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36.1 Introduction

Dental care personnel and dental laboratory workers
are exposed daily to several allergens or irritants that
cause delayed- or immediate-type allergic or irritant
contact dermatitis. In addition, the hands of workers
are repeatedly exposed at short intervals to water and
cleansing agents. Even the use of plastic or rubber
protective gloves is not without problems. Water- and
air-tight gloves may hydrate and irritate the skin. In
the worst case, allergy to glove materials may devel-
op. Gloves permeable to chemicals used at work may
even promote the development of allergy to these
chemicals.

The same dental care products may also elicit al-
lergic or irritant reactions in dental patients. They
usually cause delayed-type allergic contact stomatitis
(ACS) reactions, but immediate reactions are also
possible. Patch testing is essential in distinguishing
delayed allergic reactions from irritant ones. A biop-
sy may sometimes be necessary to exclude other oral
diseases.

36.2 Dental Care Personnel

and Dental Laboratory Workers

Nowadays, it is known worldwide that dentists, den-
tal nurses, and other dental workers are at consider-
able risk of developing occupational contact derma-
titis from the materials used in their work, whereas
their patients only rarely develop contact stomatitis
from dental materials [1-17]. Other occupational dis-
eases may also develop, for instance bronchial asth-
ma, rhinitis, conjunctivitis, pharyngitis, and laryngi-
tis [18-23].

During the past decades, the frequency of occupa-
tional contact dermatitis has increased steadily in
dental care personnel and was considered to be about
40% in the first part of the 1990s [11]. In the 1990s,
three times as many occupational diseases of dentists
and dental nurses compared to earlier were reported
to the Finnish Register of Occupational Diseases
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(FROD). In the same period, plastic materials had
taken the place of amalgam in dental restoration, and
the use of protective gloves [usually natural rubber
latex (NRL) gloves] had become common practice
because of the increased risk of HIV (human immu-
nodeficiency virus) and hepatitis virus infections. In
particular, allergic contact dermatitis (ACD) caused
by methacrylates and NRL gloves, as well as contact
urticaria due to NRL gloves had increased [14-15].

According to the information obtained from the
FROD in 1990-2000, and from the study on dental
nurses, two-thirds of all occupational diseases of
dental care personnel were cases of contact derma-
titis, with ACD being the most common of them.
Typically, the number of cases of ACD is more than
two-thirds, and the cases of irritant contact derma-
titis is less than one-third of all the cases of contact
dermatitis. Dental care workers belong to the eight
most risky occupations concerning occupational al-
lergic contact dermatitis. The risk of developing ACD
is six times more common in dental care work com-
pared to the average risk in all occupations [14-15].

Similar results concerning the sensitization of
dental care personnel have been obtained in other
studies as well [6-7, 17]. The frequency of type-IV
sensitivity in dentists, dental hygienists, dental assist-
ants, or dental students attending annual health
screenings in 1997, 1998, 2000, 2002, and 2003 ar-
ranged by the American Dental Association (ADA)
Annual Sessions, held in various major American cit-
ies, was determined by patch testing. One hundred
and seventy eight (178) dentists and 51 non-dentists
participated, and 49% of the patch-tested partici-
pants displayed positive reactions to at least one al-
lergen. The most prominent allergens derived from
dental materials were rubber chemicals and methac-
rylates [17].

In 1990-2000, a total of 151 cases of dermatosis
among dentists and cases among 302 dental nurses
were reported to the FROD. The number of cases of
contact dermatitis was 349, of which more than two-
thirds (255 cases) were cases of allergic contact der-
matitis (type-IV allergy). Ninety-four (94) were cases
of contact urticaria or protein contact dermatitis
(type-Iallergy) [14].

Dental laboratory workers have a similar risk of
developing hand eczema as other dental personnel
[24-26]. At the beginning of the 1980s, a Finnish
questionnaire study of dental technicians [24] re-
vealed the frequency of their hand dermatitis, both
present and previous, to be about 30%. These techni-
cians were mainly men (80%). In a Danish cross-sec-
tional questionnaire study among dental technicians
[27], the 1-year prevalence of skin problems of the

hands was 43%, which was eight times as high as
among the general population. More than half (60%)
of the study participants were women. Another study
with the same group showed that there was a rapid
increase in the skin problems of dental technician
trainees [28].

In a Swedish retrospective cohort study [26] of
former dental technician students (n=2,139), a postal
questionnaire inquired about the factors for the oc-
currence of hand eczema, including age of onset, oc-
cupational exposure, and use of protective gloves. In
dental technicians, the incidence of hand eczema was
7.1 cases/1,000 person years among men and 10.8
among women during the time that they were ex-
posed to acrylates. Based on the results, the risk of
hand eczema was stated to be more than doubled in
dental technicians.

36.3 Allergic Contact Dermatitis

36.3.1 Clinical Picture

The hands, and especially the fingers of dentists, den-
tal nurses, orthodontists, and dental technicians, are
most exposed to hazardous chemicals, which are
often both allergens and irritants. Allergic contact
dermatitis (ACD) caused by chemicals is typically lo-
cated on the fingertips, which may become very dry,
hyperkeratotic, chapped, smarting or itching, and
reddish (pulpitis). There may also be vesicles or scal-
ing. Stinging or burning sensations are also quite
common, especially in cases caused by acrylics. ACD
caused by methacrylates can be followed by mild pa-
resthesia. The symptoms of paresthesia may last for
weeks, even for half a year after the dermatitis has
disappeared. These symptoms can also appear with-
out previous development of contact allergy [29]. Al-
s0, the nail folds may become inflamed and red, swol-
len, and chapped [30]. Dermatitis may also appear in
other locations, including the face, eyelids, and other
exposed skin areas by airborne contact or by con-
taminated hands or gloves [5, 11].

ACD caused by rubber or plastic gloves appears
typically on the skin areas covered by the gloves. Sep-
arate, itching eczematous areas may occur on the
backs of the hands or on the wrists, or there may be
reddish, swollen, and scaling dermatitis throughout
the glove-covered areas. The dermatitis is usually the
worst in skin areas that are in close contact with the
gloves. Sometimes edema of the face and eyelids may
be associated [31].

After contact with the causative agent has stopped,
the dermatitis will disappear in different ways, de-
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pending on its location. Even very mild pulpitis may
take 2 or 3 weeks to cure, whereas dermatitis on the
backs of the hands may disappear in a week. The skin
usually remains symptomless if it is not in contact
with the causative allergen, but one contact a week
with the allergen makes dermatitis recur and may in-
duce chronic dermatitis.

36.3.2 Causative Agents

36.3.2.1 Acrylics
and Other Plastic Chemicals

Methacrylates and Acrylates

The methacrylates and acrylates contained in un-
cured dental plastic materials are the most common
causes of ACD in dental personnel, including den-
tists, orthodontists, and dental nurses, and in dental
laboratory workers, such as dental technicians and
dental laboratory assistants [1-5,7,11,14-15,17, 25-26].

Up until the 1980s, knowledge of the irritant and
sensitizing effects of dental materials was scarce.
However, hypersensitivity to methylmethacrylate
(MMA) in the manufacture of prostheses was report-
ed as early as in 1941 [32, 33]. In 1954, Fisher and
Woodside [34] described two dentists and two dental
mechanics (technicians) who were occupationally
sensitized to methylmethacrylate and who also had
positive patch test reactions. The number of reports
on dental personnel occupationally sensitized to
acrylics was still small in the 1970s. Knowledge about
the sensitizing capacity of acrylics was lacking and
MMA was widely used as a standard allergen in re-
vealing sensitization to dental acrylics. Better pos-
sibilities for investigating and understanding aller-
gies associated with dental materials were not dis-
covered until the beginning of the 1980s. New infor-
mation was obtained about the sensitizing capacity
of methacrylate and acrylate compounds in two the-
ses using guinea pig maximization tests [35, 36]. At
the same time, Tony Axell, together with Bert Bjork-
ner, Sigfrid Fregert, and Bo Niklasson in co-opera-
tion with the Scandinavian Institute of Dental Mate-
rials (NIOM), began to develop a patch test series
suitable for examining stomatitis patients as well as
dental care personnel [37]. The series contained 21
patch test substances, which were selected based on
reported cases of contact allergy to dental materials,
and the most frequently used components with doc-
umented or suspected potential contact allergens in
dental practice. Most of these substances are still in-
cluded in commercially available dental screening se-
ries, e.g., Chemotechnique Diagnostics, Malmo, Swe-
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den and Trolab, Hermal, Reinbeck, Germany. In the
1990s, several clinical studies showed that MMA is a
rather poor screening allergen for acrylics, and con-
firmed previous guinea pig sensitization studies on
acrylics indicating that especially low-molecular-
weight (LMW) methacrylates, such as 2-hydroxye-
thylmethacrylate (2-HEMA), triethylene glycol dime-
thacrylate (TREGDMA), and ethyleneglycol dime-
thacrylate (EGDMA) in the dental materials are
stronger contact sensitizers than MMA, and also
need to be used for patch testing [1-2, 4, 38-44] (see
also Table 1).

Dental Composite Resins

The plastic products used in dental restoration can
be dental composite resins (DCR), glass ionomers,
glass-ionomer cements with plastic reinforcement,
and compomers (glass ionomer added to DCR). DCR
based on bisphenol A and methacrylates, e.g., 2,2-
bis[4-(2-Hydroxy-3-methacryloxypropoxy)phenyl]-
propane (Bisphenol A glycidyl methacrylate or bis-
GMA), have been used since 1962 [46]. bis-GMA is
the most extensively used hardening binder of DCR,
which can also be replaced by urethane dimethacry-
late (UEDMA), which has similar properties. bis-
GMA and epoxy diacrylate sensitized four out of
eight dental patients having occupational ACD in the
1980s [38]. Thereafter, new cases have not been re-
ported from dental practice. High-molecular-weight
(HMW) bis-GMA and UEDMA are probably not as
common a sensitizer as LMW methacrylates. Allergy
to UEDMA may be even less common than allergy to
epoxy dimethacrylate [5].

Because HMW methacrylates have high viscosity,
LMW methacrylates, including TREGDMA and
EGDMA, are added to dilute these HMW monomers.
The most commonly used dimethacrylate is TREGD-
MA. When water solubility is necessary, 2-HEMA is
added, e.g., in glass ionomers and compomers. DCR
may also contain chemically reactive prepolymers as
allergens, usually methacrylated epoxies and ure-
thanes, methacrylates, and dimethacrylates.

