjacent tissues were found 
[80, 90].

9.4.4 pulp reactions

Autopolymerizing PMMA resins caused pulp irrita-
tions when used for temporary restorations [56]. This 
might be due to the release of residual monomers, par-
ticularly during the first days after polymerization. On 
the other hand, the setting of the material may cause 
high temperatures (80–120°C) that could be respon-
sible for irritation of the dental pulp. Temperatures 
higher than 42°C were measured in the pulp cavity; 
this is considered the critical temperature regarding 
irreversible pulpitis [30, 58, 103].

clinical practice Advice i

Temporary restorations should be removed be-
fore polymerization reaches the maximum setting 
temperature. Polymerization of PMMA temporaries 
should be completed outside the oral cavity.

9.4.5 reactions of the Gingiva 
and oral Mucosa

Irritation of the oral mucosa beneath or adjacent to 
resin restorations is certainly the most severe local 
clinical adverse effect. 

Denture stomatitis is characterized by three de-
grees of severity [94]:
• Punctual erythemas: small reddish areas that are 

not elevated above the level of the mucosa; these 
areas are covered by the denture and may also be 
associated with partial or complete dentures
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• Sheet-like erythemas: extensive erythemas that are 
also located beneath dentures and have a high ten-
dency to bleed 

• Papillary hyperplasia: nodule-like hyperplasia with 
a diameter of 2–3 mm and a size of 3–4 mm that 
develop particularly on the palate (Fig. 9.3)

In an experimental clinical study, Austin and Basker 
documented a clear association between irritation of 
the mucosa beneath dentures and the release of resid-
ual monomers [3]. Three cases of denture stomatitis 
were examined. The residual monomer concentration 
of all analyzed dentures exceeded the normal levels by 
6–11-fold. It was reported in 1962 that dentures with 
a residual monomer concentration of 0.6–3% a year 
after insertion did not cause mucosal irritations [6]. 
In addition to released substances, mainly MMA and 
formaldehyde, microorganisms (e.g., Candida albi-
cans) may significantly contribute to the development 
and severity of a denture stomatitis [34]. This was es-
pecially observed on dentures with a permanently soft 
relining [65], but both effects should interact in most 
cases because various leaching substances may pro-
mote microbial proliferation.

9.4.6 Burning Mouth syndrome

The etiology of burning mouth syndrome is much 
more complex. Local and systemic factors have been 
discussed by several authors. The most important fac-
tors are summarized in Table 9.3 [16, 32, 78, 82]. A 

clinical study of 22 patients who suffered from burning 
mouth syndrome revealed an allergy to MMA in five 
cases, as well as a high residual monomer concentra-
tion in their dentures. Three of these five patients were 
free of symptoms after they received new dentures 
with a low residual monomer content. This was cor-
roborated by findings on four further patients in this 
investigation who suffered from an irritation (not an 
allergy) of the mucosa caused by residual monomers. 
Their symptoms disappeared after “postpolymeriza-
tion” of the dentures. The complaints of the remaining 
11 patients were generated by the following causes: a 
poor dental prosthesis, diseases such as iron deficiency 
anemia, Addison’s anemia, and burning mouth with-
out discernible or diagnosable cause (idiopathic burn-
ing mouth) [1]. Recently, a possible correlation be-
tween burning mouth syndrome or atrophic glossitis 
and colonization of the oral cavity with Helicobacter 
pylori was investigated. Sixteen percent of the patients 
who suffered from a burning mouth syndrome re-
vealed Helicobacter pylori in the tongue mucosa. These 
findings indicate that an oral mucosa that has been al-
ready damaged by a burning mouth syndrome is more 
susceptible to colonization with Helicobacter pylori, 
although no final conclusions can be presently made. 
This could be an important source for the oral trans-
mission of this microorganism, which is frequently as-
sociated with gastritis [28]. One possible consequence 
of these data is that the oral cavity and oral diseases are 
important factors for the health or disease of the entire 
gastrointestinal tract.

Fig. 9.3  . Pronounced inflammation of the palatal mucosa be-
neath a polymethylmethacrylate denture with papillary hyper-
plasia (Courtesy of G. Handel, Regensburg, Germany)

Table 9.3  . Possible causes of burning mouth syndrome

Systemic causes Local causes

Vitamin deficiency (e.g., B6 
or B12)

Microorganisms

Mental causes (such as 
depression)

Quantity and composition of 
saliva

Allergies Residual monomers

Blood diseases (e.g., iron 
deficiency anemia, Addison’s 
anemia)

Deficiency of restorations/
dentures

Helicobacter colonization
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Key note Z

Chemical parameters, like residual monomers, and 
also mechanical factors (porous or rough denture 
surface) and particularly poor denture hygiene are 
decisive for the colonization of bacteria and fungi. 
Permanent soft relining materials are especially 
susceptible to fungal contamination. Therefore, it is 
recommended that the surface of these materials be 
sealed. Adequate sealants are available on the mar-
ket. Patients should be motivated to practice good 
denture hygiene in order to prevent, or at least mini-
mize, microbial contamination.

The etiology of burning mouth syndrome has not 
yet been fully clarified. Local (MMA, formaldehyde, 
fungi) as well as systemic factors (e.g., vitamin defi-
ciency) have been discussed by several authors. It is 
of special interest that oral mucosa that has been pre-
damaged by burning mouth syndrome may serve as a 
reservoir for Helicobacter pylori. This microorganism, 
frequently found in gastritis, may then be transmitted 
to other persons.

9.5 Allergies

Skin contact with MMA and PMMA may result in 
allergic reactions [76]. For example, MMA has been 
classified as an important contact allergen [53]. The 

contact dermatitis of four persons (one orthodontist, 
one apprentice, two lab technicians) was traced back 
to MMA [48]. One dentist had to quit his profession 
due to a very severe allergy to MMA. Mild to mod-
erate dermatosis on the hands or fingers is the most 
frequent consequence of allergic reactions in dental 
personnel and dental technicians (Fig. 9.4) [40]. A re-
cent Swedish publication reported that 3% of the den-
tal personnel in one rural district suffer from contact 
dermatitis caused by acrylates [85].

A survey among 251 dentists in Berlin in 1985 
revealed that 14 dentists, nine assistants, and 78 pa-
tients suffered from an allergy to acrylates. Klaschka 
and Galandi supposed that specifically initiators, like 
dibenzoyl peroxide, were the cause of the allergies of 
the dentists and assistants [55]. Out of 13,325 persons, 
137 dentists reported a very low frequency in patients 
of adverse effects caused by dental materials, and 46 
individuals revealed a verified or supposed allergy 
[45]. Tschernitschek et al. documented that between 
1982 and 1997, 13% of 311 supposedly allergic pa-
tients revealed an allergy, which was the cause of their 
complaints [112]. Methylmethacrylates, in particular 
autopolymerizing materials, triggered the allergy in 
eight cases (Fig. 9.5). An extensive urticaria without 
intraoral symptoms due to an allergy to MMA re-
leased from a denture was also observed (see Figs. 9.6 
and 9.7) [61]. 

Besides MMA, almost all other components of 
PMMA acrylates can cause an allergy [41, 43, 46, 
48–50]. The initiator dibenzoyl peroxide elicits allergic 
reactions relatively often, especially in dental assistants 
and dental technicians. Further important allergens in 
lab technicians are ethylene glycol dimethacrylates and 
hydroquinone [29, 95, 96, 105]. It was documented in 
animal experiments (guinea pigs) that after sensitiza-
tion with MMA, cross-allergies to other acrylates may 
develop [15]. The in vitro leukocyte migration inhi-
bition assay revealed that MMA, a specific antigen, 
causes cellular immunity, although the immune reac-
tion is not dependent on the concentration [123].

It has been reported several times that nail var-
nish or acrylic substances used for artificial fingernails 
caused allergic reactions (type IV) [11, 26, 81]. Par-
ticularly regarding this connection, dentists should 
always consider a possible cross-allergy to various 
acrylates.

Taken together, the frequency of allergies to com-
ponents of PMMA resins, particularly MMA and 
dibenzoyl peroxide, has increased in the past decades 

Fig. 9.4  . Dentist suffering from an allergy to methylmethacry-
late contact dermatitis (Courtesy of P.J. Frosch, Dortmund, Ger-
many)
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in patients, dental personnel, and lab technicians [49, 
95, 112]. Data from the literature indicate a dispro-
portionately high increase in occupationally exposed 
dental personnel, since more and more resin-based 
materials are used in dentistry [49, 95, 96]. However, 
allergies of patients to dental resins and their compo-
nents are still very rare [95]. Repeated and comprehen-
sive patch tests to verify an allergy to acrylates should 
be avoided because an active sensitization may, in fact, 
be caused by the test [53].

Key note Z

Allergies to MMA or other components of denture 
acrylates are relatively rare in the general popula-
tion, but the number of persons allergic to acrylates 
and additives of resins due to occupational expo-
sure is increasing. The dental team should be scru-
pulous in avoiding any skin contact with unset resin 
or individual components because in extreme cases 
a sensitization may cause occupational disability. 
Even gloves do not sufficiently protect skin against 
contact with monomers.

9.6 Mutagenicity and carcinogenicity

Older studies reported generation of fibrous sarco-
mas and carcinomas after subcutaneous implantation 
of PMMA [57, 87]. These data were not confirmed 
by subsequent publications [35, 71, 75]. Long-term 
studies on industrial workers who had been exposed 
to MMA for a long period of time indicated no car-
cinogenic effect. In general, it may be concluded that 
the rapid degradation and excretion of MMA should 
prevent an accumulative toxic effect or severe systemic 
adverse reactions [5].

Fig. 9.5  . Patient with combined fixed/removable denture in 
the upper jaw. The mucosa of the upper jaw is reddened due to 
inflammation. Allergies to various metals and resin compounds 
were diagnosed (Courtesy of H. Scheller, Mainz, Germany)

Fig. 9.6  . Older female patient with an allergy-caused derma-
titis at an index finger. The patient, who revealed a telescope 
denture in the upper jaw and a full denture in the lower jaw, was 
allergic to acrylates (Courtesy of H. Tschernitschek, Hannover, 
Germany) 

Fig. 9.7  . Allergic contact reaction in a 58-year-old woman 
with tingling sensations at the palate and at the tongue; patch 
test was positive for hydroquinone and the base resin, Palapress 
(Courtesy of G. Schmalz, Regensburg, Germany)
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Table 9.4  . Examples of alternatives to Polymethylmethacrylate (PMMA)-based resins on the market (Information provided by the 
manufacturers)

Name of product Material Type of processing

Promysan STAR
(pedrazzini-dental.de)

Thermoplastic resins based on polyester Injection die casting

Eclipse
(dentsply.com; degudent.com)

Urethane dimethacrylate and urethane dimethacrylate 
oligomers

Single-component material,  
light curing

free of MMA, PMMA, and dibenzoyl peroxide

Valplast (valplast.com) Polyamide (nylon) Injection die casting

Luxene
(luxene.com)

Polyvinyl-based resin with small amounts of PMMA Molding technique or injection  
die casting

Sinomer, Puran
(novodent.com)

PMMA polymer, without MMA monomer,  
without dibenzoyl peroxide

Molding technique, preferentially un-
der high temperature (boiling water)

Polyan (polyapress-gmbh.com) See: Sinomer, Puran Injection die casting

conclusions  ) for the dental 
practitioner

1. Depending on the type of polymerization, 
PMMA resins may contain between 0.1% and 
5% releasable residual monomers and additives, 
mainly MMA and formaldehyde. These sub-
stances can contribute considerably to local ad-
verse effects such as “denture stomatitis.”

2. Although previous studies reported a possible 
carcinogenic and embryotoxic potency of MMA, 
these severe side effects have not been docu-
mented in the more recent literature. Further-
more, long-term studies on patients who are oc-
cupationally exposed to higher concentrations 
of compounds of PMMA resins indicated no 
increased frequency of tumors.

3. It is important, however, to recognize that basi-
cally all components of PMMA resins are aller-
genic. Cross-sensitizations within the group of 
methacrylate compounds are possible. MMA is 
the most significant allergen for patients.

4. To prevent an allergy, a best possible monomer-
polymer conversion rate is crucial. Heat-polym-
erizing acrylics should be preferred over auto-
polymerizing products. Furthermore, dentures, 
acrylic orthodontic devices, and so on should be 
stored in water (37°C) several hours before in-
sertion to remove the major share of leachable 
substances. Temporary crowns made with auto-
polymerizing acrylic resin should be removed 

from the oral cavity in time prior to complete 
setting to avoid thermal damage to the pulp.

5. MMA, the initiator dibenzoyl peroxide, and the 
cross-linking agent EGDMA are the most com-
mon allergens for occupationally exposed dental 
professionals. To prevent sensitization of these 
persons that could result in occupational inca-
pacity, any direct skin contact with acrylic com-
ponents should be avoided. 

6. In this context, it needs to be considered that un-
der all circumstances, latex or polyvinyl chloride 
(PVC) gloves are not sufficient protection. Many 
acrylates penetrate rubber and PVC very rapidly, 
thus getting into contact with skin despite pro-
tective gloves.

7. Rooms where dental resins are processed, den-
tal laboratories, and clinics should be ventilated 
regularly and for a sufficiently long period of 
time to minimize the concentration of volatile 
acrylic compounds in compartmental air and 
thereby reduce the risk of inhalation.

8. If patients suffer from an incompatibility with 
PMMA resins, particularly an allergy, adequate 
similar materials are necessary for their treat-
ment (e.g., for edentulous patients). Various al-
ternative products are available (see Table 9.4). 
In such situations, a product based on polyvinyl 
is frequently used. This material also contains 
PMMA but in a very low concentration. Fewer 
data exist for the alternatives to PMMA-based 
resins. 
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9.1 Introduction

Currently, dental polymethylmethacrylates (PMMAs) 
are used primarily for dentures and orthodontic de-
vices. In addition, PMMAs are used for individual im-
pression trays and temporary crowns. The application 
of PMMA as a veneering material no longer plays a 
major role. According to the setting reaction, PMMAs 
are classified as heat polymerizing, light curing, or 
chemically (auto)curing. Chemically curing systems 
require a special catalyst system that initiates the po-
lymerization process without exogenous energy (see 
Sect. 9.2.1). PMMAs are also used in daily life for non-
dental purposes: as bone cements and acrylic glass, as 
a base for various stains, for artificial fingernails and 
nail varnish, and so on. This fact is important to the 
dental profession because allergies to PMMA may be 
caused by acrylic materials used for nondental appli-
cation as well.

9.2 Basic Material properties

9.2.1 composition and setting reaction

Most dentures and removable orthodontic devices are 
made of heat-polymerizing or autopolymerizing PM-
MAs [20, 66]. Acrylics reinforced by glass, aramide 
fiber, or polyhedraloligosilsesquioxane, which are sup-
posed to be more fracture resistant, have not yet suc-
ceeded on the market [54, 69, 70, 115].

Methyl esters of methacrylic acid are the basic 
modules of PMMA, but many other components are 
also contained in acrylics used for prosthetic dentistry 
and orthodontics. Heat-polymerizing denture acryl-
ics are generally based on PMMA, whereas light-po-
lymerizing and microwave-polymerizing products are 
derived partly from PMMA and also from urethane 
dimethacrylates [14]. Occasionally, ethylene glycol 
dimethacrylate (EGDMA) is added to increase cross-
linking of the polymer chains [37].

Decomposition of the initiator (mainly dibenzoyl 
peroxide) into radicals under heat initiates the set-
ting of heat-polymerizing products. Polymerization 
of chemically-curing (autopolymerizing) acrylics that 
set at room or oral temperature is triggered by a redox 
system. These materials require an accelerator, such as 
a tertiary amine, sulfinic acid, or substituted barbituric 
acid. The most important combination is an amine–
peroxide redox system [30, 66, 118]. 

Light-curing, slightly filled – up to 15 weight per-
cent (wt.%) – acrylics are used to repair and reline 
dentures, orthodontic devices, and individual impres-
sion trays. Monomer–polymer conversion of these 
products is decisively dependent on the duration of 
the light irradiation, equivalent to light-curable com-
posite resins. The degree of polymerization varies be-
tween 77 wt.% and 97 wt.%.

Permanent soft liners are applied in certain situ-
ations, for instance, to compensate for denture bases 
with differing resiliency, to minimize the risk of pres-
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sure marks in cases of unfavorable morphology of the 
alveolar ridge (defects, undercuts, etc.), or for patients 
with systemic disease. These materials are basically 
polysiloxanes that may be combined with derivatives 
of acrylic acid, polyacrylates, or plasticizers such as 
dibutyl phthalate [14].

9.2.2 release of substances 
and degradation

Two aspects are of particular importance: monomer–
polymer conversion and residual monomer content. 
The rate of monomer-polymer conversion indicates 
how many unsaturated double bonds react to satu-
rated single bonds during polymerization. Residual 
monomer refers to those substances (monomers, ad-
ditives, reaction products) that are not firmly incorpo-
rated in the polymer network and may therefore leach. 
Subsequently, these components may cause local and/
or systemic side effects.

The concentration of residual monomers and 
elutable additives depends on a great variety of dif-
ferent parameters. The most important factors are the 
following:
• Polymerization type
• Polymerization time
• Polymerization temperature
• Surface finish and structure

In general, heat-polymerized PMMA contains signifi-
cantly fewer residual monomers than chemically cured 
acrylic resin. Thicker areas show smaller concentra-
tions of residual monomers compared with thin lay-
ers [27, 113, 114]. An increase in temperature during 
autopolymerization, for instance from 30°C to 60°C, 
causes a significant decrease in the amount of residual 
monomers. Heat-polymerized acrylic resin contains 
smaller quantities of releasable substances if the po-
lymerization temperature is increased, e.g., from 70°C 
to 100°C, and the setting time is extended. Vallitu et al. 
documented that when polymerization was extended 
from 15 min to 12 h at a temperature of 100°C, the re-
sidual content of methylmethacrylate (MMA) of heat-
polymerizable denture acrylic decreased considerably 
– in fact, from more than 1 wt% to less than 0.1 wt% 
[118]. Surface finish also influences the release of re-
sidual monomers. It has been documented that the 
final application of a light-curing resin may consid-
erably reduce the elution of residual monomers from 
chemically cured PMMA acrylic. 

Key note Z

Depending on the aforementioned parameters, 
the amount of residual monomers may be approxi-
mately 3–5 wt.% in chemically curing PMMA resin 
and 0.1–1.5 wt.% in heat-polymerizable acrylics.

Numerous researchers have tried to identify the com-
ponents that generally leach from polymerized resin 
(Table 9.1). Most authors used high-performance li-
quid chromatography, gas chromatography, gas chro-
matography/mass spectroscopy, and, occasionally, 
infrared spectroscopy [3, 7, 38, 63, 100, 114, 117]. Re-
sidual monomers or additives were extracted by means 
of aqueous media including distilled water, natural or 
artificial saliva, Ringer’s solution, and organic diluents 
(methanol, ethanol, tetrahydrofurane, acetone, etc.) 
[38, 116].

Methylmethacrylate (MMA) in particular was 
identified in aqueous in vitro extracts. It was released 
over a period of several days [38, 116]. These labora-
tory findings were confirmed by in vivo data [7, 114]. 
Baker et al. investigated the MMA level of saliva of pa-
tients with dentures [7] and found that autopolymeriz-
able resin releases MMA over a period of 1 week after 
insertion (up to 45 μg/ml saliva). However, resin that 
was polymerized for 3 h at a temperature of 70°C did 
not leach MMA. Further, MMA was not found in the 
urine or blood of the participants. The authors con-
cluded that the intraorally released MMA concentra-
tions were far below the threshold doses. But it must 
be emphasized that this statement regarding intraoral 
uptake is derived from the maximum values for ab-
sorption from air (410 mg/m3 based on an exposure 
time of 8 h). In vitro studies, however, revealed that 
heat-polymerized acrylic also releases MMA over sev-
eral days but in significantly smaller quantities than 
autopolymerized products [114, 116].

Another important ingredient in aqueous elu-
ates is formaldehyde. Tsuchiya et al. documented that 
this substance is released from autopolymerized resin 
in relatively high amounts (40–50 nmol/ml on the 
1st day) in vitro and in vivo (saliva), but heat- polym-
erized and microwave-polymerized specimens did not 
leach formaldehyde [113]. In contrast, other authors 
found formaldehyde in water extracts of heat-polym-
erized acrylics but in much smaller quantities com-
pared with the simultaneously tested autopolymerized 
samples [99]. In principle, two mechanisms of formal-
dehyde formation were discussed. First, a primary oxi-
dation of unsaturated methacrylate groups is possible. 
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Secondly, oxygen can copolymerize with methacrylate 
groups during the initial phase of the polymerization. 
Decomposition of this copolymer will then result in 
the formation of formaldehyde [88, 99].

Dibutyl phthalate (a plasticizer) was also detected 
in aqueous extracts of heat-polymerized acrylic and in 
saliva as well [62, 63].

Biphenyl and phenyl benzoate could be found in 
ethanol extracts. It may be speculated that these com-

Table 9.1  . Ingredients and leaching substances from polymethylmethacrylate (PMMA) resins [8, 37, 62, 66, 97, 113]

Substance Function

Methylmethacrylate (MMA) Monomer

Methacrylic acid Degradation product of methacrylate monomers

Ethylene glycol dimethacrylate Monomer

Dibenzoyl peroxide (DBP) Initiator

N,N-dimethyl-p-toluidine (tertiary amine) Accelerator of autopolymerizing resins

Hydroquinone Stabilizer

Resorcinol Stabilizer

Pyrogallol Stabilizer

Urethane dimethacrylate (UDMA) Matrix monomer of light-polymerizing and microwave-polymeri-
zing resins

Poly(ethyl-methacrylate) Matrix monomer of light-curing resins

Ethoxylized bisphenol A-dimethacrylate Matrix monomer of light-curing resins

Camphorquinone Photoinitiator of light-curing resins 

Inorganic fillers Fillers of light-curing resins (up to 15 wt.%)

Pigments such as CdS and CdSe Coloring

Organic stains (phenol derivatives) Coloring

Copper Eventually, component of the initiator system

Dibutyl-phthalate Plasticizer

Phenyl salicylate Eventually, UV absorber

Dicyclohexyl phthalate Plasticizer

Biphenyl Reaction product of DBP

Phenyl benzoate Reaction product of DBP

Benzoic acid Reaction product of DPB

Formaldehyde Oxidation product of MMA
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pounds are reaction or decomposition products of the 
initiator dibenzoyl peroxide that are generated during 
the polymerization.

Trace amounts of phenylsalicylate were docu-
mented by Lygre et al. [63]. This substance could be a 
contaminant of the production of PMMA, or it could 
also serve as an ultraviolet absorber.

Taken together, studies addressing the residual 
monomer content and the leachable substances from 
heat-polymerizing and autopolymerizing PMMA 
acrylics have shown that fairly high amounts of sub-
stances, specifically MMA, may leach into the oral 
cavity during the initial days after polymerization. 
Clinical-experimental investigations documented a 
correlation between residual monomer concentration 
and irritation of the oral mucosa [3, 4]. This clearly 
indicates that the eluable share of residual monomers 
and additives should be as low as possible. Therefore, 
it is recommended that dentures and orthodontic de-
vices be stored in water before insertion for a long-
enough period of time. A storage period of up to 24 h 
in warm water (37–50°C) is recommended depending 
on the type of resin and the type of polymerization [7, 
114, 116].

clinical practice Advice i

The concentration of residual monomers should be 
as low as possible because leaching of substances 
is primarily responsible for unwanted side effects. In 
this regard, MMA and formaldehyde are of particular 
importance. Heat-polymerizing acrylic resins gener-
ally reveal a higher rate of polymerization and thus 
a lower level of residual monomers compared with 
autopolymerizing products.

A polymerization of several hours at the highest possi-
ble temperature and subsequent storage of the denture 
or orthodontic device for 24 h in water will minimize 
the concentration of residual monomers.

9.3 systemic toxicity

The acute oral LD50 (median lethal dose; the calculated 
dose of a chemical substance that will kill 50% of the 
experimental population; see Chap. 2) of dibenzoyl 
peroxide in rats is 950 mg/kg body weight [30]. It has 
been reported that the acute oral LD50 of MMA in rats 

is 8.4 g/kg body weight or 9 g/kg body weight. This 
very high concentration indicates a very low acute sys-
temic toxicity of MMA [12, 22, 59]. A study on rats 
receiving MMA “orally” through a stomach tube is 
in accordance with this assessment. Five minutes af-
ter oral application, methacrylic acid, a degradation 
product of MMA generated by a nonspecific carboxyl 
esterase, was identified in the blood with a peak af-
ter 10–15 min. Alterations of organs (liver, kidneys, 
heart, spleen, brain, lung, and guts) were not found. 
These data point to a low acute toxicity of orally ap-
plied MMA, which is rapidly hydrolyzed by enzymes 
in blood serum and subsequently metabolized to less 
toxic substances, such as pyruvate, via the citric acid 
cycle [9, 89]. The half-life of MMA in human blood 
varies between 20 min and 40 min [19].

Animal studies on dogs indicated that MMA re-
leased from the bone cement of hip implants is also 
excreted via the lungs [68]. Karlsson et al. documented 
a relaxing effect of MMA on the nonstriated muscles 
of blood vessels [51]. Various authors have reported 
cardiovascular effects [5,10, 72–74, 91], inhibited peri-
stalsis of the ileum [72, 73], and inhibited gastric mo-
tor function due to inhaled MMA vapor in rat experi-
ments [109]. The LC50 (median lethal concentration; 
the concentration of a chemical that kills 50% of the 
experimented population) of MMA vapor in rats is 
7,093 ppm [110]. 

Rats were also used to study the embryo-fetal 
toxicity of MMA. It was found that MMA, when in-
jected intraperitoneally at LD50 concentration, may 
cause malformations and other injury to embryos or 
fetuses [107]. Patients take up leaching substances 
from PMMA resins through the oral cavity, but den-
tal personnel and lab technicians are also exposed 
to MMA-vapor. Measurements of the formaldehyde 
and MMA concentrations in the air of a dental labora-
tory subsequent to the processing of dentures provided 
no indication of critical values [13]. The maximum 
allowable concentration values for MMA in Germany 
are 50 ppm or 210 mg/m3 compartment air [21]. Legal 
regulations for dental laboratories are based on a di-
rective regarding hazardous substances and the tech-
nical rules for hazardous materials, TRGS 900, which 
is based on this regulation [111, 119]. It was reported 
that MMA vapor in dental practices caused vertigo 
[40]. There is no evidence, however, that serious prob-
lems may be caused by inhaling PMMA ingredients, 
although MMA may irritate the eyes, skin, and respi-
ratory system.
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Key note Z

It has not been documented that MMA may cause 
acute systemic reactions or embryo-fetal alterations 
in patients or, after inhalation, in dental personnel 
or lab technicians if all relevant legal regulations are 
observed. But it should be kept in mind that MMA is 
an easily flammable substance that may irritate the 
eyes and respiratory system.

9.4 Local toxicity 
and tissue compatibility

9.4.1 cytotoxicity

The cellular compatibility of solid specimens, aqueous 
resin extracts, formaldehyde, and MMA was investi-
gated in permanent cells and primary cultures as well 
[19, 30, 79, 113]. Nakamura and Kawahara [79] stud-
ied the toxicity of 2-week-old aqueous extracts of two 
heat-polymerized acrylics and three chemically curing 
products. Although none of the eluates generated note-
worthy cellular alterations, it has to be considered in 
this connection that the two most important extract-
able substances, MMA and formaldehyde, are volatile. 
It is very likely that the test solutions did not contain 
the original concentrations of these two substances 
due to the extended extraction time. Another study re-
vealed clear toxic reactions caused by solid specimens 
of two orthodontic acrylic resins (one autopolymeriz-
ing, one light-curable) in permanent cultures of fibro-
blasts and keratinocytes. The light-curing material was 
cytotoxic if the oxygen-inhibited surface layer was not 
removed. Both products were no longer toxic 30 days 
after setting [101] (see also Fig. 9.1). Polymer samples 
made of polyethylmethacrylate/tetrahydrofurfuryl 
me tha crylate or po ly me thyl me tha cry late were more 
toxic directly after polymerization compared with 
aged specimens, and preincubation of the specimens 
in serum-containing medium decreased cytotoxicity 
in osteoblast cultures [33].

Similar data were documented in an investigation 
of solid samples of PMMA-based bone cement using 
permanent bone cell cultures. Toxicity decreased over 
time as well. The authors concluded that the initial high 
toxicity immediately after polymerization was due to 
various released radicals [77]. Compatibility, however, 
depends on the general composition (e.g., type of base 
resin) and on material aspects or the particular formu-

lation of the individual product as well. Contrary to 
the aforementioned study, no toxic effects in primary 
human gingival fibroblast cultures and osteoblast-like 
cells were caused by aqueous 24-h and 7-day extracts 
of another PMMA-type bone cement [60]. Hensten-
Pettersen and Wictorin found only a slight or moder-

Fig. 9.1  . Influence of aqueous eluates of heat curing, light 
curing, and self curing denture acrylic resins on cell activity (en-
zyme activity) KB cells human oral epithelial cells, BF cells human 
mucosal fibroblasts, asterisks indicate significant differences 
compared with nontoxic control [42]
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ate cytotoxicity of solid specimens. Interestingly, the 
type of polymerization (heat-polymerizing or autopo-
lymerizing) was of lesser significance than the nature 
of the product [39]. But it must be emphasized that 
the cytotoxicity of the specimens was not determined 
until 2 weeks after polymerization.

The cytotoxicity of heat-polymerizing, light-po-
lymerizing, and autopolymerizing acrylic resins was 
investigated in a more recent study (Fig. 9.1). The au-
topolymerizing product showed the highest cytotox-
icity, whereas the light-curable material was the least 
cytotoxic. Cytotoxicity of all products decreased after 
several extractions using aqueous cell culture medium 
[42]. Similar data were reported by Cimpan et al. and 
Kedjarune et al. [17, 53]. These researchers also found 
that autopolymerizing acrylics are significantly more 
toxic than heat-polymerizing products. 

Formaldehyde caused pronounced toxic effects at 
those concentrations that were identified in aqueous 
extracts. But MMA generated no noticeable toxic al-
terations at concentrations that were found in equiva-
lent eluates [30]. The TC50 (median toxic concentra-

tion) of MMA in permanent L-929 cells was 5 µM after 
an incubation period of 2 days [114]. Treatment of 
cells with formaldehyde at a concentration of 50 nmol/
ml decreased cell numbers to 20% of that of untreated 
control cultures. Schmalz found a high cytotoxicity 
of MMA in permanent L-929 cells. DNA and protein 
metabolism were inhibited at a concentration of 2 mM 
[102]. 

Besides MMA and formaldehyde, other substances 
that leach from PMMA acrylics may also contribute 
to cytotoxic effects (see Table 9.2). The relatively 
hydrophilic cross-linking agent EGDMA and the 
initiator dibenzoyl peroxide were comparably toxic in 
primary human fibroblasts derived from gingiva and 
periodontal ligament. But the accelerating substance 
N,N-dimethyl-p-toluidine and the photoinitiator cam-
phorquinone were only moderately cytotoxic. Urethane 
di me thacrylate (UDMA), an important base monomer 
in light-polymerizing resins, elicited severe cytotoxic 
effects [31]. Furthermore, Stea et al. reported that N,N-
dimethyl-p-toluidine may cause reversible cell damage 
associated with a retarded replication cycle [108].

Table 9.2  . TC50 (median toxic concentration) values of several resin compounds [31, 96]

Substance TC50 Reference

Methylmethacrylate 5.0 mM (L-929 cells) [96]

Ethylene glycol dimethacrylate 2.31 mM (3T3 fibroblasts)
0.46–1.17 mM (primary human fibroblasts)

[31]
[31]

Dibenzoyl peroxide 3.8 mM (3T3 fibroblasts)
0.43–0.83 mM (primary human fibroblasts)

[31]
[31]

N,N-dimethyl-p-toluidine (tertiary amine) 3.43 mM (3T3 fibroblasts)
2.3–4.25 mM (primary human fibroblasts)

[31]
[31]

Urethane dimethacrylate 0.1 mM (3T3 fibroblasts)
0.08–0.14 mM (primary human fibroblasts)

[31]
[31]

Ethoxylized bisphenol A-dimethacrylate 0.33 mM (3T3 fibroblasts)
0.21–0.78 mM (primary human fibroblasts)

[31]
[31]

Camphorquinone 2.22 mM (3T3 fibroblasts)
2.17–2.4 mM (primary human fibroblasts)

[31]
[31]

Dicyclohexyl phthalate 0.73 mM (3T3 fibroblasts)
0.69–0.85 mM (primary human fibroblasts)

[31]
[31]

Formaldehyde 5.0 mM (L-929 cells) [96]
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clinical practice Advice i

Data from studies addressing cellular compatibility 
underscore the recommendation to store dentures 
for 1 day in water to significantly reduce the amount 
of residual monomers. Heat-polymerizing products 
should be preferred over autopolymerizing materi-
als if possible. Furthermore, patients should be ad-
vised not to wear dentures at night at first because 
this might contribute to irritation of the mucosa due 
to an accumulation of residual monomers in the tis-
sue.