Concomitant positive patch test reactions to sensi-
tizing methacrylates are common [2, 4,25], which can
be ascribed to multiple sensitization or cross-reac-
tions based on animal tests [2, 47, 48]. Patch test re-
sults of sensitized workers with large (meth)acrylate
series of Chemotechnique Diagnostics indicate that
inter-patient cross-reactions to acrylics vary. During
their work, career dental personnel are exposed to
various DCR products, which may differ in composi-
tion from one batch to another [4-5].

DCR also contain inorganic fillers, e.g., fine parti-
cles of glass or quartz, pigments, nonreactive inert
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polymers, and polymeric waxes that necessarily are
not allergens [38]. When these additional substances
are missing, the product is called a resin [4-5,14].

Polymerization of the DCR mixture may take
place by using chemicals or visible light. Double cur-
ing materials are cured using both chemicals and
light. DCR may, therefore, contain various additives,
such as photoinitiators (e.g., camphoroquinone),
other initiators [e.g., (di)benzoylperoxide], activators
(e.g., tertiary aromatic amines), and inhibitors (e.g.,
hydroquinone or methylhydroquinone), which may
also sensitize [5,11,14].

Light-cured glass ionomers contain similar sensi-
tizing methacrylates as DCR, and may cause allergy.
A dental nurse had daily handled light-cured hybrid
glass ionomers and developed occupational fingertip
dermatitis, typical of ACD caused by acrylate com-
pounds. On patch testing, she reacted to several
acrylics, including 2-HEMA. Her hybrid glass iono-
mer primer and liquid also provoked an allergic
patch test reaction [49].

Dentin bonding systems are needed to ensure firm
adhesion of the DCR to the tooth. The first dentin-
resin bonding agent was N-phenyl glycine glycidyl
methacrylate, developed by Bowen in 1962 [46]. Since
then, a large number of new dentin bonding com-
pounds have been developed [51]. In 1978, a bonding
system with a hydrophobic resin (methacryloxyethyl
phenyl phosphate), phenyl P, mixed with a water-sol-
uble form of methacrylate resin, i.e., 2-HEMA, was
marketed in Japan. In 1983, the 3M Company intro-
duced a bonding system using a phosphate ester of
bis-GMA, and in 1988 saw a new system based on ma-
leic acid and 2-HEMA. Eleven patients were sensi-
tized to acrylics in dentin bonding systems. Four
dental nurses and five dentists developed ACD, one
dentist had pharyngitis, but no skin symptoms, and
one dental nurse was probably sensitized from patch
testing with her own undiluted acrylate products
[51]. Concentrations of methacrylates identified in
dental restorative materials are given in Table 2. How-
ever, the composition may change and new products
are continuously being developed.

Before the restorative material (e.g., DCR) is ap-
plied into the teeth, the cavity is treated with an acid-
ic etching agent and a bonding system, e.g., with a
primer followed by an adhesive. The curing takes
place with visible light. 2-HEMA is commonly used
in both primers and adhesives. Nowadays more often
one-component bonding systems are used [4, 5].

Prostheses

The composition of the basement sheets of dental
prostheses has been almost the same for decades.
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Table 2. Concentrations of methacrylates identified in dental
restorative materials [142]. For the abbreviations of (meth)ac-

rylates, see Table 1

Identified methacrylate

Concentration (%, w/w)

Range Median

Bonding materials (seven products)

2-HEMA

bis-GMA

EGDMA

TREGDMA

UDMA

Diethyleneglycol
dimethacrylate

Trimethylolpropane
trimethacrylate

EMA

Glycerine dimethacrylate

Methacrylic acid

2-HPMA

1-Chloromethyl-2-hydroxy-
ethyl methacrylate

Composite resins (8 products)
bis-GMA
TREGDMA
EGDMA
UDMA
bis-EMA
Decamethylene

dimethacrylate
2-HEMA
DMAEMA
bis-MA
Diethyleneglycol

dimethacrylate
Methacrylic acid

Glass ionomers (2 products)
2-HEMA
EGDMA
Methacrylic acid
TMPTMA
2-HPMA

0.3-28 17
21-40 27
0.05-0.4 <0.3
4-46

2-29

0.05-5

3=V

1

4-8

Not quantified
0.3

Not quantified
6-21 10
3-7 6
0.05-5

8-15 11
6-8

0.05-1

7

2

5

Not quantified
Not quantified
0.2-23

0.1-0.2

Not quantified
9

0.3

They are prepared from a mixture of polymethyl me-
thacrylate (PMMA) powder and liquid MMA, and the
mass is molded manually or mechanically. The com-
ponents of the powder and liquid of an acrylic den-
ture base material are shown in Table 3. The powder
may also contain copolymers with different acry-
lates, e.g., polybutyl acrylate, or methacrylates, e.g.,
polyethyl methacrylate and polyisobutyl methacry-
late or polystyrene, initiators [(di)benzoylperoxide,
barbiturates], colors, pigments (salts of cadmium,
calcium, and zinc), butyl hydroxytoluene (BHT), and
various filling agents, such as silicone dioxide [4, 5,11,

25, 52].
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Table 3. Components of the powder and liquid of an acrylic denture base material [5]

Powder Liquid

Polymethyl methacrylate or polymer
Organic peroxide initiator

Titanium dioxide for control translucency
Inorganic pigments for color

Dyed synthetic fibers for appearance

Methyl methacrylate or monomer
Hydroquinone inhibitor
Dimethacrylate or cross-linking agent®
Organic amine accelerator®

* A cross-linking agent is present if the manufacturer indicates that the material is a cross-linked acrylic
° The amine is present only if the material is labeled as a product to be processed at room temperature. Some manufacturers list

them as cold-curing or self-curing materials

When PMMA powders melted at lower tempera-
tures than usual are used, they can contain, in addi-
tion, copolymers of MMA, e.g., ethylmethacrylate
(EMA). The powders may also contain small
amounts of monomer impurities, e.g., MMA and
ethylacrylate (EA). N-Butyl methacrylate, isobutyl
methacrylate,and other methacrylates can be used to
replace liquid MMA. After molding, the acrylate mix-
ture polymerizes. The reaction is based on the use of
heat, chemicals, light (UV or visible), or microwaves.
(di)Benzoylperoxide is used in mixtures that poly-
merize at room temperature (cold-cured or self-
cured) or at higher temperatures (heat-cured) to in-
itiate the hardening process [4, 5,11, 25].

If the manufacturer indicates that the material is a
cross-linked acrylic, then 1,4-butanediol dimethacry-
late (BUDMA), EGDMA, or ethylene glycol methacry-
late can be used., e.g., the monomer liquid in heat-
polymerizable products contains 1,4-butanediol dim-
ethacrylate or EGDMA as cross-linkers. Monomer lig-
uids may also contain 2-HEMA and other dimethac-
rylates. Cold-curable liquids may contain allergenic
activators such as N, N-dimethyl-p-toluidine, 4-tolyl-
diethanolamine, and diethanol-p-toluidine. Liquids
may also contain stabilizers (polymerization inhibi-
tors), such as (methyl)hydroquinone, p-methoxyphe-
nol or butylated cresols (BHT). Other components
include ethyl alcohol and plasticizers, such as phtha-
lates (dibutyl phthalate). In addition, benzophenones
or benzotriazoles, phenyl salicylate, methyl salicy-
late, resorcinol monobenzoate, or stilbene can be
added as UV-absorbers [3-5, 24, 25, 52-55].

Also, complex light-curable (UV or visible) acryl-
ics similar in composition to DCR are used by dental
technicians, and this may mean an increased risk of
sensitization to these materials. According to some
safety data sheets, these products may contain ureth-
aneacrylates, e.g., polyester urethaneacrylate, dime-
thacrylates, e.g., diurethane dimethacrylate, 1,6-hex-
anedioldimethacrylate, methacrylates, e.g., MMA, di-
methylaminoethyl methacrylate, acrylates, e.g., 3-di-
methyaminoneopentylacrylate, and accelerators,

photoinitiators, e.g., camphoroquinone, and other
compounds, including fillers, pigments, and BHT [4,
5].

Crown and bridge materials can contain, in addi-
tion to MMA, e.g., tetrafurfuryl methacrylate, EGD-
MA, TREGDMA, I, 4-BUDMA and UEDMA [5, 25, 53].

Fasting cements for prostheses usually contain
similar acrylate compounds as DCR.

Dental technicians and other dental laboratory
workers also use daily many other materials, such as
glues, plasters, waxes, dental alloys, polishing pastes,
and enamel. Molding plasters can contain melamine-
formaldehyde resin, which has sensitized dental
technicians [25].

Cyanoacrylate glues are used almost daily in den-
tal laboratories. They are usually used to repair
cracks in plaster and stone (hard) plaster models, but
can also be used to glue together broken acrylic pros-
theses. Cyanoacrylate glues seldom sensitize. Cases
have been reported from glueing artificial nails
[56-58] and attaching false hair with the glues [59].
The allergens in these cases were ethyl cyanoacrylate
and MMA. Cyanoacrylate glues may also irritate the
skin and induce chemical burns as a result of acciden-
tal exposure [57]. Nail dystrophy has been described
after the use of artificial nails [58]. Asthma caused by
cyanoacrylate exposure is also well known [60].

In a German study, out of 55 patch tested dental
technicians, 16% reacted to MMA, 33% to 2-HEMA,
and 27% to EGDMA. Positive reactions to other me-
thacrylates, e.g., to EMA (11%) and TREGDMA (4%),
and to acrylates, e.g., EA (6%) and pentaerythritol
triacrylate (PETA) (4%), were less common. The
study also demonstrated high cross-reactivity
between 2-HEMA and EGDMA and moderate cross-
reactivity between MMA and 2-HEMA. Only two
positive reactions to TREGDMA were observed and
one to BUDMA, suggesting that these are less sensi-
tizing compounds than MMA, 2-HEMA, and EGDMA
[25]. MMA, 2-HEMA, and EGDMA were also the most
common reactors in a previous German study of
dental technicians [55].
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Additives in Dental Acrylics

Additives used in dental restoration and prosthetic
materials are seldom the cause of ACD.

(di)Benzoyl peroxide is an essential part of these
materials. An appreciable amount of benzoylperox-
ide can be present in dentures [61]. However, only
solitary cases of sensitization have been reported.
Two cases of ACD from manufacturing dental pros-
theses were reported by Calnan [62]. Kanerva et al.
1994 [63] described a dentist who was sensitized to
mercury and benzoyl peroxide. Benzoyl peroxide has
also caused sensitization in other exposures, includ-
ing acrylic bone cement, an arm prosthesis, acne
treatment preparations, baking additives, and the
treatment of leg ulcers [64-66]. It has also caused air-
borne ACD [67]. On patch testing, benzoyl peroxide
is an irritant that easily causes false-positive reac-
tions. The frequency of 11% positive reactions of the
participants in an American patch test study of den-
tal personnel suggests several irritant reactions [17].

Also N, N-dimethyl-p-toluidine and 4-tolyl dietha-
nolamine are very rare sensitizers in dental person-
nel. A dentist with occupational ACD had positive
patch tests reactions to 4-tolyl diethanolamine, as
well as to coconut diethanolamide and N-ethyl-4-to-
luene sulfonamide [68].

Methylhydroquinone and hydroquinone are used
to prevent unintended polymerization, but sensitiza-
tion in dental personnel has not been reported. Oth-
er stabilizers, p-methoxy phenol and BHT, are also
very rare sensitizers [5, 24].

Plasticizers are added to improve the flexibility,
softness, and pliability of plastics. Dibutyl phthalate
has been added as a plasticizer at various times to
denture base resins by the manufacturer or by the
dental technician. In general, allergy to dibutylphtha-
late is very rare [5].

Camphoroquinone is used as an initiator for vis-
ible-light-cured DCR materials and primers. It has
been considered as a nonsensitizer, but one case of
active sensitization from patch testing has been re-
ported [69].

Various UV-absorbers are incorporated in DCR
products, other plastics, textiles, and sunscreens.
They include, e.g., 2-hydroxy-4-methoxy-benzophe-
none (Eusolex 4360), 2-(2-hydroxy-5-methylphen-
yl)benzotriazole (Tinuvin P), phenyl salicylate,
methyl salicylate, resorcinol monobenzoate, and stil-
bene. Sporadic cases of sensitization have been re-
ported, but not in dental personnel [4, 5,53].
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Epoxy Resin and Bisphenol A

Sensitizing  diglycidylether-of-bisphenol-A  epoxy
resin (DGEBA-ER) is, nowadays, used as a compo-
nent of a root canal sealant. Some of the dental work-
ers sensitized to DCR also reacted to DGEBA-ER on
patch testing [45]. DCR may contain DGEBA-ER as
an impurity. Possibly, DGEBA-ER and bis-GMA
cross-react in some individuals, although there is al-
so evidence that they do not cross-react [5, 45, 70].

Bisphenol A is a raw material in the production of
epoxy and acrylic resins. A dental nurse was sensi-
tized to bisphenol A, possibly as an impurity in the
DCR products that she had handled at work [71].

Bisphenol A can also be used as an additive in the
manufacture of PVC plastics. A dentist and an oral
hygienist were sensitized from the use of PVC gloves
of the same trademark. However, it cannot be ruled
out that the DCR which they had handled during
their restorative work may have contributed to their
sensitization. After these cases, the disposable PVC
gloves on the Finnish markets were analyzed, but bi-
sphenol A could no longer be found [72].

36.3.2.2 Rubber Chemicals

Protective gloves are the most common source of oc-
cupational allergic contact dermatitis from rubber
chemicals [31]. They are among the most common
causes of ACD in dental care personnel,in addition to
methacrylate and acrylate compounds [6, 14, 15, 17].
They have to be taken into account also in dental la-
boratory work, even though gloves are not used as
consistently as in dental restoration work [24-26, 53].
There may also be other causes of rubber sensitiza-
tion among dentists, e.g., dams and polishing discs
made of rubber [38].

Rubber gloves are usually manufactured using
various automated processes. The primary ingredi-
ent is rubber polymer, which is blended with 15-20
additives, including vulcanizing agents, accelerators,
antioxidants, pigments, fillers, and oils. Rubber poly-
mer can be a natural product made from milky liquid
(natural latex) of the rubber tree, or it can be manu-
factured synthetically. Whether a rubber glove is
called natural (NRL) or synthetic depends on the or-
igin of the polymer used in its manufacture [31].

Sensitizing chemicals are contained in gloves
made of both natural and synthetic rubbers. Howev-
er, natural rubber gloves are commonly used gloves,
and are, therefore, probably the main cause. The
three most important allergenic causative chemicals
include thiuram, dithiocarbamate, and benzothiazole
accelerators [31]. In an American patch test study of
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dental personnel, 10% reacted to thiurams and 12%
to carbamates [17].

In 1990-2000, a total of 61 (18%) out of 255 cases of
allergic contact dermatitis in dental personnel re-
ported to the FROD were caused by rubber chemicals

[14,15].

36.3.2.3 Antimicrobials

Antimicrobials are also an important group of sensi-
tizers among dental care and dental laboratory work-
ers [5, 14, 15, 17]. They can be components of disin-
fectants and cleansing agents, e.g., glutaraldehyde,
formaldehyde and formaldehyde-releasing agents,
glyoxal, chloramine-T, and persulfates. They can also
be used as components of tooth bleaching agents
(persulfates), and they may be present in medicines
used to cure gingivitis, disinfectant liquids of im-
plants, and mouth and hand washes (chlorhexidine).
All antimicrobials used in hand cleansing agents and
hand creams can also be causes of contact allergy in
dental work (e.g., isothiazolinones, methyldibromo
glutaronitrile, and formaldehyde liberators).

Glutaraldehyde is widely used as an antimicrobial
agent in the cold sterilization of dental equipment
and in hospitals, e.g., for disinfecting metal parts of
beds and in hospital laboratories. It may be present in
dental acrylic adhesives and bonding agents at con-
centrations of 0.7-5%. It is also an irritant, and has
previously been considered to be a weak sensitizer
[73]. However, more recent reports suggest it to be a
stronger sensitizer [74-76]. Glutaraldehyde, in addi-
tion to other antimicrobials, has induced sensitiza-
tion in dental nurses [38, 76, 77]. Glutaraldehyde and
formaldehyde do not cross-react, but concomitant
sensitization is common [3, 64]. In an American
patch test study, glutaraldehyde and formaldehyde
each produced 3.5% positive reactions with no evi-
dence of cross-reactivity [17].

Formaldehyde is a commonly used chemical and a
frequent sensitizer in many countries [78]. Parafor-
maldehyde, previously commonly used to treat root
canals, has been an important source of formalde-
hyde allergy in dentistry [15, 38]. Formaldehyde as
such is possibly no longer a component in disinfect-
ing and cold-sterilizing liquids in dental practice.
Various formaldehyde-releasing agents are probably
the source of formaldehyde in some cleansing agents
and soaps. According to Flyvholm’s investigation in
Danish markets [79], bromonitropropanediol, bro-
monitrodioxane, and trihydroxyethylhexahydro s-
triazine were the most common formaldehyde re-
leasers in cleansing agents, and bromonitrodioxane,
imidazolidinyl urea, and bromonitropropanediol in

soaps and other skin care products. Patients allergic
to formaldehyde will benefit from information on ex-
posure to formaldehyde releasers. In addition, some
formaldehyde releasers can act as allergens them-
selves [14,15,79].

Minimal amounts of formaldehyde which possibly
leach from acrylics are not important in the develop-
ment of allergy to the chemical.

Glyoxal (ethanediol) is a dialdehyde, which can be
a component in many disinfectants used to disinfect
equipment and rooms in hospitals and in dental
practices. Elsner et al. [80] reported on seven health
care workers sensitized to the chemical. Two of these
seven also reacted to formaldehyde and three of six
to glutaraldehyde. One report describes a dental
nurse who had developed occupational ACD from
glyoxal, glutaraldehyde, and neomycin sulfate [77].

TEGO, the commercial name of certain disinfec-
tants sold in many countries under various trade
names, has been the cause of several cases of ACD
[38, 81, 82]. The active ingredient of TEGO is dodecyl-
di-(aminoethyl)glycine (DDAG), but is not present in
all TEGO products. It has been widely used in Europe
as an antiseptic for instruments in hospitals and in
dental practices [38]. From the 1970s to the 1990s, it
was the most common antimicrobial agent causing
ACD in Finnish dental personnel [15, 38, 83]. Since
1991, TEGO products have not been available in Fin-
land.

Chlorhexidine, 1,6-di-(4-chlorophenyldiguanido)-
hexane was introduced in the 1950s. It is a guanidin
disinfectant. Chlorhexidine diacetate, digluconate, or
hydrochloride can be used as an antimicrobial, e.g.,
in topical antiseptics, for disinfectants, e.g., in oint-
ments, mouth, and hand washes. It is also used to
cure gingivitis. Despite its widespread use, delayed
allergic reactions, as well as photoallergic reactions
can be considered rare. Immediate reactions due to
exposure to the chemical are more important [5, 84].

Quaternary ammonium compounds classified in
cationic detergents are, nowadays, increasingly used
as disinfectants for various dental instruments and
equipment. They are irritants that can also cause de-
layed irritation reactions. A delayed irritant reaction
may be difficult to distinguish from true allergic re-
actions on patch testing.

Benzalkonium chloride is the most extensively
used quaternary ammonijum compound in medical
use. It has been classified as weak allergens in animal
experiments [85]. It has been concluded that, in the
average population, benzalkonium chloride is not a
relevant allergen, whereas in medical professionals
and in ophthalmological patients, it is possibly a rel-
evant one, but only some cases of allergy to the com-
pound have been reported. A dental nurse having
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contact allergy to benzalkonium chloride from a
sterilizing solution has been reported. [5, 76, 84].

Placucci et al. [86] reported hand dermatitis in a
dental nurse from N-benzyl-N, N-dihydroxyethyl-N-
cocosalkyl-ammonium chloride, present in disinfec-
tant wipes used in dentistry.

ACD from polyvinylpyrrolidone-iodine (povi-
done-iodine, Betadine) has rarely been reported. It is
used at a concentration of 4% as a skin cleanser.
Those sensitized to povidone-iodine are usually not
allergic to iodine [87, 88]. The chemical is possibly a
weak sensitizer. Occupational ACD is rare [89-91],
but has been reported in a dentist and in an operat-
ing room nurse [92].

Products containing potassium persulfate are used
to disinfect surfaces, but not instruments in dental
practice. It is also used in toothpastes and other
bleaching agents of teeth. The chemical may irritate
the skin and cause delayed and immediate allergic
reactions, as well as asthma [5, 93-95].