9.4.2 Microbial effects

Besides cytotoxicity, microbial effects, promotion, or 
inhibition of the proliferation of microorganisms may 
also be decisive for the biocompatibility of a compound 
or material. It has been well known since the beginning 
of the 1970s from in vitro and in vivo observation that 
PMMA acrylics and, particularly, permanent soft relin-
ing materials may promote the growth of various fungi 
and bacteria (Fig. 9.2) such as Candida albicans and 
other Candida species, Escherichia coli, and Pseudomo-
nas aeruginosa. In addition, MMA, phthalate, and the 
cross-linking substance may stimulate microbial pro-
liferation. But “microclefts” between permanent soft 
relining materials and the “hard” denture base may 
stimulate microbial growth, too [2, 24, 25]. This was 
corroborated by clinical studies on patients wearing 
dentures with a permanent soft relining. It was found 
that up to 85% of these patients suffered from oral 
fungi identifiable by culture techniques. An inflamed 
mucosa was clearly correlated with these microorgan-
isms [65, 121]. Colonization of permanent soft reliners 
was significantly enhanced by the salivary denture pel-
licle or serum components [83, 84]. In this context it 
was observed that proliferation of fungi (Candida ssp.) 
was closely associated with poor denture hygiene [121, 
122]. The tendency toward fungal colonization could 
be reduced if the permanently soft relining material 
were sealed with a particular varnish [86]. 

But it was also found that higher concentrations 
of MMA (>0.5%) are bactericidal, whereas larger 
quantities of the plasticizers benzyl benzoate and ben-
zyl salicylate are fungicidal [83]. Schmalz confirmed 
these observations in an in vitro study with Streptococ-
cus mutans. Both MMA and N,N-dimethyl-p-toluidine 
promoted bacterial growth at lower concentrations, 

but they inhibited proliferation at higher concentra-
tions [104]. In addition, it was found in more recent 
experiments that the cross-linking agent EGDMA may 
increase the proliferation of the two important caries 
pathogens Streptococcus sobrinus and Lactobacillus 
acidophilus [36].

Fig. 9.2  . a Inflammation of the oral mucosa beneath a 
denture base; polymethylmethacrylate resin. b Plaque at the 
denture base. c Decrease of the inflammation after thorough 
cleaning and storage in chlorhexidine (Courtesy of G. Schmalz, 
Regensburg, Germany)
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Candida albicans plays an important role in the 
etiology of “denture stomatitis” [16]. It was found, 
for instance, that the pellicle of dentures of stomatitis 
patients contained an increased concentration of cell 
particles derived from Candida albicans. There was 
also an elevated concentration of salivary compounds 
that promoted adhesion of this microorganism. These 
substances were not identified in the denture pellicle 
of sound subjects [23]. Adherence or accumulation 
of Candida albicans was promoted by a rough sur-
face structure of PMMA-based dentures. Permanent 
soft, porous relining materials promoted adhesion in 
some patients, but not in all [92, 93, 120, 122]. Besides 
Candida albicans, other microorganisms were found 
on dentures at higher concentrations. These findings 
indicate that not only mechanical retention but also 
chemical factors, such as leaching substances, may 
influence the accumulation of microorganisms on 
acrylic resins. 

It is of particular interest that dentures may trans-
fer certain pathogenic and highly virulent microbes 
from the oral cavity to the distal gastrointestinal tract 
or respiratory system. For instance, Matsuura et al. re-
ported that Staphylococcus aureus colonized dentures 
and tongues of “resected” patients with extended oral 
tissue defects at much higher concentration than in 
edentulous “nonresected” patients [67].

clinical practice Advice i

Staphylococcus aureus, a highly virulent microorgan-
ism found in the nose, can be transferred via den-
tures and the oral cavity to the gastrointestinal tract 
and respiratory system, where it may cause severe 
diseases including pneumonia and gastroenteritis. 
These findings underline the importance of regular 
careful denture hygiene. In addition, patients at risk 
should disinfect their dentures regularly with, for in-
stance, chlorhexidine [64].

9.4.3 Implantation studies

Local reactions are primarily dependent on the 
amount of substances leached and their toxicity. Thus, 
heat-polymerized products should cause fewer effects 
than autopolymerizing materials [44]. This was cor-
roborated by an in vivo implantation study on rats and 
rabbits. Specimens of various acrylic resins were im-
planted and caused a mild to severe tissue irritation 

depending on the product. Tissue irritation decreased 
between the 1st and 16th days of the implantation pe-
riod. This may be explained by a reduced release of re-
sidual monomers over time, which was also detected in 
an experimental in vivo study with two PMMA bone 
cements on rabbits after implantation into the femoral 
bone marrow [98]. Rapid release of MMA from bone 
cements was verified under simulated in vivo condi-
tions; 50% of the unbound MMA was released within 
15 min after immersion of the mixed specimens into 
an aqueous environment [106]. PMMA implants were 
also very well tolerated after insertion into the alveolar 
bone of dogs or the limb bones of baboons. No signs of 
inflammatory reactions in adjacent tissues were found 
[80, 90].

9.4.4 pulp reactions

Autopolymerizing PMMA resins caused pulp irrita-
tions when used for temporary restorations [56]. This 
might be due to the release of residual monomers, par-
ticularly during the first days after polymerization. On 
the other hand, the setting of the material may cause 
high temperatures (80–120°C) that could be respon-
sible for irritation of the dental pulp. Temperatures 
higher than 42°C were measured in the pulp cavity; 
this is considered the critical temperature regarding 
irreversible pulpitis [30, 58, 103].

clinical practice Advice i

Temporary restorations should be removed be-
fore polymerization reaches the maximum setting 
temperature. Polymerization of PMMA temporaries 
should be completed outside the oral cavity.

9.4.5 reactions of the Gingiva 
and oral Mucosa

Irritation of the oral mucosa beneath or adjacent to 
resin restorations is certainly the most severe local 
clinical adverse effect. 

Denture stomatitis is characterized by three de-
grees of severity [94]:
• Punctual erythemas: small reddish areas that are 

not elevated above the level of the mucosa; these 
areas are covered by the denture and may also be 
associated with partial or complete dentures
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• Sheet-like erythemas: extensive erythemas that are 
also located beneath dentures and have a high ten-
dency to bleed 

• Papillary hyperplasia: nodule-like hyperplasia with 
a diameter of 2–3 mm and a size of 3–4 mm that 
develop particularly on the palate (Fig. 9.3)

In an experimental clinical study, Austin and Basker 
documented a clear association between irritation of 
the mucosa beneath dentures and the release of resid-
ual monomers [3]. Three cases of denture stomatitis 
were examined. The residual monomer concentration 
of all analyzed dentures exceeded the normal levels by 
6–11-fold. It was reported in 1962 that dentures with 
a residual monomer concentration of 0.6–3% a year 
after insertion did not cause mucosal irritations [6]. 
In addition to released substances, mainly MMA and 
formaldehyde, microorganisms (e.g., Candida albi-
cans) may significantly contribute to the development 
and severity of a denture stomatitis [34]. This was es-
pecially observed on dentures with a permanently soft 
relining [65], but both effects should interact in most 
cases because various leaching substances may pro-
mote microbial proliferation.

9.4.6 Burning Mouth syndrome

The etiology of burning mouth syndrome is much 
more complex. Local and systemic factors have been 
discussed by several authors. The most important fac-
tors are summarized in Table 9.3 [16, 32, 78, 82]. A 

clinical study of 22 patients who suffered from burning 
mouth syndrome revealed an allergy to MMA in five 
cases, as well as a high residual monomer concentra-
tion in their dentures. Three of these five patients were 
free of symptoms after they received new dentures 
with a low residual monomer content. This was cor-
roborated by findings on four further patients in this 
investigation who suffered from an irritation (not an 
allergy) of the mucosa caused by residual monomers. 
Their symptoms disappeared after “postpolymeriza-
tion” of the dentures. The complaints of the remaining 
11 patients were generated by the following causes: a 
poor dental prosthesis, diseases such as iron deficiency 
anemia, Addison’s anemia, and burning mouth with-
out discernible or diagnosable cause (idiopathic burn-
ing mouth) [1]. Recently, a possible correlation be-
tween burning mouth syndrome or atrophic glossitis 
and colonization of the oral cavity with Helicobacter 
pylori was investigated. Sixteen percent of the patients 
who suffered from a burning mouth syndrome re-
vealed Helicobacter pylori in the tongue mucosa. These 
findings indicate that an oral mucosa that has been al-
ready damaged by a burning mouth syndrome is more 
susceptible to colonization with Helicobacter pylori, 
although no final conclusions can be presently made. 
This could be an important source for the oral trans-
mission of this microorganism, which is frequently as-
sociated with gastritis [28]. One possible consequence 
of these data is that the oral cavity and oral diseases are 
important factors for the health or disease of the entire 
gastrointestinal tract.

Fig. 9.3  . Pronounced inflammation of the palatal mucosa be-
neath a polymethylmethacrylate denture with papillary hyper-
plasia (Courtesy of G. Handel, Regensburg, Germany)

Table 9.3  . Possible causes of burning mouth syndrome

Systemic causes Local causes

Vitamin deficiency (e.g., B6 
or B12)

Microorganisms

Mental causes (such as 
depression)

Quantity and composition of 
saliva

Allergies Residual monomers

Blood diseases (e.g., iron 
deficiency anemia, Addison’s 
anemia)

Deficiency of restorations/
dentures

Helicobacter colonization
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Key note Z

Chemical parameters, like residual monomers, and 
also mechanical factors (porous or rough denture 
surface) and particularly poor denture hygiene are 
decisive for the colonization of bacteria and fungi. 
Permanent soft relining materials are especially 
susceptible to fungal contamination. Therefore, it is 
recommended that the surface of these materials be 
sealed. Adequate sealants are available on the mar-
ket. Patients should be motivated to practice good 
denture hygiene in order to prevent, or at least mini-
mize, microbial contamination.

The etiology of burning mouth syndrome has not 
yet been fully clarified. Local (MMA, formaldehyde, 
fungi) as well as systemic factors (e.g., vitamin defi-
ciency) have been discussed by several authors. It is 
of special interest that oral mucosa that has been pre-
damaged by burning mouth syndrome may serve as a 
reservoir for Helicobacter pylori. This microorganism, 
frequently found in gastritis, may then be transmitted 
to other persons.

9.5 Allergies

Skin contact with MMA and PMMA may result in 
allergic reactions [76]. For example, MMA has been 
classified as an important contact allergen [53]. The 

contact dermatitis of four persons (one orthodontist, 
one apprentice, two lab technicians) was traced back 
to MMA [48]. One dentist had to quit his profession 
due to a very severe allergy to MMA. Mild to mod-
erate dermatosis on the hands or fingers is the most 
frequent consequence of allergic reactions in dental 
personnel and dental technicians (Fig. 9.4) [40]. A re-
cent Swedish publication reported that 3% of the den-
tal personnel in one rural district suffer from contact 
dermatitis caused by acrylates [85].

A survey among 251 dentists in Berlin in 1985 
revealed that 14 dentists, nine assistants, and 78 pa-
tients suffered from an allergy to acrylates. Klaschka 
and Galandi supposed that specifically initiators, like 
dibenzoyl peroxide, were the cause of the allergies of 
the dentists and assistants [55]. Out of 13,325 persons, 
137 dentists reported a very low frequency in patients 
of adverse effects caused by dental materials, and 46 
individuals revealed a verified or supposed allergy 
[45]. Tschernitschek et al. documented that between 
1982 and 1997, 13% of 311 supposedly allergic pa-
tients revealed an allergy, which was the cause of their 
complaints [112]. Methylmethacrylates, in particular 
autopolymerizing materials, triggered the allergy in 
eight cases (Fig. 9.5). An extensive urticaria without 
intraoral symptoms due to an allergy to MMA re-
leased from a denture was also observed (see Figs. 9.6 
and 9.7) [61]. 

Besides MMA, almost all other components of 
PMMA acrylates can cause an allergy [41, 43, 46, 
48–50]. The initiator dibenzoyl peroxide elicits allergic 
reactions relatively often, especially in dental assistants 
and dental technicians. Further important allergens in 
lab technicians are ethylene glycol dimethacrylates and 
hydroquinone [29, 95, 96, 105]. It was documented in 
animal experiments (guinea pigs) that after sensitiza-
tion with MMA, cross-allergies to other acrylates may 
develop [15]. The in vitro leukocyte migration inhi-
bition assay revealed that MMA, a specific antigen, 
causes cellular immunity, although the immune reac-
tion is not dependent on the concentration [123].

It has been reported several times that nail var-
nish or acrylic substances used for artificial fingernails 
caused allergic reactions (type IV) [11, 26, 81]. Par-
ticularly regarding this connection, dentists should 
always consider a possible cross-allergy to various 
acrylates.

Taken together, the frequency of allergies to com-
ponents of PMMA resins, particularly MMA and 
dibenzoyl peroxide, has increased in the past decades 

Fig. 9.4  . Dentist suffering from an allergy to methylmethacry-
late contact dermatitis (Courtesy of P.J. Frosch, Dortmund, Ger-
many)
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in patients, dental personnel, and lab technicians [49, 
95, 112]. Data from the literature indicate a dispro-
portionately high increase in occupationally exposed 
dental personnel, since more and more resin-based 
materials are used in dentistry [49, 95, 96]. However, 
allergies of patients to dental resins and their compo-
nents are still very rare [95]. Repeated and comprehen-
sive patch tests to verify an allergy to acrylates should 
be avoided because an active sensitization may, in fact, 
be caused by the test [53].

Key note Z

Allergies to MMA or other components of denture 
acrylates are relatively rare in the general popula-
tion, but the number of persons allergic to acrylates 
and additives of resins due to occupational expo-
sure is increasing. The dental team should be scru-
pulous in avoiding any skin contact with unset resin 
or individual components because in extreme cases 
a sensitization may cause occupational disability. 
Even gloves do not sufficiently protect skin against 
contact with monomers.

9.6 Mutagenicity and carcinogenicity

Older studies reported generation of fibrous sarco-
mas and carcinomas after subcutaneous implantation 
of PMMA [57, 87]. These data were not confirmed 
by subsequent publications [35, 71, 75]. Long-term 
studies on industrial workers who had been exposed 
to MMA for a long period of time indicated no car-
cinogenic effect. In general, it may be concluded that 
the rapid degradation and excretion of MMA should 
prevent an accumulative toxic effect or severe systemic 
adverse reactions [5].

Fig. 9.5  . Patient with combined fixed/removable denture in 
the upper jaw. The mucosa of the upper jaw is reddened due to 
inflammation. Allergies to various metals and resin compounds 
were diagnosed (Courtesy of H. Scheller, Mainz, Germany)

Fig. 9.6  . Older female patient with an allergy-caused derma-
titis at an index finger. The patient, who revealed a telescope 
denture in the upper jaw and a full denture in the lower jaw, was 
allergic to acrylates (Courtesy of H. Tschernitschek, Hannover, 
Germany) 

Fig. 9.7  . Allergic contact reaction in a 58-year-old woman 
with tingling sensations at the palate and at the tongue; patch 
test was positive for hydroquinone and the base resin, Palapress 
(Courtesy of G. Schmalz, Regensburg, Germany)
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Table 9.4  . Examples of alternatives to Polymethylmethacrylate (PMMA)-based resins on the market (Information provided by the 
manufacturers)

Name of product Material Type of processing

Promysan STAR
(pedrazzini-dental.de)

Thermoplastic resins based on polyester Injection die casting

Eclipse
(dentsply.com; degudent.com)

Urethane dimethacrylate and urethane dimethacrylate 
oligomers

Single-component material,  
light curing

free of MMA, PMMA, and dibenzoyl peroxide

Valplast (valplast.com) Polyamide (nylon) Injection die casting

Luxene
(luxene.com)

Polyvinyl-based resin with small amounts of PMMA Molding technique or injection  
die casting

Sinomer, Puran
(novodent.com)

PMMA polymer, without MMA monomer,  
without dibenzoyl peroxide

Molding technique, preferentially un-
der high temperature (boiling water)

Polyan (polyapress-gmbh.com) See: Sinomer, Puran Injection die casting

conclusions  ) for the dental 
practitioner

1. Depending on the type of polymerization, 
PMMA resins may contain between 0.1% and 
5% releasable residual monomers and additives, 
mainly MMA and formaldehyde. These sub-
stances can contribute considerably to local ad-
verse effects such as “denture stomatitis.”

2. Although previous studies reported a possible 
carcinogenic and embryotoxic potency of MMA, 
these severe side effects have not been docu-
mented in the more recent literature. Further-
more, long-term studies on patients who are oc-
cupationally exposed to higher concentrations 
of compounds of PMMA resins indicated no 
increased frequency of tumors.

3. It is important, however, to recognize that basi-
cally all components of PMMA resins are aller-
genic. Cross-sensitizations within the group of 
methacrylate compounds are possible. MMA is 
the most significant allergen for patients.

4. To prevent an allergy, a best possible monomer-
polymer conversion rate is crucial. Heat-polym-
erizing acrylics should be preferred over auto-
polymerizing products. Furthermore, dentures, 
acrylic orthodontic devices, and so on should be 
stored in water (37°C) several hours before in-
sertion to remove the major share of leachable 
substances. Temporary crowns made with auto-
polymerizing acrylic resin should be removed 

from the oral cavity in time prior to complete 
setting to avoid thermal damage to the pulp.

5. MMA, the initiator dibenzoyl peroxide, and the 
cross-linking agent EGDMA are the most com-
mon allergens for occupationally exposed dental 
professionals. To prevent sensitization of these 
persons that could result in occupational inca-
pacity, any direct skin contact with acrylic com-
ponents should be avoided. 

6. In this context, it needs to be considered that un-
der all circumstances, latex or polyvinyl chloride 
(PVC) gloves are not sufficient protection. Many 
acrylates penetrate rubber and PVC very rapidly, 
thus getting into contact with skin despite pro-
tective gloves.

7. Rooms where dental resins are processed, den-
tal laboratories, and clinics should be ventilated 
regularly and for a sufficiently long period of 
time to minimize the concentration of volatile 
acrylic compounds in compartmental air and 
thereby reduce the risk of inhalation.

8. If patients suffer from an incompatibility with 
PMMA resins, particularly an allergy, adequate 
similar materials are necessary for their treat-
ment (e.g., for edentulous patients). Various al-
ternative products are available (see Table 9.4). 
In such situations, a product based on polyvinyl 
is frequently used. This material also contains 
PMMA but in a very low concentration. Fewer 
data exist for the alternatives to PMMA-based 
resins. 
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11.1 Introduction

This chapter reviews the biocompatibility of materials 
that are present in the oral cavity for a relatively short 
period of time. Impression materials stay in the oral 
cavity only for a few minutes, but if they accidentally 
remain in the gingival sulcus, they come into contact 
with deeper soft tissue and eventually even bone for 
several days. Periodontal dressing and dental suture 
materials are applied only for a few days, but dental 
personnel may repeatedly come into contact with 
these materials. 

Materials for temporary fillings, crowns, and 
bridges also have only limited contact time with the 
patient. Materials used for these purposes are mainly 
reviewed in other chapters of this book (see Chaps. 5, 
6, and 9).

A material for temporary fillings of small cavi-
ties (Cavit), which has been on the market for several 
decades, consists of zinc oxide, calcium sulfate, zinc 
sulfate, glycol acetate, polyvinyl acetate, polyvinyl 
chloride acetate, triethanol amine, and pigments. The 
material sets through a reaction of water (e.g., from 
saliva) with calcium sulfate and zinc sulfate. This re-
action is associated with a considerable expansion – 
approximately five times greater than for zinc oxide 
eugenol (ZOE) – which initially may cause a tight seal-
ing [122]. Overall, however, the sealing capacity re-
garding penetration of bacteria is controversial. Both 
sufficient [7, 55] and insufficient sealing [5, 61] have 
been reported. Bacterial penetration at the cavity mar-
gin generally increased over time [55].

Cell culture experiments revealed a lower toxicity 
for Cavit than for ZOE [123]. Histologic pulp studies 
on experimental animals and humans documented a 
displacement of odontoblasts into dentine tubules and 
a hyperemic reaction of the pulp several days after ap-
plication [20, 122]. Ten out of 15 patients reported 
pain after application of Cavit on vital dentin [122]. It 
has been assumed that a pronounced uptake of water 
by this material may be the cause for this clinical reac-
tion. Widerman et al. [122] calculated that Cavit in-
corporates water up to 18% of its initial weight during 
the setting reaction. These distinct hygroscopic prop-
erties may cause a shift of water from the pulp toward 
the material, which may be responsible for the afore-
mentioned symptoms. The pain reactions were much 
less severe when Cavit was mixed with water before 
application into the cavity [55]. 

clinical practice Advice Z

It is not recommended to apply Cavit on vital dentin. 
If Cavit is used on nonvital teeth, then a sufficiently 
thick layer is necessary due to its dubious sealing ca-
pacity. Furthermore, it should be applied for only a 
few days.

 11  Materials for short-term 
Application in the oral cavity
G. Schmalz
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Temporary soft relining materials for denture bases 
may also be classified as materials with short-term 
contact in patients, although in some cases an applica-
tion for several weeks may be necessary (see Chap. 9). 
Some of these materials may contain plasticizers, such 
as phthalates. The use of these substances (for example, 
diethylhexyl phthalate) is controversial at present. The 
application of soft relining materials based on silicone 
is not associated with these problems.

11.2 Impression Materials

11.2.1 Basic Material properties

11.2.1.1 composition

Silicones: Currently, two different types of silicones 
are differentiated according to their setting reaction: 
addition-linking silicones (A-silicones; vinyl polysi-
loxane, or VPS) and condensation-linking silicones 
(C-silicones). The base paste of C-silicones consists of 
low molecular polydimethylsiloxanes with terminal 
hydroxyl groups, fillers (e.g., diatomite, ZnO, or TiO2), 
and other additives (e.g., coloring pigments). The cata-
lyst paste contains, among other things, tetrafunctional 
alkoxysilanes and catalysts, such as zinc octoate or 
dibutyltin dilaurate [15, 124]. The composition of A-
silicones is illustrated in Table 11.1. Vinyl polysiloxanes 
are intrinsically hydrophobic, which may result in an 
insufficient adaptation to the tooth and in bubbles on 
gypsum casts. To increase hydrophilicity (wettability), 
intrinsic surfactants (e.g., Silwet) have been added [23]. 
Information provided by the manufacturers is sparse. 

Polysulfides: A mercaptane prepolymer with a molec-
ular weight of approximately 2,000–4,000 and a mini-
mum of three functional SH groups comprises about 
80% of the base paste. ZnO, TiO2, CaCO3 and CaSO4 
are used as fillers. Lead peroxide, organic peroxides, 
and metal salts are used as co-reactor, among others. 
The use of lead oxide (up to 87%) in the catalyst paste 
(for instance, to increase radiopacity) causes a brown 
color. Furthermore, the catalyst paste contains sulfur 
(about 3.5%), castor oil, and plasticizers such as dim-
ethyl phthalate or dibutyl phthalate.

Polyether: The composition of a typical polyether ma-
terial is reviewed in Table 11.2. Because an increased 
number of allergy cases were documented after their 
launch (see 11.2.4), the catalyst of polyether materials 
was changed in the 1980s.

Hydrocolloids: These consist of agar (about 6–15%), 
borax (0.2%), potassium sulfate (1–2%), benzoate 
(0.1%), and water (80–85%). Agar is a polymer of ga-
lactose that was esterified with sulfuric acid.

Alginate: Alginate impression materials contain ac-
tual alginate (12–15% of the powder), calcium dona-
tors (hydrated or semihydrated calcium sulfate), a re-
tarder (e.g., trisodium phosphate), fillers (70%), and 
other additives. In former times, up to 20% of lead 
compounds (lead silicate) were added to improve the 
physical properties and to increase radiopacity [30]. 
Lead is no longer added to alginates. Some products 
may contain antimicrobial agents such as quaternary 
ammonium compounds [4], which may influence the 
biological properties (see below).

Table 11.1  . Composition of A-silicones

Base Catalyst

Hydrogen siloxane Vinyl siloxane

Silicone oil Silicone oil

Fillers (e.g., quartz) Fillers (e.g., silicates)

Pigments Pigments

Hydrophilizers Platinum complex

Vinyl siloxane

Table 11.2  . Composition of a typical polyether material

Base Catalysts

Aziridine polyether
(oxyalkylene copolymer)

Alkylsulfonium compound

Fillers 
(diatomite, highly dispersed 
silicic acid)

Fillers 
(diatomite, highly dispersed 
silicic acid)

Plasticizers Plasticizers

Pigments Pigments

Scents Esters and copolymers
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Zinc oxide eugenol: ZOE impression materials are 
usually two-paste systems. The zinc-oxide paste con-
tains zinc oxide (80%), colophony (19%), oils, and ad-
ditional resins. The accelerator pastes contain clove oil 
or eugenol (56%), colophony (16%), and various oils. 
Occasionally, Canada balm or Peru balm are added as 
well. Information about the exact compositions is rare 
and varies among manufacturers.

11.2.1.2 setting reaction, release, 
and degradation

C-silicones set through a poly-condensation reaction 
under the formation of ethanol, which evaporates over 
time and, therefore, may cause shrinking of the im-
pression material. A-silicones set via a poly-addition 
reaction, during which the double bonds of the ter-
minal vinyl groups react with the Si–H groups of the 
catalyst through a platinum-triggered catalysis. No re-
action products are released [15, 124].

Polysulfides set via a poly-condensation. Water and 
lead sulfide (only in cases of lead-containing materi-
als) may be generated besides the polymer.

Polyether materials set via a cationic-initiated polym-
erization, at which a terminal aziridine ring of the base 
polymers is opened, thus allowing a chain formation 
via nitric compounds.

Hydrocolloids are liquefied by heating, which causes 
a sol-gel transition. They solidify when cooled down 
[124].

Alginates set after the addition of water via a tran-
sition from a water-soluble sodium alginate into a 
water-insoluble calcium alginate under simultaneous 
formation of sodium sulfate. 

Zinc oxide eugenol materials set via the formation of 
a complex (for details of the setting reaction and deg-
radation, please see Chap. 6.4 and Chap. 7).

No data are available regarding the degradation of 
most impression materials.

11.2.2 systemic toxicity

Silicones are used in many medical disciplines, in-
cluding as implant material. Data derived from these 

applications indicate that completely set silicone is not 
acutely toxic in general [87]. No data regarding systemic 
toxic effects caused by impression silicones are avail-
able. The acute oral LD50 (rats) of stannous octoate is 
3,400 mg/kg body weight [92] and of dibutyltin laurate 
is 175 mg/kg body weight [93]. Systemic toxic effects 
of dibutyltin laurate, e.g., in thymus [113], brain [112], 
and liver [69] of experimental animals, have been re-
ported. But the applied quantities were several orders 
of magnitude higher than those amounts that may be 
generated during the use of silicone-based impression 
materials, and they were mostly used over several weeks. 
When used correctly, silicone impression materials 
should not cause any systemic toxic effects in patients.

Polysulfides contain lead peroxide, among others, 
which can cause acute and severe systemic toxic effects 
when swallowed or inhaled [30]. A short-term appli-
cation in the oral cavity should not cause any systemic 
toxic reactions [78]. Dimethyl, diethyl, and dibutyl 
phthalates may be systemically toxic when applied in 
high concentrations in animal experiments, according 
to the U.S. Occupational Safety and Health Adminis-
tration. The amounts that are applied in impression 
materials in the oral cavity should not cause these ef-
fects [11, 94, 107]. 

No information is available in the literature regard-
ing systemic toxic effects of polyether or hydrocolloid 
impression materials.

Alginates are present in our daily diet in a great va-
riety of products (e.g., as emulsifiers, in some brands 
of beer, and in ice cream and salad dressings). They 
are considered systemically nontoxic because their 
oral LD50 is >5,000 mg/kg body weight. No results have 
been published in the literature referring to systemic 
toxic effects of alginates used as impression material. 
Lead-containing materials, which were previously 
available on the market, caused an increased lead con-
centration in the blood of dental personnel [67, 108]. 
Current impression alginates are lead-free.

The systemic toxicity of Zinc oxide eugenol is re-
viewed in Chap. 6.4 and Chap. 7.

11.2.3 Local toxicity and  
tissue compatibility

11.2.3.1 cytotoxicity

A-silicones (VPS) were generally nontoxic in dif-
ferent test systems with various cells [15, 114, 120]. 

G. Schmalz 295



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_11_2008 - 06 - 18_2

These materials were even recommended as nontoxic 
reference material for one cell culture system [99]. 
C-silicones, however, were in part severely toxic in 
cell culture investigations [15, 97, 114, 120]. Some 
C-silicones caused a toxic reaction even after exposure 
periods of 10 and 30 min [13] or 1h [15]. It has been 
presumed that the catalyst would be responsible for 
the pronounced local toxicity of C-silicones [47, 97]. 
No information is available on the influence of sur-
factants on the cytotoxicity of so-called hydrophilic 
A-silicones.

A polysulfide material was slightly toxic in various cell 
cultures but more toxic than an A-silicone [97]. The 
catalyst paste was more cytotoxic than the base paste 
[97]. In another study, a polysulfide material proved to 
be even less toxic than an A-silicone [114].

A polyether material, shortly after mixing, was more 
toxic than polysulfides and A-silicones in various in-
vestigations, but the toxicity decreased over time [97]. 
This material was also less toxic in kidney cells than 
A-silicone or polysulfide-based materials [114].

Basic components of hydrocolloids are recommended 
in other contexts for direct contact with cell cultures 
(e.g., agar diffusion test; see Chap. 2), so they are ba-
sically considered nontoxic. The low cytotoxicity has 
been documented in some experiments related to addi-
tives [97]. This also applies to alginates [97]. The cyto-
toxicity of ZOE is reviewed in Chap. 6.4 and Chap. 7.

11.2.3.2 Implantation tests

C-silicones caused the most pronounced reactions af-
ter subcutaneous implantation in rats (Fig. 11.1); the 
least effects were generated by A-silicones. Moder-
ate reactions were triggered by polyether-based and 
polysulfide-based impression materials, whereas hy-
drocolloids caused mild to moderate effects. A pro-
nounced inflammatory reaction was evoked by ZOE, 
but this was lower than for C-silicones. In general, tox-
icity decreased with increased aging of the test speci-
mens (up to 7 days) before implantation [98]. A high 
toxicity of C-silicones was found after submucosal and 
subcutaneous implantation in dogs [9]. Investigations 
on the oral mucosa documented a lower toxicity of A-
silicones than of the polysulfide-based and polyether-
based materials that were also investigated [119]. 

After submoucosal implantation in monkeys poly-
sulfide-based materials with and without lead oxide, 
a polyether, a hydrocolloid, and a lead-containing al-
ginate all were more toxic 2 days after implantation  
compared with the nontoxic control. All impression 
materials caused an inflammatory swelling. Histologi-
cal assessment revealed a very severe inflammatory 
reaction caused by all of the materials except for the 
hydrocolloid, the polyether, and the polysulfide with-
out lead oxide [30]. Similar investigations by other 
authors documented only a weak correlation between 
lead content and a toxic reaction. Therefore, it is very 
likely that other ingredients were responsible for the 
toxicity [109]. 

Fig. 11.1a,b  . Tissue reaction after subcutaneous implantation 
of a C-silicone (rat, 14 days after application in tissue). a Macros-
copically, a clear swelling at the contact areas to tissue (*) is visi-
ble (T Teflon tube as material carrier). b Histology (magnification 
×80) shows extensive acute inflammatory reaction (**)
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Key note Z

Overall, the results from implantation tests show 
good correlation with findings from cell culture ex-
periments. A-silicones as well as hydrocolloids and 
alginates can be described as nontoxic. The least 
biocompatibility applies to C-silicones, whereas the 
local toxicity of other impression materials ranges 
between these two. Because of the short-term ap-
plication, the increased cytotoxicity of C-silicones 
should not have negative effects on patients. Di-
rect and repeated skin contact by dental personnel, 
however, should be avoided. Contact with the eyes, 
which may happen when mixing a liquid catalyst 
into a putty impression material by hand, should 
also be avoided, such as by wearing protective 
glasses or by using a paste catalyst.