36.3.2.4 Metals

Metallic mercury has been used, e.g., in dental amal-
gams, thermometers, pharmaceuticals, antifouling
agents, and agricultural chemicals. Mercury unites
with many metals to form an amalgam. Amalgams
prepared from zing, tin, and mercury have been used
as dental cements, and amalgams of mercury with
gold, silver, or copper have been used as fillings for
teeth [3]. The composition of amalgams used in dif-
ferent countries varies and there has also been varia-
tion over time [96]. Occupational amalgam allergy is
relatively rare, but has been reported in dentists and
dental nurses [2, 5,97, 98].

Gold in dentistry is used in the form of alloys with
silver, copper, palladium, platinum, and zinc to make,
e.g., crowns and bridges. Previously, contact allergy
to metallic gold and gold salts was considered to be
low, but during the past 10 years, a high frequency of
positive reactions among dermatitis patients patch
tested with gold sodium thiosulfate have been re-
ported [99-107]. Patch testing with the salt may cause
a long-lasting patch test reaction [108]. Hypersensi-
tivity to gold may be seen, together with contact al-
lergy to other metals, including mercury, nickel, and
palladium [109-111].

Several sporadic cases of ACD from both metallic
gold and gold salts have been reported. Occupational
gold allergy has been reported in the electronics and
gold-plating industry [111]. A dental nurse working in
a special dental laboratory polished gold crowns and
bridges in periods of 2 weeks, and was exposed to
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fine metal dust. She developed itching dermatitis on
her hands and face when polishing the pieces, and
the dermatitis faded soon after she had stopped the
work. On patch testing, she showed a positive reac-
tion to gold sodium thiosulfate, probably from expo-
sure to the dust containing gold (unpublished).

Orthodontists are increasingly applying braces to
children and adults. Since at least 10% of women are
allergic to nickel, a nickel-allergic orthodontist may
get hand dermatitis when bending the metal parts of
braces. Dental technicians may use instruments re-
leasing nickel, and they can also be exposed to mate-
rials containing nickel, resulting in sensitization and
ACD to nickel, or their pre-existing nickel allergy
may worsen [3,5,11,14].

Palladium is a metal found most commonly in ore
combined with platinum, gold, and copper. It is used
in varying amounts (4-82%) in cast dental restora-
tions. It has also been used instead of amalgam in
dental fillings to avoid the possible toxicity of mercu-
ry. Dermatitis from palladium was previously con-
sidered rare, but nowadays, about one-third of the
patients allergic to nickel sulfate also show positive
patch test reactions to palladium, possibly as a sign
of cross-reactivity. There are no convincing reports
on occupational dermatitis caused by palladium [3, 5,
112, 113].

Cobalt-chromium alloys, which form the frame-
work of partly metal dentures, and base metal alloys
contain about 60% cobalt. Dental technicians may
have a risk of developing sensitivity to cobalt, e.g.,
when exposed to the polishing dust of these alloys.
However, none of the 55 dental technicians in a Ger-
man study reacted to cobalt [25]. It is often not clear
whether chromium or other metals or metal salts
have caused the allergic reactions elicited by dental
metals [5,25].

Aluminum is used as pure metal or as an alloy, e.g.,
in dental materials. Aluminum salts can be used in
dental ceramics. Allergy is very rare, and has not
been reported from dental aluminum [5, 113].

Dental amalgam may also contain copper, but al-
lergic reactions to copper are rarely reported. Many
of the patients who are patch test positive to copper
are concomitantly positive to nickel sulfate, and the
question of cross-reactivity has, therefore, been
raised. On the other hand, the copper patch test sub-
stance may contain nickel, and the positive reaction
may represent allergy to nickel. However, copper al-
lergy has been reported [5, 113-115]. Metallic plati-
num is also used in dentistry, but it rarely causes ACD
[113].

Dental amalgam also contains silver and tin. Me-
tallic silver has not been reported to cause ACD.
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There is no convincing evidence of sensitization
caused by tin [113].

Titanium frameworks with removable partial
dentures have been recommended for use in patients
allergic to other metals. Titanium is also used in den-
tal implants. Some reports indicate that the metal can
act as an allergen. Its use in these applications is still
recommended [5,113].

36.3.2.5 Colophony, Eugenol, and Balsam
of Peru

Colophony or rosin is a resin obtained from different
species of coniferous trees. There are three types of
rosin, depending on the method of recovery. Coloph-
ony is a complex mixture of resin acids (about 90%)
and neutral substances. The major acids are abietic
acid and dehydroabietic acid. As a result of exposure
to air, oxidized components are present in colophony.
The oxidized components are important sensitizers.
The major allergen is the primary oxidation product,
15-hydroperoxyabietic acid. Patients with positive
patch test reactions to colophony often also react to
balsam of Peru and fragrance mix [116]. Colophony is
present in dental materials, e.g., in periodontal
dressings, impression materials, cavity varnishes
(cements), and temporary filling materials. Zinc-
oxide-eugenol (ZOE) cements may also contain
colophony. Even more than 30% colophony may be
present in Duraphat, a fluoride varnish. Occupation-
al dermatitis caused by colophony has been reported
in dental nurses [117, 118] and in a dental technician
[119].

In dentistry, essential oils are chiefly used as phar-
maceutical aids and mild antiseptics. Eugenol is an
important chemical constituent of clove oil. It is also
present in many other products, including cinnamon
oil, perfumes, soaps, bay rum, pimento oil (allspice),
flower oils, food spices, and flavoring agents [64]. It is
one of the eight components in the fragrance mixture
of the standard patch series used to detect fragrance
allergy. In dentistry, eugenol is mixed with zinc oxide
to form ZOE cement. It can also be used in toothache
drops, antiseptics, and mouth washes. ZOE has bene-
ficial physical and therapeutic effects, making it suit-
able for use as a provisional restorative material, base
material, and root canal filling material. Eugenol can
also be combined with colophony and used as an
intermediate two-component restorative material
with polymethylmethacrylate powder, e.g., in IRM
liquid. The two components of IRM are mixed before
use. Also, eugenol-free IRM liquid is available. When
eugenol is used in dental preparations, including im-
pression pastes, surgical packing, and cements and

provisional restorative fillings, it may also be the
cause of occupational ACD in dental personnel [120,
121].

Other sensitizing oils can also be constituents of
dental products, e.g., cinnamon, peppermint, anise,
and spearmint oil. Balsam of Peru can be present in
liquids mixed in surgical and impression pastes. Al-
so, other balsams, e.g., Canada balsam, can be used
[14,122].

36.3.2.6 Impression Compounds
and Resin Carriers

Silicon-based materials, alginate, and beeswax are
commonly used as impression compounds. Silicon-
based materials have probably not caused sensitiza-
tion in dental personnel. Two cases of contact allergy
have been reported, caused by a catalyst in a silicon-
based material [123]. Alginates have not caused any
definite cases of sensitization [124]. Beeswax is a sen-
sitizer, and occupational dermatitis has been report-
ed [125]. Dental modeling waxes may contain at least
17% beeswax [5].

Resin carriers are used to isolate cavities under
restorations, e.g., N-ethyl-4-toluene-sulphonamide. A
dentist with multiple sensitivities to materials that
she had used in her dental practice also displayed a
positive reaction to the chemical [68]. In a Swedish
multicenter study, 9 of 1,657 patch-tested patients
with oral symptoms reacted to N-ethyl-4-toluene-
sulphonamide [5].

36.3.2.7 Local Anesthetics

Local anesthetics can be divided into two groups,
amides and esters, based on their structure. Allergies
to local anesthetics were common earlier, when the
ester group of anesthetics, e.g., benzocaine was used,
but allergy from amides is rare. Up to 1991, only 18
cases had been reported since the 1940s, when amide
anesthetics were more extensively used [126]. Cross-
reactions may occur between structurally related es-
ter anesthetics, but not between structurally unrelat-
ed groups. Cross-reactions between amide anesthet-
ics are not well known.

Dentists’ sensitization to local anesthetics was
rather common earlier [64]; nowadays, sensitization
to these products is probably unusual. Benzocaine,
tetracaine, and procaine used to be the sensitizers in
these cases [64]. Lidocaine (xylocaine, lignocaine) is
an amide anesthetic and does not cross-react with
benzocaine or tetracaine. It is safe to both dentists
and their patients because allergic reactions are rare
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[127]. Mepivacaine and prilocaine have caused a few
solitary cases of sensitization [127,128].

36.4 Contact Urticaria,

Protein Contact Dermatitis,
and Other Immediate Reactions

Contact urticaria (CU) may be an immunological (al-
lergic) or a nonimmunological reaction. IgE-mediat-
ed (type-I) allergic reactions are usually caused by
proteins, but certain LMW chemicals may also elicit
similar immediate hypersensitivity reactions caused
by both allergic and unknown mechanisms [5].

36.4.1 Clinical Picture

Contact urticaria reaction as a result of type-I allergy
develops in minutes, usually in less than half an hour,
after the skin of the hands, especially the back of the
hands and fingers and wrists and forearms, has come
into contact with the causative allergen. Sometimes,
the eyelids can be the worst affected, probably by air-
borne contact or by the hands. Typically, there is red-
ness and whealing on the skin of the contact areas,
which may also be swollen and itching or smarting. A
contact urticaria reaction also disappears quickly,
usually in the course of a few hours, leaving the af-
fected skin completely symptomless. Sometimes, a
local contact urticaria reaction may elicit generalized
urticaria. Other symptoms of type-I allergy are also
common, including itching and running of the eyes
or nose, conjunctivitis, rhinitis, coughing, dyspnea,
or asthma. In the worst case, a life-threatening
anaphylactic reaction may develop.

Type-I allergy may also lead to so-called protein
contact dermatitis. When the skin is repeatedly in
contact with proteinaceous causative agents, wheal-
ing may no longer be seen on the skin. The appear-
ance of dermatitis resembles that of eczema and can-
not be distinguished from allergic or irritant contact
eczema caused by chemicals.

36.4.2 Causative Agents
36.4.2.1 Protective Gloves

Proteins in natural rubber latex (NRL) are the most
important cause of contact urticaria in general, espe-
cially in dental personnel [129], and NRL gloves are
the most important source. Tarlo et al. [130] reported
that 10% of dental students and staff had NRL sensi-
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tivity. Safadi et al. [131] reported that 12% of oral
health care workers had positive skin prick tests to
latex protein. Heese et al. [132] reported positive
prick tests to NRL in 8.7% of 296 dental students.
Lindberg and Silverdahl [13], in a study of 527 dental
professionals (192 dentists, 269 nurses, 64 hygienists,
2 in administrative work), tested 389 participants
with CAP-RAST (Pharmacia Upjohn Diagnostics,
Uppsala, Sweden) to estimate the prevalence of NRL
allergy: 7.2% were found positive in the test. There
was a significant difference among the three profes-
sions: 10.2% positive dentists (13 of 128 tested), 6.0%
positive nurses (13 of 216 tested), and 4.4% positive
hygienists (2 of 45 tested). In Finland, dentists and
dental nurses have been estimated to have the great-
est risk of all occupations investigated of getting im-
mediate allergy to latex proteins. Based on the cases
reported to the FROD in 1991-1996, the incidence
rate of NRL allergy in dental nurses was 11.8 cas-
es/10,000 workers and in dentists 6.0 cases/10,000
workers. Dental nurses had 50 times as much contact
urticaria and protein contact dermatitis caused by
NRL proteins as all the occupations on average [129].
Also, occupational asthma caused by NRL is possible.
In a study based on the cases reported to the FROD in
1990-1998, 62 cases of occupational respiratory hy-
persensitivity were observed in dental personnel.
NRL caused ten cases of occupational rhinitis and
two cases of asthma [23].

The cornstarch powder in NRL gloves has very sel-
dom been reported as a cause of contact urticaria
[133,134]. On rare occasions, chemicals have been re-
ported to cause contact urticaria from rubber prod-
ucts. A case of contact urticaria caused by latex-free
nitrile gloves has been reported [5].

36.4.2.2 Low-Molecular-Weight Chemicals

Haptens may also cause IgE-mediated reactions. The
hapten binds to protein or another macromolecule,
and the resulting hapten-carrier conjugate acts as an
allergen [135].

Chloramine-T (sodium-N-chlorine-p-toluene sul-
fonamide), used in dental work as a disinfectant of
instruments, boxes, and surfaces, can cause occupa-
tional contact urticaria, as can persulfates used for
the same purposes. In addition, they can be the cause
of occupational rhinitis and asthma. At the Finnish
Institute of Occupational Health (FIOH) in
1990-1998, three cases of asthma and one case of
rhinitis in dental personnel were diagnosed as being
caused by chloramine-T [23].

Chlorhexidine can be present in agents used to
cure gingivitis and as a constituent of hand washes.
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As an acetate or gluconate salt, it is used for topical
application, on skin or mucous membranes, wounds,
burns, surgical instruments, and surfaces. It can
cause contact urticaria and asthma [136]. It can also
be the cause of photosensitivity and fixed drug erup-
tions [136].

Colophony and eugenol have also caused immedi-
ate-type hypersensitivity reactions. In a Finnish
study of dental personnel [23], one case of occupa-
tional rhinitis caused by Nobetec containing coloph-
ony was diagnosed. Contact urticaria from eugenol
has been considered to be a nonimmunological reac-
tion, but recently, it has been reported to cause type-
I sensitivity and contact urticaria in a dental patient
[137].

Acrylics may cause immediate hypersensitivity as
well. Contact urticaria, conjunctivitis, rhinitis, pha-
ryngitis, and asthma from cyanoacrylates, MMA,
acrylic acid, and nonspecified acrylics have been re-
ported [18-22], but the mechanism of the reactions is
not known. According to the FROD, a total of 64 cas-
es of occupational respiratory diseases were diag-
nosed in dental personnel in Finland; two cases were
diagnosed in 1975-1989 and 62 in 1990-1998. There
were 28 cases of occupational asthma (18 caused by
methacrylates), 28 occupational rhinitis (6 caused by
methacrylates), 7 allergic alveolitis,and 1 organic tox-
ic syndrome. This study shows the increasing fre-
quency of respiratory hypersensitivity in dental per-
sonnel [23].

36.5 Irritant Contact Dermatitis

Dental workers are exposed to many skin irritants.
The most common irritants include cleaning agents
(detergents) and disinfectants used for hands, as well
as for surfaces and instruments, wet work, hydrating
effect of protective gloves, and dental acrylics.
Occupational irritant contact dermatitis is, in gen-
eral, more common than allergic contact dermatitis.
However, according to information obtained from
the FROD concerning occupational dermatoses of
dentists and dental nurses in 1990-2000, only 19% of
the reported 86 cases were due to irritation [14]. De-
tergents were reported as the main causes of irritant
contact dermatitis in half of the cases (51%), wet
work in 19%, and methacrylates in 10% of the cases.
In a study on Finnish dental nurses, frequent hand
washing was considered to be the main cause of irri-
tant dermatitis. Half of the nurses reporting work-re-
lated hand dermatitis said that using protective
gloves aggravated their hand dermatitis [15].
Corresponding results were obtained in a study of
55 patch tested dental technicians; 13 (24%) had irri-

tant contact dermatitis and 2 had allergic/irritant
contact dermatitis [25]. The causative agents were
metals and plastics (acrylics), plasters, and ceramics.
The most important agents causing irritant contact
dermatitis to dental technicians have been wet work,
work with plaster, grinding, and physical irritation,
as caused by polishing metal and plastic materials.
Hand washing up to 100 times a day was considered
to contribute as well [24, 25]. Miirer et al. [27] studied
Danish dental technicians and found acrylates to be
the most important cause of their hand problems. Of
the 69 having hand dermatitis at the time of the
questionnaire study, 64 reported using MMA or cya-
noacrylate glue daily or almost daily. Three reported
allergy to MMA. A study on dental technician
trainees [28] showed that, shortly after beginning
their education, the trainees had the same high pro-
portion of skin problems as the dental technicians at
work.

36.6 Photo-Related Reactions

Phototoxic or photoallergic reactions may represent
a new problem in dentistry as a result of extensive
powerful light sources in the curing of dental resins.
Many substances, including sulfonamides present in
some cavity liners, phenothiazines, griseofulvin, and
tetracyclines, used in dentistry may have phototoxic
properties. Photoallergic compounds in dentistry in-
clude eugenol, chlorhexidine, derivatives of 4-amino-
benzoic acid (PABA), sulfonamides, and phenothia-
zines. A generalized erythematous eruption of the
face and submental area in a dental hygienist was
caused by trimethoprim medication and exposure to
a photocuring unit [5,138].

36.7 Investigations

In investigations, the determination of exposure to
chemicals, explanation of the work techniques used,
as well as skin tests (patch and prick test) are the
most important tasks, supplemented by clinical ex-
amination of the skin (localization and type of erup-
tion), and follow-up of the course of dermatitis dur-
ing working days and weekends, as well as during
holiday periods and sick leave. Sometimes, the deter-
mination IgE-specific antibodies in the serum of the
patient will be added to examinations.

Safety data sheets (SDSs) may be helpful in detect-
ing exposing chemicals, but it should be remembered
that not all components are given in the sheets
[139-142]. In a recent study [142], acetone-soluble
methacrylates in commercial dental restorative ma-
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Table 4. Dental screening series of Chemotechnique Diagnostics (Malmg, Sweden) (C), Hermal (Trolab, Reinbeck/Hamburg,
Germany) (T), and the Finnish Contact Dermatitis Group (F). For the abbreviations of (meth)acrylates, see Table 1. Chemotech-
nique Diagnostics has three dental screening series: a broad series (B), and specific series for patients (P), and for staff (S) (NI
not included)

Test substance Concentration in petrolatum or in water (aq.) (%)
C
(Meth)acrylates
MMA 2 (B,B,S) 2 2
TREGDMA 2 (B,P,S) 2 2
UDMA 2 (B) NI 2
EGDMA 2(B,PRS) 2 2
bis-GMA 2 (B,B,S) 2 2
bis-EMA 2(P) NI NI
BUDMA 2 (B,P,S) NI 2
bis-MA 2 (B) NI NI
2-HEMA 2 (B,B,S) 1 2
DMAEMA 0.2 (B,P) NI 0.2
HDDA 0.1 (B, P) NI NI
THEMA 2(B,P,S) NI 2
Diurethane dimethacrylate NI 2 NI
Epoxy resin compounds
Bisphenol A NI 1 1
Epoxy resin 0.1 (P) NI NI
Acrylate activators, inhibitors, UV filters
N,N-Dimethyl-4-toluidine 5(B) 2 NI
2-Hydroxy-4-methoxy-benzophenone 10 (B) NI NI
N-Ethyl-4-toluenesulphonamide 0.1 (B,P) NI 0.1
4-Tolyldiethanolamide 2 (B) NI 2
Methylhydroquinone 1(B) NI 1
Hydroquinone NI 1 1
Camphoroquinone 1(B) NI NI
2(2-Hydroxy-5-methylphenyl)benzotriazol 1(B,P) NI NI
Benzoyl peroxide NI 1 NI
Metals
Potassium dichromate 0.5 (B, P) NI 0.5
Cobalt chloride 1(B,P) NI 1
Gold sodium thiosulfate 2 (B,P) 0.25 NI
Potassium dicyanoaurate NI 0.002 aq. NI
Nickel sulfate 5 (B, P) NI 5
Copper sulfate 2 (B) NI NI
Palladium chloride 2 (B,P) 1 1
Aluminum chloride hexahydrate 2 (B) NI NI
Tin 50 (B) NI NI
Mercury 0.5 (B, P,S) NI 0.5
Ammoniated mercury NI 1 NI
Mercuric chloride NI NI 0.1
Mercury ammonium chloride NI NI 1
Amalgam NI 5 NI
Amalgam alloying metals NI 20 NI
Ammonium tetrachloroplatinate NI 0.25 NI
Fragrances, colophony
Eugenol 2 (B,P,S) 1 2
Colophony 20 (B,P) NI 20
Balsam of Peru 25 (P) NI NI
Menthol NI 1 NI
Peppermint oil NI 2 NI
R-(L)-Carvone 5(P) NI NI
Antimicrobials
Formaldehyde 1 aq.(B) NI 1 aq.
Glutaraldehyde 0.2 (S) NI 0.2
Chlorohexidine digluconate NI NI 0.5 aq.
Ammonium persulfate NI NI 2.5
Anesthetics
Caine mix III (benzocaine, dibucaine, tetracaine) NI NI 10

Rubber chemicals
Thiuram Mix NI NI 1
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terials - seven bonding materials, eight DCRs, and
two glass ionomers - were identified by gas chroma-
tography with mass-selective detection, and were
quantified with liquid chromatography with ultravi-
olet detection. Information about methacrylates was
given in the SDSs for only about half of the products
that, according to the analysis, contained methacry-
lates. This result and corresponding previous results
indicate that SDSs need to be improved.