11.2.3.3 periodontal and pulpal damage

The use of impression materials is only one part of the 
dental treatment sequence in restorative dentistry. For 
example, a traumatic preparation technique (e.g., injur-
ing the biologic width) or insertion of retraction cords 
too deep into the sulcus may not only traumatize the 
periodontium but might also cause side effects due to 
impression materials, which may be left unintention-
ally in the gingival sulcus under these circumstances 
(see Fig. 5.24). Electrosurgical methods for widening 
the gingival sulcus prior to impression are controver-
sial. Burn marks at the root surface and significant 
recessions with apical dislocation of the epithelial at-
tachment have been reported, but other authors did 
not observe these alterations [89]. It was reported 
from a situation involving human teeth, which had to 
be extracted for orthodontic reasons, that electrosur-
gery caused retarded healing compared with the ap-
plication of adrenaline-containing cords (healing after 
4 days), with healing completed clinically only after 
16 days. Significantly more recessions were observed 
histologically after electrosurgery, but no damages 
of the alveolar bone were documented [89]. It has to 
be considered at this point that correct application of 
electrosurgery is important for a successful treatment; 
this, however, is not easy. Considerate placement of 
retraction material is apparently not associated with 
tissue damage [26]. 

No periodontal damage due to impression mate-
rials has been reported if they are applied correctly. 

But impression material has occasionally been unin-
tentionally left in the gingival sulcus, with subsequent 
partial dislocation into the cancellous bone [85]. Over 
20 such cases have been published in the literature 
(e.g., [16, 73, 74]), although the frequency of these 
incidences is probably higher in reality (Fig. 11.2). In 
eight out of 125 consecutive cases, remnants of impres-
sion material were found in the gingival sulcus after 
impression taking, in three cases only after very care-
ful inspection [64]. In addition, a sinusitis induced by 
a chronic foreign body was found after displacement 
of impression material into the maxillary sinus via a 
periodontal pocket (Fig. 11.3) [54].

Most published reports addressing clinical symp-
toms as a consequence of impression material left 
in the periodontal sulcus were related to polysulfide 
materials [18, 22, 32, 46, 82, 85, 102]. However, other 
reports documented that these problems may also be 
caused by polyether materials [85], C-silicones [110], 
and A-silicones [105]. The clinical manifestations as-
sociated with various materials are rather uniform. In 
general, a pronounced local and painful inflammation 
emerges after 1–2 days, eventually in combination 
with the formation of an abscess. Histological analysis 
revealed a polymorphonuclear infiltrate with scattered 
lymphocytes and histiocytes. Necrotic debris and bac-
teria colonies were also noted [12]. Spontaneous heal-
ing occurs within 1 week after surgical removal of the 
foreign body, which is, however, partly associated with 
a loss of alveolar bone [25, 32, 85, 102, 105].

Compounds of impression materials, such as the 
lead-containing catalyst of polysulfide materials, were 

Fig. 11.2  . Impression material in a surgical wound; local in-
flammation (swelling, redness, pain) after impression material 
was left unintentionally in a periodontal pocket [85] (Courtesy 
of M.H. Ree, Amsterdam, Netherlands)
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held responsible for these reactions [28, 85]. How-
ever, because the clinical symptoms were uniform 
despite the different nature of the residual materials, 
a potential bacterial infection is more likely, i.e., the 

displacement of bacteria from the oral cavity into the 
submucosal connective tissue through infected mate-
rial, eventually in combination with a communication 
to the oral cavity via a sinus tract. 

Fig. 11.3a–d  . Two cases of maxillary sinusitis after displace-
ment of impression material through a periodontal pocket into 
the sinus. a Impression material in exposed maxillary sinus. 
b Removed impression material. c Impression material in open 

maxillary sinus. d X-ray image of the affected sinus reveals the 
cloudiness of the left maxillary sinus (asterisk) (Courtesy of M. 
Kunkel, Mainz, Germany)

11

11 Materials for Short-Term Application in the Oral Cavity298



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_11_2008 - 06 - 18_2

clinical practice Advice i

It is important for the subgingival area of the sulcus 
to be carefully controlled for remnants of impres-
sion material, particularly in patients with deep 
periodontal pockets. Impression materials that are 
intensely colored facilitate inspection of the sulcus 
and help keep impression material from being unin-
tentionally left in the sulcus. Radiopaque impression 
material would also be beneficial [30].

An increased frequency of herpes simplex manifesta-
tion of the lips was observed after frequent impressions 
with specific impression materials (C-silicones). The 
symptoms were related to the number of impressions 
and to the cytotoxicity of these impression materi-
als [48, 49]. The virus genome, already present in 
the patient, is very likely activated through locally 
irritating impression materials; the infection rate 
of the population with herpes simplex virus is ap-
proximately 90% [48, 49]. For A-silicones, animal 
experimentation showed no dermal irritancy, which 
– seen together with the lacking cytotoxicity – can 
also be assumed for the patient [65]. Interestingly, 
oral mucosa reactions lasting shortly less than 3 days 
were reported by 14 out of 38 dental students who 
had received multiple impressions with an alginate 
containing a quaternary ammonium compound as dis-
infectant [4]. The symptoms included inflammation, 
pain, itching, tissue sloughing, and color change of the 
gingiva; nine of the students also reported extraoral 
reactions [4].

Few studies have addressed the question of pulpal 
damage due to impression materials. Pulp damages 
were caused by thermoplastic impression materials that 
are no longer used today [56]. No pulpal alterations 
were found after crown preparation and subsequent 
impression using C-silicones [60]. The pulpal blood 
circulation, determined by radioactive markers on 
experimental animals, was not significantly influenced 
by a polyether material, contrary to the results with a 
thermoplastic impression material. Overall, it can be 
concluded that current impression materials do not 
cause pulpal damage. The displacement of impression 
material into the exposed pulp is possible, but this 
condition usually requires a pulpectomy for a number 
of (nonmaterial-related) reasons, such as pulp infec-
tion or mechanical trauma of the pulp. 

11.2.4 Allergies 

Allergic reactions have mainly been reported in the 
context of ZOE pastes and a polyether-based mate-
rial. Allergies to ZOE-based impression materials were 
observed in animal experiments and in patients; the 
causes were very likely eugenol and/or colophony [50] 
(see Chap. 6.4 and Chap. 7). In some cases, the use 
of a polyether material caused mucosal burning di-
rectly after impression, and reddening, swelling, and 
blister formation were observed 24 h later in the area 
of the affected intraoral mucosa and the tongue [10, 
19, 68, 71, 100, 117]. In addition, extraoral symptoms 
with swollen lips and extensive exanthemas of the face 
and the neck were observed. Patients always showed 
a strong reaction to the mixed material and the cata-
lyst paste in the patch test. Consequently, the manu-
facturer changed the catalyst at the beginning of the 
1980s. Since then, fewer reports about allergic reac-
tions to polyether materials have been published [49]. 

There are some indications that quaternary am-
monium compounds used in some alginate impres-
sion materials may lead to clinical symptoms closely 
resembling an allergic reaction [4]. The allergenic po-
tential of quaternary ammonium compounds has been 
described; however, the number of cases seems to be 
low [83].

11.2.5 Mutagenicity

These effects normally have to be tested by commercial 
test laboratories for premarket certification of the ma-
terials, but such data are usually not published. In this 
context there is no indication in the available literature 
of mutagenic properties of impression materials. 

11.3 periodontal dressings

In general, periodontal dressings are used to improve 
the patient’s comfort in the following ways:
• Avoidance of an abundant formation of granulation 

tissue, extended bleeding, or plaque formation
• Pain reduction
• Fixation of the flap or transplant
• Protection of exposed bone and the transplant do-

nor site
• Local application of drugs
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The application of these materials is controversially 
discussed in the literature. Some authors found better 
clinical results after periodontal surgery using such 
dressings [14, 104], whereas others found that rinsing 
with 0.2% chlorhexidine solution was more effective 
[27] (see also periodontology textbooks).

11.3.1 Basic Material properties

11.3.1.1 composition

Periodontal dressings are frequently classified as 
eugenol-containing and eugenol-free materials. The 
powder or the white paste of eugenol-containing ma-
terials consists of zinc oxide, aluminum silicate, col-
ophony, and tannic acid. The liquid or the initiating 
paste contains eugenol with antiseptic additives such 
as thymol or septol. The setting time is shortened by 
the addition of zinc acetate and zinc stearate. Eugenol-
free materials contain, for instance, zinc oxide with 
additives of various oils and lorothidol, an antifungal 
substance related to hexachlorophene. The other paste 
contains unsaturated fatty acids with added chlorothy-
mol as antimicrobial substance (Coe-Pak). Another 
commonly used dressing consists of calcium sulfate, 
zinc oxide, zinc sulfate, a resin, and a glycol solvent 
(Peripac). A light-curable periodontal pack is available 
as well. It consists of polyether-urethane-dimethacry-
late, silanized SiO2, light initiators, accelerators, and 
further additives [1]. A number of products previously 
contained asbestos fillers, e.g., PPP [29], Septo-pack 
[75], and Ward’s Wondrpak [40].

Cyanoacrylates were used as periodontal dressings 
or as an alternative to suture materials for the fixation 
of flaps. These materials are reviewed in Chap. 6.5.

Antimicrobial additives are applied as well, but 
antibiotics are no longer used [35]. Chlorhexidine as 
dihydrochloride [79] or as acetate [76] was occasion-
ally recommended. Detailed information about some 
commonly used products is provided in Table 11.3 in 
the Appendix [91]. 

11.3.1.2 setting reaction 
and release of substances

Eugenol-containing products set via a complex forma-
tion, and the kinetics of substance release are equiva-
lent to those of other ZOE materials (see Chap. 7). 
Eugenol-free periodontal dressings based on calcium 
sulfate (Peripac) set through a glycol-water exchange 

with subsequent formation of gypsum [91]. Another 
eugenol-free product that contains unsaturated fatty 
acids (Coe-Pak) sets by soap formation [91]. Light-
curable periodontal dressings set, like equivalent 
resin-based composites, via a polymerization after ir-
radiation with visible light (Fig. 11.4).

The release rate and solubility of a eugenol-free 
periodontal dressing (Peripac) was high during the 
initial 24 h and decreased over time. The solubility 
of another eugenol-free product (Coe-Pak) increased 
after 48 h. Furthermore, the solubility of a eugenol-
containing material (Ward’s Wondrpak) was consis-
tently low and did not change over time [40]. It may be 
concluded from these data that solubility is time- and 
product-dependent. A classification based on eugenol-
containing and eugenol-free products does not reflect 
the different solubility patterns.

11.3.2 systemic toxicity

A study investigating the systemic toxicity of a num-
ber of periodontal dressings (Coe-Pak, Peripac, Ward’s 
Wondrpak) documented an LD50 >2,000 mg/kg body 
weight [41]. It may be concluded, based on these data 
and experiences with the application of respective ma-
terial compounds in other medical disciplines, that the 
use of periodontal dressings does not pose a systemic 
health risk for patients. 

The previous addition of asbestos fibers in some 
products was a risk for dental personnel [3, 29]. The 
exposure of experimental animals to dust of an asbes-
tos-containing periodontal dressing caused lung alter-
ations in the terminal bronchi that were related to the 
asbestos content [57]. Such asbestos-caused alterations 
can result in fibrosis and emphysema [29], although the 

Fig. 11.4  . Application of a light-curable periodontal dressing
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extensive literature about asbestos fibers cannot be ad-
dressed at this point (for details, see textbooks on toxi-
cology). No cases of asbestos-caused disease (e.g., pneu-
moconiosis) in dental personnel due to the application 
of asbestos-containing periodontal dressings have been 
documented. Asbestos has not been used for commer-
cial periodontal dressings since the 1980s [90].

11.3.3 Local toxicity and tissue compatibility

11.3.3.1 cytotoxicity

Eugenol-free periodontal dressings have been devel-
oped to prevent eugenol-associated toxicity [17, 52]. 
However, various in vitro studies have revealed that 
eugenol-containing periodontal dressings may cause 
less growth inhibition of permanent cells and primary 
human leukocytes than some eugenol-free products 
[53, 86]. On the other hand, a eugenol-free material 
based on calcium sulfate (Peripac) was the least cell-
damaging product when compared with eugenol-con-
taining materials and some other eugenol-free prod-
ucts [91].

Set specimens of a light-curable periodontal dress-
ing were not cytotoxic in various cell cultures and dif-
ferent cell types. Other eugenol-free dressing materials 
showed moderate to severe cytotoxicity in these studies. 
Unpolymerized light-curable material, however, was 
cytotoxic [31]. Light curing is hampered due to differ-
ent thicknesses of layers of the periodontal dressing.

Key note Z

The fact that a material does not contain eugenol 
does not necessarily mean cytocompatibility. There-
fore, classification into eugenol-containing and 
eugenol-free materials regarding cytocompatibility 
does not make sense. Each periodontal dressing has 
to be assessed individually. 

11.3.3.2 Implantation tests

Results of implantation tests were also not uniform. 
For instance, eugenol-containing materials caused 
no tissue reactions after implantation in the subcuta-
neous connective tissue of rats, whereas eugenol-free 
materials caused a mild reaction in some cases [34]. 
At direct bone contact in rabbits, no difference be-
tween eugenol-containing and eugenol-free periodon-

tal dressings was observed [28]. After subcutaneous 
implantation in rats, a eugenol-containing product 
caused a more severe reaction than a eugenol-free ma-
terial (PPC, Coe-Pak) after an observation period of 
7–14 days [72]. Ward’s Wondrpak (eugenol-contain-
ing) was more toxic than Peripac and Coe-Pak (both 
eugenol-free) immediately after application, whereas 
Peripac caused the most pronounced reaction after 
3 days. Coe-Pak caused the least damage [121].

In summary, findings from implantation tests are 
not as uniform as those in cell culture tests. Again, it 
can be concluded that differentiating the irritative be-
havior based on the eugenol content of the dressing is 
not justified.

11.3.3.3 Local reactions in the oral cavity

A eugenol-containing (Ward’s Wondrpak) and two 
eugenol-free (Coe-Pak, Peripac) periodontal dressings 
caused no toxic reactions of the sound mucosa of rats 
[37]. However, the application of all products on fresh 
gingivectomy wounds caused a similar toxicity-based 
reduced mitotic activity after 1 day. No difference 
compared with the control (no dressing application) 
was documented after 3 days and 5 days [37].

A eugenol-containing (Ward’s Wondrpak) and a 
eugenol-free light-curable periodontal dressing (Bar-
ricaid) were applied for 7 days in dogs after periodon-
tal surgery. Signs of acute inflammation were observed 
after the two dressing materials had been removed, but 
no difference between products was found. After an-
other week, all surgical sites had healed [106]. Peripac 
caused more pronounced and more frequent pain, as 
well as swellings, after gingivectomy than a eugenol-
containing product and Coe-Pac in a clinical study. 
But no statistically significant differences in clinical 
assessment of the healing process, bleeding tendency, 
or algesia were found [39].

Key note Z

For the dentist, it is important to know that the risk 
of local tissue damage of nonsurgical and surgical 
sites due to toxicity of periodontal dressings is low. 
In summary, none of the available products shows 
distinct advantages or disadvantages related to 
the local toxicity of their materials. Further clinical 
studies are necessary to determine whether the low 
toxicity of the light-curable material after setting is 
clinically relevant.
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11.3.3.4 Antimicrobial properties

Local inflammations caused by periodontal dressings 
have been linked to toxic reactions and plaque accu-
mulation as well (Fig. 11.5). Therefore, various antimi-
crobial additives have been added by manufacturers, 
or else dentists are recommended to mix them into the 
dressing material shortly before its application.

A eugenol-free periodontal dressing (Coe-Pak) 
caused almost no effects on a great variety of bacteria 
in vitro, whereas Peripac was more effective. A ZOE 
dressing revealed the most distinctive antimicrobial 
properties, including action against Candida albicans, 
followed by Peripac [75]. Other studies documented 
an antimicrobial activity of Coe-Pac and Wondrpak, 
which, however, decreased over time. Peripac showed 
this effect only during the setting period. Plaque 
growth in vitro was lowest on Peripac [38]. Further-
more, additional investigations revealed that eugenol-
containing and eugenol-free periodontal dressings 
were not antimicrobial in cultures of staphylococci 
and beta-hemolyzing streptococci of group A [91].

Key note Z

Eugenol-containing periodontal dressings and Peri-
pac have antimicrobial properties, which, however, 
are low and decrease over time.

The addition of antibiotics (tetracycline) to a com-
mercial periodontal dressing changed the sensitivity of 
oral bacteria and caused the formation of resistance. 

Therefore, the addition of antibiotics is no longer rec-
ommended [35].

Chlorhexidine is one of the most common anti-
septic agents used in dentistry (see Chap. 10). There-
fore, it would seem reasonable to add this substance to 
periodontal dressings to improve their antimicrobial 
properties. However, periodontal dressings contain-
ing chlorhexidine digluconate revealed clinically no 
increased plaque inhibition [6]. A lower plaque accu-
mulation was observed beneath a periodontal dress-
ing that contained chlorhexidine dihydrochloride. 
Chlorhexidine dihydrochloride is slightly water sol-
uble, which may explain the extent of efficiency [79]. 
The addition of chlorhexidine acetate to a periodon-
tal dressing (Coe-Pak) also accelerated wound heal-
ing after gingivectomy, probably due to lower plaque 
accumulation. Chlorhexidine acetate is more water 
soluble than the dihydrochloride [76]. The literature 
indicates that the addition of antimicrobial substances 
may cause a candidiasis [75].

11.3.4 Allergies

Animal experiments (maximization test; see also 
Chap. 2) revealed clear reactions to a ZOE-containing 
periodontal dressing (see also Chap. 6.4 and Chap. 7). 
These effects are very likely caused by eugenol and/or 
colophony [40, 50]. Allergic reactions to these materi-
als have also been observed in patients (contact stoma-
titis) [50, 51, 63, 81].

A eugenol-free periodontal dressing (Coe-Pak) 
containing Peru balm caused a clear positive aller-
gic reaction in animal experiments [40]. However, a 
dressing based on calcium sulfate (Peripac) generated 
only a minor reaction [40]. A cross-reactivity was doc-
umented between eugenol and Peru balm [40]. More-
over, Peru balm is ranked third on the list of the most 
frequently found allergens [42].

11.3.5 Mutagenicity

No data on mutagenicity regarding periodontal dress-
ings are available in the literature. It has already been 
emphasized that such data have to be determined by 
commercial test laboratories for premarket certifica-
tion, but they need not be published. In this context, 
there is no indication of mutagenic properties of peri-
odontal dressings.

Fig. 11.5  . Plaque beneath a removed periodontal dressing
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11.4 suture Materials 

Suture materials are applied in many medical areas, 
and for each of these areas discipline-specific aspects 
play a role regarding aspects such as composition, sol-
ubility, and surface structure. This section will concen-
trate on possible side effects of those suture materials 
normally used in dentistry.

11.4.1 Basic Material properties

11.4.1.1 composition

Suture materials can be differentiated based on the fol-
lowing:
• Structure: as monofil or polyfil (plaited) threads
• Chemistry: as absorbable or nonabsorbable materi-

als

Natural products such as silk (polyfil) belong to the 
group of nonabsorbable materials. Synthetic non-
absorbable suture products consist, for instance, of 
polyamides, polypropylene, and polyester [8, 36]. 
Polyamides are available as monofil, polyfil, and pseu-
dopolyfil (many polyamide fibers have a polyamide 
coat) threads. Polyester threads are available as poly-
fil and pseudopolyfil, and polypropylene threads are 
monofil. For several years now, Teflon (expanded 
polytetrafluoroethylene, or ePTFE) with an almost 
monofil structure has been used in dentistry as suture 
material [45].

In former times, catgut was often used as absorb-
able suture material. It was made of the submucosa of 
the small intestine of sheep or of bovine subserosa. 
In order to extend the absorption period, some ma-
terials were tanned with a chromium salt solution. 
However, the use of catgut is no longer permitted in 
the European Union, as a precaution against bovine 
spongiform encephalopathy. Synthetic absorbable 
threads consist of, for instance, polydioxanone [111] 
or poly glactin with polyglycolic acid [111]. Poly-L-lac-
tide and poly-ε-caprolactone are also used [70, 116]. 
The properties of these suture materials can be cus-
tomized by different composition and different mo-
lecular weights [21]. These absorbable suture materials 
are similar to biodegradable polymers, which are used 
as (temporary) tissue replacement, for tissue augmen-
tation (bone and periodontium), and as drug carriers 
with long-term effect.

Tissue glues (cyanoacrylates) are also recom-
mended as alternatives to suture materials (see also 
Chap. 6.5).

11.4.1.2 degradation

Some so-called nonabsorbable suture materials can 
degrade over time by depolymerization [43]. Poly-
amide decays in tissue after 1–2 years [43]. Tissue 
fluid can penetrate between single-thread filaments of 
pseudopolyfil polyamide-based suture materials after 
a breakage of the polyamide coat [80]. Polypropylene 
and Teflon threads are resistant to absorption.

Absorbable synthetic suture materials degrade 
within days or weeks by hydrolytic cleavage, releas-
ing glycolic acid [43]. Copolymerisates of glycolic acid 
and lactic acid (e.g., Vicryl, poly-p-dioxanone) are de-
graded by a hydrolytic cleavage of the ester bonds as 
well as subsequent metabolism in the citric acid cycle 
and in the respiratory chain to water, glucose, and 
carbon dioxide. The absorption of polydioxanone is 
slower [84]. The acids that are generated through the 
degradation process acidify the wound area temporar-
ily [2].

11.4.2 systemic toxicity

No data regarding the systemic toxicity of dental su-
ture materials are available, and there are no indica-
tions for such a property. Based on this fact and on 
experiences from other medical disciplines, it may be 
concluded that the current suture materials pose no 
systemic toxic risk.

11.4.3 Local toxicity and tissue compatibility

No information about the cytotoxic behavior of suture 
materials usually applied in dentistry has been pub-
lished. Regarding nonabsorbable suture materials, it 
has been stated that polypropylene should be one of 
the least reactive materials [66]. Polypropylene and a 
polyamide material caused only a minimal tissue re-
action after intramuscular implantation in rats and an 
observation period of up to 30 days. A longer period 
after implantation of a pseudofil polyamide suture ma-
terial, however, was associated with a more severe in-
flammation [8]. This was confirmed by other studies, 
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which documented a granulomatous tissue reaction 
after a longer period after implantation of polyamide 
threads [80]. In another study, polypropylene sutures 
also revealed only minimal histological responses [95]. 
Monofil sutures from ePTFE produced minimal tissue 
responses when implanted in the dorsum of rabbits, in 
contrast to other materials such as silk [103].

Two absorbable suture materials (a copolymer of 
ε-caprolactone and poly-L-lactide) caused no, or a 
very minor, reaction and only mild foreign body reac-
tions after implantation in rabbits [70]. Other absorb-
able materials were toxic after intramuscular implan-
tation in rats, but were less toxic in bone [21]. More 
information regarding the local toxic behavior of ab-
sorbable materials based on polylactide, polyglycolide, 
or related materials can be found in the literature 
about materials for tissue replacement or techniques 
(tissue engineering).

11.4.3.1 reactions at the suture site

In animal experimentation, nonabsorbable suture 
materials caused mild reactions in dogs (buccal oral 
mucosa) in the case of monofil threads (polyamide) 
and pronounced reactions after application of poly-
fil silk threads. The latter results contradict findings 
from other areas of the body. This may be interpreted 
as an indication that the material itself is not the only 
cause for the tissue damage, but rather the structure, 
which facilitated penetration of bacteria and saliva to 
the depth of the tissue [62, 101]. Anti-infective ther-
apy in a canine model reduced biofilm formation and 
inflammation along the suture track. Under these ex-
perimental conditions, silk sutures again elicited more 
severe tissue reactions than the monofil PTFE suture 
regardless of infection control [59]. 

In patients, various nonabsorbable suture materials 
(silk, Teflon, polyester, polypropylene) were compared 
in a clinical study after surgical procedures (mostly 
periodontal surgeries) [45]. It was found that poly-
propylene threads (diameter 3/0) traumatized the sur-
rounding tissue because of their low flexibility, par-
ticularly if they were cut short (Fig. 11.6). The clinical 
parameters revealed no difference in healing results 
dependent on the suture material used. But the num-
ber of investigated patients (n=23) was very low, mak-
ing identification of differences difficult. In another 
clinical study, the tissue reaction to silk and ePTFE 

was histologically evaluated in a split-mouth design; 
it was found that the connective tissue inflammatory 
infiltrate was significantly greater with silk than with 
ePTFE. This was related to an increased amount of 
plaque in the suture canals of the silk sutures [58].

In accordance with the implantation studies men-
tioned previously, a pseudopolyfil polyamide-based 
suture material was clinically associated with an in-
creased tissue reaction and was thus more toxic than 
polypropylene. This may have been caused by a deg-
radation of the polyamide material [125]. Plaited su-
ture material can cause granulomas when applied in 
intercutaneous sutures; this effect may be caused by 
the thread structure [24].

11.4.3.2 Bacterial colonization

As mentioned above, bacterial colonization of suture 
materials is of clinical importance. Applied in the 
oral cavity of rabbits or dogs, silk sutures were totally 
covered with a thick layer of bacterial plaque and de-
bris after 3–14 days, in contrast to monofil synthetic 
materials [77, 101]. In a clinical study, after 7 days in 
the tissue, silk revealed the most distinct colonization 
and Teflon the least (Fig. 11.7) [45]. Coated polyester 
threads showed gaps in the coating layers, which may 
be the cause for an increased bacterial adhesion [45]. 
The reason for the pronounced bacterial colonization 
of silk is the distinct capillarity and the greater surface 
of a plaited (i.e., polyfil) thread. The lower adherence 
of bacteria to Teflon threads may be explained by the 
relatively smooth surface.

Fig. 11.6  . Mechanical trauma of the oral mucosa (arrow) 
caused by a polypropylene thread that was cut too short
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clinical practice Advice i

It is important for dentists to know that the current 
dental suture materials are not tissue damaging 
per se when applied only for a few days. The risk of 
bacterial contamination of the tissue is greater for 
polyfil threads (e.g., silk) than for monofil materials 
(e.g., polypropylene, Teflon). But when polypropyl-
ene threads are applied, threads with the smallest 
possible diameter (fit to fulfill their purpose) should 
be used, and in order to avoid mechanical trauma of 
the tissue, the threads should not be cut short.

11.4.4 Allergies

Allergies to catgut that was tanned by chromium salts 
have been documented in physicians [33] and, in very 
rare cases, in patients suffering from a chromium al-
lergy [88]. Allergies to stains in synthetic absorbable 
suture materials (antrachinone compounds), or more 
specifically to their degradation products (quiniza-
rine), are also possible [115]. One case of allergic re-
action was reported after the use of a polypropylene 
suture (Prolene), which was confirmed by patch test-
ing [96]. Silk sutures have also been reported to cause 

Fig. 11.7  . Polyfil (a,b) and monofil (c,d) suture materials prior to application (a,c) and 7 days after use (b,d). The polyfil thread (silk) 
shows a much higher bacterial colonization compared with the monofil material (polypropylene)
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an allergic reaction [83]. However, despite the wide-
spread use of sutures in the medical field, few reports 
in the literature concern allergic reactions to current 
suture materials.

11.4.5 Mutagenicity

It has already been emphasized that these data have to 
be generated in commercial test laboratories for pre-
market certification. However, this information does 
not need to be published. In this context, there is no 
indication for mutagenic properties of suture materi-
als commonly used in dentistry.

conclusions for the dental  )
practitioner

1. Due to their short-term contact, there is no evi-
dence that impression materials cause adverse 
toxic effects in patients when applied correctly. 
This also applies to materials with a comparably 
pronounced local toxicity, such as C-silicones. 
Allergies may occur, but the current rate seems 
to be very low.

2. Because some impression materials are charac-
terized by distinct local toxic effects, dental per-
sonnel should avoid repeated skin contact. This 
applies specifically to the mixing of putty mate-
rials. Some gloves, such as those based on latex, 
may impair the polymerization of certain im-
pression materials (e.g., A-silicones). Eyes must 
be protected by appropriate glasses when liquid 
catalysts are used.

3. The periodontal sulcus has to be carefully moni-
tored for remnants of impression materials after 
each impression in order to avoid the formation 
of an abscess caused by remaining material par-
ticles. A clear coloring of the impression material 

facilitates identifying these material particles. 
Radiopaque materials would be advantageous.

4. The application of periodontal dressings is con-
troversial at present. Rinsing with 0.2% chlor-
hexidine has been recommended as an alterna-
tive.

5. A distinction between periodontal dressings of 
eugenol-containing and eugenol-free materials 
does not correspond to their biological behav-
ior. No general recommendations for a certain 
material can be made because of varying results 
regarding biocompatibility. Eugenol-containing 
materials and those that contain Peru balm may 
elicit an allergic reaction in sensitized persons 
with a potential of cross-allergy.

6. The possible adhesion of bacteria should be con-
sidered when selecting a suture material. Polyfil 
threads and specifically silk threads have shown an 
increased microbial colonization. Monofil poly-
propylene threads are preferable based on their 
low bacterial adhesion (prevention of infection) 
and good biocompatibility. But these materials 
are lacking in flexibility and can cause mechani-
cal tissue irritation when applied incorrectly.
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Appendix

Table 11.3  . Chemical composition of frequently used periodontal dressings [information provided by the manufacturers, e.g., by 
material safety data sheets]

Product Manufacturer Type of material Components of the powder and 
the base paste, respectively

Components of the liquid 
and the catalyst paste, 
respectively

Coe-Pak GC America Paste–paste Coco fatty acids 24% 
Hydrated resina 
Chlorine thymola

Zinc oxide 46% 
Magnesium oxide 9% 
Lorothidolea

Kirkland 
Periodontal 
Pak

Pulpdent Corp. of 
America 

Powder–liquid Zinc oxide 40% 
Turpentine resin 40% 
Tannin 20%

Eugenol 46.5% 
Peanut oil 46.5% 
Turpentine resin 7%

Nobetec Nordiska Dental AB 
(Sweden)

Powder–liquid Zinc oxide 30–70% 
Colophony 30–70% 
Corrig.

Eugenol 30–70% 
Canada balm 30–70% 
Peru balm 5–10%

Peripac DeTrey (Germany) Paste (one compo-
nent)

Calcium sulfate 68.25% 
Zinc sulfate 0.99% 
Zinc oxide 6.37% 
Polymethylacrylatea 
Glycol derivativea 
Ascorbic acida 
Scents and pigments 

Septo-pack Septodont (France) Paste (one compo-
nent)

Zinc oxide 28.25% 
Dibutyl phthalate 9.9% 
Zinc sulfate 8.075% 
N-butyl-polymethacrylate amyl 
acetate 0.45% 
Excipients ad 100%

Voco pac Voco Chemie 
(Germany)

Paste–paste Colophony ~50% 
Fats ~45% 
Corrig. 5% 
6-Chlorine thymol 1.72%

Zinc oxide 44% 
Magnesium oxide ~30% 
Fats ~20% 
6-Chlorine thymol 1% 
Scents  
Corrig. ad 100%

a No quantitative data are provided by the manufacturer.
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12.1 General Aspects

12.1.1 Introduction

Every occupation involves some kind of health hazard 
associated with the assigned functions. The medical 

specialty dealing with the relationship between health 
and work is called occupational medicine. In principle, 
occupational medicine should be concerned with all 
aspects of this relationship, including the positive im-
pact of having a job. For obvious reasons, however, oc-
cupational medicine focuses on health problems.

The gross occupational risk parameters in a specific 
occupation are the standard mortality ratio (SMR), 
which is the ratio of observed deaths among members 
of an occupation to the national average death rate 
within the same age range, and the life expectancy. Nei-
ther of these parameters identifies dentistry as an es-
pecially risky occupation [63]. The causes of death for 
dentists are similar to those of the population at large 
[64]. However, these facts do not imply the absence of 
occupation-related health problems or nuisances.

Occupational hazards are divided into physical, er-
gonomic, psychosocial, and chemical factors. In addi-
tion, some hazards are specific to the work performed. 
Occupational hazards in dentistry are summarized in 
Table 12.1. Hazards associated with biomaterials are 
classified among the chemical factors.

The level of exposure to chemical factors in den-
tistry is influenced by the quality of physical condi-
tions, such as air volume, ventilation, air condition-
ing, humidity regulation, etc., and by the protective 
measures taken. Biomaterial-related reactions are 
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Table 12.1  . Occupational hazards in dentistry

Physical factors Ergonomic factors Psychological/psychoso-
cial factors

Chemical factors Specific factors

Space Unnatural postures Unmet, stressful demands Dental materials Infected aerosols and 
other materials

Ventilation Overload of work Professional isolation Barrier equipment

Temperature Instrument vibrations Interpersonal conflicts Anaesthetics

Noise Static muscular work Drugs, remedies

Light Detergents, disinfectants

X-ray, laser radiation Radiographic solutions
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difficult to distinguish from reactions to other factors 
connected with the running of a dental clinic or dental 
laboratory, and some reactions are transient and soon 
forgotten. In addition, it is conceivable that poor er-
gonomics, poor psychosocial relations, and workload 
stress contribute to reducing resistance to chemical 
hazards.

12.1.2 exposure Modalities

Clinical dental personnel are exposed to biomaterial-
related components as solids, liquids, powderized 
materials, fumes, and grinding dusts, depending on 
the type of work performed. Amalgam processing re-
leases mercury vapor, and the production of compos-
ite restorations includes contact with monomer and 
oligomer components, chemical-activated or light-
activated catalysts, and inhibitors. Etchants, solvents, 
and adhesives are part of the restorative, endodontic, 
orthodontic, and fissure-sealing techniques, and im-
pression materials contribute with chemically active 
components and particulate dusts. Exposure to some 
of these components is enhanced by the use of rotary 
instruments for grinding and polishing.

Dental laboratory technicians also handle a series 
of biomaterials associated with indirect restorative 
techniques, such as metal alloys, ceramics, and poly-
meric materials. In addition, laboratory personnel are 
exposed to accessories such as waxes, modeling and 
die materials, and a series of chemicals connected with 
the various steps in the processing procedures. The 
technicians’ higher exposure to grinding and polishing 
dusts and to volatiles of monomers distinguish dental 
laboratory staff from clinical staff.

Key note Z

The dentist must be aware that staff working in 
dental practices and dental technical laboratories 
handle materials and chemicals that represent a po-
tential occupational health hazard. 

12.1.3 Absorption routes

Most biomaterial components are xenobiotics, i.e., 
“foreign” substances, which have to cross membrane 
barriers to do any harm. The routes of entrance in the 
occupational setting are through the skin, the respira-
tory pathways, and the eye mucosa. The uptake of xe-

nobiotic molecules through lung alveoli takes place in 
a tissue anatomically adjusted for absorption, whereas 
skin is intended to protect vital tissues from the pas-
sage of potentially harmful substances. However, ab-
sorption through skin does take place and is facilitated 
if the skin has been compromised by frequent hand 
washing, the use of gloves or dressings, or injury from 
other causes. Absorption is guided by the principles of 
passive membranous transport: Lipophilic, nonpolar 
substances are transported by diffusion after dissolu-
tion in the phospholipid membranes, whereas small, 
hydrophilic, polar molecules diffuse through the 
membranous pores. This means that lipophilic sub-
stances have easier access than hydrophilic substances 
and that small molecules pass more readily than large 
ones. 

12.1.4 nature of reactions

As outlined in the introduction to Chap. 1, the toxic 
effect of xenobiotics depends on the dose and the 
chemical nature of the absorbed substance. However, 
small molecular biomaterial components may act as 
haptens that bind to specific surface protein molecules 
of the dendritic Langerhans cells in skin and form an-
tigens [5]. New exposure to the component may give 
allergic immune reactions, and even small doses may 
be sufficient to elicit allergic reactions.

Chemically-induced toxic reactions with relevance 
to biomaterials are outlined in Table 12.2. Acute re-
actions are often experienced by dental personnel but 

Table 12.2  . Adverse reactions to dental materials among 
dental personnel

Local reactions Systemic reactions

Acute  
reactions

Dermal injury Nausea

Conjunctivitis Headache

Rhinitis Dizziness

Respiratory tract 
reactions

cumulative 
reactions

Dermatosis Central nervous system, 
liver, kidney injury

Peripheral nerve 
injury

Pneumoconiosis
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are of modest severity and transient nature and are 
difficult to include or exclude as being biomaterial-
related. Local cumulative dermatoses are frequent and 
often bearable, but they are sometimes so severe that 
continued work is prohibited. Systemic cumulative 
chronic disorders are severe, but are limited to single 
cases reported after many years of exposure (see, e.g., 
Sect. 12.2). 

12.2 clinical symptoms and related 
Materials

12.2.1 Historic Aspects

Early reports in the German, French, and English lit-
erature indicate that the dental profession has been 
aware of the hazards associated with biomaterials 
and chemicals for a long time [27]. Among a series of 
soaps, disinfectants, surface anaesthetics, and other 
drugs, biomaterials containing iodine, tricresol, and 
eugenol were listed as the main dermatological haz-
ards, supplemented with methylmethacrylate (MMA) 
monomer after the introduction of “plastics” in den-
tistry. Parallel with the shift in biomaterials use, the list 
of causative agents was supplemented with potentially 
allergenic substances such as nickel, chromium, and 
cobalt; catalysts of resin-based restorative materials 
and impression materials; and epoxy-based materials. 
Nondermatological complaints were only exception-
ally reported, but the profession was well aware of the 
hazards associated with mercury in dental amalgam 
[14].

12.2.2 nondermal reactions

Severe systemic disorders among dental personnel 
have been associated with prolonged exposure to me-
tallic mercury vapor by clinical staff and to MMA va-
por by dental laboratory technicians.

12.2.2.1 Amalgam-related and Mercury-
related Hazards

Because mercury is a nonessential metal, its optimum 
tissue concentration is zero, but mercury is introduced 
into the body by foods, water, and air and by mercury 
vapor arising from amalgam fillings (see also Chap. 4). 
Dental personnel are exposed to additional mercury 
vapor during the cutting, filling, and polishing of 

amalgam restorations and all the other handling of 
mercury associated with amalgam therapy. 

It is a fact that autopsy samples from dental person-
nel who handled amalgam have shown an increased 
accumulation of mercury in target tissues such as the 
renal cortex and the pituitary gland [53], although no 
pituitary dysfunction has been revealed [41]. 

Mercury is recognized as an occupational hazard 
for personnel in certain industries and for dental per-
sonnel. The World Health Organization (WHO) rec-
ommends a threshold limit value (TLV) of 25 µg per 
cubic meter of mercury vapor in air relating to a 40-h 
work week. National TLVs are often 50 µg per cubic 
meter with a short-term exposure limit (STEL) of 500 
µg [8]. The occupational exposure is monitored by the 
determination of mercury as microgram of mercury 
per gram of creatinine, corresponding approximately 
to a liter of “standard” urine. The European Union 
(EU) Scientific Committee on Occupational Expo-
sure Limits has recommended that the limit be 30 µg 
of mercury per gram of creatinine [62]. The classic 
symptoms of prolonged exposure to mercury vapor 
are tremor, erethism, and proteinuria, indicating toxic 
effects on the central nervous system (CNS) and the 
kidneys.

Early investigations in Norwegian dental clinics in-
dicated that the airborne mercury was well below the 
TLV, although occasional excesses were demonstrated 
[52]. Similar results were shown for the urine con-
centration in the sense that the mean urine concen-
tration was about 8 µg/l and 95% was within 20 µg/l, 
but some “stray” cases were measured above 20 µg/l 
[37]. Other investigations showed both lower (Swe-
den, Germany) and higher figures (United States, UK), 
all well below the TLV [8]. However, the possibility of 
subclinical effects at lower exposure levels cannot be 
excluded. In a report from WHO in 1991, it was stated 
that mercury exposure in the range of 25–80 µg/m3 
might lead to subtle adverse effects on psychomotor 
performance and nerve conduction velocity, as well as 
tremor, sometimes associated with diffuse subjective 
symptoms in particularly sensitive individuals [71], as 
reported later [21]. 

The occupational exposure to mercury in den-
tistry has been reduced with increasing mercury hy-
giene and decreasing use of amalgam. Monitoring of 
dental personnel in Norway over 40 years from 1959 
indicates a considerable decrease in urine mercury 
concentration over time. However, concentrations 
exceeding any limit value occasionally occurred, par-
ticularly among dental nurses in the 1960s [24]. It is 
conceivable that some of these effects were associated 
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with unsafe handling of copper amalgam at that time. 
Alleged mercury-associated health complaints among 
this group of dental nurses are now (2007) being stud-
ied by medical experts. A preliminary report indicates 
that some of these nurses may have occupation-de-
pendent cognitive injuries affecting emotions, mem-
ory, and concentration capability [29], similar to those 
cited above. Such health effects may affect vulnerable 
groups of individuals, for instance, in association with 
polymorphism of brain-derived neurotropic factor 
[22]. Health effects of this kind may become more of a 
concern with increasing age [36].

Occupational medicine has also focused on mer-
cury-associated teratogenic effects among female 
dental personnel [23, 65], effects on the probability of 
conception linked to each menstrual cycle (fecundity) 
[66], and analysis of miscarriage [43]. The results are 
diverse and inconclusive, perhaps because investiga-
tions of this kind are easily subject to scientific pitfalls. 
In agreement with a WHO review [18], a fair conclu-
sion would be that no clear teratogenic effects or effects 
on fertility have been shown among dental personnel.

 Z Key note

Dental personnel should limit their mercury expo-
sure by following strict hygienic routines and reduc-
ing the possibility of accidental spills. Mercury vapor 
from removal of old amalgam fillings has attracted 
specific attention as a source of increased mercury 
exposure [8]. This exposure is significantly reduced 
by water spray and vacuum suction [9].

12.2.2.2 Methylmethacrylate-related 
reactions

Resin-based prosthodontic restorations are processed 
in the dental laboratory by chemical, thermal, and 
light-curing techniques, all including the use of liq-
uid and volatile MMA monomer. MMA is chemically 
similar to lipid-soluble organic solvents that have re-
sulted in permanent injury to the central nervous sys-
tems of chemical laboratory personnel and painters. 
The administrative TLV is 307 mg of MMA per cubic 
meter. MMA is readily absorbed by inhalation and 
penetrates skin, causing dermal irritation and injury 
and contact allergy (see Sect. 12.2.3). As pointed out 
by Russian investigators [35], the uptake may result in 
acute symptoms such as headache, dizziness, nausea, 

and mucosal irritation, or worse: Chronic symptoms 
include reduced tolerance to solvents, impaired short-
term memory, concentration difficulties, and psycho-
logical changes. Swedish investigators have pointed 
out that symptoms of this kind are difficult to distin-
guish from stress symptoms and effects of aging and 
burnout [6]. Danish investigations indicated a differ-
ence in the incidence of these symptoms between den-
tal laboratory technicians with high (long-term) and 
low (short-term) exposure to MMA and patients who 
consulted medical expertise [13]. A follow-up inves-
tigation using subtle neuropsychological test methods 
to compare opticians and dental technicians indicated 
an association between exposure to MMA and adverse 
CNS dementia symptoms [67]. This association disap-
peared with high age.

Other serious consequences of inhaled MMA va-
por are the development of asthma [59]. In addition, 
handling of MMA monomer may also lead to local ef-
fects such as injury of the peripheral nerve tissue, giv-
ing symptoms of finger numbing. The numbing may be 
combined with a cold feeling, blanching, and, some-
times, motor disturbances of fingers of the dominant 
hand [57]. Biopsies from dental laboratory technicians 
have shown direct pathological effects on nerve fibers 
[20]. The multiplicity of MMA toxicity is a continuing 
concern, particularly for dental technicians [42].

12.2.2.3 reactions related to Grinding 
dusts and fumes

Dusts are particles identical to the parent composi-
tion; fumes are particles formed by combustion ac-
companied by a chemical change. Inhaled particulate 
dusts and fumes after grinding, blasting, and polish-
ing procedures of biomaterials may be lodged in the 
respiratory pathways depending on their aerodynamic 
diameters and may produce deleterious effects in the 
form of interstitial lung disease, pneumoconiosis. The 
best-known occupational form of this lung disease is 
silicosis and asbestosis among mining and construc-
tion workers [69].

Case reports and epidemiological and clinical in-
vestigations [6, 12, 19, 32, 48, 55] show that dental lab-
oratory technicians may develop pneumoconiosis af-
ter long-term unprotected exposure to grinding dusts 
containing chromium, cobalt, molybdenum, nickel, or 
aluminum–iron–titanium particles derived from base 
metal alloys. In addition, silica and silicon carbide par-
ticles form abrasives and powderized materials such as 
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plaster of Paris and investments and aluminum oxide 
from sandblasting procedures increase the respiratory 
exposure to potentially harmful dusts. 

Chromium–cobalt dust has attracted the most atten-
tion because it has been associated with the more se-
rious nodular form of pneumoconiosis, as compared 
with the diffuse form associated with silica-containing 
materials. Pneumoconiotic lung disease is detrimental 
to lung function and as such is a registered occupa-
tional disease. Asbestosis and silicosis are associated 
with increased risk of lung cancers [69]. Tobacco 
smoking is an important confounding factor. More re-
cent reports, particularly from the eastern part of Eu-
rope, underscore these findings.

Chronic beryllium lung disease, a chronic granu-
lomatous lung disease brought about by immunologic 
mechanisms, has also been reported among dental lab-
oratory technicians [40]. Exposure to beryllium dusts 
is specifically warned against by health authorities.

Key note Z

The severe reactions discussed above are prevent-
able and rare, but they demonstrate the importance 
of an adequate protective rationale in dentistry 
work.

12.2.2.4 other nondermal reactions

Questionnaire surveys of Scandinavian dental person-
nel [27, 31–34] showed that acute nondermatological 
complaints of less severity occurred in the respira-
tory pathways (nose, throat, bronchi, lungs) and in 
conjunctiva and sinuses, together with reactions of a 
systemic nature (headache, nausea). The percentage of 
such reactions varied from 15% to 18% depending on 
the nature of work performed. Reactions of this kind 
occurred independently of dermal reactions. Caus-
ative factors included the following:
• Vapor from cold-curing acrylics (technicians, or-

thodontists)
• Dust from debonding procedures (orthodontists)
• Cyanoacrylates and resilient liners (prosthodon-

tists)
• Cleansers and dust from trimming plaster models 

or mixing alginate (chairside assistants) 
• Polishing and grinding of acrylic, metal, or ceramic 

products (technicians)

• Latex gloves and paper masks (periodontists)

A Swedish survey assessed the prevalence of conjunc-
tivitis among dental personnel as 16–18%. Risk evalu-
ation by dental personnel themselves gave the follow-
ing ranked list of five biomaterials: fissure sealant, 
composite, glass ionomer bonding, primer, and cold-
curing acrylate [45].

In addition, vasomotor finger symptoms such as 
coldness, blanching, numbness, prickling, and pain 
have been recorded for dental personnel in many sur-
veys. The use of gloves is sometimes associated with 
reactions of this kind. However, the explanation may 
not always be the biomaterial impact; physical strain 
associated with the elasticity of gloves may be an im-
portant factor. Vasomotor finger reactions should not 
be confused with the chronic neuropathological finger 
reactions reported after prolonged MMA exposure.

12.2.3 dermal reactions

Dermatoses following contact with chemically active 
substances are referred to as either irritative or allergic 
contact dermatitis. The irritative type may be of acute 
toxic nature, causing direct and immediate cytotoxic 
effects on skin cells. However, a more common reac-
tion among dental personnel is cumulative insult der-
matitis, caused by repeated contact with the chemical 
agents at subtoxic concentrations. An irritative derma-
titis is restricted to the areas of exposure and is self-
limiting once the irritant is removed [28].

The allergic type of contact dermatitis (ACD) is 
described as contact allergy and is acquired through 
previous sensitization with a foreign substance. Once 
sensitization is induced, ACD is self-perpetuating in 
the sense that new exposure to extremely low doses of 
the allergen may elicit dermal reactions. ACD is clas-
sified as type IV, delayed hypersensitive reactions, and 
is expressed as eczematous lesions mostly localized to 
the exposure areas (fingers) and sometimes as more 
generalized urticarial reactions. Combinations of irri-
tant and allergic dermatoses are common. Both irrita-
tive and allergic contact dermatitis may occur as a re-
sult of photoactivation at the appropriate wavelength 
of otherwise inert substances to become either more 
toxic/irritating or more potent haptens [38].

IgE-based immediate allergic reactions (type I) 
with dermal expression (contact urticaria) with po-
tential asthmatic and anaphylactic features are usually 
associated with exposure to full antigens, such as pro-
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teins associated with latex products. However, increas-
ing evidence indicates that immediate reactions may 
also be caused by hapten/carrier conjugates [28].

According to a recent review, skin symptoms 
constitute the main occupational health problem in 
dentistry [61]. Questionnaire studies from the Scan-
dinavian countries in the 1990s confirmed earlier ob-
servations and supported case reports on reactions to 
bonding materials and latex gloves [27, 31–34]. The 
percentage of dental personnel having experienced 
dermatoses of some kind varied from 20% to 40% and 
included irritative as well as allergic reactions to work-
related causes such as hand washing, disinfection pro-
cedures, and so on (Fig. 12.1). With few exceptions, 
the dermal reactions were localized to fingers and 
hands and comprised all levels of severity, resulting 
in dermal thickening, blisters, fissures, desquamation, 
and bleeding sores often combined with problems lo-
calized to nails or nail beds. The relatively mild reac-
tions were often described as seasonal and tempera-
ture-related or humidity-related, improving during 
nonworking periods. Dermatoses caused by specific 
or unspecified allergies in atopic individuals were the 
most severe. Atopy is a constitutional predisposition 
associated with increased IgE production or reduced 
surface barrier function and may be present in about 
10% of a population.

For reasons indicated earlier, the “real” prevalence 
of biomaterial-related skin reactions among dental 
personnel is difficult to assess. Danish dentists reported 
a 38% prevalence of skin reactions in 1996 [49]. Later 
surveys among Swedish dental personnel indicated a 

prevalence of hand dermatitis of 15–20% and 26–27% 
for male and female dentists, respectively, compared 
with 7.6% and 19.6% for the controls. The correspond-
ing prevalence among chairside assistants, about 20%, 
did not differ significantly from that of referents [44, 
45]. The hand dermatitis was correlated with the prev-
alence of atopic dermatitis and with eczema in child-
hood. About 12% of the reactions were assumed to 
be caused by dental material and about 41% by latex 
gloves, indicating that more than 50% of the adverse 
effects were associated with biomaterials. In another 
survey, 14.9% of about 3,000 dentists reported having 
had hand eczema the previous year [70]. Statistics from 
Finland published in 1999 indicated that the incidence 
rate of ACD had increased over the last years, whereas 
the level of irritant dermatitis had been stable [39].

12.2.4 relevant substances and Materials

The multiplicity of biomaterials in dental practice 
comprises a long list of potential allergens, which are 
primarily discussed in relation to safety for dental pa-
tients. However, the same allergens are of interest in 
an occupational context. An example is the commonly 
used activator N.N-dimethyl-p-toluidine, which has led 
to oral allergic reactions in patients and corresponding 
dermal reactions in dental personnel [60]. In fact, pa-
tient-relevant allergenic components are also relevant 
for dental personnel, and sometimes at a higher risk of 
adverse reactions, because the possibility of exposure 
to the chemically active starting ingredients is higher. 
The potential allergens in dental materials are thor-
oughly described in Chap. 14, whereas in this chapter 
the focus will be on occupational aspects.

12.2.4.1 Metals

Alloys used in dental materials comprise about 34 dif-
ferent metals. Some of these metal ions or metal salts 
are sensitizers and are therefore included in commer-
cial allergy test kits. In the occupational setting, the 
predominant allergens in this group are nickel, chro-
mium, and cobalt found in casting alloys for remov-
able prosthodontic devices [50]. In addition, nickel–
chromium alloys are used for ceramic fusion [30]. 
Surveys of dental personnel have occasionally revealed 
dermal reactions to these metals and to mercury. Den-
tal laboratory technicians are first in line when metal 
allergies are discussed. A German survey on dental 

Fig. 12.1  . A 22-year-old dental nurse presenting severe ir-
ritative hand dermatitis (nonallergic) caused by frequent hand 
washing and wearing of disposable gloves (Courtesy of D. Aren-
holt-Bindslev, Århus, Denmark)

12

12 Occupational Exposures316



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_12_2008 - 06 - 18_2

technicians showed ACD reactions attributed to nickel 
and chromium [58]. Positive patch tests were also reg-
istered for cobalt and palladium.

12.2.4.2 polymer-Associated substances 

Because polymer materials are increasingly used in 
dental treatment, this group of allergenic substances 
is becoming more important as occupational sensitiz-
ers. Plastic chemicals, followed by rubber chemicals, 
are the most common causes at present of ACD among 
dental personnel in Finland [39]. Of these, the MMA 
and other acrylate monomers are the most important 
(Fig. 12.2), sometimes showing cross-reactions by 
patch testing [58] (see also Chap. 14, Sect. 14.2.2.3). 
Case reports from dermatological testing confirm this 
pattern of occupational risk factors. 

12.2.4.3 Miscellaneous 

Formaldehyde is a strong allergen formed after oxida-
tion of nonreacted double bonds during polymeriza-
tion processes and is sometimes present as residuals 
after chemical treatment of wet-strength paper for 
face masks, etc. Colophony is a natural resin obtained 
as a secondary product of the pine tree in the paper 
industry. Outside dentistry, colophony may be pres-
ent in sticky materials such as glues, varnishes, tapes, 
and waterproof paper. Colophony may show cross-
reaction with another natural resin, balsam of Peru, 
which is used in cosmetics for obtaining consistency 
and making them “stick.” Eugenol is an aromatic ether 
chelated with zinc oxide for temporary fillings, surgi-
cal packs, and so on. Similar to colophony, eugenol 
is still used in dentistry despite reports of allergenic 
characteristics.

12.2.4.4 rubber chemicals

Protective latex products such as gloves, dams, and 
polishing devices contribute to the range of allergens 
in dentistry. Natural rubber latex is an emulsion of 
1,4-cis-polyisoprene particles, wax plant proteins, and 
peptides obtained from the rubber tree (Hevea brasil-
iensis) vulcanized to rubber by a process requiring a 
series of chemical additives such as accelerators, vulca-
nizers, and antioxidants. Depending on the quality of 
postvulcanizing washing, residual chemical additives 
and intracellular proteins are present in various de-
grees. In addition, latex products are often coated with 
powders, such as cornstarch derivatives [16]. Chemi-
cal additives and powders together with residual soaps 
on the inside of rubber gloves often lead to irritant 
skin reactions for dental personnel [68]. In addition, 
the chemical additives contain potential haptens that 
may cause delayed hypersensitive reactions (ACD). 
The allergenic potential is reflected in standardized 
general epidermal test kits, such as the thiuram mix 
and carbamix (accelerators), the mercaptomix (vulca-
nizers), and the black rubber mix (antioxidants) in the 
commercial test kits. The prevalence of latex-related 
ACD on hands and fingers among health personnel 
is high and increasing. The clinical expressions vary 
from red and itching eczematous reactions to chronic 
skin thickening and desquamation, with a clear bor-
derline at the wrist (Fig. 12.3). A survey from Scotland 
indicated that about one-fifth of dental practitioners 
reported reactions to the use of latex gloves. Dental 

Fig. 12.2a,b  . Two cases of contact allergic skin reactions to 
methacrylate-based dental materials. a A 40-year-old male den-
tist who subsequently had to discontinue working as a dentist 
due to severe methacrylate allergy. b Eczema primary located 
at the fingertips of a 56-year-old male dentist (Courtesy of D. 
Arenholt-Bindslev, Århus, Denmark)
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students reported a comparable rate, which increased 
with increasing years of clinical practice [4]. 

However, latex reactions among dental personnel 
(and patients) are not limited to the delayed type. The 
presence of residual plant protein allergens facilitates 
the development of IgE-mediated, immediate-type al-
lergy with different expression depending on the route 
of entrance. Glove contact with skin or oral mucosa 
may cause urticarial reactions, and airborne protein 
allergens may cause symptoms from the respiratory 
pathways and the conjunctiva [26] (see also Chap. 14). 
There is also a possibility for anaphylactic reactions. 
Atopic individuals are at greater risk compared with 
others. Members of the medical and dental professions 
are increasingly aware of the hypersensitivity problems 
associated with latex products. 

Respiratory allergic reactions to natural rubber la-
tex have been ascribed to airborne allergen particles 
spread by powdered latex products. A reduction of 
latex aeroallergens and latex-specific IgE antibodies 

in sensitized health care personnel after removal of 
powdered natural rubber latex gloves in a hospital was 
documented [3]. Preventive measures such as the use 
of nonpowdered latex gloves with a low level of latex 
proteins led to a significant reduction of aeroallergens 
in the occupational environment and thus to a reduc-
tion of natural latex allergy among German health care 
workers [2]. 

12.3 prophylactic Measures 
and safety precautions

12.3.1 General considerations

The occupational hazards in connection with den-
tal practice are governed by national environmental 
and occupational laws regulating all aspects of work-
ing conditions, including the storage and handling of 
chemicals such as dental materials. Specific national 

Fig. 12.3a–d  . Two cases of contact allergic skin reactions to 
disposable natural rubber latex surgical gloves. a A 20-year old 
dental nurse with eczema on the fingers, palm, and wrists. (Cour-

tesy of D. Arenholt-Bindslev, Århus, Denmark). b,c,d A 47-year-
old male dentist with eczema on the (b) hands, (c) wrists, and 
(d) fingers
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bodies are responsible for enforcing laws and regula-
tions in this field. As early as the planning stage of a 
dental workplace, compliance with such regulations, 
with regard to the physical conditions listed in Ta-
ble 12.1, should be considered. Detailed recommen-
dations are available for physical conditions such as 
general ventilation, process ventilation, inner climate, 
noise, radiation, etc. There are, of course, national dif-
ferences in the statutory requirements. 

Dental materials are classified as medical devices 
regulated by EU Directive 93/42 EEC [15], stating 
safety requirements for patients and personnel. Some 
countries also require labeling of products contain-
ing potentially hazardous chemicals according to an 
elaborate system regulated by the health authorities 
[17]. It is important to know and comply with safety 
guidelines, including those applying to the handling 
of dental materials, adapted to the profile of activity 
of that particular workplace. It is equally important 
to cooperate with all members of the dental team to 
obtain good compliance. As head of the dental team, 
the dentist bears the responsibility of ensuring that all 
members of the team are well informed about all occu-
pational safety guidelines. Such guidelines are closely 
connected with the infection control regimen, includ-
ing adequate hand washing; the use of gloves, surgical 
masks or face shields, and protective clothing; and the 
limiting of droplets and splatter through high-volume 
evacuation.

All general requirements for physical environmen-
tal factors also apply to laboratory work. In addition, 
high-quality process ventilation is vital for safe pro-
cessing of prosthetic products such as acrylic remov-
able prostheses and impression trays. Effective point 
suction is an indispensable condition when grinding 
and polishing work is performed (Fig. 12.4).

12.3.2 Handling of dental Materials

12.3.2.1 “no-touch” technique 
for resin-Based Materials

It is vital to read and comply with manufacturers’ 
instructions for the use and safe handling of dental 
materials. The quality of such instructions varies. A 
precaution sheet for an adhesive system may serve 
as an example of good product handling information 
[38]: “The system contains an etchant gel containing 
phosphoric acid, a primer containing a methacrylate 
(HEMA), and an adhesive containing both HEMA 

and Bis-GMA.” The two latter substances are known 
contact allergens as well as irritants. 

The governing principle for occupational safety is 
to prevent contact with skin and eyes to avoid irritant 
injuries and reduce the possibility of sensitization. The 
use of gloves, rubber dams, and a no-touch technique 
are highly recommended. Unintended contamination 
of product containers with nonpolymerized material 
should be totally avoided (Fig. 12.5a). In recent years, 
manufacturers have aimed to design packages that 
substantially reduce the risk of such contamination 
during daily handling of the products (Fig. 12.5b, c).

If contact with skin occurs, immediate washing 
with soap is essential. Glove contact with resins ne-
cessitates discarding the glove, washing the hands, 
and regloving. Because dentin primer is a severe eye 
irritant, immediate flushing with large amounts of wa-
ter should follow accidental contact with eyes, and a 
physician should be consulted. If accidental spills of 
etchants occur, flushing with large amounts of water 
is recommended. Precautions of this kind apply to the 
handling of all multicomponent resin-based materials 
intended to be processed in the dental clinic. 

12.3.2.2 Amalgam and Mercury precautions

Exposure to mercury is minimized by proper stor-
age of mercury-containing materials in unbreakable, 
tightly sealed containers; proper control of globular 
mercury droplets; and avoidance of heating mercury 
or amalgam [25]. Safe amalgam processing also in-

Fig. 12.4  . Point suction for reducing inhalation of dusts, 
etc., generated by dental laboratory procedures (Courtesy of E. 
Östergaard, Århus, Denmark)
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cludes using a no-touch technique and modern cap-
sule amalgamators in combination with water spray 
and high-speed suction during amalgam processing 
and removal [56]. In 1998 the Fédération Dentaire 
International issued a statement, “Recommendations 

on Dental Mercury Hygiene” (see Appendix). Similar 
advice was published by the American Dental Associa-
tion in 2003 [1].

12.3.2.3 Barrier equipment

Surgical face masks, gloves, and protective glasses are 
important parts of infection control and reduce the ex-
posure to biomaterial-related components. However, 
liquid acrylate monomers and similar chemicals pen-
etrate surgical latex or polyvinyl chloride (PVC) gloves 
[51]. Special attention should be paid to the fact that 
surgical gloves offer a very limited barrier to mono-
mers of low molecular weight. Dental patients with 
a verified allergy to a range of methylmethacrylates 
found in dentin adhesives thus developed positive 
patch test reactions when specimens of glove mate-
rial were placed as a barrier between the test materials 
and the skin [7]. It has been documented that methyl-
methacrylate monomers penetrate different glove ma-
terials – e.g., latex, nitril, PVC – within a few minutes 
[47, 51]. Further, electron microscopic investigations 
have documented that the insides of disposable surgi-
cal gloves disintegrate following exposure to methyl-
methacrylates [46]. Polyethylene-based glove material 
was shown to provide the most efficient barrier func-
tion against methylmethacrylates [7]. Due to the very 
limited physical properties (poor comfort and flexibil-
ity), this type of glove material is so far unsuitable for 
use in dental practice. 

Face masks are of differing quality and not always 
reliable protectors from vapors and small particle dusts. 
Moreover, prescription glasses or safety glasses that 
are practical for the dentist cannot prevent conjuncti-
val contact with vapors derived from biomaterials. The 
fact that face masks of wet-paper strength quality have 
elicited allergic dermal reactions by residual formal-
dehyde from the production process, and above all, 
the increasing frequency of reactions to surgical latex 
gloves illustrate the ironic situation that hygienic and 
preventive measures may actually increase the poten-
tial of adverse occupational effects even though some 
other biomaterial-related reactions are prevented. 
There are reasons to believe that decreasing the aller-
gen content of latex products by extensive washing for 
the production of “hypoallergenic” products may ac-
tually increase the possibility of penetration. Market 
surveillance studies such as one performed in Finland 
[54] may be useful but may collide with the free-mar-
ket principle within the EU. 

Fig. 12.5  . a Contamination of packages and material contain-
ers with unpolymerized material should be strongly avoided. 
b, c Examples of packages designed to eliminate the risk of un-
intended surface contamination with nonpolymerized material 
(Courtesy of D. Arenholt-Bindslev, Århus, Denmark)

12

12 Occupational Exposures320



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_12_2008 - 06 - 18_2

Regarding the use of light-curing dental materi-
als, dental personnel are exposed to radiation sources 
emitting ultraviolet radiation and visible light capable 
of causing eye damage [10]. The use of such sources is 
increasing with respect to both curing of nonpolymer-
ized materials and tooth bleaching products [11]. Pre-
ventive measures include reading the manufacturer’s 
operating instructions carefully and using radiation-
filtering protection spectacles. It was recently shown 
that some products marketed for eye protection against 
emissions from light sources used in dental practice 
may be of inadequate quality. Dental personnel should 
therefore request documentation on the quality of the 
eye protection equipment delivered by the suppliers of 
light-emission sources for odontological applications. 