If available, a special data base for dental materi-
als, e.g., the German Info-Dent, would give more de-
tailed information about the products. All the infor-
mation in Info-Dent about the ingredients of the
product was obtained from the manufacturer, mostly
in confidence [11].

The clinical diagnosis of occupational ACD is con-
firmed by patch testing. The dental screening series
of Chemotechnique Diagnostics, Trolab, and the
Finnish Contact Dermatitis Group are shown in Ta-
ble 4. These series contain the most common sensi-
tizers in dental materials. If dental acrylics allergy is
suspected, but methacrylate compounds in a dental
screening series have, nevertheless, displayed nega-
tive results, an extensive methacrylate series (one ex-
ample in Table 1) may give more information about
the causative agent. Patch testing with a rubber
chemical series (Chemotechnique or Trolab) may al-
so be decisive in some cases [31].

Skin prick tests with or without determination of
IgE-specific antibodies in the patient’s serum are
necessary when type-I allergy is suspected.

Some cases of active sensitization caused by com-
mercial (meth)acrylate patch test substances and the
patient’s own acrylic products have been reported
[143-147]. Previously, three patients at the FIOH were
sensitized when higher patch test concentrations of
certain acrylate patch test substances were used.

Despite excellent screening series, patch testing
with suspected materials, such as dental acrylics and
rubber and plastic glove materials, may be necessary.
This is because minor components or impurities, and
not the main components, may be the cause of sensi-
tization, and also it may reveal new allergenic com-
ponents. An analysis of the suspected product may
also be necessary to detect special impurities pos-
sibly left in the manufacturing processes of separate
acrylate compounds, e.g., epoxy resin or bisphenol A
in the production of epoxy acrylates.

Patch testing with suspected acrylic products is a
difficult task because too low a concentration may
cause a false-negative patch test result, and too high a
concentration may sensitize. It has been suggested
that DCRs should be tested at 1-2% petrolatum [148].
In possible further tests with the products, the con-
centration should not exceed that of any acrylics.

Patch tests or use tests with undiluted acrylic products
should never be performed, as even a single exposure
with undiluted allergen may sensitize [146, 147]. Re-
ports include a patient who had been sensitized from
patch testing with undiluted dentin bonding acrylics,
and another patient with contact leucoderma from
undiluted DCR [5,147]. In patch testing materials oth-
er than those containing acrylics, the recommenda-
tions of Jolanki et al. [148] should be followed.

36.8 Hand Protection

In the prevention of occupational contact dermatitis
in dental care and laboratory work, it is of essential
importance to ensure the cleanliness of the work en-
vironment, and to use technical aids that lessen the
handling of reactive chemicals and encourage the use
of nontouch techniques. Highly sensitizing DCRs
containing various methacrylates and other products
in dental restoration and monomer liquids contain-
ing MMA and other acrylate compounds should nev-
er be handled with the bare hands. However, it is dif-
ficult to select disposable gloves to protect against
chemicals. Many chemicals permeate thick industrial
gloves, and thin gloves made basically from the same
material are permeated even more rapidly. Thin
gloves also break more easily under chemical or me-
chanical stress and, similar to thick gloves, they may
also have holes or defects. Many acrylics quickly pen-
etrate all disposable gloves [149-155].

Permeation studies of NRL and PVC disposable
examination gloves showed that these gloves do not
give sufficient protection against methacrylates, such
as 2-HEMA contained in primers used in dental res-
toration. Solvents in materials, e.g., acetone or ethyl
alcohol, markedly worsen the protection given by the
glove [153]. Acetone should be omitted from the den-
tin bonding materials, as it can penetrate even thick
industrial gloves in less than 5 min. It would, there-
fore, be better to use ethyl alcohol instead, if possible
[149-151,153,155,156].

At least double gloving with PVC or NRL gloves
should be used for a 15-min task. For tasks lasting
15 min to 30 min, good quality nitrile rubber gloves
should be used, preferably as a double layer with oth-
er gloves. A simple PE (polyethene) glove under an-
other glove may improve the protection considerably
when performing longer tasks. Double-gloving be-
comes easier if the inner gloves are of a larger size.
Against MMA in liquids used in the manufacture of
basement sheets of prostheses or bridges, there are
hardly any protective glove alternatives available, ex-
cept laminated gloves, e.g., PE/EVAL(ethylene vinyl
alcohol)/PE at present [155]. Gloves contaminated
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with uncured acrylic materials should be removed
immediately, and the hands washed with water and
cleansing agents.

Common protective glove materials usually give
sufficient protection against cleansing agents and X-
ray developers. Recent studies of the permeation of
common hospital chemicals through surgical single-
layered and double-layered NRL gloves and single-
layered chloroprene (neoprene) gloves showed that
potassium hydroxide (45%), sodium hypochlorite
(13%), or hydrogen peroxide (30%) did not permeate
the gloves. Furthermore, none of glutaraldehyde,
chlorhexidine digluconate, or povidone-iodine in the
commercial disinfectant solutions studied permeat-
ed the gloves [157].

Based on permeation studies, disposable gloves
made of NRL or PVC, for example, provide sufficient
protection against occasional splashes of disinfec-
tants. Alcohols and formaldehyde permeate these
gloves rapidly, and contaminated gloves must be re-
placed quickly and the hands must be washed. How-
ever, in continuous contact, even diluted glutaralde-
hyde and concentrated hydrogen peroxide permeate
thin examination gloves. Chlorhexidine digluconate or
povidone are not likely to permeate intact gloves
[155].

To prevent NRL allergy, PVC gloves, synthetic rub-
ber gloves, or NRL gloves with a low protein content
are recommended. PE gloves under NRL gloves in-
crease the protection and prevent sensitization to
glove proteins and chemicals [15, 31,158].

36.9 Patients

36.9.1 Oral Mucosa

The oral mucosa, like the skin, is exposed to irritants
and sensitizers. The allergic reactions can be imme-
diate, type-I reactions, e.g., from contact with NRL, or
delayed, type-IV reactions, e.g., from contact with
dental metals or acrylics. The term mucosal contact
dermatitis has been used for delayed reactions. There
is a lesser tendency to sensitization through the mu-
cous membrane than through the skin. A chronic ir-
ritant reaction may develop due to repeated or con-
stant exposure to irritant or toxic agents at low con-
centrations over long periods. Chronic irritant reac-
tions can be seen in areas of the oral mucosa that are
in close contact with amalgam or other fillings, pos-
sibly from mechanical causes. The clinical appear-
ance of these lesions may be difficult to distinguish
from those caused by contact allergy. The diagnosis
is based on the exclusion of contact allergy with neg-
ative patch tests [5].

Chapter 36

The mucosa is considered to be more resistant to
irritants than the skin. The reactions to contactants
are lessened by saliva, buffers, and possibly yeasts,
which can modify the appearance of stomatitis. Re-
gions with inflammation with or without ulcerations
beneath removable partial dentures have caused
problems for prosthodontists. Potential factors in-
clude microbial infection, obstructive sialadenitis,
and allergic or irritant reactions to metal frame-
works [159].

Contact allergy has been described as a factor in
oral lichenoid reactions and recurrent oral ulcera-
tion. Some investigators have suggested that allergic
factors are involved in patients with the burning
mouth syndrome [160], while others have not [161].
Allergic factors are probably of minor importance in
most cases of burning mouth syndrome, but may
have contributed to the symptoms of some patients

(5]

36.9.2 Allergic Contact Stomatitis
and Cheilitis

36.9.2.1 Clinical Picture and Symptoms

The subjective symptoms of patients with allergic
contact stomatitis (ACS) are often more prominent
than the clinical signs. The complaints include burn-
ing and stinging sensations, numbness, soreness, and
loss of taste. The clinical appearance varies from
barely visible changes to mild or severe erythema
and edema. Lingual papillae may disappear and the
mucosa may look smooth, waxy and glazy, and show
edema. If vesicles appear, they rupture quickly and
form erosions [162].

In allergic reactions to base materials of dentures,
there is a clear border between the reddish inflamed
mucosa covered by the denture and the adjacent un-
involved area. The clinical appearance due to an ill-
fitting plate may be similar, and patch testing is,
therefore, necessary. Similarly, ACS or allergic con-
tact cheilitis from dental metals or acrylics often
shows a distinct border just around the treated tooth,
but lichenoid reactions without allergy are also pos-
sible. ACS may also mimic oral changes caused by vi-
tamin deficiency and some systemic diseases. ACS is
often accompanied by cheilitis [163]. The clinical ap-
pearance includes dryness, scaling, fissuring, and an-
gular cheilitis. It can also be caused by contactants
applied to the lips. Lips rarely show edema or vesicu-
lation. Allergic contact cheilitis does not have a
boundary of normal skin immediately adjacent to
the vermilion border, in contrast to perioral derma-
titis, which is an endogenous skin disease. Exogenous

667



36

668

Tuula Estlander, Kristiina Alanko, Riitta Jolanki

perioral dermatitis, on the other hand, can develop
from allergy to dental products [5,164].

36.9.2.2 Causative Agents

Acrylics and Other Plastic Chemicals

Dental patients are exposed to uncured acrylic
monomers for only short periods. Therefore, they are
at much less risk of developing allergy than the den-
tists or dental nurses. Accordingly, sensitization of
patients from dental acrylics other than prosthetic
devices is rare [164,165].

In the manufacture of removable dental prosthe-
ses, polymerization may remain incomplete and
leave, e.g., MMA monomer in the denture, possibly
causing sensitization. The heat-cured method of
dentures induces more complete polymerization
than the cheaper cold-cured methods, which may
leave more residual monomer in the acrylate-based
denture. In a German study, 0.3-4.4% residual MMA
monomer was identified in all of the dental plastics
investigated [54,166].

Fisher showed that the sensitizing agent of acrylic
prostheses was MMA monomer, but thought that
heat-cured dentures were not allergenic [34]. Later,
Crissey [167] reported allergic denture sore mouth or
stomatitis from heat-cured prostheses. Kaaber [168]
has reported 18 cases of MMA-induced prosthesis
stomatitis. Aphthous ulcerations have been reported
from TREGDMA [169]. Edema and burning sensa-
tions in both lips have been reported from a prosthe-
sis, which, according to the manufacturer, contained
in its powder component polymethylmethacrylate,
benzoyl peroxide, cadmium, and ferric salts, and in
the liquid MMA, EGDMA, and hydroquinone. On
patch testing, the patient reacted to MMA, 2-HEMA,
2-HPMA, and EGDMA. When she started to use a
dental prosthesis made of nickel and chromium, the
edema of the lips resolved [170]. Edema and ulcera-
tion of the lips from 2-HEMA and TREGDMA was re-
ported by Agner and Menné [171], and vesiculation of
the lips and perioral skin from TREGDMA and bis-
GMA was reported by Niinimiki et al. [172]. Also,
more generalized reactions from the use of prosthe-
ses have been described, i.e., chronic urticaria with-
out mucosal or perioral symptoms [173], and stoma-
titis and edema of the tongue, lips, eyelids, and hands
[174]. Dental prostheses with 5-11 times higher con-
tent of residual monomer than in heat-cured den-
tures are also in general use. Allergic denture stoma-
titis may be encountered more often than previously
believed [5]. Several other case reports have been
published [96, 169, 175-179].

A female patient displaying a positive patch test to
MMA first developed contact stomatitis from one
prosthesis, but became symptomless when she used a
prosthesis made of Vulcanite rubber. After more
teeth were removed, a new complete upper and lower
prosthesis was needed. The new prosthesis gradually
began to cause worsening stomatitis with burning,
itching, and erythema of the oral mucous membrane.
The patient also had itching on her lips and on a
small skin area around the mouth. The oral symp-
toms were accompanied by generalized itching and
occasional whealing on her lower elbows. On patch
testing, she reacted to MMA, EGDMA, 1,4-butanediol
diacrylate, and 2-HEMA. In addition, her prostheses
also gave positive reactions. The patient’s prosthesis
was coated with LPH Lack, and UV-light curing
was performed for 7 h. She was able to use her pros-
thesis for half a year without any symptoms of sto-
matitis, and after relaquering for at least 8 months
more [54].

Another female patient developed gingivitis, sto-
matitis, and perioral dermatitis after insertion of a
temporary crown made of restorative two-component
material. The base paste and catalyst of the crown
contained three methacrylates, i.e., a proacrylate,
which is a modification of bis-GMA; a triacrylate,
which is saturated aliphatic tricyclic methacrylate;
and urethane methacrylate. On patch testing, she re-
acted to bis-GMA, and other epoxy diacrylates and
methacrylates, as well as to the base paste and cata-
lyst of the crown. Allergic reactions were probably
elicited by bis-GMA, a cross-reacting methacrylate or
other methacrylates in the temporary crown [165].

Only two cases of extra-oral manifestations of de-
layed allergy ascribed to bis-GMA have been report-
ed. One patient, who developed a measles-like rash,
itching, open blisters, and mild respiratory distress
but not stomatitis, was reported at the end of the
1970s. After the allergen was removed, complete re-
covery occurred in 6 months [180]. A recent report
described a 12-year-old boy with itchy, relapsing der-
matitis on his limbs, trunk, and face. A few days after
remodeling of the connections of his orthodontic de-
vice, a new, more severe vesicular eruption appeared.
He had worn this appliance for over 1 year without
any changes in the oral mucosa. On patch testing, he
reacted to bis-GMA and p-tert-butyl-phenolformal-
dehyde resin. He also reacted to the bonding paste,
which contained bis-GMA. After removal of the or-
thodontic prosthesis, the dermatitis disappeared
within 2 months [181].

Mucosal symptoms caused by additives in dental
plastics are even rarer than those caused by dental
acrylics. Kaaber et al. [182] reported one positive
patch test reaction to N, N-dimethyl-4 toluidine
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among 53 denture wearers. Tosti et al. [183] and Vers-
chueren and Bryunzeel [184] reported on patients
who had denture sore mouth syndrome from the
same chemical. (di)Benzoylperoxide has also been
described as a cause of stomatitis [64]. Hydroqui-
none has been reported on rare occasions to cause
gingivostomatitis [185].

Bisphenol A has been reported to cause burning
mouth syndrome in a patient. The denture used was
of unknown composition, but the patient showed a
positive patch reaction to bisphenol A and epoxy res-
in. It was hypothesized that the epoxy resin used for
repairing the denture caused the sensitization [186].

A patient possibly sensitized to epoxy resin at the
age of 15 developed painful swelling of oral mucosa
for half a day following root canal treatment with
product AH 26 (Dentsply De Trey, Germany), which,
according to the manufacturer, contains DGEBA-ep-
oxy resin, but not bis-GMA. Two years later, she had
developed chronic stomatitis, beginning a few hours
after insertion of provisional dental bondings, which
were subsequently removed. Patch testing in two ses-
sions showed positive reactions to bis-GMA, and ep-
oxy resin, bisphenol F epoxy resin, and a weak reac-
tion to diphenylmethane-4,4°-diisocyanate. Dental
restorations free of plastic materials and new amal-
gam fillings were inserted, and these were tolerated
without any side-effects [187]. Allergic contact der-
matitis caused by bis-GMA and associated with sen-
sitivity to epoxy resin has been reported in dental pa-
tients by Carmichael et al. [188].

Metals

Mercury amalgam allergy has aroused a great deal of
controversy. Previously, it was considered to be a rare
sensitizer, but later several studies have shown it to
be much more common [189-193]. Many patients
with allergic ACS or oral lichen planus (OLP) have
become symptomless after the removal of their
amalgam restoration [189-193]. The role of dental
amalgam in the etiology of OLP or oral lichenoid le-
sions (OLLs) remains controversial. Some authors
have reported that two-thirds of the patients with
OLP or OLL have allergy to mercury, whereas other
studies show much lower figures [194,195]. Martin et
al. [196] suggest that the corrosion of amalgams and
the presence of a galvanic effect from dissimilar met-
als in continuous contact (bimetallism) are associat-
ed with an increased risk of OLL. Amalgam may in-
duce OLL without an allergic mechanism too. OLL
may be one disease or a number of similar immuno-
logic or other responses to various stimuli, such as
mercury from corroding amalgam fillings [197].

Chapter 36

In a study by Athavale et al. [198], 55 patients with
OLL were referred for patch testing due to suspected
allergy to dental metals (ammoniated and metallic
mercury, salts of gold, platinum, palladium, zinc, and
copper). Of these 55 patients, 25 (45%) had a relevant
positive reaction. Allergy to mercury, and to a lesser
extent to gold, was potentially relevant to OLL. Com-
pared with other studies [109], the proportion of pa-
tients who were patch test positive to mercury was
lower, but more patients reacted to gold. On follow-
up, eight of the nine who had their dental metals re-
moved improved after 1 year. The possibility also re-
mained that the replacement of the amalgam re-
moved a physical agent that was causing OLL by an
irritant mechanism. The authors concluded that
type-IV allergy to mercury in dental amalgam, or to
a lesser extent to gold in dental restorations seems to
be relevant to the causation of OLL in some patients,
but would not be the only mechanism for inducing
the condition [198].

In a previous study [199] of 84 patients with typi-
cal OLL lesions adjacent to amalgam fillings, encour-
aging results were obtained. The patch tested metals
or metal salts included metallic mercury, ammoniat-
ed mercury, mercuric chloride, in some cases phenyl
mercuric nitrate, and amalgam discs. Of 84 patients,
33 (39%) had positive patch test findings. Of the 33
patch tested patients, 30 underwent replacement of
their amalgam fillings, and 28 (87%) patients experi-
enced improvement of their symptoms and signs
within 3 months. The authors concluded that, in
some cases, mercury allergy is a factor in the patho-
genesis of OLL. It has also been suggested that the re-
moval of dental amalgam is an important therapeutic
procedure, even if OLLs are not adjacent to the dental
amalgam fillings [200].

Gold salts can be strong sensitizers, but allergy to
metallic gold has been considered to be rare. In a
study by Ahlgren et al. [201], 102 patients referred for
patch testing due to suspected contact dermatitis
showed that there was a positive relationship
between contact allergy to gold and the presence and
amount of dental gold alloys. Metallic gold in dental
crowns and restorations has been reported to cause
stomatitis and gingivitis [108, 202]. Patch tests for al-
lergy to gold should include gold sodium thiosulfate,
GSTS [203], but not gold trichloride [204]. Instead,
gold leaf, metallic gold, or gold scrapings may give
false-negative results [64]. Metals other than gold
may also be the cause of gold jewelry dermatitis or
stomatitis, because gold alloys contain variable
amounts of other metals as well, including nickel,
coppet, zing, silver, or palladium. In a Finnish study
[105], 12.4% of patients were positive to GSTS; 25%
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had symptoms from jewelry or dental restorations.
As in the above-mentioned study, dental gold was
concluded to be able to cause OLL [198] and possibly
to contribute to burning mouth syndrome in some
patients. However, mechanisms other than allergy
are often involved in OLL and burning mouth
syndrome. Despite this fact, it may not be wise to
use golden dental restorations for patients with al-
lergic patch test reactions to GSTS, or to remove res-
torations from symptomless GSTS allergic patients
(5].

In general, nickel-sensitive persons have been
found to tolerate orthodontic treatment with nickel-
containing devices without symptoms. However, sto-
matitis and systemically induced contact dermatitis
from metal wire in orthodontic devices have been re-
ported [191, 205]. Stainless steel tools have very sel-
dom been reported to cause allergic contact derma-
titis, although intraoral stainless steel appliances
may, in even rarer cases, induce systemic contact der-
matitis without stomatitis [206, 207]. On the other
hand, nickel allergy may be local and appear only as
mucosal inflammation.

Palladium is being used increasingly in industry,
jewelry making, and dentistry, and is becoming more
common after the EU directive restricted the use of
nickel in all products that are in direct contact with
the skin. In a study [208] of 4,446 patients patch test-
ed during 1991-2000, 2.3% of the men and 6.7% of
the women showed a positive reaction to palladium.
Simultaneous sensitization to nickel was common,
and the number of those sensitized only to palladium
was small. Patch test reactions to palladium chloride
may reflect cross-reactivity to nickel sulfate [112,
209]. Patients allergic to palladium chloride tolerate
skin contact and, apparently, also mucosal contact
with metallic palladium [210]. It is, therefore, uncer-
tain whether metallic palladium in the mouth could
be dissolved into its salts and induce stomatitis in pa-
tients with dental devices containing palladium. Rel-
atively few cases of relevant palladium-induced aller-
gy have been reported [209, 211]. Koch and Baum
[212] reported a patient with ACS due to combined
allergy to palladium and platinum from a dental al-
loy. In addition, contact stomatitis, urticarial, and
lichenoid reactions have also been reported [213, 214].