There is no common solution to the occupational 
problems related to barrier equipment except to keep 
updated on information from the producers and the 
health authorities. Careful selection of biomaterials and 
barrier equipment on an individual basis is necessary.

Appendix

Fédération Dentaire International: Recommendations 
on Dental Mercury Hygiene, 1998

1. All personnel involved in the handling of mercury 
should be trained with respect to the potential haz-
ard of mercury vapor and the necessity for observ-
ing good mercury hygiene practices.

2. All personnel should know the potential sources 
of mercury vapor in the dental surgery, i.e. spills; 
open storage of amalgam scrap; and open storage of 
used capsules; trituration of amalgam; placement, 
polishing or removing amalgam, heating of amal-
gam-contaminated instruments; leaky capsules and 
leaky bulk mercury dispensers. They should also be 
aware of the proper handling of amalgam waste and 
environmental issues.

3. All dental personnel should work in well ventilated 
spaces, having fresh air exchanges and outside ex-
haust. If the spaces are air-conditioned, the air con-
ditioning filters should be periodically replaced. 

4. The dental surgery atmosphere should be periodi-
cally checked for mercury vapor. Monitoring should 
be considered in case of mercury spill or suspected 
spill, or when there is reasonable concern regarding 
the concentration of mercury vapor in the surgery. 
Monitors may be of the dosimeter type. Mercury 
vapor analyzers (handheld monitors often used by 
industrial hygienists) which give rapid readout may 
also be used. They are especially useful for rapid as-
sessment after a spill or clean up.

5. Do not carpet dental surgeries. Non-absorbing, 
easy to clean surfaces such as continuous seamless 
sheet flooring carried up the walls are preferred.

6. Use the pre-capsulated alloy whenever possible, 
which eliminates the possibility of a bulk mercury 
spill. It also eliminates a mercury dispenser as a 
source of leaks.

7. If bulk mercury is used, minimise the amount of 
mercury stored. Mercury should be stored in un-
breakable, tightly sealed containers, in a well-venti-
lated place away from any source of heat.

conclusions for the dental  )
practitioner

1. Occupational risks related to the handling and 
use of dental materials should be considered 
seriously by the dental team. Legal regulations 
in this field are increasing.

2. The steady introduction of new materials and 
new technologies necessitates a constant alert 
for occupational health problems that may be 
associated with biomaterials.

3. The dental team should be aware that in rela-
tion to the frequent use of protective measures 
such as disposable gloves and face masks, there 
is an additional risk of developing adverse re-
actions.

4. Whenever possible when handling dental ma-
terials, a no-touch technique should be prac-
ticed to avoid direct contact with glove mate-
rial or skin.
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8. Mercury and amalgam equipment should be used 
only in areas that have impervious and suitably 
lipped surfaces, so that spilled mercury or excess 
amalgam is confined and recovery facilitated. Care 
should be taken in handling liquid mercury to min-
imise possibilities of spills (e.g. use a funnel when 
mercury is being dispensed into amalgamator; 
place a lipped tray under mercury dispenser).

9. If pre-capsulated alloys are not used, the removal of 
excess mercury prior to placement should be mini-
mised by selecting an appropriate alloy to mercury 
ratio.

10. Only capsules that remain sealed during amalga-
mation should be used.

11. An amalgamator with a completely enclosed arm 
should be used. The amalgamator should comply 
with ISO specifications 7488.

12. Single-use capsules from pre-capsulated alloy 
should be recapped, if possible, after use. Used cap-
sules should be placed in a container with a tight 
lid, or in plastic bags. If reusable capsules are used, 
they should be reassembled after use.

13. A mercury dispenser, if used, should be handled 
with care and periodically checked for mercury 
leakage.

14. The mercury dispenser orifice should be examined 
after use for residual mercury. Any mercury drop-
lets remaining should be disposed of as described 
in recommendation #17.

15. A no-touch technique should be used with mercury 
and amalgam at all times.

16. Ultrasonic condensers should not be used.

17. High volume evacuation should be used during 
placement or removal of amalgam.

18. All amalgam scrap should be salvaged and stored in 
a tightly closed container. If the scrap is stored dry, 
then mercury vapor can escape into the room air 
when the container is opened. If the scrap is stored 
under photographic fixer solution, then special dis-
posal of the fixer may be necessary.

19. Any spilled mercury should be cleaned up immedi-
ately by suitable means. Small amounts of mercury 
may be formed into amalgam by triturating with 
alloy powder and the resultant scrap added to the 
scrap container. Droplets may be picked up using 
an adhesive tape or a hypodermic syringe. Com-
mercial mercury spill clean up kits may be used to 
manage spills. After a spill clean up the area should 
be well ventilated, preferably through open win-
dows. Air conditioning or heating should be shut 
down during this period to minimise distribution 
of mercury vapor throughout the building. In coun-
tries which have regulations regarding major spills, 
these regulations should be followed accordingly.

20. Avoid heating of mercury or amalgam or any equip-
ment used with amalgam. Instruments contami-
nated with amalgam should be cleaned to remove 
the amalgam contaminant before heat sterilisation 
or heat disinfection.
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13.1 Introduction

Waste generated in dental clinics can be classified into 
three major categories: 
• Sharps
• Infectious waste
• Chemical waste

In general, the amount of waste generated in dental 
clinics is considered to be relatively small compared 
with that of industries and other health care facilities 
such as hospitals. In most countries, the characteristics 
of dental clinic waste have caused it to be addressed in 
laws and regulations covering waste disposal. All haz-
ardous wastes from dental clinics must therefore be 
handled according to the applicable regulations, and 
the staff must be adequately trained to collect and han-
dle the waste according to the current regulations.

Hazardous wastes generated by the handling of 
dental filling materials are generally classified as chem-
ical wastes, which can be subclassi fied as liquids and 
solids (Table 13.1). Among the liquids, mercury-con-
taminated wastewater and disposal of photographic 
solutions are of major environmental concern. Except 

for wastewater, the majority of national regula tions re-
quire liquid chemical wastes to be stored individually 
in polyethylene or polystyrene tanks appropriately la-
beled according to the classification type and disposed 
of with the assistance of a licensed waste disposal ser-
vice. In many countries, documented delivery of such 
hazardous waste to a licensed transporter for further 
handling is required. 

Examples of solid wastes are listed in Table 13.1. 
Mercury/amalgam-contaminated wastes (e.g., scrap 
amalgam), lead foils from radiographic films, and 
mercury-containing batteries are the solid waste cat-
egories of particular environmental concern. Because 
digital radiography is being introduced in an increas-
ing number of dental clinics, this picture may change.

13.2 environmental Aspects 
of dental Amalgam

13.2.1 Mercury in the external environment

The major natural deposits of mercury are found in ar-
eas of previously high volcanic activity: China, Spain, 
and South America (Fig. 13.1). From these deposits, 

table 13.1 .  Categories of liquid and solid waste generated 
in dental offices

Solid chemical wastes Liquid chemical wastes

Mercury- and amalgam-
contaminated wastes
Batteries
Metals
Dental material residues
Drug residues
Disinfectant residues
X-ray film lead foils

Mercury- and amalgam-
contaminated wastewater and 
sludge
Photographic solutions
Plating solutions
Monomers
Solvents
Disinfectants
Oil
Acids/alkalis
Drug residues
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mercury is circulated naturally in the biosphere. Re-
cent estimates indicate that natural sources (volcanoes, 
surface waters, soil, and vegetation) release 2,700 tons 
of mercury annually to the global atmosphere, while 
the contribution from major industrial sources ac-
counts for 2,250 tons per year [35]. The majority of an-
thropogenic emissions originate from combustion of 
fossil fuels, which, together with combustion of waste, 
accounts for approximately 70% of the total quantified 
atmospheric emission from anthropogenic sources 
[35]. Once released into the atmosphere, mercury can 
be transported widely and deposited to very remote 
locations as far away as the Arctic and Antarctica. 

In recent decades, gold production has attracted 
increased attention as a major source of mercury re-
lease to the environment. Following very old, tradi-
tional techniques, mercury is used for the final re-
covery (amalgamation) of extracted gold and silver 
particles. The mercury is discharged into aquatic 
systems during gold prospecting and into the atmo-
sphere when the amalgam is burned. Gold produc-
tion in South America has been estimated to have 
released about 2,000–3,000 tons of mercury into 
the Brazilian Amazon environment during the lat-
est gold rush, which was accelerated by a factor of 
8–10 because of the increase in gold prices during 
the 1970s [27]. Recent research has called attention 
to the considerable impact of environmental mer-
cury concentrations in the ecosystem of the com-
plex tropical rainforest river basins and the frequent 
occurrence of human mercury exposure levels that 
may lead to adverse health effects [27].

Because of increasing awareness and regulations, the 
global demand for mercury has declined from around 

9,000 tons per year in the 1960s to 6,000–7,000 tons in 
the 1980s, and to around 3,500 tons per year in 2003 
[28]. Globally, the gold mining, chloralkali, and elec-
trical equipment industries (batteries) are the largest 
consumers of mercury, accounting for about 75% of 
the total consumption [28]. 

Mercury has a wide variety of applications in indus-
try, agriculture, the military, medicine, and dentistry. 
At the global level it has been estimated that around 
7.5% of the mercury is used in dentistry [28]. In the 
European Union, where industrial mercury reduction 
programs have been initiated, 34.5% of the mercury 
consumption has been ascribed to dentistry [28].

Even though mercury may affect a number of basic 
biological mechanisms, the uptake and toxicokinetics 
of mercury in its different chemical forms vary con-
siderably in different species [9]. Environmental mer-
cury, predominantly in the organic methylmercury 
form, accumula tes in food chains, particularly in the 
aquatic environment, where a high degree of biomag-
nification occurs in the food chain of predatory spe-
cies [36]. The highest concentrations are achieved in 
the muscle tissues of the long-lived predatory fish such 
as pike in fresh water and shark in ocean waters. Car-
nivorous sea mammals also have some of the highest 
concentrations. 

Biomagnification on the order of a millionfold has 
been reported as mercury ascends the aquatic food 
chain [12] (Fig. 13.2). Dietary mercury exposure in 
humans from aquatic food chains has been observed 
in North Atlantic, Mediterranean, Canadian, and 
Amazon Basin populations, among others [36]. Rela-
tively high levels of mercury have thus been found in 
human organs, blood, urine, and hair due to intake of 
fish and marine mammals with high levels of organic 
mercury [e.g., 16, 17, 24, 29, 36]. In areas with pol-
luted water, further increases of methylmercury levels 
in living organisms such as fish will be found, with a 
tendency to increasing levels with increasing size and 
age of fish [31, 36]. Mercury biomagnification in food 
chains in unpolluted as well as polluted areas has re-
sulted in fish consumption advisory programs across 
North America and northern Europe [16, 26, 32]. Rec-
ognizing that fish consumption provides important 
nutrients, action programs aiming at controlling pol-
lution and thus preserving fish and shellfish resources 
for both wildlife and humans have been initiated in 
the form of agreements, recommendations, and le-
gal regulations at regional, national, and global levels 
[35]. 

Fig. 13.1  . Natural deposits of mercury are primarily found in 
areas of previously high volcanic activity
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13.2.2 environmental Mercury Burden 
related to the use of Amalgam 
in dentistry

The relative mercury contribution from dental clin-
ics to the environmental mercury pollution is not well 
documented. As mentioned above, mercury consump-
tion for dental purposes was estimated at around 7% 
on a worldwide basis [28]. National surveys show 
that in a number of countries, mercury consumption 
in dentistry has declined markedly in recent years. In 
Sweden and Denmark, for example, a reduction of be-
tween 50% and 75% has occurred over the last 10 years 
[4, 11], which reflects the fact that a declining number 
of amalgam fillings are produced per year [4], even 
though for larger amalgam fillings there may be a stag-
nation (Fig. 13.3). 

Figure 13.4 illustrates the mercury cycle in den-
tistry. Because of the value of dental scrap amalgam, 
there has been a tradition of collection and sale for 
refinement. Because the value of metals is subject to 
market-related changes, the economic interests in the 
recycling of amalgam scrap may subsequently change. 
There are no exact data on the extent to which pri-
mary amalgam surplus is collected and recycled. A 
recent Danish report summarized information from 
authorized collectors and estimated the total amount 
of mercury collected as primary amalgam surplus to 
be 120–680 kg of mercury per year, corresponding to 

10–56% of the estimated yearly mercury consumption 
in dentistry in the same period [11]. To avoid emis-
sion of mercury vapor during storage, scrap should 
be stored in unbreakable containers sealed with tight 
lids. Until recently, recommendations for temporary 
storage of amalgam scrap included storage under liq-
uid, most efficiently using radiographic fixer [1, 18]. 
Recently a dry storage system has been introduced as 
being more effective and reliable than liquid storage 
[43]. However, more research seems to be needed in 
this area. 

As mercury evaporates from amalgam undergo-
ing decomposition by heating, amalgam scrap and ex-
tracted teeth with amalgam fillings should not be dis-
posed of in waste undergoing incineration. To ensure 
proper handling and recycling, the dentist should take 
care that amalgam scrap is disposed of by companies 
that adhere to government regulations. 

Amalgam particles in wastewater discharged from 
dental clinics may accumulate in wastewater treatment 
plants. It has been reported that the majority of mer-
cury entering a large modern municipal wastewater 
treatment plant is removed effectively from the waste-
water stream and retained in the sewage sludge [7]. The 
subsequent handling of the residual sludge may thus 
result in mercury emissions to the environment. It has 
been shown that by incineration of wastewater sludge 
almost the entire mass of mercury removed from the 
wastewater can be discharged to the atmosphere [7]. 

Fig. 13.2  . From the natural background level of mercury in unpolluted ocean waters, a biomagnifi-
cation of a millionfold may occur as mercury ascends the aquatic food chain

D. Arenholt-Bindslev 327



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_13_2008 - 06 - 18_2

Sunlight-mediated emission of elemental mercury 
from soil mixed with municipal sewage sludge has 
also been demonstrated [10]. Mercury accumulation 
in wastewater treatment plants has caused concern 
among regulators and resulted in point source reduc-
tion strategies, including the dental profession. The 
relative contribution from dental clinics is, however, 

scarcely elucidated. One of the first studies, a Danish 
investigation reporting analyses of mercury content 
in sewage from 20 dental clinics, concluded that from 
clinics without amalgam separators, up to 800 mg of 
mercury was discharged with the wastewater per den-
tist per day (mean 250 mg/dentist/day), correspond-
ing with values in the range of 200 g of mercury per 
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Fig. 13.3  . a Decreasing numbers of amalgam restorations produced per year in Denmark in the 
period 1980–2006, adapted from the Danish Dental Association, Statistics on National Health Insur-
ance. b The mercury consumption in dentistry in Denmark during the period 1982–2001 compared 
with the total number of amalgam restorations produced during the same period
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Fig. 13.4a–f  . Routes of amalgam from the dental practice to the environment. a Amalgam fillings. b Primary amalgam surplus 
(amalgam scrap). c Amalgam-contaminated sludge collected in amalgam separator. d Extracted teeth with amalgam fillings. e Cre-
matorium. f Cemetery 
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dentist per year (mean 57 g/dentist/year) [3]. Clinics 
equipped with a modern amalgam-separating device 
showed results of approximately 10% of the results ob-
tained in clinics without an amalgam separator (mean 
35 mg/dentist/day) [3]. The data from this Danish 
study correspond rather well with previous studies, 
which, however, all included smaller numbers of clin-
ics [14, 15, 19, 38]. Newer designs of amalgam separa-
tors, approved by more recent testing programs (Ger-
many, Denmark), may result in further reductions 
compared with clinics without amalgam separators 
[13]. Most recently, the efficiency of the sedimentation 
type of amalgam separators has been questioned [20], 
and a supplementary device for further improving the 
recovery rate of sedimentation-type amalgam separa-
tors has been introduced [21]. 

Despite the ongoing debate on the efficacy of dif-
ferent types of amalgam-separating devices, a number 
of reports have in recent years shown significantly 
declining mercury levels in the sludge that is gener-
ated in wastewater treatment plants following instal-
lation of amalgam separators in dental clinics [2, 4, 
5, 40, 41; T. Tuominen, 2002, Western Lake Superior 
Sanitary District Dental Mercury Reduction Program, 
personal communication]. This strongly suggests that 
separators can play an important role in decreasing 
the amount of mercury reaching wastewater treatment 

plants (Fig. 13.5). Reduction rates of up to 80% have 
been reported [5, 41]. 

A few studies have demonstrated that there is no 
obvious correlation between the amount of amalgam 
work performed in a clinic and the mercury level in 
the discharged wastewater [3, 20, 38]. In a German 
study, the mercury level in wastewater from one clinic 
was determined on five consecutive days [38]. No cor-
relation was found between the number of amalgam 
surfaces removed or produced and the amount of mer-
cury determined in the wastewater. It has been sug-
gested that some amalgam particles may be released 
continuously from sediments in dental units and tubes 
to the water stream even when no amalgam work is 
performed [6, 20]. Further, the amount of mercury 
released was shown to be significantly correlated with 
daily water flow rate peaks, which may be the result of 
water flushing in relation to specific procedures, such 
as cleaning of the tubes [20]. It has subsequently been 
suggested that data dealing with mercury derived from 
dental amalgam waste may thus be related to deposits 
in the sewage sludge that occurred much earlier than 
the time of monitoring [23].

According to the literature, the solubility of amal-
gam particles in tap water as well as in sewage is low 
[25, 39]. In a German laboratory study simulating 
wastewater treatment processes, no soluble mercury 
was detected from amalgam particles in sludge [25]. 
It has therefore been stressed that the environmental 
impact consideration based on the “total recoverable 
mercury” test principle used by many environmental 
agencies may possibly overestimate the environmen-
tal impact and thus result in exaggerated concern over 
the environmental impact of mercury from this source 
[13]. 

13.2.3 Amalgam separating devices – 
regulations and recommendations

Regulations and/or recommendations requiring amal-
gam separators in dental clinics have been adopted in 
a number of European countries, including Sweden, 
Norway, Denmark, Germany, the Netherlands, Aus-
tria, Switzerland, and Belgium, and in several states 
in the United States. Further countries and regions are 
considering regulations. In the 1980s a few countries 
(Sweden, Germany, and Denmark) developed national 
test programs for the approval of amalgam separators. 
Later, an International Organization for Standardiza-

Fig. 13.5  . Mercury levels in the sludge generated in the 
wastewater treatment plant in Skive, Denmark (population 
28,000; 17 dental practices) during the years 1990–1995. The ar-
row indicates the transition period when amalgam separators 
were installed in the dental practices
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tion (ISO) standard for efficacy testing of amalgam-
separating devices was adopted (ISO 11143) [22]. 
Amalgam separators are generally designed according 
to one or more of the following basic principles:
• Sedimentation
• Centrifugation
• Filtration

Additional technologies include ion exchange prin-
ciples by which, for example, polymers are used to 
trap fine amalgam particles. In order to refine the re-
covery rate, these principles are often combined with 
sedimentation-based devices. Systems that include 
electrolysis and chemicals are also available. The effi-
cacy of the amalgam separator and the risk of mercury 
release from amalgam deposits in chairside traps, den-
tal unit waste line tubing, vacuum pump filters, tubes, 
and drains in the sewer system is very sensitive to the 
choice of disinfection procedures [8]. Products based 
on oxidation (e.g., chlorine-containing products) thus 
facilitate the release of mercury and thereby pose a 
risk of unintended increased mercury release from 
amalgam deposits in the dental clinic. According to 
the ISO standard, the manufacturer is responsible for 
delivering detailed instructions about the installation, 
use, and maintenance of the amalgam-separating de-
vice. In the majority of systems, the amalgam sludge is 
collected in a sealed container that can be handled by 
an approved maintenance service or collector or de-
livered directly to the environmental authorities, with 
no need for the dental clinic staff to come into direct 
contact with the collected material. Some systems re-
quire that the dental staff regularly empty the collec-
tion container. In this case, it is of utmost importance 
that all handling be performed strictly according to 
the manufacturer’s instructions and to national envi-
ronmental and safety regulations. The amalgam sludge 
may be contaminated with microorganisms, and re-
lease of mercury vapor during handling has been doc-
umented [e.g., 42]. 

To reduce the mercury waste circulation in general, 
Sweden and Denmark, as part of point source reduc-
tion strategies, have adopted environmental regula-
tions banning the use of mercury, including discontin-
uing the use of amalgam in dentistry (intended to have 
been effectuated by 1997 and 1999, respectively). The 
Danish regulation will be effective only when appro-
priate alternatives to dental amalgam have been devel-
oped. Restrictions on the use of dental amalgam have 
been issued, and amalgam can no longer be used in 

children. However, in both Sweden and Denmark the 
final decisions have been postponed, and at present 
(May 2008), none of the bans on dental amalgam has 
been effectuated. As of January 2008 Norway adopted 
a ban on amalgam for environmental reasons.

13.2.4 Interment and cremation 

Particularly in Scandinavia, the possible environ-
mental effects of burying and cremating the dead with 
amalgam fillings have been debated. The amount of 
data in this area is, however, very limited. Analyses of 
soil and drain water samples from a Danish cemetery 
showed that no detectable amounts of mercury were 
found in drain water samples collected consecutively 
over 1 year, which indicates that the minute amounts 
of mercury potentially released from buried persons 
with amalgam restorations are not mobilized from 
cemetery soil [6]. 

During cremation, mercury bound in amalgam 
fillings will be released as mercury vapor. The fre-
quency of cremation is increasing in most Western 
countries, and it has been claimed that cremation 
will become a major source of mercury vapor emis-
sion. Also in this area, the amount of published data 
is sparse and primarily based on rough estimates. Ac-
cording to a Swedish review, the mercury emission 
from cremations may amount to about 7% of the total 
emission of mercury in Sweden [26]. The few available 
reports on this issue estimated that a mean amount 
in the order of 1–4 g of mercury is emitted per cre-
mation [33, 37]. A Swiss study of 60 cremations with 
known amalgam status monitored the amount of mer-
cury during cremation in relation to an accepted level 
of 200 µg Hg/m3 and concluded that the amount of 
mercury contamination during cremation as a result 
of amalgam fillings is so low that no additional pre-
ventive measures are required at crematoria [30]. A 
New Zealand study found no elevated mercury lev-
els in soil in the vicinity of crematoria [34]. In Swe-
den, extensive point reduction strategies have been 
adopted during the last few decades to reduce the evi-
dent accumulation of mercury in food chains, in par-
ticular the problem of high levels of mercury in fish 
from lakes where the mercury sources were unknown 
[26]. As part of these strategies, since 1992 new cre-
matoria in Sweden and crematoria performing more 
than 1,000 cremations per year must be equipped with 
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emission filters. Similar regulations are expected in 
Denmark. 

Key note Z

For the dentist it is important to know that mercury-
contaminated wastewater is released from dental 
clinics to the sewers, thus posing a possible risk 
of adding to the mercury burden in sludge. How-
ever, the efficacy of modern amalgam separators is 
presently being proven in practice, and it has been 
shown that the outfall of amalgam particles into 
sewers can be reduced to well below 10% of the 
original mercury level [3]. Mercury vapor emission 
generated by incinerating mercury-contaminated 
solid waste, primarily extracted teeth with amalgam 
fillings, is easily prevented by adopting simple rou-
tines for proper collection. Cremation or interment 
of deceased persons seems to be of minor environ-
mental significance except in specific areas.

13.3 environmental Aspects of 
composite dental filling Materials

There are so far no indications that solid wastes con-
taining residues of methacrylate-based materials pose 
a significant burden on the environment. Major resi-
dues of acrylates and contaminated containers should 
be disposed of as chemical waste, while minor residues 
can be disposed of with general clinic waste. It seems 
to be generally agreed that dental acrylates are decom-
posed by combustion to mainly carbon dioxide and 
water. 

From a theoretical point of view, the question of 
a possible environmental impact of dental waste con-
taining methacrylate-based potentially estrogenic 
compounds has been raised in the popular media. This 
issue has not been fully elucidated (see Chap. 5). In 
relative terms, the impact may, however, be considered 
negligible. According to estimates by the Danish Board 
of Health, the total amount of dental composites/res-
ins containing bisphenol A diglycidylether methacry-
late (Bis-GMA) and bisphenol A dimethacrylate (Bis-
DMA) amounts to less than 0.01% of the estimated 
total amount of bisphenol A-containing pro ducts or 
chemicals used in Denmark per year [6].
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conclusions for the dental  )
practitioner

It is important for the dentist to realize that in 
some respects, the theoretical environmental 
problems related to wastes generated in dental 
practice may seem to be negligible in compari-
son to, for instance, industrial pollution and 
combustion of fossil fuels. Modern societies, 
however, face general trends toward increased 
environmental awareness and responsibility, so 
dental staff must be well informed about den-
tistry-related environmental aspects, including 
the following [44]:

1. The dental team must be able to identify the 
different hazardous waste categories generated 
in dental practice. 

2. The dental team must keep themselves in-
formed about developments in the national 
laws and regulations covering waste disposal 
so that hazardous dental clinic waste is handled 
correctly according to national regulations. Re-
garding handling procedures and waste man-
agement in relation to dental materials, the 
safety data sheets, safety labeling, and manu-
facturer’s instructions for use should be con-
sulted thoroughly.

3. The dental team must have a basic under-
standing of environmental responsibility. As 
a consequence of the standing debate on en-
vironmental aspects of dental materials (par-
ticularly amalgam), the dentist should ideally 
be informed on how the estimated environ-
mental burden from dental materials in ques-
tion relates to similar pollution from nondental 
sources.
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14.1 General diagnostic Aspects 
and Irritant/Allergic stomatitis

Dental patients may ascribe a wide variety of local and/
or general symptoms to side effects caused by dental 
materials. Surveys have, however, indicated that true 
side effects to dental materials are rare and generally 
of relatively low severity [73, 82, 83, 92]. When diag-
nosing symptoms attributed to the intraoral presence 
of dental materials, careful consideration of possible 
alternative causes of the symptoms is thus important. 
Materials-related local and systemic toxic effects and 

some allergy aspects are described in the previous 
chapters. Symptoms of allergic reactions to dental ma-
terials are often nonspecific and therefore represent 
particular challenges to the diagnostic skills of the 
dentist. A major part of the present chapter is there-
fore focused on describing verified clinical allergic 
reactions to components of dental materials in order 
to compile a comprehensive information base for con-
sidering allergy as a possible cause of specific as well 
as nonspecific symptoms presented by patients as side 
effects of dental materials. 

An irritant stomatitis and an allergic stomatitis 
may present with identical clinical symptoms and 
with clinical appearances resembling, for instance, 
classic oral vesiculobullous or ulcerative lesions. Rel-
evant differential diagnoses to consider as alterna-
tives to dental-material-related side effects are spe-
cific mucosal disease, oral irritative reac tions (e.g., 
mechanical insults, fungi, bacteria), gnathofunctional 
disorders (e.g., mus cular/denture dysfunction), gen-
eral diseases, side effects of drugs, and nutritional 
deficiencies/disorders. A number of local symptoms 
alleged to be side effects of dental materials are listed 
in Table 14.1 together with possible alternative causes. 
Descriptions of more general, nonspecific symptoms 
attributed to dental amalgam, composites, and met-
als can be seen in Chaps. 4, 5, and 8, respectively. Ex-
amples of symptoms and conditions verified as side 
effects of materials used in dentistry have been com-
piled in Table 14.2. 

Key note Z

The oral mucosa is more re sistant to primary irri-
tants than the skin is. There is also a lower tendency 
of sensitiza tion through mucous membranes than 
through skin (see, e.g., Chap. 2). Further to the im-
portance of regional histomorphological differ-
ences, mucosal reactions to contactants are modi-
fied by saliva, which cleanses, buffers, and contains 
microorganisms such as yeasts and bacteria, which 
may influence the clinical picture of a stomatitis. 

 14  diagnosis of side effects of dental 
Materials, with special emphasis on 
delayed and Immediate Allergic reactions
D. Arenholt-Bindslev, R. Jolanki and L. Kanerva

contents

14.1 General Diagnostic Aspects and Irritant/
Allergic Stomatitis . . . . . . . . . . . . . . . . . . . .  335

14.2 Delayed Allergic Reactions 
(Cell Mediated)  . . . . . . . . . . . . . . . . . . . . . .  338

14.2.1 Clinical Picture  . . . . . . . . . . . . . . . . . . . . . .  338
14.2.2 Verified Contact Allergic Reactions  

to Dental Materials and Substances Released 
by Dental Materials . . . . . . . . . . . . . . . . . . .  340

14.2.3 Epicutaneous Test (Patch Test) . . . . . . . . . .  353
14.3 Immediate Allergic Reactions 

(IgE Mediated) . . . . . . . . . . . . . . . . . . . . . . .  353
14.3.1 Clinical Picture  . . . . . . . . . . . . . . . . . . . . . .  353
14.3.2 Verified Immediate Allergic Reactions  

to Dental Materials  . . . . . . . . . . . . . . . . . . .  354
14.3.3 Chemicals with Low Molecular Weight  . .  356
14.3.4 Skin Test with Low Molecular Weight 

Compounds  . . . . . . . . . . . . . . . . . . . . . . . . .  357
14.3.5 Management of Acute Allergic Reactions    357
14.4 Diagnosis of Side Effects Caused  

by Dental Materials . . . . . . . . . . . . . . . . . . .  357
14.4.1 Anamnesis  . . . . . . . . . . . . . . . . . . . . . . . . . .  357
14.4.2 Local Irritative Reactions  . . . . . . . . . . . . . .  358
14.4.3 General Symptoms  . . . . . . . . . . . . . . . . . . .  358
14.4.4 Allergy   . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  359
14.4.5 Defining the Causative Agent(s)  . . . . . . . .  361
14.4.6 The Importance of Communication  . . . . .  361

References . . . . . . . . . . . . . . . . . . . . . . . . . . .  361



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_14_2008 - 06 - 18_2

The oral mucosa is subject to two major types of local 
reactions: (1) primary irritative reactions (toxic) and 
(2) allergic sensitization/allergic reactions. An acute 
irritant reaction may occur as a reaction to unintended 
prolonged mucosal contact with an irritant chemical or 

product (Fig. 14.1a), e.g., enamel etching products or 
bonding agents applied to dental tissues during place-
ment of composite resin restorations. Such reactions 
are normally confined to the mucosal area in contact 
with the irritant material. The chemical composition 
of the contacting agent may significantly influence the 
severity of the tissue reaction (Fig. 14.1b, c) as well as 
the length of the healing period, which depends on a 
number of factors including the depth of the lesion 
[11].

A chronic irritant reaction may develop due to re-
peated or constant mechanical insult(s) or exposure 
to irritant (toxic) agents in low concentrations over 
long periods. Like acute irritant reactions, chronic 
reactions are most frequently located in the area in 
contact with the irritant agent/insult. Chronic irritant 
reactions may be seen, for example, in areas of the oral 
mucosa in direct contact with corroded amalgam or 
metal restorations. An irritant reaction may often be 
multifactorial, e.g., the result of combined chemical, 
mechanical, and biological (microorganisms) expo-
sures. Mucosal lesions, such as oral lichen lesions, are 
often more susceptible to irritant exposure than nor-
mal mucosa (Fig. 14.2). 

Table 14.1  . Examples of local symptoms/reactions commonly alleged to be side effects of dental materials, and possible alterna-
tive causative factors to consider 

Symptoms/reactions Possible causative factors

nonspecific clinical findings Burning mouth
Dysgeusia
Soreness
Itching
Erythema/ulceration
Gingivitis
Discoloration
Xerostomia
Hypersalivation

General disease
Gnathofunctional disorders
Side effects of medication
Infections (bacterial, fungal, viral)
Nutritional deficiencies/disorders

clinically evident mucosal reactions
Localized/diffuse

Erythema/ulceration
Lichenoid lesions
Erythema multiforme-like lesions
Lupus Erythematosus-like lesions
Aphtous stomatitis-like lesions

Mucosal disease/infection
Side effects of medication

extraoral reactions Edema
Exanthema
Eczema
Cheilitis

General disease
Skin disease
Local infection (bacterial, fungal, viral)

Table 14.2  . Examples of verified side effects of materials used 
in dentistry

Local
Allergic or irritant

Lichenoid/leucoplakic lesions
Erythema/ulceration
Dysgeusia
Intraoral numbness
Itching
Gingivitis
Stomatitis
Cheilitis
Contact dermatitis
Glossodynia/orodynia

systemic Urticaria
Recurrent angioedema
Systemic dermatitis
Anaphylactic reaction 
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clinical practice Advice i

In most cases, the clinical features of irritant le-
sions will be different from lesions caused by con-
tact allergy. The diagnosis is obtained by exclusion 
(eliminating the irritant) and ultimately by a nega-
tive patch test. A biopsy is of very limited diagnos-
tic value (no discrimination between allergy and ir-
ritancy is to be expected) but in certain cases may 
be helpful for excluding or verifying oral mucosal 
disease.