Cobalt and chromium allergy seldom originate
from dental devices. Fisher reported on a patient
whose chrome-cobalt pins used to fasten porcelain
teeth to acrylic dentures induced extensive stomatitis
and cheilitis [64]. A patient allergic to cobalt in a
metal denture developed hand dermatitis [215]. A few
cases of systemic contact dermatitis from dental
products containing chromium have been reported
[205, 216, 217].

Although allergy to copper can be considered rare
[114,115], sensitization to copper may have contribut-
ed to OLL at least in some cases [64, 218-222]. Koch
and Baum [212] reported on a patient who had ACS
due to concomitant sensitization to palladium and
platinum. Some reports suggest that titanium may
act as an allergen [223, 224]. Indium and iridium can
be used in dental amalgams, as well as in white gold,
onto which porcelain is fused in making dental
crowns and bridges. Marcusson et al. [225] reported
several patients with suspected sensitivity to dental
materials, and who, on patch testing, reacted to
indium and iridium. Indium isotopes used medi-
cally have been reported to cause anaphylactoid reac-
tions.

Vilaplana et al. [96] reported allergic patch test re-
actions to various rare metals, such as rhodium, be-
ryllium, copper, and zinc, in addition to allergic reac-
tions to nickel and mercury. A report on two patients
indicates that beryllium may cause ACS and gingiv-
itis [226]. It has also been suggested that beryllium
should not be used in dental alloys [227]. Miiller-
Quernheim et al. [228] reported on a dental techni-
cian who was thought to have developed berylliosis
from occupational exposure to beryllium.

Manganese will, in future, be increasingly used in
the manufacture of dental prostheses [229]. Although
manganese has been suggested to have limited po-
tential to cause sensitization [230], sensitization to
manganese should, nevertheless, be remembered as a
cause of stomatitis in patients wearing dental pros-
theses. Recently [231], a patient with ACS probably
from sensitization to manganese has been reported.
The prosthesis was made of chromium-cobalt alloy,
which contained 64.8% cobalt, 28.5% chromium,
5.3% molybdenum, 0.5% silica, 0.5% manganese, and
0.4% carbon. On extensive patch testing, the patient
reacted only to manganese chloride at 5% in pet. and
15 controls were negative to manganese. She was fit-
ted with a manganese-free denture and remained
symptomless thereafter.

Other Compounds

Impression compounds are rare agents that cause oral
mucosal symptoms. Two cases of contact allergy have
been reported caused by a catalyst in a silicon-based
material [123]. Beyer and Belsito [232] reported aller-
gic gingival hyperplasia from silicon tetrachloride
used as curing cement in a porcelain crown. Algi-
nates have not caused any definite cases of sensitiza-
tion [124].

Propolis, made by bees to build, protect, and repair
hives, is used in cosmetic and medicinal preparations
because of its antiseptic, anti-inflammatory, and an-
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esthetic properties. Its therapeutic qualities have
been well documented for intraoral treatment [233].
A patient treating her recurrent oral ulcerations with
an alcoholic solution of propolis 25% as a mouthwash
twice daily has been reported. Two days after starting
the treatment, she developed labial edema, oral pain
and swelling, dysphonia, and mild dyspnea. On patch
testing, propolis as well as 25% mouthwash produced
a positive reaction. A few cases of cheilitis and other
intraoral conditions have been reported. As a result
of its possibly increased use in oral preparations,
propolis should be taken into consideration as a pos-
sible cause of intraoral allergic symptoms [234].

When eugenol is used in dental preparations, in-
cluding impression pastes, surgical packing, and ce-
ments, it may cause contact urticaria, gingivitis, and
stomatitis [120, 121, 235, 236]. Three cases of eugenol
allergy have been reported; in one of the patients, a
eugenol impression paste produced allergic cheilitis
and ACS [120].

Colophony or rosin may also be included in vari-
ous dental materials (see Sect. 36.3.2, Causative
Agents). A patient with contact stomatitis from co-
lophony has been reported [117], as well as a case of
systemically induced contact dermatitis caused by
dental rosin [236].

Rubber chemicals in dentists’ rubber gloves com-
ing into contact with the skin of rubber-chemical-al-
lergic patients during operations or restorative treat-
ment may induce relatively long-lasting swollen der-
matitis on the contact areas on the face.

Allergenic compounds in toothpastes may also
cause cheilitis [237, 238].

36.9.3 Immediate Reactions
36.9.3.1 Proteins in Natural Rubber Latex

NRL gloves are, generally, the most common cause of
type-I allergy and contact urticaria on the skin, espe-
cially in health care workers and dental personnel
[129]. Because immediate allergy to NRL is quite
common in the general population, dental patients
are also a special risk group when one remembers
that mucosal contact usually gives a stronger reac-
tion than skin contact. Dental patients should always
be asked about their possible NRL allergy. No other
NRL rubber materials, e.g., dams, should be used if
latex allergy is present.

36.9.3.2 Gutta-Percha

Boxer et al. [239] reported on an NRL-allergic dental
hygienist who underwent root canal surgery. During
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the operation, gutta-percha points were inserted into
a maxillary molar. Despite of the avoidance of NRL
gloves, the patient reported immediate discomfort,
lip and gum swelling, a throbbing sensation around
the tooth, and diffuse urticaria. Persistent oral dis-
comfort and urticaria followed. The gutta-percha
was removed 4 weeks later, and the patient experi-
enced immediate relief of her oral discomfort. Urti-
carial lesions disappeared in a few hours. The authors
were not able to demonstrate an allergic prick test or
IgE antibodies to gutta-percha. NRL and gutta-per-
cha represent examples of isomerism. Both are HMW
polymers and are structured from the same basic
units [240]. They are derived from trees of the same
botanical family, and may, thus, have potential for
cross-reactivity [239].

36.9.3.3 Fibrin Tissue

A patient who developed urticaria and shortness of
breath 1 h after dental examination and tooth extrac-
tion has been reported [241]. The patient’s extraction
socket had been filled with a commercial fibrin tissue
to stop bleeding. The cause was believed to be the bo-
vine protein of the fibrin tissue. Another similar case
has also been reported [242].

36.9.3.4 Metals

Nickel and cobalt are not common causes of contact
urticaria. In rare cases, nickel has caused both de-
layed and immediate allergy with contact urticaria,
rhinitis, asthma, and contact dermatitis [243]. A case
of chronic urticaria has been reported from a nickel-
containing dental prosthesis [5]. Platinum is a strong
type-I allergen [244, 245]. Iridium, another metal of
the platinum group, has been reported to induce res-
piratory allergy and contact urticaria [246]. Also,
other metals of the platinum group, such as rutheni-
um, rhodium, and palladium, have caused immediate
allergy [247, 248]. Mercury salts [249] and sodium
fluoride [250] present in 31% of the toothpastes sold
in Finland [237] have caused contact urticaria.

36.9.3.5 Formaldehyde

Formaldehyde is a rather rare cause of immediate al-
lergy [251], but has caused anaphylaxis after the ap-
plication of formaldehyde-containing tooth fillings
[252]. The patient also had specific serum IgE anti-
bodies to formaldehyde, but prick and patch tests
were negative. At least 15 patients [253] have been re-
ported to have developed urticaria or anaphylaxis
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from formaldehyde released from root-canal disin-
fectants, and most of these cases were due to parafor-
maldehyde-containing root canal fillings. Of the 15
reported cases, 11 displayed anaphylaxis to formalde-
hyde, suggesting that type-I allergy caused by for-
maldehyde in tooth fillings tends to provoke life-
threatening symptoms. Specific IgE to formaldehyde
in the patients’ sera was clearly elevated in all six cas-
es tested, and three other patients showed positive
formaldehyde prick tests. A characteristic feature of
the type-I allergic response was that at least 7 of the
15 reported patients presented with allergic symp-
toms 2-12 h after dental treatment with paraformal-
dehyde. This is probably because formaldehyde is
gradually released from water-soluble paraformalde-
hyde, and gradually penetrates the dentin, and is,
thus, increasingly being present in the circulating
blood, finally in amounts able to trigger symptoms.
Of 13 tested patients, 7 also showed positive reactions
to formaldehyde, indicating they had combined type-
I and type-1V allergy to formaldehyde. The authors
also suggest that direct mucous membrane contact or
direct infusion into the blood plays an important role
in the development of type-I allergy [253]. Parafor-
maldehyde-containing root canal medications have
not been used in Finland, for example, for about 15
years.

36.9.3.6 Chlorhexidine

The potential risk of anaphylactic reactions from the
application of chlorhexidine has been well known
since the 1980s [254, 255]. In 1986, Ohtoshi et al. [256]
demonstrated IgE antibodies in the sera of eight pa-
tients with anaphylaxis caused by chlorhexidine. To-
day, there are numerous reports of anaphylaxis due
to the chemical (reviewed by Krautheim et al. [136]).
Chlorhexidine has caused severe anaphylactic reac-
tions in two dental patients [257, 258]. Both were
healthy and unaware of their sensitivity. The first pa-
tient developed anaphylaxis when chlorhexidine lig-
uid was sprayed into the cavity after the extraction of
a wisdom tooth, the other one suffered from pericor-
onitis and developed anaphylaxis when Hibitane
Dental Gel 1% (chlorhexidine) was applied to the gin-
gival pocket. Krautheim et al. [136] analyzed the re-
ported previous anaphylactic reactions caused by
chlorhexidine and suggested that patients with pre-
vious sensitization to chlorhexidine and with rela-
tively mild contact dermatitis are at risk of severe im-
mediate-type reactions during their following con-
tacts with the chemical. Chlorhexidine may cause
anaphylaxis through the mucosal route at a much
lower concentration than elsewhere, generally as low

as 0.05%. The Japanese Ministry of Health recom-
mended avoiding the use of chlorhexidine on mu-
cous membranes in 1984.

36.9.4 Investigations

The investigations have focused on the same work
tasks as in the cases of suspected occupational der-
matoses of dental care and dental laboratory person-
nel. In addition to patch and prick tests, as well as de-
terminations of specific IgE antibodies in the sera,
the examination and follow-up of the mucous mem-
branes of the mouth is important. In some cases, bi-
opsies are necessary to exclude other diseases of the
mucous membranes.
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