Coombs et al. [34] classified allergic reactions into 
four main types, which have been further elaborated 
(see also Chap. 1). Of these, two types of allergic reac-
tions are associated with the effects of dental materi-
als: immediate (or IgE mediated, type I) and delayed 
(or cell mediated, type IV). These will be discussed in 
more detail below, beginning with delayed reactions, 
which are the most common.

Key note Z

Immediate allergic reactions (IgE mediated) and the 
more frequent delayed allergic reactions (cell medi-
ated) are the allergy types that have been seen as 
side effects to dental materials. 

Fig. 14.1  . a Irritative lesion caused by unintended prolonged 
exposure to an enamel etch product during insertion of a com-
posite restoration. b Experimental exposure of oral mucosa to 
an enamel etch product (37% phosphoric acid; 24 h after 5-min 
exposure). Denaturated superficial cell layers separated from 
lower vital strata by a zone of koilocyte-like cells. Intact con-
nective tissue with only focal accumulations of inflammatory 
cells [11]. c Experimental exposure of oral mucosa to a dentin 
bonding agent (35% HEMA, 5% glutaraldehyde; 24 h after 5-min 
exposure). Almost total necrosis of the oral epithelium and jux-
taepithelial connective tissue. Marked edema and inflammatory 
reaction in the underlying tissue [11]

Fig. 14.2  . Exacerbation (chronic irritative reaction) of a buc-
cal mucosa lichen lesion in contact with a corroded amalgam 
restoration
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14.2 delayed Allergic reactions 
(cell Mediated)

14.2.1 clinical picture

Delayed allergic reactions (cell mediated or type IV) 
normally develop within hours or days following the 
exposure. The reactions are closely related to specifi-
cally sensitized T lymphocytes, which react with the 
allergen and release lymphokines, eliciting an inflam-
matory reaction. The subjective symptoms of a general 
allergic contact stomatitis are often more prominent 
than the clinical signs. Patients may complain of burn-
ing sensations, numbness, soreness, and loss of taste. 
Itching is less usual. The clinical appearance varies 
from barely visible changes to mild erythema to a fiery 
red color. Edema may be present. In cases involving the 
tongue, lingual papillae may disappear, and the mu-
cosa may have a smooth, waxy, glazed appearance. If 
vesicles develop, they rupture quickly to form erosions. 
Lips and commissures may also be affected. A wide va-
riety of allergenic substances has been implicated as 
possible causes of general allergic contact stomatitis, 
including lipstick, soap, perfume, topical anesthetics, 
and nail varnish [85]. Such reactions have very rarely 
been reported in relation to dental restorative materi-
als, whereas a general allergic stomatitis involving sev-
eral oral sites has been described, for example, in rela-
tion to oral hygiene products (see also Chap. 10) [20, 
42, 55, 64]. Allergic contact stomatitis may mimic the 

oral changes of a vitamin deficiency or systemic dis-
ease. Textbooks list great numbers of systemic diseases 
that may affect the oral mucosa, and these need to be 
taken into consideration (e.g., viral and bacterial infec-
tions, diseases of the blood and blood-forming organs, 
and endocrine, nutritional, and metabolic disorders). 

Allergic stomatitis is often accompanied by cheili-
tis. The usual picture of allergic cheilitis is dryness, 
scaliness, fissuring, and angular cheilitis (Fig. 14.3). 
This clinical picture may accompany stomatitis or 
may be caused by contactants applied directly to the 
lips. Lips rarely show edema and vesiculation. Aller-
gic cheilitis does not normally have a zone of normal 
skin immediately adjacent to the vermilion border, 
in contrast to perioral dermatitis (Fig. 14.4), which is 
considered a specific “skin disease.” Perioral dermati-
tis is most frequently seen in younger women and can 
be successfully treated with tetracyclines, among other 
medications.

A local allergic contact stomatitis elicited by metals 
or acrylates used in dentures, prosthetic framework, 
fillings, inlays, crowns, or implants most often shows 
a sharp delineation adjacent to or contacting the elic-
iting material. The lesions are generally well defined 
and may be whitish or erythematous (Fig. 14.5a, b; see 
also Chap. 4). The white lesions are often lichenoid 
but may also appear as uncharacteristic leukoplakias. 
Erythematous contact lesions may appear identical to 
irritative reactions, such as gingivitis or the result of 
mechanical trauma. 

Fig. 14.3  . Allergic contact cheilitis caused by hydroquinone 
in denture base acrylate [176] (Courtesy of V. Torres, Lissabon, 
Portugal)

Fig. 14.4  . Perioral dermatitis (Courtesy of K. Turnanmaa, Tam-
pere, Finland)
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In allergic reactions to denture base material, there 
is normally a sharp line between the red, inflamed 
mucosa covered by the denture and the adjacent un-
involved area (Fig. 14.6a, b) [91]. However, the clini-
cal picture of a microbial infection or an ill-fitting 
plate (e.g., obstructive sialadenitis) may give a very 
similar clinical appearance (Fig. 14.7). In cases of no 
functional problems and no microbial infection, skin 
testing (e.g., patch testing) may be considered to es-
tablish or exclude the diagnosis of an allergic contact 
stomatitis. 

Key note Z

The dentist should know that a general allergic con-
tact stomatitis is more frequently seen as a reaction 
to substances like cosmetics, oral hygiene products, 
soaps, fragrances, or nail varnish than in relation to 
exposure to dental restorative materials. A general 
allergic contact stomatitis is often accompanied by 
cheilitis. Allergic reactions to dental materials are 
most often well defined and located in mucosal ar-
eas in direct contact with the eliciting material.

Fig. 14.5  . a White contact lesion adjacent to corroded amal-
gam restoration. Allergy to mercury and mercury compounds 
was confirmed by patch testing. b Erythematous contact lesion 

adjacent to 23 and 24. Allergy to nickel, palladium, and cobalt 
was confirmed by patch testing (Courtesy of G. Schmalz, Re-
gensburg, Germany)

Fig. 14.6  . a Allergic reaction to methylmethacrylate (MMA) in denture base material. b Same patient after substitution of MMA-
containing denture base material with a polycarbonate material (Courtesy of S. Kaaber, Århus, Denmark)
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14.2.2 Verified contact Allergic reactions 
to dental Materials and substances 
released by dental Materials

Recent multicenter surveys on the prevalence and 
relevance of contact dermatitis allergens in the gen-
eral population have reported that some constituents 
found in dental materials belong among the allergens 
most frequently causing positive reactions in patients 
referred for patch testing: nickel, balsam of Peru (or 
Peru balm), cobalt, formaldehyde, and glutaraldehyde 
[e.g., 126, 174, 184, 200]. Other highly ranked aller-
gens are fragrance mix, neomycin, and thimerosal (a 
mercury-based chemical widely used as a preservative 
in the past). A Scandinavian multicenter study of patch 
test reactions with dental screening series (more than 
4,000 patients, primarily dental patients and person-
nel) showed that the most frequent allergic patch test 
reactions in this specific patient group were caused 
by nickel, mercury, gold, benzoic acid, palladium, co-
balt, and methacrylates [114]. Reports from national 
centers of clinics performing patch test evaluations of 
dental patients and personnel have also ranked nickel, 
gold, resin-based materials, cobalt, palladium, and 
mercury as the allergens most frequently causing posi-
tive patch test reactions [e.g., 7, 57, 120, 185]. Minor 
national variations can be seen. 

Within the dental field, from a questionnaire study 
on material-related side effects in prosthetics, the inci-
dence was calculated to be about 1:400. Of these side 
effects, about 27% were related to base-metal alloys 
from removable partial dentures (cobalt, chromium, 
nickel) and to noble gold-based alloys for porcelain-
fused-to-metal restorations [73]. The complaints 

consisted of intraoral reactions (including lichenoid 
reactions and redness, swelling, and pain of the oral 
mucosa and lips), and a few instances of systemic re-
actions. In orthodontics, the incidence was 1:300, and 
the majority of reactions were related to metal parts 
of the extraoral anchorage devices or intraoral fixed 
appliances [82] (see also Chap. 8). The incidence was 
estimated to be 1:300 in periodontics and 1:2,600 in 
pedodontics [83]. None of these reactions was related 
to dental metals.

In dental practice, the side effects most frequently 
seen are related to dental amalgam [92]. Because the 
aforementioned studies were based on observations 
attributing clinical reactions or anamnestic informa-
tion to the side effects of dental materials, a true prev-
alence of allergic reactions cannot be deduced. Occu-
pational skin disease from metals routinely handled by 
the dental profession has seldom been reported (see 
also Chap. 12). 

14.2.2.1 dental Metals

Nickel: As mentioned, according to international 
data, nickel is the most common cause of contact al-
lergy. Allergy to nickel occurs 10 times more often 
in women than in men [118, 146]. In general, nickel-
hypersensitive subjects have been found to tolerate 
orthodontic treatment with nickel-containing devices 
without symptoms [133], although there are case re-
ports of allergic skin reactions from orthodontic or 
prosthetic appliances [41, 82, 118, 119, 137, 161, 171, 
180, 189]. Relatively few reports of allergic contact 
dermatitis from stainless steel utensils have been pub-
lished, among these a rare case of stomatitis after ex-
posure to an impression tray containing 6.7% nickel 
[149]. On the other hand, intraoral stainless steel ap-
pliances may cause systemic contact dermatitis with-
out stomatitis; that is, only extraoral (remote) clinical 
signs are present (Fig. 14.8a,b) [41, 118, 119, 171, 180, 
189]. One such example was reported in a 14-year-old 
atopic boy after initiation of an orthodontic treatment 
[119]. The symptoms were crusted yellowish vesicles 
on and around the lips and reddish eczema with scal-
ing and fissures spreading to the scalp, abdomen, and 
legs. Patch testing showed positive allergic reactions to 
nickel and cobalt. 

Considering the widespread use of nickel-contain-
ing stainless steel in orthodontics, the development 
of severe dermatitis in this context may be regarded 
as very rare. In rare cases, a nickel allergic reaction 
in orthodontic patients may present only with local 

Fig. 14.7 .  Denture stomatitis caused by infection with Can-
dida albicans
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symptoms in the adjacent oral mucosa or skin [e.g., 
43]. In a case with oral symptoms from a nickel-con-
taining dental alloy, the lesion healed after the of-
fending denture was removed [135]. The patient was 
negative to nickel on normal skin patch testing, but 
intraoral rechallenge confirmed the mucositis diagno-
sis [135]. A gold alloy framework was inserted with a 
successful result. It is possible that metals other than 
nickel, such as chromates, caused the adverse reaction 
(e.g., [189]). 

In two studies the frequency of nickel dermatitis 
in adolescents was investigated in relation to gender, 
onset, duration and type of orthodontic treatment, 
and the age at which ears were pierced [86, 118]. The 
results suggested that orthodontic treatment does not 
increase the risk of developing nickel hypersensitivity. 
Rather, treatment with fixed intraoral orthodontic ap-

pliances at a young age, before experiencing ear pierc-
ing, may induce tolerance and reduce the frequency of 
nickel sensitization [186] (see also Chap. 8). 

Cobalt: Cobalt and chromates are common sensitizers; 
however, this sensitization seldom arises from dental 
products. Cobalt allergy is often associated with nickel 
or chromate allergy; for instance, cobalt allergy results 
from concomitant sensitization because cobalt is pres-
ent in nickel and chromate products. Most cases of co-
balt allergy occur in association with nickel sensitivity 
in women and chromate sensitivity in men [35]. There 
is one report of a patient in whom the chrome-cobalt 
pins used to fasten porcelain teeth to acrylic dentures 
produced extensive stomatitis and cheilitis [52]. Pa-
tients allergic to cobalt in cast denture framework have 
developed generalized dermatitis (Fig. 14.9) [76, 189].

Fig. 14.8  . a Vesicular dermatitis following insertion of orth-
odontic appliances in a 15-year-old girl. No stomatitis. Positive 
patch test result to chromate. Peroral provocation with chromi-
um triggered a blister dermatitis. (Courtesy of N. Veien, Aalborg, 

Denmark) b Perioral eczema in a 24-year-old woman wearing 
a fixed orthodontic appliance. No intraoral symptoms or signs. 
Positive patch test to nickel

Fig. 14.9  . a Severe dermatitis of the hand caused by cobalt in a stainless steel denture framework. b Marked improvement after 
covering of the denture framework surface with gold (Courtesy of N. Veien, Aalborg, Denmark)
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Chromium: Allergic contact dermatitis caused by 
chromate salts was first reported in 1925 and is still 
common. Hexavalent chromium compounds are con-
sidered the strongest chromium sensitizers; according 
to maximization tests (see Chap. 2), they are catego-
rized as strong to extreme sensitizers. On the other 
hand, it is generally accepted that chromium metal 
itself does not act as a hapten and is, accordingly non-
sensitizing. It is important to emphasize this difference 
from certain other metals, such as nickel. Theoreti-
cally, fluids such as sweat and plasma can transform 
metallic chromium into allergenic chromate salts. 
Saliva may have a similar effect on intraoral devices 
containing chromium [102]. Chromate contact allergy 
has a high incidence among workers in the construc-
tion industry, probably due to the presence of solu-
ble hexavalent chromium in some cements. Chrome 
is commonly used in the process of tanning leather, 
which leaves variable residual chrome on the leather 
surface. It may also occur in green tattoo pigments. 
A recent case report showed multiple manifestations 
of chromate contact allergy due to exposure to the al-
lergen from multiple sources, including construction 
work (cement), a leather hair tie, leather shoes, and 
tattoos [58]. 

Chromate contact allergy has varied clinical pre-
sentations. It is often unclear whether chromates or 
other metals and metal salts caused the allergic reac-
tions that were elicited by dental alloys. Case reports 
describe patients with generalized eczematoid derma-
titis following insertion of dentures with metal frame-
work [53]. Skin tests were strongly positive to nickel 
and chromium, and the dermatitis subsided after use 
of the denture was stopped. In most instances in which 
an allergic reaction is attributed to a metallic chrome 
object, nickel is the actual sensitizer. A single case of 
hand dermatitis in a patient who was allergic to chro-
mate but negative on patch testing to nickel has, how-
ever, been described (Fig.14.8a) [189]. The dermatitis 
had appeared shortly after insertion of a stainless steel 
orthodontic appliance and cleared when the dental ap-
pliance was removed. Rare cases of systemic contact 
dermatitis from chromate in dental cast crowns have 
also been reported [63].

Mercury (dental amalgam): According to Vernon, 
Hildebrand, and Martin [190], only 39 cases of amal-
gam allergy had been reported by 1986, but several 
investigators have recently shown that it is more com-
mon. It seems evident that some patients with al-
lergic contact stomatitis or oral lichen planus (OLP) 

improve after their amalgam restorations are replaced 
(Fig. 14.10). (For more details, see Chap.4.)

Irritant reactions from amalgam do occur (Fig. 
14.2). Amalgam may thus be an influencing factor in 
lichen patients, without an allergic mechanism. The 
true nature of OLP-like lesions in contact with amal-
gam fillings is not fully clear. OLP may be one disease 
or a number of similar immunologic or other responses 
to various interacting stimuli such as plaque, calculus, 
and mercury from corroding amalgam fillings. Oc-
cupational amalgam allergy has very seldom been de-
scribed in dentists or dental nurses (see Chap. 4).

Palladium: Dermatitis caused by palladium was earlier 
considered rare, but more recently a number of papers 
have reported that a significant number of patients 
who are allergic to nickel also have positive patch test 
reactions to palladium chloride. In a group of 1,356 
unselected eczema patients, 8.3% had an allergic skin-
patch reaction to palladium chloride [5]. However, 
more than 90% of these also reacted to nickel. This was 
confirmed by other studies [e.g., [199]. Therefore, reac-
tions to palladium chloride may reflect cross-reactions 
to nickel sulfate due to their proximity in the periodic 
table. Other possibilities include the following:
• Real sensitivity to palladium chloride, provoked, 

for instance, by metallic jewelry or orthodontic ap-
pliances 

• False positive reactions due to the presence of trace 
amounts of nickel sulfate in the test material

• Concomitant sensitization to both metals

In a study on guinea pigs, palladium chloride was 
found to be a more potent sensitizer than nickel sul-
fate [197]. In a patient study including patch testing 
of 1,307 consecutive dermatology clinic patients with 
palladium chloride, 2.4% were positive; the majority 
of these also showed a reaction to nickel sulfate [38]. 
When patch-tested with a metallic palladium disc, 
none of them developed a positive reaction. The au-
thors concluded that patients positive to palladium 
chloride tolerate skin (and apparently mucosal) con-
tact with metallic palladium. It is therefore uncertain 
whether metallic palladium in the mouth could be 
dissolved into its salt and accordingly induce contact 
stomatitis in patients with dental devices containing 
palladium (see also Chap. 8). 

So far, relatively few cases of dentally relevant pal-
ladium-induced allergy have been reported. These 
were mostly related to dental alloys [51, 116, 123, 127, 
188]. General, nonspecific symptoms and irritation of 
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the oral mucosa were reported to clear when the pal-
ladium-containing dental restoration was removed. 
Another case with combined sensitization to palla-
dium and platinum from a dental alloy (two metal–
ceramic bridges and two platinum alloy crowns) was 
reported [123]. The 36-year-old female patient de-
scribed swelling and pain of the oral mucosa adjacent 
to the bridges. The affected areas sometimes became 
bullous and ulcerative and then superinfected. Symp-
toms cleared completely after replacement with ce-
ramic and titanium casts. More recently, the first case 
of palladium-induced granulomatous contact derma-
titis was reported in a 15-year-old girl following body 
piercing with jewelry containing palladium [87]. 

Gold: Gold salts can be strong sensitizers, but al-
lergy to metallic gold is considered rare. Occupational 
gold allergy has been reported in the electronics and 
gold-plating industries. Patch tests for gold allergy in-
clude gold salts (goldsodiumthiosulfate, sodium thio-
sulfatoaurate, potassium dicyanoaurate) because gold 
leaf, metallic gold, or gold scrapings may yield false 

negative results. In the last decade, quite a number of 
gold-allergic reactions (approximately 10% of referred 
patient groups) were reported in different studies [6, 
21, 54, 56, 120, 140, 154, 160, 185], and authors have 
emphasized that gold is not entirely safe for piercing 
the ears [144, 164]. 

Oral symptoms caused by metallic gold in dental 
applications have manifested as erythema with or with-
out erosions and lichenoid reactions [e.g., 185]. There 
seems to be a correlation between a positive patch re-
action to gold and the presence of dental gold [6, 28, 
160, 185]. A number of patient studies have, however, 
shown that relatively few positive patch test reactions 
to gold are clinically relevant in relation to oral find-
ings [e.g., 7, 120, 185]. Most important, no correlation 
was found between positive patch test results to met-
als and burning mouth syndrome (BMS) [120, 185]. 
Because allergic patch test reactions to gold salts are 
common, and mechanisms other than allergy are often 
involved in OLP and BMS, there is no guarantee that 
the OLP and burning mouth symptoms of patients 
who give a positive result in the gold patch test will 

Fig. 14.10  . a,b Contact lesion in relation to a corroded amalgam restoration. c,d Total remission after replacement with compos-
ite restoration 
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disappear when the dental gold is removed. Metals 
other than gold may be the cause of gold jewelry der-
matitis or stomatitis because gold jewelry is not made 
of pure 24-carat gold but contains nickel, copper, zinc, 
silver, or palladium (the constituents of 14-carat or 
18-carat gold). Wiesner and Pambor [201] described 
the case of a 34-year-old woman referred by her den-
tist because of suspected mercury allergy. One month 
previously, all of her amalgam restorations had been 
redone. One week later, redness of the tongue and ero-
sions of the oral mucosa had occurred. Additionally, 
she reported itching in contact areas of gold jewelry. 
Patch testing revealed strong reactions to gold and a 
weak reaction to mercury. Symptoms resolved upon 
cessation of exposure to the allergens. Ceramics were 
recommended for future dental restorations.

Platinum: Platinum salts are recognized as potent sen-
sitizers under certain circumstances; for example, there 
is a high incidence of occupational asthma and rhini-
tis caused by platinum salts in precious metal refiner-
ies. Platinum rarely causes allergic contact dermatitis. 
Soluble platinum salts have however caused derma-
titis, but they more often cause occupational contact 
urticaria, allergic rhinoconjunctivitis, and asthma. A 
single case of contact stomatitis due to combined sen-
sitization to palladium and platinum from a dental al-
loy (bridge) has been reported [123]. Symptoms were 
recurrent swelling and pain of the oral mucosa with 
occasional development of bullous ulcerative lesions, 
which resolved after removal of the bridges. 

Silver: Metallic silver is very rarely the cause of aller-
gic contact dermatitis. Silver nitrate (lapis) was previ-
ously used as an antiseptic agent. Laine and colleagues 
reported some dental patients who reacted to silver 
nitrate on patch testing, but the clinical significance of 
this finding is not known [129].

Tin: Tin is found in dental amalgam alloy, tin solder, 
and some dental cast alloys. In 1987 the first cases of 
tin allergy were reported [141], but they seem to be 
rare [39]. Nakayama et al. reported on a patient with 
pustulosis palmoplantaris (a pustular skin disease of 
the hands and feet) whose skin disease was cured by 
the total replacement of tin-containing dental alloys 
with gold alloys [145]. They also reported clearing of 
pustulosis palmoplantaris or lichen planus in patients 
with allergy to other metals, including chromate, mer-
cury, platinum, tin, and zinc, after elimination of aller-
gen-containing dental alloys [145].

Zinc: As mentioned in Chap. 4, a few cases of symp-
toms to zinc released from dental amalgam have re-
cently been published [139, 202, 205]. One week after 
an amalgam restoration was placed, a female patient 
experienced a buccal dermatitis; coated, burning 
tongue; gingivitis; and a widespread erythema of the 
oral mucosa. She later showed a positive patch test 
reaction to zinc. Symptoms remitted after the amal-
gam was removed [202]. Another woman developed 
extensive eczema on her hands and feet a year after 
she had five amalgam restorations. She had a positive 
patch reaction to zinc. Symptoms cleared completely 
within less than a month after all her amalgam restora-
tions had been replaced with zinc-free materials [205]. 
A third patient suffered from facial eczema and had 
positive patch reactions to tin, indium, and zinc [139]. 
Many years before, she had had a retrograde root ca-
nal filling with amalgam in an upper central incisor. 
A black discoloration of the gingiva could be seen to-
gether with a granular radiopaque material extending 
from the incisal alveolar area to the lower part of the 
anterior nasal aperture. The foreign bodies were sur-
gically removed, and the dermal symptoms cleared 
within some months after surgery [139]. 

Titanium: A few reports indicate that even titanium 
can act as an allergen, for instance through implanted 
pacemakers, hip prostheses, and spectacle frames [4, 
142, 162, 204]. There are so far extremely few reports 
on suspected allergic reactions to titanium in dental 
alloys, which have therefore been suggested as an al-
ternative cast metal for dental patients sensitized to 
components of, e.g., chrome-cobalt alloys [128, 194]. 
Schweitzer reported a case of a dental patient sensi-
tized to various metals including nickel, cobalt, chro-
mium, palladium, and copper [162]. She reacted with 
pain, periorbital edema, and facial erythema after in-
sertion of a metal-ceramic dental restoration (titanium 
grade 1). Titanium allergy was claimed following a 
positive reaction to a specimen of the titanium alloy 
in a patch test. Two similar cases were described by 
Mitchell et al. [142]. Allergy was not verified by patch 
testing; the diagnosis was based on the fact that symp-
toms remitted after the titanium restorations were re-
placed with gold inserts. It has recently been stressed 
that because most of the claimed allergic reactions to 
titanium could not be verified by patch testing with ti-
tanium, the described reactions are more likely to be 
allergic reactions to nickel, for example, since traces of 
nickel have been found in most titanium grades except 
iodidtitanium [159]. 
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14.2.2.2 rare Metals

Vilaplana and colleagues [193] reported allergic patch 
test reactions to rare metal allergens such as rhodium, 
beryllium, copper, and zinc, in addition to allergic re-
actions to common allergens such as nickel and mer-
cury.

Beryllium: A few reports exist on patients develop-
ing gingivitis adjacent to beryllium-containing alloy 
in their dental restorations [65]. A positive patch test 
reaction to beryllium sulfate, a component of the alloy, 
confirmed the allergy. 

Cadmium: A single study reported positive patch test 
reactions to cadmium chloride in dental patients tested 
with a denture material screening series [59]. The re-
port gained some attention; the results have, however, 
been questioned because cadmium chloride is gener-
ally considered to be a very rare allergen. Moreover, 
the authors reported that cadmium salts are no longer 
used as pigments in denture materials [59].

Indium, iridium: Five cases of indium and iridium 
allergy in patients exposed to dental alloys have been 
reported [138]. The clinical symptoms were systemic, 
not oral, but were not described in detail.

14.2.2.3 Acrylate-Based Materials

Biocompatibility aspects of acrylate-based dental ma-
terials are reviewed in Chaps. 5 and 9. A major portion 
of the acrylates used in dentistry are known sensitizers 
(see Tables 14.3 and 14.4). So far, relatively few dental 
patients have been reported to be sensitized to dental 
acrylates. The allergenic potential of acrylates, par-
ticularly components of composite resins and dentin 
bonding agents, is, however, reflected by the increas-
ing number of allergic reactions among dental person-
nel occupationally exposed to dental methacrylates 
(Fig. 14.11) [110, 143, 150] (see also Chap. 12). Evalu-
ations of contact allergy epidemics have stressed that 
the first cases most often appear as a result of occupa-
tional exposure, whereas cases among consumers ap-
pear later [174]. More patient reactions may therefore 
appear in the future.

Acrylates are neurotoxic – seven out of 10 derma-
tology clinic patients with allergy to acrylates com-
plained of paresthesia of the fingertips [105], which 
was reported to be caused by methylmethacrylate 

(MMA) and 2-hydroxymethylmethacrylate (HEMA). 
In recent years, identical symptoms have been reported 
in an increasing number of case reports on side effects 
of artificial acrylate-based fingernail cosmetics [e.g., 
131, 165]. Acrylates may also cause more widespread 
dermatitis of the hand or face. Dermatitis of the face 
and eyelids may be airborne [108, 179] but is more 
probably “handborne” from contaminated hands [95]. 
Nondermal symptoms such as allergic conjunctivitis 
and respiratory hypersensitivity reactions (rhinitis, 
pharyngitis, asthma) elicited by acrylate exposure have 
also been described, thus far primarily in relation to 
occupational exposure [47, 134, 150, 177]. The mecha-
nism is still unclear; it may be a delayed-type allergy, 
although immediate IgE-mediated allergic reaction is 
difficult to exclude. So far, the latter type of allergic 
reactions have not been confirmed by conventional 
allergy testing and therefore had to be confirmed by 
provocation test [150]. 

Dentures: Kaaber et al. reported 12 cases of allergic 
reactions to the constituents of denture bases and sug-
gested that sensitization reactions to various types 
of denture allergens are not unusual in patients with 
burning mouth syndrome (BMS) [91]. In addition to 
the burning mouth symptoms, 73% of the patients had 
stomatitis ranging from distinct erythema to a gener-
alized fiery red surface accompanied by edema in the 
adjacent soft tissue (see Fig. 14.4a,b). The remaining 
26% of the patch-positive patients had no obvious in-
flammatory changes. Since the report of Kaaber et al. 
[91], very few reports on verified allergy to denture 
base acrylates have been published [e.g., 33, 124]. In a 

Fig. 14.11  . A 40-year-old male dentist suffering from occupa-
tional allergic contact dermatitis. Positive patch test to several 
components found in methacrylate-based dental materials
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Concentration  
(%) vehicle

Acrylates Methylmethacrylate 2.0 pet

Triethyleneglycoldimethacrylate 2.0 pet

Urethane dimethacrylate 2.0 pet

Ethyleneglycoldimethacrylate 2.0 pet

Bis-GMA 2.0 pet

1,4-Butandioldimethacrylate 2.0 pet

Bis-MA 2.0 pet

2-Hydroxyethylmethacrylate 2.0 pet

N,N-dimethylaminoethylmethacrylate 0.2 pet

1.6-Hexandioldiacrylate 0.1 pet

Tetrahydrofurfurylmethacrylate 2.0 pet

Activators and inhibitors N,N-Dimethyl-4-toluidine 5.0 pet

4-Tolyldiethanolamine 2.0 pet

Methylhydroquinone 1.0 pet

Camphoroquinone 1.0 pet

Metals Potassium dichromate 0.5 pet

Mercury 0.5 pet

Cobalt(II) chloride hexahydrate 1.0 pet

Gold sodium thiosulfate 0.5 pet

Nickel sulfate hexahydrate 5.0 pet

Copper sulfate 2.0 pet

Palladium chloride 2.0 pet

Aluminium chloride hexahydrate 2.0 pet

Tin 50.0 pet

fragrances Eugenol 2.0 pet

Colophony 20.0 pet

Antimicrobial Formaldehyde 1.0 aq

ultraviolet absorbers 2(2-hydroxy-5-methylphenyl)benzotriazol (Tinnuvin P) 1.0 pet

2-hydroxy-4-methoxy-benzophenon 2.0 pet

resin carrier N-Ethyl-4-toluensulfonamide 0.1 pet

Additional acrylates, dental 2-hydroxypropyl methacrylate 2.0 pet

Tetraethyleneglycol dimethacrylate 2.0 pet

Ethyl cyanoacrylate 10.0 pet

Additional dental materials, staff Glutaraldehyde 0,2 pet

Additional dental materials, patients Bis-EMA 2,0 pet

R-(L)-Carvone 5.0 pet

Balsam of Peru 25.0 pet

Epoxy resin 1.0 pet

Table 14.3  . Dental screening series of Chemotechnique Diagnostics (Malmö, Sweden) with patch test concentrations (pet pet-
rolatum, aq aqua)
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group of patients complaining of BMS, 23% had skin 
patch reactions to MMA [8]. Symptoms resolved fol-
lowing replacement with nylon-based dentures. The 
authors recommended focusing on reducing the re-
sidual monomer to a minimum level. On the other 
hand, Helton and Storrs, found no positive patch test 
results when they used 25 known allergens found in 
dentures to test eight denture-wearing patients suffer-
ing BMS [71]. A more recent German study included 
732 patients with denture-related stomatitis or oral 
complaints [59]. The patients underwent testing with 
a denture-material patch test series. Benzoyl perox-
ide (BPO) and cadmium chloride were the top aller-
gens, with about 9% positive reactions. The authors 
assessed the clinical relevance of the positive reac-
tions as doubtful and concluded that in most patients, 
denture-related complaints are not caused by contact 
allergies. A rare case of prolonged asthmatic reaction 
(over 13 years) due to MMA allergy was published by 
Basker and Hunter [15]. Further, a Japanese report de-

scribed a case of severe cheilitis caused by acrylate al-
lergy in a denture patient [121]. (See also Sect. 14.2.2.4 
on activators and inhibitors.)

Key note Z

Rare cases of allergic reactions to denture base acry-
lates have been presented. But according to the 
current literature, it can be concluded that in most 
patients, denture-related complaints are not caused 
by contact allergic reactions

Dental composite resins and dentin bonding agents: 
All composite resins and dentin bonding systems con-
tain acrylate sensitizers. However, so far a relatively 
limited number of reports on dental patients with al-
lergic reactions to composite-resin acrylates have been 
published. In recent years an increasing number of re-
ports have emerged that describe hypersensitivity from 

Concentration  
(%) vehicle

Acrylates 2-hydroxyethylmethacrylate (HEMA) 1.0 pet

Methylmethacrylate (MMA) 2.0 pet

Ethyleneglycoldimethacrylate (EGDMA) 2.0 pet

Triethyleneglycoldimethacrylate (TEGDMA) 2.0 pet

Bis-GMA 2.0 pet

Urethandimethacrylate (UEDMA) 2.0 pet

epoxy resin compounds Bisphenol A (BPA) 1.0 pet

Activators and inhibitors N,N-Dimethyl-p-toluidine 2.0 pet

Hydroquinone 1.0 pet

Benzoyl peroxide 1.0 pet

Metals Ammoniated mercury 1.0 pet

Potassium dicyanoaurate 0.002 aq

Sodium thiosulfatoaurate 0.25 pet

Palladium chloride 1.0 pet

Ammonium tetrachloroplatinate 0.25 pet

Amalgam 5.0 pet

Amalgam alloy metals 20.0 pet

Aromas Menthol 1.0 pet

Peppermint oil 2.0 pet

fragrances Eugenol 1.0 pet

Table 14.4  . Dental screening series of Trolab (Hermal, Reinbek, Germany) with patch test concentrations (pet petrolatum, aq 
aqua)
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dental acrylates in patients previously sensitized via 
nondental exposure, e.g., from the printing industry, 
from the manufacturing of contact lenses and hearing 
aids, or from acrylic fingernail cosmetic products [e.g., 
24, 90, 131, 169]. 

Symptoms experienced by dental patients sensi-
tized to acrylates have included lichenoid reactions, 
stomatitis (partly papulous), burning mouth, perioral 
eczema, and urticaria-like complaints [23, 24, 67, 90, 
111, 131, 132, 153] (Fig. 14.12). The mechanisms be-
hind those reactions that were IgE-like is not yet clear 
(see also Sect. 14.3). Further, Lind reported on a pa-
tient with a severe generalized stomatitis following re-
placement of amalgam fillings with composite fillings 
[132] (Fig. 14.12d). The patient had a positive patch 
test reaction to formaldehyde, which may be released 
from dental composites as a degradation product 
[132]. A few reports on immediate allergic reactions 

have also appeared [67, 153]. (See also Chap. 5.) Con-
firmatory data on allergy testing were unfortunately 
not always presented. 

In patients sensitized by nondental exposure, mu-
cosal edema developed after insertion of dental crowns 
using an acrylate-based cement [131]. Similarly, Jung 
et al. [90] reported painful intraoral blisters, edema, 
and erythema of the upper lip and oral mucosa adja-
cent to an upper central incisor, which the day before 
had been restored with a temporary acrylate crown 
fixed with an acrylate-based cement. Patch testing 
showed a positive reaction to HEMA and ethylene gly-
col-dimethacrylate (EGDMA). The patient’s history, 
which included eczematous reaction to light-cured 
sculptured nails 3 years previously, made it likely that 
HEMA in light-cured nail products was the putative 
allergen [90]. The potential severity of nondental acry-
late sensitization was exemplified by Bong and English 

Fig. 14.12  . a A 54-year-old woman presented with lichenoid 
desquamative gingivitis regarding 11–16. On suspicion of aller-
gic reaction to composite dental restorations in the region, com-
posite fillings were substituted with light-curing glass ionomer 
cement (GIC). The dentist was not aware that the GIC contained 
methacrylates. b Seven months following the exchange, the li-
chenoid lesions were still present. c The patient requested por-

celain veneers on 16, 13, 12, and 11; remission of the lichenoid 
reaction was subsequently seen and did not reappear. (Courtesy 
of P.-O. Lind, Oslo, Norway) d In a 61-year-old woman, extensive 
allergic stomatitis followed replacement of all amalgam restora-
tions with composite restorations. Positive patch test to formal-
dehyde. The patient improved after removal of the composite 
fillings [132] (Courtesy of P.-O. Lind, Oslo, Norway)
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[24], who presented a case of a dental patient previ-
ously occupationally sensitized to HEMA, triethylene 
glycol dimethacrylate (TEGDMA), and bisphenol A 
diglycidylether methacrylate (Bis-GMA) by his work 
in a printing company. He developed a severe facial 
dermal allergic reaction from visiting a dental clinic 
for a routine examination. No acrylate work had been 
performed. 

Patch testing of sensitized patients with an exten-
sive methacrylate test series revealed that interpatient 
cross-reactions to acrylates vary [32, 93, 94, 99]. Fur-
thermore, concomitant sensitization to the various 
acrylates of the composites also occurs. (See also Chap. 
1.) Because dental personnel, for example, are often ex-
posed to various composites, and because differences 
in the composition between batches may even occur, 
it may be difficult to reveal the origin of the sensitiza-
tion. The well-known sensitizer HEMA was shown in 
a number of surveys to be the most common sensitizer 
among patients referred for patch testing with acrylate 
test series [e.g., 60, 61, 62, 131, 168]. HEMA is cur-
rently used in a great number of bonding agents/adhe-
sives, often combined with organic solvents (acetone, 
alcohol), which may facilitate penetration through the 
biological barriers of skin and mucosa. 

14.2.2.4 Activators and Inhibitors

Widely used activators (primarily in denture acrylate 
formulations) are included in the commercial dental 
patch series (Table 14.3), namely the tertiary amine 
N,N-dimethyl-p-toluidine (DMpT) and another amine 
accelerator, 4-tolyldiethanolamine. Despite their wide-
spread use, only a few reports on allergic reactions due 
to dental use are available.

DMpT: Few case reports have been presented. Kaaber, 
Thulin, and Nielsen reported one positive skin reac-
tion to DMpT among 53 denture wearers [91]. A few 
other reports on patients with “denture sore mouth 
syndrome” from DMpT are available [44, 178, 191]. 
Interestingly, DMpT has also caused allergy from its 
use in bone cement, causing aseptic loosening of total 
hip replacements.

4-Tolyldiethanolamine: This amine is a less toxic 
accelerator than DMpT. A few papers have reported 
positive patch test reactions to 4-tolyldiethanolamine 
in dental personnel [50, 97, 157] as well as in dental 
patients [44, 157].

Benzoyl peroxide (BPO): In a few dental patients, 
BPO has caused stomatitis [37, 44, 59, 91], and a few 
cases of occupational allergic contact dermatitis have 
been described [40, 98, 152]. Two of these reactions 
were induced by airborne contact. Loosening of exter-
nal limb prostheses (hip, arm) due to an allergic reac-
tion to BPO in acrylic bone cement has been reported 
[84, 195].

In addition to prosthetic applications, BPO is used 
for treating acne and stasis ulcers. BPO in acne prepa-
rations and baking additives is a rare sensitizer but is 
more common when used on leg ulcers. 

Camphoroquinone: Camphoroquinone is used as an 
initiator for visible-light-cured dental acrylic com-
posite materials and primers. It has been included in 
the dental screening series because it is widely used in 
dentistry. One unfortunate case of active sensitization 
from patch testing has been reported [136].

Hydroquinone and methyl hydroquinone (inhibi-
tors): Hydroquinone is used in acrylic systems to pre-
vent unintended spontaneous polymerization. Hydro-
quinone has several other applications and is used, for 
instance, in bleaching creams and radiographic devel-
opers. It has caused occupational depigmentation (vi-
tiligo) in relation to photographic development [100]. 
Monobenzyl ether of hydroquinone is both a stronger 
inducer of depigmentation and a sensitizer. Hydroqui-
none released from acrylic dentures has on rare occa-
sions caused gingivostomatitis [176] (Fig. 14.6).

14.2.2.5 epoxy compounds

Diglycidyl ether of bisphenol A (BADGE): Epoxy 
resins based on diglycidylether of bisphenol A are 
strong contact sensitizers [88] (see also Chap. 14, 
Sect. 14.2.2.7). BADGE-based epoxy resins are used 
in adhesives, surface coatings, electrical insulation, 
plasticizers, and polymer stabilizers in the building 
industry, electron microscopy, sculpture, and so on. 
BADGE-based epoxy resin is a common occupational 
allergen, and it belongs to the standard patch testing 
tray. It is used in the production of some dental com-
posite resins, which may thus contain BADGE as an 
impurity. There is some evidence that BADGE and 
epoxy acrylates may cross-react in some individuals. 
Some of the patients sensitized to dental composite 
resins have also shown a positive patch test reaction to 
BADGE, and vice versa [32, 93, 94, 99]. 

D. Arenholt-Bindslev, R. Jolanki, L. Kanerva 349



uncorrected p
roofs

978 - 3 - 540 - 77781 - 6_14_2008 - 06 - 18_2

Bisphenol A/epichlorohydrin: Bisphenol A (BPA) is 
the raw material in the production of epoxy and acrylic 
resins. Only a few cases of allergic contact dermatitis 
have been reported [48]. Also, epichlorohydrin, an-
other starting substance in the production of epoxy 
resin, may act as an allergen in persons occupationally 
exposed in epoxy resin production plants. One case of 
occupational allergic contact dermatitis in a dental as-
sistant that was caused by BPA has been reported [89]. 
There is one published case of BMS in a patient with 
denture of unknown composition [187]. The patient 
had a positive patch test reaction to BPA and epoxy 
resin. It was hypothesized that epoxy resin used for 
denture repair could have caused the sensitization. 
BPA is also used as an additive in polyvinyl chloride 
(PVC) plastics. Two cases of the development of con-
tact allergy to BPA in PVC gloves – a dentist and an 
oral hygienist who had used disposable PVC gloves – 
have been reported [3].

14.2.2.6 uV Absorbers

2-Hydroxy-4-methoxy-benzophenone (benzophe-
none-3): Benzophenones are incorporated as ultravi-
olet (UV) absorbers in some dental composite materi-
als as well as other plastics, textiles, and sunscreens. 
Allergic and photoallergic contact dermatitis has been 
reported from sunscreens [100]. There are so far no 
reports of dentistry-related allergic reactions.

2-(2-Hydroxy-5-methylphenyl) benzotriazole (trade 
name Tinuvin P): Tinuvin P is a UV absorber for 
dental materials, acrylates, plastics, cosmetics, dyes, 
and so on. There is one report on allergic reaction to 
Tinuvin P in a dental composite [22]. Allergic contact 
dermatitis caused by Tinuvin P has been reported with 
cosmetics, plastic watchstraps, colostomy bags, and 
tape sewn onto underwear. 

Formaldehyde leaching from dental acrylates: Cases 
of lichenoid reactions contacting resin-composite ma-
terials believed to be caused by formaldehyde leached 
from resin composites have been reported [23, 132] 
(Fig. 14.12d). Significant amounts of formaldehyde 
may be released from methacrylate-based dental re-
storative materials as well as from denture base acry-
lates [148, 181]. Active sensitization from this source 
of formaldehyde is probably negligible [49].

Glass ionomer cements: There are so far no reports 
of patients or dental staff with a verified allergic re-

action to components of conventional glass ionomer 
cements.

Light-cured hybrid glass ionomers: A 30-year-old 
dental nurse developed occupational fingertip der-
matitis typical of allergic contact dermatitis caused by 
acrylate compounds [104]. Her dermatitis healed on 
vacations but relapsed on reexposure. She had daily ex-
posure to light-curing hybrid glass ionomers, bonding 
agents, dentin primers, and dental resins. Patch test-
ing revealed that she had become sensitized to HEMA 
as well as to hybrid glass ionomer, which contain the 
same sensitizers as other dental acrylates. 

clinical practice Advice i

The dentist should be aware that because of the 
widespread and increasing application of acrylates 
in nondental professions and in the population in 
general, dental patients may have become sensi-
tized (or cross-reactive) to acrylates identical or sim-
ilar to those used in dental applications.

14.2.2.7 root canal sealers and cavity Liners 

Allergenic components are constituents of the most 
widely used root canal sealers. 

Although the sensitizing potential of sealers has 
been documented in animal studies, the number of 
verified hypersensitivity reactions in humans follow-
ing root canal treatment is very small. The few case 
reports have described reactions to eugenol in zinc 
eugenol cement and BADGE in the resin AH26 (see 
also Chap. 7). The allergenic potential of epoxy-con-
taining root canal sealers is well documented [72]. 
Reactions in dental patients are rare but have been 
described [78, 79] (Figs. 14.13 and 14.14). A severe al-
lergic reaction caused by root canal filling with AH26 is 
shown in Fig. 14.14. Some hours following root filling 
of tooth 36, the patient developed swelling and ery-
thema of the right side of the face and neck. Symptoms 
were erythema of the soft tissue adjacent to 36 and ten-
derness to percussion. The symptoms subsided after a 
few days. The patient recalled that similar symptoms, 
though less pronounced, had arisen previously in rela-
tion to root canal treatment. The patient was referred 
to a dermatologist, and a strongly positive patch test 
to bisphenolglycidyl dimethacrylate (Bis-MA), Bis-
GMA, and epoxy acrylate was demonstrated. After 
removal of the root filling, the canals were obturated 
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using gutta-percha points sealed with a zinc eugenol 
cement, without complications. Epoxy resin com-
pounds can be found in glues and paints, and sensi-
tization from nondental exposure prior to root canal 
treatment is more likely. 

N-ethyl-4-toluene sulfonamide is used in at least 
one cavity liner (Alkaliner). Because of its widespread 
use in some countries, N-ethyl-4-toluene sulfonamide 
has been included in dental patch test screening series 
(Table 14.3). In a Swedish multicenter study, nine out 
of 1,657 patients with oral symptoms had an allergic 
patch test reaction to N-ethyl-4-toluene sulfonamide 
(Björkner, unpublished). There is one report on a den-
tist with allergic patch test reactions to N-ethyl-4-tolu-
ene sulfonamide [97].

14.2.2.8 Antimicrobials

Formaldehyde: Formaldehyde is one of the most 
common sensitizers, and details of allergic contact 
dermatitis from formaldehyde can be found in text-
books. It should be remembered that a high number 
of antimicrobials are formaldehyde releasers, and the 
user may become allergic to either formaldehyde or 
the formaldehyde releaser. Formaldehyde is included 
in both the standard patch test series and the dental 
screening series (Table 14.3). Some dermatology clin-
ics have also included glutaraldehyde and glyoxal in 
their series. 

Glutaraldehyde: Glutaraldehyde has been used as a 
germicidal agent for disinfecting dental and dialysis 

equipment. It has also been used in some dentin ad-
hesives and bonding agents. Glutaraldehyde is moder-
ately irritative and considered to be sensitizing [100]. 
Sensitization to glutaraldehyde has occurred mainly 
through its use as a cold-sterilizing solution in hos-
pitals and dental clinics. Contact dermatitis has been 
reported in operating theater staff, in an assistant at a 
renal dialysis unit, and in dental assistants [36, 100]. 
Glutaraldehyde and formaldehyde usually do not 
cross-react. If a subject is allergic to both, it indicates 
concomitant sensitization. Irritant mucosal reactions 
(ulcerations) have been described following unin-
tended prolonged mucosal exposure to glutaraldehyde 
containing dentin bonding agents and a dentine de-
sensitizing agent [11].

Glyoxal: Glyoxal (ethanediol) is a dialdehyde that can 
be a component in many products used to disinfect 
dental equipment and rooms in dental practices, for 
example. One report described a dental nurse who 
had developed occupational allergic contact dermati-
tis from glyoxal, glutaraldehyde, and neomycin [113]. 
A Finnish study described 20 patients with contact 
allergy to glyoxal. Five of these patients had handled 
glyoxal-based disinfectants in dental care [2]. 

Benzalkonium chloride: Contact allergy to benzalko-
nium chloride and glutaraldehyde was described in a 
dental nurse handling a sterilizing solution [36].

Chlorhexidine: Since the introduction of chlorhexi-
dine in the 1950s, allergic contact dermatitis, general-
ized dermatitis, photosensitive dermatitis, fixed drug 

Fig. 14.14  . Severe angioedema. Allergic reaction to epoxy 
components of the root canal sealer AH26 (Courtesy of J. Kølsen 
Petersen, Århus, Denmark)

Fig. 14.13  . Allergic reaction (delayed) to components of the 
root canal sealer AH26 (Courtesy of P. Hørsted-Bindslev, Århus, 
Denmark)
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eruption, contact urticaria, occupational asthma, and 
immediate IgE-mediated hypersensitivity reactions, 
including anaphylaxis, have been reported (see in-
formation below on immediate allergic reactions). In 
view of its wide use, delayed allergic contact reactions 
can be considered very rare; however, when they oc-
cur, they may cause a severe dermatitis reaction [60]. 
Immediate reactions due to exposure to the chemical 
are more important than delayed reactions [49, 175]. 
(See also Sect. 14.3.3 and Chap. 10.)

14.2.2.9 other disinfectants

1,2-Benzisothiazolin-3-one (BIT): About 10 cases of 
occupational contact allergy from vinyl (PVC) gloves 
due to antimicrobial BIT were reported in 2006–2007 
in Finland. Most of the patients had worked in den-
tistry or health care [1].

N-benzyl-N,N-dihydroxyethyl-N-cocoalkyl-ammo-
nium chloride: Hand dermatitis from N-benzyl- N, 
N-dihydroxyethyl-N-cocoalkyl-ammonium chloride, 
present in some disinfectant wipes used in dentistry, 
was reported in a dental nurse [151]. The same com-
pound is present in some mouth rinse products. 

Sodium hypochlorite: Sodium hypochlorite (NaOCl) 
is widely used for disinfection and as an irrigation 
solution in root canal treatment. It has also been in-
troduced in relation to abrasive caries excavation tech-
niques (e.g., Carisolv). Allergy is uncommon, but rare 
cases have been described from dental use (local as 
well as systemic symptoms) [30, 117]. 

Monoethanolamine: Most recently, the first case of a 
dental nurse developing work-related vesicular derma-
titis following sensitization to ethanolamine was pub-
lished [183]. She had been exposed for several years to 
a commercial product containing ethanolamine used 
for cold sterilization of dental instruments. 

14.2.2.10 fragrances and colophony

Eugenol:  Eugenol is the essential chemical constitu-
ent of clove oil and is also present in cinnamon oil, 
perfumes, soaps, bay rum, oil of carnation (hyacinth), 
pimento oil (allspice), flower oils, food spices, chew-
ing gum, and flavorings. When eugenol is used in 
dental preparations, such as impression pastes, sur-

gical packing, and cements, it may produce contact 
stomatitis and allergic cheilitis [192] (see also Chaps. 
6, 10, and 11). Allergic eczema and rhinitis have 
been described in dental personnel [107]. Eugenol is 
highly soluble and continuously released from zinc 
oxide eugenol materials. An allergic reaction to fla-
vorings in chewing gum, presenting as intermittent 
perioral eczema, was reported in a 10-year-old girl 
[20]. Eugenol is one of the eight components in the 
fragrance mixture that belongs to the standard patch 
test tray. It seems to be a less common sensitizer than 
cinnamic aldehyde, cinnamic alcohol, or isoeugenol, 
which may be found in oral hygiene products (see also 
Chap. 10).

Colophony (rosin): Rosin is widely used as a fra-
grance as well as a flavoring agent. It may be present 
in dental materials such as periodontal dressings, im-
pression materials, cements, and cavity varnishes. An 
allergic reaction to Duraphat was reported in a dental 
nurse with hand dermatitis [80, 112]. Patients have 
developed allergic contact stomatitis and widespread 
eczematous dermatitis after dental treatment [27]. 
Colophony may also be part of the gum base in chew-
ing gum, and oral contact allergy (painful ulcerations, 
burning mouth) has been misdiagnosed as an oral 
mucosa disease [20, 64] . Patients with allergic patch 
test reactions to colophony often also react to Balsam 
of Peru and fragrance mix [115]. 

Balsam of Peru: Because of its antiseptic and aromatic 
properties, balsam of Peru (or Peru balm or Myroxylon 
pereirae resin) is widely used as a fragrance as well as 
a flavoring agent. It can be found worldwide, not only 
in many health care and cosmetic products but also as 
a common flavoring agent in food, drinks, and sweets. 
It is a ubiquitous contact sensitizer that, according to 
several national and international surveys, belongs to 
the “top five” group of allergens most frequently caus-
ing positive patch test reactions in patients referred to 
dermatology clinics [e.g., 126, 184, 200]. In dentistry, 
balsam of Peru may be found in oral hygiene prod-
ucts and in some dental materials, such as periodontal 
dressings and impression materials. Oral exposure to 
balsam of Peru in sensitized individuals may elicit al-
lergic reactions in the orofacial region (e.g., lips and 
the oropharyngeal mucosa). As an example, painful 
tongue erosions were recently related to the intake of 
large quantities of diet cola drink [81]. Cross-reaction 
with orange juice may take place [81]. 
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clinical practice Advice i

The dentist should be aware that fragrances and 
flavorings frequently found in food, drinks, sweets, 
cosmetics, and oral hygiene products may, in sensi-
tized individuals, elicit allergic reactions in the oro-
facial region after oral exposure. Such reactions may 
be misdiagnosed as oral mucosa disease or adverse 
reactions to dental materials. 

14.2.3 epicutaneous test (patch test)

When contact allergy from dental products is sus-
pected, epicutaneous patch testing needs to be con-
sidered. Patch testing should be performed only by 
dermatologists. In patch testing, the test materials are 
occluded for 48 h, whereupon the first reading is per-
formed. It is very important to perform at least one 
more reading at 72 h (3-day reading) or 96 h (4-day 
reading). Sometimes a reading after 7 days is done to 
detect very late reactions, caused, for example, by cor-
ticosteroids or neomycin. The presence of erythema 
combined with edematous infiltration with or without 
papules or vesicles is used as the criterion for an al-
lergic patch test reaction (see also Chap. 2). There is 
no need to perform an epimucosal patch test to detect 
contact allergy in the oral mucosa because the epicuta-
neous test gives the applicable information. A method 
for intraoral patch testing has been described but has 
never received large clinical use [13].

Patch testing includes a standard series (20–30 sub-
stances), a dental screening series, and, eventually, ad-
ditional haptens (allergens) brought in by the patients. 
Quite a large number of test substances are commer-
cially available (e.g., see Tables 14.3 and 14.4). Some 
specialized dermatology clinics have modified the 
standard series by including further relevant sub-
stances/haptens. 

Key note Z

When a patient is referred to a dermatologist for 
patch testing, the dentist should ensure that rel-
evant allergens are included in the test series. 

Regarding patch testing with acrylates, analyses have 
shown that undeclared but highly sensitizing acrylates 
may constitute up to 46% of several acrylate-based 
products [101]. Patients as well as dental personnel 

have normally been exposed to a number of acrylate-
based products that may therefore contain numerous 
different acrylates, a major portion of them being un-
declared. On patch testing, the sensitized patients may 
show allergic patch test reactions to many acrylates, 
but because their exposure history is unknown, it can-
not be concluded whether the allergic patch test reac-
tions represented cross-allergy or concomitant allergy. 
Patients may even develop allergic reactions to other 
types of impurities present in the acrylate resins – for 
instance, to epoxy resin, which may have been used in 
the manufacture of epoxy acrylates. 

In theory, the commercial patch test substances 
may sensitize, but the current patch test concentra-
tions seem to be safe. Since some of the acrylates are 
potent sensitizers, the possibility of active sensitiza-
tion in relation to diagnostic procedures has been 
considered a problem, particularly in relation to this 
group of substances. In some cases, patch testing with 
patients’ “own” acrylates is relevant [109, 196] and may 
be the only way to detect new allergens. Possible sen-
sitization during testing with the patient’s own acry-
lates, however, has to be considered. A dental patient 
has been reported to have been sensitized from patch 
testing with 100% dentin bonding acrylates [106]. It 
is recommended that the patch test concentration not 
exceed 1% pet for dentin bonding components and 
dental composite resins. Experienced laboratories 
may use higher test concentration (second patch test 
sessions). 

Key note Z

Provocation tests with undiluted acrylates should 
not be done on the skin because of the risk of active 
sensitization. 

14.3 Immediate Allergic reactions 
(Ige Mediated)

14.3.1 clinical picture

An immediate allergic reaction (IgE mediated; type I) 
occurs when an allergen enters the circulation by in-
gestion or parenteral routes, localizes in a target tis-
sue (e.g., in the oral cavity), and binds with IgE mast 
cell complexes, which release histamine and may cause 
oral vesiculo-ulcerative lesions, urticaria, angioedema, 
or/and anaphylactic shock. 
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Angioedema produces a diffuse swelling of the facial 
tissues over a large area. The most frequent manifesta-
tion is a single swollen lip (Fig. 14.15); however, the 
upper as well as the lower lip, the eyelids, or the whole 
face may be affected. The tongue and floor of the 
mouth may also be swollen. The most common causes 
are foods and drugs. 

Contact urticaria is a local immediate urticarial and/
or erythemal or pruritic reaction at the site of epider-
mal or mucosal contact with the causative agent. Gen-
eralized cutaneous reactions, rhinitis, asthma, or ana-
phylaxis may be associated. The symptoms range from 
invisible subjective symptoms to mild erythema and/or 
itching, and even death has been reported. Contact ur-
ticaria may be allergic or nonallergic. The best-known 
allergic reactions are the IgE-mediated immediate re-
actions caused by proteins (for example, natural rub-
ber latex proteins), but chemicals may cause similar 
reactions. Extensive lists of causative agents are found 
in textbooks. 

14.3.2 Verified Immediate Allergic reactions 
to dental Materials 

Natural rubber latex (NRL) is the most important 
cause of contact urticaria in general, especially for 
medical and dental personnel. Dental patients are also 
a special risk group because mucosal contact in sen-
sitized individuals usually gives a stronger reaction 
than skin contact. Dental patients should always be 
asked about a possible latex allergy. In cases of known 

allergy, no rubber equipment such as rubber gloves, 
dental rubber dams, or rotating rubber tools can be 
used. The clinical symptoms are urticaria, rhinocon-
junctivitis, asthma, Quincke’s edema, and, in severe 
cases, anaphylaxis. An increasing number of cases of 
anaphylactic reactions to NRL have been reported, 
including in dentistry [29] (Figs. 14.15–14.17). Re-
views have reported that up to 10% of oral health care 
workers have positive prick tests to NRL (e.g., [182]). 
Two studies among dental students in Germany and 
Canada showed increasing incidence of type I allergies 
to latex gloves during the course of study [70, 172]. 
Encouraging news, however, is that a reduction in the 
use of powdered latex gloves coincides with a marked 
decline in the number of latex skin allergic reactions 
and occupational asthma [9, 10]. The powder is not 
considered an allergen (see below); however, it acts as 
a carrier of the latex proteins, thereby spreading the 
allergens in the occupational environment.

Nitrile gloves: Nitrile gloves do not contain NRL pro-
teins. A number of other chemicals are, however, iden-
tical in NRL and nitrile gloves. Contact urticaria caused 
by nitrile gloves has been described [26, 75]. The nitrile 
glove itself as well as the rubber chemical, morpholinyl 
mercaptobenzothiazole, have led to positive allergic 
tests. Nitrile gloves also contain benzothiazoles, which 
probably caused the contact urticaria reaction.

Cornstarch: Cornstarch used in powdered NRL gloves 
may also be the cause of glove allergy, although the 
allergen in the glove powder is usually NRL released 
from the glove into the powder.

Fig. 14.15  . a,b Swelling of the upper lip (immediate IgE-mediated allergic reaction to natural rubber latex) following contact with 
disposable latex gloves worn by the dentist [29] (Courtesy of F.J.T. Burke, Glasgow, Scotland, and Quintessence Publishing)
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Gutta-percha: Gutta-percha is obtained from the vis-
cous milky latex of the Palaquium tree from southeast 
Asia. Compared with the manufacture of rubber, no 
preservatives or vulcanizing agents are added to gutta-
percha. Zinc oxide, which acts as filler; barium sulfate, 
which results in radiopacity; and pigment are added to 
the final gutta-percha product. Gutta-percha and natu-
ral rubber are derived from trees in the same botanical 
family and may have the potential of cross-reactivity. 
A case of NRL allergy in a dental hygienist who had a 
root canal treatment was reported [25]. Despite avoid-
ing latex gloves during the surgery, the patient reported 
immediate discomfort, lip and gum swelling, a throb-
bing sensation around the tooth, and diffuse urticaria. 
She developed persistent oral discomfort, swelling, 
and urticaria. Four weeks later the gutta-percha point 
was removed, and the patient experienced immediate 
relief of her oral discomfort. The urticarial lesions re-
solved within a few hours. The authors were not able 
to demonstrate an allergic prick test or IgE antibod-
ies to gutta-percha, but they did conclude that allergic 
reactions may occur in patients with NRL allergy as a 
result of exposure to gutta-percha during endodontic 
surgery. As discussed in Chap. 7, this conclusion re-
mains controversial. Natural rubber and gutta-percha 

Fig. 14.16  . Female patient a before and b after provocation test with disposable powdered latex gloves. Immediate development 
of periorbital swellings and asthma. (Courtesy of H. Allmers, Osnabrück, Germany)

Fig. 14.17  . Contact urticaria (immediate, IgE-mediated aller-
gic reaction) following occupational exposure to latex proteins 
in disposable gloves (Courtesy of K. Turjanmaa, Tampere, Fin-
land)
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represent examples of isomerism. Both are high-mo-
lecular-weight polymers and are structured from the 
same basic building units. According to older studies, 
gutta-percha and NRL do not cross-react. 

Fibrin tissue (bovine protein): Two cases of patients 
who developed urticaria and shortness of breath 1 h af-
ter dental examination and tooth extraction have been 
published [147, 203]. In both cases, extraction sockets 
had been filled with fibrin tissue (Hemofibrine) to stop 
bleeding. The causative agent was believed to be the 
fibrin tissue (bovine protein). 

14.3.3 chemicals with Low Molecular Weight 

Haptens may also cause IgE-mediated type I allergic 
reactions. The hapten binds to a protein or another 
macromolecule, and the resulting hapten-carrier con-
jugate acts as the allergen. 

14.3.3.1 Metals

A number of metals may cause contact urticaria, in-
cluding cobalt [167] and nickel [45, 46]. Platinum is 
a strong type I allergen [14], and iridium, one of the 
platinum group metals, was also reported to induce 
respiratory allergy and contact urticaria [19]. Other 
metals in the platinum group that have caused imme-
diate allergy are ruthenium, rhodium, and palladium. 
Sodium fluoride has caused contact urticaria in a few 
cases [31]. A few controversial case reports on imme-
diate-type allergic reactions to mercury from dental 
amalgam are discussed in Chap. 4.

14.3.3.2 Antimicrobials

Formaldehyde: Formaldehyde has caused anaphylaxis 
after application of a formaldehyde-containing root 
canal sealer [198]. The patient had a positive radioal-
lergosorbent test (RAST; see also Chap. 2, Sect. 2.3.1) 
to formaldehyde, whereas skin prick testing and patch 
tests were negative.

Chlorhexidine: Chlorhexidine caused anaphylactic 
reactions in two dental patients in Denmark (for de-
tails, see Chap. 10). Both patients were healthy and un-
aware of their allergy. The first developed anaphylaxis 
when chlorhexidine liquid was sprayed into the cavity 
after extraction of a wisdom tooth. The other patient 

suffered from pericoronitis and developed anaphylaxis 
when Hibitane Dental Gel 1% (e.g., chlorhexidine) was 
applied to the gingival pocket. Furthermore, a num-
ber of severe cases of allergic reactions to chlorhexi-
dine applied to compromised mucosa or skin surfaces 
have been reported [16], and two cases of anaphylactic 
shock following application of chlorhexidine on un-
broken skin have been reported [12, 125].

Chloramine-T: In some countries, the use of chloram-
ine-T for disinfection purposes has greatly increased. 
Asthma, allergic rhinitis, and contact urticaria in den-
tal staff have been reported [103]. 

14.3.3.3 fragrances and flavorings

Eugenol: Eugenol in dental preparations may produce 
stomatitis, eczema, or contact urticaria, probably non-
immunological [156]. Contact urticaria may possibly 
be induced by many other fragrances, too, although 
reports are scarce. Contact urticaria was reported from 
cinnamic aldehyde and benzaldehyde [163].

14.3.3.4 Medicaments

• Local anesthetics, such as benzocaine, have induced 
contact urticaria, although reactions are rare (for a 
review, see [100]). 

• Corticosteroids may elicit both delayed and im-
mediate allergies. Propylene glycol is widely used 
in medical lotions and creams and may induce im-
mediate skin reactions. 

• Various antibiotics also used by dentists, such as ri-
famycin, may cause contact urticaria. 

• Pain-relieving chemicals, such as aminophenazone, 
have caused contact urticaria. 

• Dental personnel may develop contact urticaria 
from their patients’ topical medicaments, or vice 
versa, e.g., from antiinflammatory ointments such 
as etofenamate or from monoethyl fumarate (for a 
review, see pharmacology textbooks).

Rubber chemicals: On rare occasions, chemicals, and 
not the NRL proteins, have been reported to cause 
contact urticaria from rubber products [17].

Acrylates: Immediate hypersensitivity, such as contact 
urticaria, pharyngitis, and/or bronchial asthma, has 
been reported from cyanoacrylates, methylmethacry-
late, acrylic acid, and nonspecified acrylates [67, 96, 
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153, 155, 158], but the mechanism of action is not 
known. Recently, 30 cases of respiratory hypersensi-
tivity (mainly asthma) from acrylates were reported 
[150]. Prick tests were negative, indicating that some-
thing other than IgE-mediated mechanisms may have 
been involved.

14.3.4 skin test with Low Molecular Weight 
compounds

For skin testing with proteins, see the information on 
prick testing in Chap. 2, Sect. 2.3.1. Because the low-
molecular-weight-compound allergen is believed to 
be a hapten–carrier conjugate, the skin testing should 
ideally be performed with a hapten-carrier conjugate 
and not the hapten. In some cases, positive skin-test 
reactions may be obtained with the hapten without 
conjugation, using, for example, patch test substances 
in petrolatum. However, haptens in petrolatum (e.g., 
the patch test substances) often do not give an allergic 
prick-test reaction. Preformed hapten-carrier systems 
have therefore been developed. Human serum albu-
min (HSA) has been used as the carrier. Commercial 
HSA–hapten prick-test substances are not available. 

14.3.5 Management of Acute Allergic 
reactions

Dental restorative materials can theoretically induce 
immediate allergic and pseudoallergic reactions simi-
lar to other allergic reactions caused by chemicals and 
drugs used in dental practice, so the dentist must be 
prepared to manage an immediate reaction. Grading 
of symptoms observed in relation to immediate aller-
gic (IgE-mediated; anaphylactic) reaction is presented 
in Table 14.5, and textbooks should be consulted for 
further details. A thorough medical history is essential 
to avoid challenging a patient with an agent for which 
intolerance has been proven. 

14.4 diagnosis of side effects 
caused by dental Materials

14.4.1 Anamnesis

A firm strategy for thorough examination of dental pa-
tients alleging symptoms as side effects of dental mate-
rials is recommended. First of all, a thorough medical 
history will elucidate the patient’s general health status. 

Special attention must be focused on proven allergies 
and medication aspects. A comprehensive checklist 
for examination is given in Table 14.6. Patients often 
attribute common drug-induced symptoms such as 
dysgeusia (e.g., metallic taste), burning mouth, stoma-
titis, glossitis, sore gums, discoloration, and similar 
symptoms to the effects of dental materials rather than 
to medication. Oral side effects of the 200 most fre-
quently prescribed drugs in the United States in the 
1990s include the following [166]:
• Xerostomia
• Dysgeusia
• Stomatitis
• Glossitis
• Discoloration of the tongue
• Hypersalivation
• Gingivitis
• Orodynia
• Gingival hyperplasia
• Alveolitis sicca (dry socket)
• Discoloration of the teeth
• Candidiasis

clinical practice Advice i

If drug effects are suspected, temporary substitu-
tion of the drug in question should be discussed 
with the patient’s physician. 

Table 14.5  . Grading of symptoms observed in relation to im-
mediate allergic (IgE-mediated; anaphylactic) reaction

Symptoms

Grade I Skin reaction (flush, urticaria, pruritus)
Agitation
Headache
Mucosal reactions

Grade II Generalized urticaria
Hypotension
Tachycardia
Nausea, vomiting
Arrhythmia
Intestinal spasms

Grade III Shock
Bronchospasms (wheezing); increasing occlu-
sion of the airways
Laryngeal Quincke’s edema
Spasms

Grade IV Block of circulation and respiration
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The dentist should be aware that both nutritional de-
ficiencies and extensive intake of nutritional additives 
(e.g., so-called health products) may also cause oral 
symptoms. Adjusting nutritional intake or temporar-
ily discontinuing intake of nutritional additives may 
be recommended. Furthermore, attention should be 
focused on the patient’s use of oral hygiene products, 
chewing gum, and cosmetics, since these products may 
contain substances that can potentially elicit irritative 
or allergic reactions [e.g., 20, 42, 55, 64]. 

Key note Z

When allergy is suspected, the patient should be 
specifically questioned whether oral or skin symp-
toms occurred in relation to dental treatment or 
whether rash or eczema developed after the wear-
ing of watches, earrings, other jewelry, etc. In cases 
where such skin symptoms are present, referral to a 
dermatologist for further evaluation is most often 
relevant. 

14.4.2 Local Irritative reactions

In cases of acute local irritative reactions (see also 
Sect. 14.1.1), the causative exposure should be discon-
tinued and measures taken to secure minimal chemi-
cal, mechanical, and biological (plaque) exposure dur-
ing the healing period. Chronic irritative reactions may 
often be multifactorial. Diagnosis is obtained by exclu-
sion, and exposure to the eliciting material or insult 
should be eliminated. In many cases it may be relevant 
to include histologic examination of a swab from the 
oral mucosa to diagnose or exclude a fungal or bacte-
rial irritation. 

14.4.3 General symptoms

Patients linking general (often unspecific) symptoms to 
dental materials, as described in previous chapters in 
relation to dental amalgams, alloys, and composites, 
represent a major challenge to the practicing dentist. 
In these cases, the diagnostic strategy outlined in Ta-
ble 14.6 should be followed. Studies have shown that in 
many cases, marked improvement can be achieved by 
thorough dental diagnostics and treatment in combi-
nation with an open and informative dialogue with the 
patient. Relief or satisfying improvement of symptoms 
in up to 90% of patients initially complaining of symp-

Table 14.6  . Checklist for anamnesis and clinical examination 
of patients ascribing symptoms to side effects of dental materi-
als

Anamnesis

• Subjective symptoms

• Previous and present diseases, illnesses

• Allergies (history, eliciting factors)

• Medication (past, present)

• Previous examinations, treatment regimes

• Tobacco

• Alcohol

• Oral hygiene routines

• Social relations

clinical examination
A. General health status
B. Odontological status

• Dental status praesens diagram

• Restorations (materials)

• Abrasion

• Caries

• Periodontal status

• Salivation

• Temporomandibular function

- Joints

- Muscular function

- Occlusion / articulation

• Removable prosthetic appliances

- Function

• Oral mucosa

- General features

- Lesions in contact with dental materials

- Lesions without contact to dental materials

- Detailed description of lesions 

 (color, surface characteristics, texture, morphology)

• X-rays

- Preferably an OTP or full status

- Description of caries

- Periodontium, marginal/apical

- Endodontic treatments

- Retained teeth

- Other findings

• Additional tests (when relevant)

- Pulp vitality

- Mucosal smear (examination for fungal infection)

- Sialometry

- Biopsy

diagnoses

• Odontological

• Others

conclusions

odontological treatment
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toms related to amalgam fillings were thus reported af-
ter thorough odontological and medical diagnosis and 
dialogue, extensive dental treatment, altered medica-
tion when indicated, and strengthening of the patient’s 
social network [77, 130]. In a number of the patients, 
the dental treatment even included placement of new 
amalgam fillings. The studies have emphasized the im-
portance of considering differential diagnoses. It was, 
for example, shown that about half of a patient group 
claiming symptoms of electric currents were found 
to suffer from symptoms due to mandibular dysfunc-
tion [68]. When more than 200 patients with self-
diagnosed so-called oral galvanism were evaluated, 
it was in all cases possible to identify one or several 
probable medical diagnoses (among these, two cases 
of undiagnosed cancer) [74]. The authors found a to-
tal of 23 cases of previously undiagnosed conditions 
and called attention to the fact that further to adequate 
dental diagnostics and treatment, there may often be 
a need for thorough medical investigation of patients 
presenting nonspecific general symptoms [74]. 

Key note Z

Because a nonodontological medical diagnosis, 
as men tioned above, may be highly relevant, con-
sultation with other medical professionals (e.g., 
internists, dermatologists, psychiatrists) should be 
thoroughly considered in cases of persisting general 
symptoms that cannot be explained by odontologi-
cal diagnoses.

14.4.4 Allergy 

14.4.4.1 delayed Allergic reactions (type IV)

A Finnish study focused on the role of contact aller-
gies in oral mucosal diseases [7]. The study included 
almost 500 patients who had been referred to a der-
matology clinic and had undergone patch testing with 
a dental screening series. Of these patients, 24 had 
oral mucosal symptoms in combination with at least 
one positive patch test reaction. A clinically relevant 
connection between the oral mucosal symptoms and 
the contact allergy detected was seen in 10 out of 24 
cases. A probable connection was found in a further 
two out of 24 cases; however, a mechanical etiology for 
the local oral reaction could not be excluded in these 
latter two cases. The majority of the positive patch test 
reactions in this group of patients with oral symptoms 

were caused by mercury or gold. Clinical findings were 
lichenoid/leukoplakic mucosa lesions; this is in accor-
dance with the prevailing view that contact allergy in 
the oral mucosa predominantly manifests as lichenoid 
lesions or localized contact stomatitis. In summary, 
19% of almost 500 patients referred to a dermatology 
clinic showed positive patch test reactions to dental 
screening series; of these, only 5% (24 patients) had 
positive patch test reactions and oral mucosal symp-
toms. And of these, the positive patch test was con-
sidered relevant or probable for the oral symptoms in 
only half of the cases (2.5% of the referred patients). 
In the remaining patients, no clinical connection was 
found between allergy (primarily gold) and the oral 
symptoms (oral symptoms, positive patch test to gold, 
no dental gold restorations). It thus seems that even 
in a selected group of patients, relevant links between 
oral problems and a positive patch test are relatively 
rare. Later reports comprising a smaller number of pa-
tients have confirmed this trend [57, 120, 185]. 

A number of studies on delayed-type allergic re-
actions of the oral mucosa have shown that oral mu-
cosal lesions restricted to the contact area opposing 
the dental restoration, especially if epicutaneous tests 
are positive, are usually cured when the restoration is 
replaced. If the lesion greatly exceeds the contact area, 
the contacting material may not be an etiologic fac-
tor, and replacing it may have no or only limited effect. 
This has particularly been demonstrated in the case of 
mucosal lesions in contact with amalgam fillings (see 
Chap. 4 for details). 

The role of allergy in burning mouth syndrome 
(BMS) seems to be a matter of debate in the literature. 
The findings in different studies have been inconsis-
tent. In fact, so far very few verified cases have been 
published of dental material contact allergy manifest-
ing as burning mouth or glossodynia. Most of these 
were related to acrylic denture base materials (see 
Sect. 14.2.2.3). The majority of reports, however, sug-
gest that in most patients, denture-related complaints 
are not caused by contact allergies [59]. A number of 
recent surveys have not found a correlation between 
BMS and positive patch test reactions to constitu-
ents of dental restorative materials [120, 185]. A BMS 
prevalence of 4–5% among middle-aged and elderly 
Scandinavian women was reported [66]. The results 
pointed toward multifactorial associations among 
different factors of local, systemic, and psychological 
origin. Individuals who had psychological problems, 
reported craniomandibular symptoms or dry mouth, 
or were treated with female sex hormones were found 
to be more prone to report burning mouth sensations 
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[66]. Causes of BMS to consider as alternatives to den-
tal material allergy thus include gnathofunctional dis-
orders, side effects of medication, mucosal infections, 
and psychogenic disorders [18].

Key note Z

When consideration of allergic reaction seems rele-
vant, the patient should be referred to relevant spe-
cialists, e.g., dermatologists, for further evaluation. 
The dentist should participate in the subsequent di-
agnostic process by supplying detailed information 
on relevant dental materials, previous exposures, 
and treatments. The referring dentist should ensure 
that the assumed allergen and additional relevant 
allergens are included in the testing. 

clinical practice Advice i

The role of allergy in relation to cases of orodynia 
(BMS) is debated. So far, very few verified cases link-
ing BMS and allergy to dental restorative materials 
have been published.

14.4.4.2 evaluation of patch test results

In general, most dental materials contain potentially 
allergenic substances. For certain material groups, in 
particular for dental (meth)acrylates, this has been 
clearly emphasized by a relatively high prevalence of 
allergic reactions due to occupational exposure. Stud-
ies of dental patient groups subjected to patch testing 
with dental screening series have frequently shown 
positive reactions to metals, primarily gold and nickel. 
In recent years, the number of allergic reactions to 
(meth)acrylates has increased in the general popula-
tion due to multiple exposures in nondental profes-
sions and also among the general population, for ex-
ample in relation to acrylate sculpturing of artificial 
fingernails (see Sect. 14.2.2.3). In a recent Swedish 
report, the overall frequency of (meth)acrylate contact 
allergy was close to 3% in a consecutive group of 1,632 
patients referred to a dermatology clinic for patch test-
ing with a dental screening test series [61]. The group 
was comprised of 81% dental patients and 19% dental 
personnel. Due to the increasing exposure to acrylates 
in the general population, an increasing number of 
dental patients developing allergic reactions to dental 
methacrylates may be expected in the future.

A positive patch test result may not always be con-
sidered relevant for clinical dental aspects (e.g., oral 
symptoms/positive skin test to gold salts/no dental 
gold restorations), and a positive patch test may also 
not be indicative of symptoms (e.g., the presence of 
amalgam restorations/no oral or systemic symptoms/
positive skin test to mercury compounds). In rare 
cases of strong suspicion of allergic reaction but a neg-
ative patch test with the routine dental screening se-
ries, patch testing with the material in question may be 
considered. As mentioned earlier in this chapter, den-
tal materials, particularly composites, are composed 
of numerous chemicals that are not all declared to the 
dentist. Case reports have thus demonstrated negative 
patch test results to dental screening series but positive 
patch test results to diluted test samples of the material 
under suspicion. Because, however, there may be a risk 
of iatrogenic sensitization in this context, such testing 
should be planned and conducted only by specialists 
experienced in this field. 

Routine use of skin patch testing should be avoided 
because the test procedure itself may, in some cases, 
provoke sensitization of the patient. The main indica-
tion for an epicutaneous test is the presence of local 
intraoral symptoms close to a dental restoration or a 
prosthetic or orthodontic appliance. Also, severe cases 
of generalized intraoral desquamations or erosions 
and/or perioral eczema should be referred for allergic 
evaluation when efforts to diagnose alternative causes 
have failed. Further, as described previously, rare cases 
of remote skin reactions related to intraoral materials, 
such as nickel, have been reported. 

Once a positive skin test has been confirmed by 
a dermatologist, the clinical relevance of the positive 
skin reaction should be carefully considered as de-
scribed above. Some patients with allergy to several 
components of dental materials, including four to six 
different metals, have been reported [69, 122].

In cases in which a relevant link between clinical 
symptoms, a patch test, and the oral presence of an al-
lergen can been established, the offending material(s) 
should be replaced. Rapid remission of symptoms 
will confirm the positive allergy test, and the patient 
should be made aware of his or her allergic status and 
be advised to report it to future dental practitioners. 
Some authors have suggested prescribing topical ste-
roids for symptomatic relief of acute symptoms dur-
ing the diagnostic process. However, this should be 
avoided whenever possible because steroid therapy 
may interfere with the sometimes tedious process of 
identifying the allergen. 
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Key note Z

Because the prevalence of relevant allergic reac-
tions to dental materials is very low even in a se-
lected group of referred dental patients, the clinical 
relevance of a positive patch result should be evalu-
ated carefully.

14.4.4.3 Immediate Allergic reactions 

The diagnosis of an immediate allergic reaction (e.g., 
contact stomatitis, urticaria, anaphylaxis) includes 
precise history taking to identify the allergy source. 
For reactions not occurring in direct connection to 
dental treatment but which were brought to the den-
tist’s attention, pharmaceuticals (e.g., penicillin, aspi-
rin, sulfa), foods, cosmetics, and oral hygiene products 
(e.g., mouthwashes) are relevant candidates for initial 
consideration [85]. Elimination of the suspected al-
lergen is the obvious ultimate treat ment objective. 
Antihistamines may be prescribed to alleviate acute 
symptoms, but this may delay the identification of a 
specific allergen or mask the effects of with drawal of a 
suspected causative agent. 

In cases of acute (immediate) allergic reactions (ana-
phylaxis) occurring in the dental clinic, adequate emer-
gency treatment should be initiated (see Table 14.5; see 
also [173]). As to defining the cause of the reaction, all 
dental treatments and exposures must be described in 
detail to reveal possible eliciting allergen(s). For this 
type of reaction, natural latex proteins and local an-
esthetics are examples of more obvious candidates for 
initial consideration than dental mate rials.

14.4.5 defining the causative Agent(s)

In any case of suspected side effects of dental materi-
als, problems may arise in the context of defining the 
composition of the product under suspicion. Full dec-
laration of dental materials is not required by regula-
tions. This situation compromises both preventive and 
diagnostic measures. Reviews have revealed that up to 
46% undeclared, highly sensitizing acrylates were pres-
ent in a number of analyzed acrylate products [101, 
170]. With the rapid introduction of complex dental 
materials, it can be concluded that health profession-
als currently need more ac curate safety data sheets and 
product declarations in order to perform a competent 
biocompatibility assessment in each individual patient 
case [170].

14.4.6 the Importance of communication

The number of products available for dental purposes is 
growing, and new materials and treatment regimes are 
rapidly and continuously introduced. In recent years, 
the communication attitude of patients seems to have 
undergone a gradual change toward a less authorita-
tive, more information-requesting approach. The den-
tist must be pre pared to meet the growing requests 
for information about, for instance, biocompatibility 
characteristics of our materials. For several decades, 
dental amalgam has been subject to intensive, often 
unbalanced, aggressive public discussions in the me-
dia. Since the beginning of the 1990s, a growing con-
cern about possible side effects of acrylate-based den-
tal materials has also emerged. The latter concern has 
been supported by an increasing number of reports on 
significant occupational allergic aspects in relation to 
this material group. As a result of the public debate, a 
great many – to some degree – unsubstantiated con-
cerns have been raised, and a large number of claimed 
side eff ects to dental materials have been presented in 
dental practice. These claims must all be handled with 
competence in a serious and adequate way. Recent 
surveys have clearly emphasized the great importance 
of an informative dialogue dur ing this process (see 
above). The dental profession must realize that, now 
more than previously, confidence be tween the patient 
and the dentist depends very much on an open dia-
logue with information exchange, and the dentist must 
be sufficiently qualified to meet the patient’s request 
for information with scientifically based knowledge. 
This seems to be particularly important in relation to 
the relatively new and partially controversial issue of 
dental material biocompatibility.
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threshold value  – 65
urine  – 67, 68, 313
vaccine  – 74

mercury line 67, 78
4-META 102, 209
metal analyses of saliva 238
metal ceramics 177
metal ions 230

absorption  – 229
allergy  – 241
carcinogenicity  – 245
cytotoxicity  – 234, 249
deposition  – 230
distribution  – 230
estimated daily dietary intake  – 231
excretion  – 230
gingivitis  – 238
mutagenicity  – 245
uptake in gingival tissue  – 231

metallic taste 33, 237, 238, 357
metal–protein complex 240
methylmercury 65, 326

bacterial conversion  – 69
body burden  – 65

methylmethacrylate (MMA) 108, 256, 263, 339
allergy  – 263, 264, 339, 340
occupational exposure  – 314

microarray test 19
micronucleus test 14, 25
mineral trioxide aggregate see MTA
molybdenum 231, 314
mouse ear swelling test 24
mouse lymphoma test 14
mouthwashes 271

alcohol  – 283
alcohol content  – 279
alcohol intoxication  – 273
allergy  – 277, 280, 281
chemical erosions  – 277
ingredients  – 271
irritation of the soft tissue  – 277

MTA 167, 168, 172, 205, 210, 211, 213
antimicrobial properties  – 207
composition  – 206
cytotoxicity  – 206

furcation repair  – 207
implantation studies  – 207
pulpectomy  – 207
setting reaction  – 206

MTT test 14, 17
mucosal damage 23
mucosa usage test 23
multiple chemical sensitivity syndrome 110
multiple-phase alloys 228
multiple sclerosis 87
mutagenicity 4, 25, 39

n
nail dystrophy 242
nail products 348 see also artificial finger nails
nanoleakage 107, 120
natural rubber latex (NRL; see latex)
neoprene gloves 126
N-ethyl-4-toluene sulfonamide (see Alkaliner)
neutral red 17
nickel 245, 246, 314, 316, 360

perioral eczema  – 341
risk-benefit ratio  – 247
tolerance  – 341

nickel, allergy 240, 339, 340
contact dermatitis  – 340
contact lesion  – 339
stomatitis  – 340

nickel-based alloys 227
nickel release  – 231

nickel-based crowns 231
nickel–chromium alloys 227
nickel concentration in foodstuffs 250
nickel–titanium alloys 228
nitrile gloves

allergy  – 354
N. N-dimethyl-p-toluidine see DMPT
NOAEL 11
Nobetec 307
nocebo 9
NOEL 11
noninvasive products 47
non-γ2 amalgam 60
Notified Body 47
no-touch technique 26, 128, 319

o
Obtura 191, 193, 194
occupational exposure 14
occupational hazard 311
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odontoblast reaction 20, 21
OECD

guidelines  – 54
oral battery 33
oral galvanism 33
oral lichenoid reactions (OLR) 79, 80, 239, 241, 281, 

336, 338, 340, 343, 348, 350, 359
amalgam  – 73, 79, 80, 83, 90, 342, 343
dental alloys  – 239, 241
resin-based composites  – 125, 128

oral lichen planus (OLP)
amalgam  – 84, 342

Organization for Economic Cooperation and 
Development (OECD) 54

ormocer 100, 109, 111
orthodontic alloys

components  – 222
orthodontic wires 240, 242, 247
osseoconductive 187
osseoinductive 187
osseointegration 234
overfilling 203, 213
overinstrumentation 189
oxide layer 238
oxiranes 100, 104, 105
oxygen inhibition layer 104

p
palatal erythema 239
palladium 230, 245, 246, 317

LD₅₀  – 230
risk-benefit ratio of  – 246

palladium, allergy 240, 244, 339, 340, 342
contact lesions  – 339
dermatitis  – 343
stomatitis  – 343

paraformaldehyde 196, 197, 199, 200, 213 see 
also formaldehyde

paresthesia 200, 203
paresthesia of the fingertips 345
Parkinson’s disease 87
passivation layer 61
patch testing 28, 29, 39, 353

dental screening series  – 353
evaluation of results  – 360
indication  – 360
prevalence of contact allergy  – 360

peppermint 281
perfumes 161 (see also fragrances)
periapical lesions 189

periodontal dressings 160, 299, 306
allergy  – 302
antimicrobial properties  – 302
composition  – 300
cytotoxicity  – 301
implantation studies  – 301
mutagenicity  – 302
setting reaction  – 300
systemic toxicity  – 300

perioral dermatitis 338
Peripac 307
permanent cell line 17
Peru balm 160, 195, 196, 306, 340, 352
Pharmaceutical Affairs Law 51
γ2 phase 60
phenyl benzoate 257
phenylsalicylate 258
phosphoric acid 102, 108, 139
phthalates 294
placebo 9
plaster of Paris 315
platinum 228, 241, 245, 250

allergy  – 344
PMMAs

allergy  – 264, 265, 339
alternatives  – 266
burning mouth syndrome (BMS)  – 263
carcinogenicity  – 265
composition  – 255
conversion  – 256
cytotoxicity  – 259
leaching substance  – 257
microbial effect  – 261, 263
mutagenicity  – 265
occupational exposure  – 265
precautions  – 266
pulp reactions  – 262
residual monomers  – 256, 258, 261
setting reaction  – 255
systemic toxicity  – 258

pneumoconiosis 180, 314
point suction 319
polyacrylic acid 139
polyalkenoate cement see glass ionomer cements
polyamide see suture materials
polycarboxylate cement 140, 145
polyether

cytotoxicity  – 295
polyglycolic acid see suture materials
polymethyl methacrylate 17, 255
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polysulfide
cytotoxicity  – 295

polyvinyl chloride see PVC
Portland cement 206
prick test 28, 30, 357
primary cultures 17
proinflammatory mediators 112
prophetic test 30
propolis 282
protective glasses 320
proteinuria 67, 68, 313
provocation test 30, 345, 353, 355
pulp 20

abscess  – 118
bacterial colonization  – 117
capping  – 20
gangrene  – 23
inflammation  – 20
predamaged  – 22
sensitivity  – 33
stem cells  – 118
vitality  – 33

pulp capping 166, 168, 169, 170
indirect  – 169

pulp-capping test 56
pulp/dentin test 14, 20, 39, 56
pustulosis palmoplantaris 344
PVC 350, 352

Q
Quartz-tungsten halogen 103, 104, 119

r
radiation source 321
radioallergosorbent test 28, 32
RAST 32
REACH 45, 48
reactive oxygen species 18, 112
removable orthodontic devices 255
reporting system 56
reproductive toxicity 14
resin-based composites

allergy  – 121, 348
anaphylactic shock  – 124
contact dermatitis  – 126, 345
dental personnel  – 125, 345
eczema  – 126
lichenoid reaction  – 125, 128, 348, 350
maximization test  – 123
perioral eczema  – 125, 348
prevalence  – 122

antimicrobial properties  – 112
bacterial colonization  – 117
biodegradation  – 107
carcinogenicity  – 127
cell metabolism  – 112
clinical symptoms and complaints  – 109, 345, 348
composition  – 99
cytotoxicity  – 110
direct pulp capping  – 117, 128
DNA damage  – 112
environmental  – 332
environmental aspects  – 332
estrogenicity  – 108
extraction media  – 104
filler particles  – 100
fluoride  – 107
gingiva and oral mucosa  – 121
gloves  – 126, 127
implantation studies  – 114
microexposure of the pulp  – 117
mutagenicity  – 127
nanoparticles  – 100
plaque accumulation  – 121
postoperative sensitivity  – 105, 119, 120
public discussion  – 127
pulp reactions  – 114
release of substance  – 105
setting reaction  – 104
shrinkage  – 105
systemic toxicity  – 108

resin-based sealers 208
antimicrobial properties  – 210
composition  – 208
cytotoxicity  – 208
setting reaction  – 208

resin globules 107
resin-modified glass ionomer cement 149

allergy  – 151, 348, 350
antimicrobial properties  – 152
carcinogenicity  – 156
cytotoxicity  – 151
fluoride  – 150
implantation studies  – 153
mutagenicity  – 156
pulp capping  – 155
pulp reactions  – 154
systemic toxicity  – 151

retraction cords 297
retrograde root canal filling 210

allergy  – 211
systemic toxicity  – 211
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risk 5, 14, 39, 56
acceptable  – 14
analysis  – 6, 56
assessment  – 14, 15, 56
evaluation  – 6
general  – 127
group  – 16, 39, 127
individual  – 127
management  – 7, 56
perception  – 6, 10
phrases  – 53
reassessement  – 15

root canal 23
root canal filling materials

antimicrobial activity  – 189
clinical success  – 189
neurotoxic properties  – 189
physical properties  – 189
points  – 187
requirements  – 188
sealers  – 187
sealing  – 189

root-end closure 205
rosin see colophony (rosin)
R-phrases 52
rubber chemicals

allergy  – 356
rubber dam 190

latex-free  – 190

s
safety 2
safety data sheet 49, 57
saline 15
saliva 34, 39, 106, 107

amalgam  – 69
Bis-DMA  – 106
Bis-GMA  – 107
BPA  – 107
metal analysis  – 35, 69, 238, 248

salivary proteins 228
saliva test 248
self-adhesive resin-based luting composites 105
self-adhesive resin cements 102
self-etching monomers 102
septol 300
Septo-pack 307
side effect 2
silanes 100
silica and silicon carbide particles 314
silicate cement 17, 22, 139

silicate granuloma 182
silicone (impression material)

cytotoxicity  – 295
implantation studies  – 296

silicone (root canal sealers) 208
antimicrobial properties  – 208
cytotoxicity  – 208
implantation studies  – 208

silicophosphate cement 140
silicosis 180
siloranes 100, 104, 105, 111
silver 60, 69, 76, 152, 187, 201, 222, 235, 344
skin equivalent 23
skin reactions 316

dental personnel  – 316
skin resistance 36
SLS

toxic effects  – 278
smear layer 21, 102, 114
sodium hypochlorite 117

allergy  – 352
sodium lauryl sulfate (SLS) 278
soft drinks

allergy  – 352
erosions  – 277

soft liners 255
soft tissue hybrid layer 117
solders 225, 236

cytotoxicity  – 236
spearmint 281
S-phrases 52
spina bifida 75
standard mortality ratio 311
standards 54, 162

harmonized  – 54
horizontal  – 55
semihorizontal  – 55
vertical  – 55

standard series 29, 353
stearylethoxylate 278
STEL 11
stomatitis 335

allergic  – 335, 338
denture related  – 262, 340
gold coating  – 227
irritant  – 335

stone cement 140
substantial equivalency 50
Super EBA 195, 210, 211
surface adhesion properties 228
surgically invasive products 47
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surveillance system 56
suture materials 303

allergy  – 305
bacteria  – 304
biofilm formation  – 304
composition  – 303
cytotoxicity  – 303
degradation  – 303
implantation studies  – 303
mechanical trauma  – 305
mutagenicity  – 306
systemic toxicity  – 303

systemic toxicity 3

t
tartaric acid 149
TC₅₀ 39
TCP 178
TDI 11
TEGDMA 100, 102, 104, 106, 108, 111, 115, 122, 

124, 126, 127, 209, 211, 349
allergy  – 124, 126, 349

telescope crown 13
teratogenic effect 26
teratogenicity 4, 14
tetracycline 302
thiuram mix 317
thorium 184
threshold values 7
thymol 195, 282, 300
TI 11
tin

allergy  – 344
pustulosis palmoplantaris  – 344

tissue compatibility 1, 16
tissue engineering 2
titanium 230, 231, 314

allergy  – 344
traces of nickel  – 344

titanium alloys 227, 234
tolerance 240
4-tolyldiethanolamine

allergy  – 349
tooth fracture 27
toothpastes 271

abrasion  – 276
accidental fluoride poisoning  – 273
allergens  – 279
allergic reactions  – 277, 281
chemical erosions  – 277
chronic fluoride toxicity  – 274, 276

ingredients  – 271
irritation of the soft tissue  – 277

tooth whiteners 284
toxicity 2

acute  – 16
chronic  – 16
local  – 16
relative  – 19
systemic  – 16
unspecific  – 17

transforming growth factor beta 1 (TGF-β1) 118, 
167, 171, 173, 205

tremor 66, 68, 73, 313
tricalcium phosphate ceramics see TCP
triclosan (2,4,4´-trichloro-2´-hydroxydiphenyl ether)

cross-resistance development  – 283
in oral hygiene products  – 282, 283, 284

triethyleneglycoldimethacrylate see TEGDMA
tunnel defects 21, 171
TWI 11

u
UDMA 100, 102, 106, 108, 111, 127, 209
Ultrafil 194
²³⁸uranium 183
uranium salts 177
urethandimethacrylate see UDMA
UV absorbers

allergy  – 350

V
ventilation 319, 321
vitamin deficiency 338
Voco pac 307
voltage 32

W
wastewater treatment plants 328

mercury accumulation  – 328, 330
Western blotting 18
workplace, dental 319

Z
zinc, allergy 84, 344

dermatitis  – 344
zinc oxide and eugenol cement 14, 19, 20, 160, 172

allergy  – 160
antimicrobial properties  – 162
carcinogenicity  – 163
composition  – 160
cytotoxicity  – 162
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implantation studies  – 162
mutagenicity  – 163
pulp reactions  – 162
setting reaction  – 160
systemic toxicity  – 160

zinc oxide eugenol sealers 195
allergy  – 196
antimicrobial properties  – 199
aspergillosis  – 198
clinical data  – 199
composition  – 195
cyclooxygenase  – 197
cytotoxicity  – 196
immune system  – 197
mandibular nerve injury  – 199
nerve conduction  – 197
prostaglandin synthesis  – 197

setting reaction  – 196
systemic toxicity  – 196

zinc phosphate cement 17, 141
allergy  – 142
carcinogenicity  – 147
composition  – 141
cytotoxicity  – 143
gingival reaction  – 146
implantation studies  – 143
microgap  – 146
microleakage  – 146
mutagenicity  – 147
postoperative pain  – 145
pulp reactions  – 143, 147
setting reaction  – 141
solubility  – 142
systemic toxicity  – 142

Subject Index 379


	1.front-matter.pdf
	3.pdf
	4.pdf
	5.pdf
	biocompatibility of composite.pdf
	7.pdf
	8.pdf
	9.pdf
	10.pdf
	11.pdf
	12.pdf
	13.pdf
	14.pdf
	15.pdf
	back-matter.pdf



