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Abstract

Objectives: A multitude of acrylic monomers is used in dentistry. Formaldehyde is a ubiquitous chemical agent, which is an
ingredient of some dental materials and may be released from methacrylate-based composites. The purpose of the study is
to evaluate the incidence and the risk of cross-sensitization to some methacrylic monomers (methylmethacrylate - MMA,
triethyleneglycol dimethacrylate - TEGDMA, ethyleneglycol dimethacrylate - EGDMA, 2,2-bis-[4-(2-hydroxy-3-metha-
crylo-xypropoxy)phenyl]-propane — Bis-GMA, 2-hydroxy-ethyl methacrylate 2-HEMA, and tetrahydrofurfuryl methacry-
late) and formaldehyde in students of dentistry, dental professionals and dental patients. Material and Methods: A total
of 139 participants were included in the study, i.e., occupationally exposed dental professionals, students of the 3rd, 4th and
6th year of dental medicine, and occupationally unexposed dental patients. They were patch-tested with methacrylic mono-
mers and formaldehyde. The results were subjected to statistical analysis (p < 0.05). Results: From the allergic to formalde-
hyde students of the 3rd and 4th year of dental medicine, 46.2% were also sensitized to MMA. Among the group of patients,
the incidence of cross-sensitization to formaldehyde and methacrylic monomers was as follows: to TEGDMA - 20.6%, to
ethyleneglycol dimethacrylate — 20.7%, to 2-HEMA - 20.7% and to tetrahydrofurfuryl methacrylate — 24.1%. Contact al-
lergy to MMA was diagnosed among 22.7%, and to TEGDMA - among 27.1% of the students of the 3rd and 4th year of
dental medicine. In the group of occupationally unexposed dental patients the prevalence of contact allergy to ethylenegly-
col dimethacrylate was 20.7%, to Bis-GMA - 27.6%, to 2-HEMA - 44.9% and to tetrahydrofurfuryl methacrylate — 38.0%.
Conclusions: The students of the 3rd and 4th year of dental medicine could be outlined as a group at risk of sensitization
to MMA and TEGDMA and of cross-sensitization to MMA and formaldehyde. Probably, due to the ubiquitous occur-
rence of formaldehyde and the wide use of composite resins and bonding agents containing TEGDMA, ethyleneglycol
dimethacrylate, 2-HEMA and tetrahydrofurfuryl methacrylate in dentistry, the group of dental patients could be at risk of
cross-sensitization to formaldehyde and some methacrylic monomers.
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INTRODUCTION

A multitude of acrylic monomers is used in dentistry. Acry-
lic resin dentures contain methylmethacrylate (MMA)
as residual monomer [1]. Commercial dental restorative
materials (e.g., bonding materials, composite resins and
glass ionomers) were also shown to contain methacrylates.
The most frequently occurring methacrylates in bonding
materials are 2-hydroxy-ethyl methacrylate (2-HEMA)
and 2,2-bis-[4-(2-hydroxy-3-methacrylo-xypropoxy)phe-
nyl]-propane (Bis-GMA). Bis-GMA and triethylenegly-
col dimethacrylate (TEGDMA) are the most frequently
occurring methacrylates in composite resins. The main
methacrylate of the glass ionomers is 2-HEMA or trime-
thylolpropane trimethacrylate (TMPTMA) [2].
Methacrylate-containing materials are almost always mix-
tures of methacrylates and acrylates, which contain inhibi-
tors, activators and other reactive compounds. The exam-
ples include: reaction initiators (e.g., benzoyl peroxide),
reaction activators (e.g., tertiary amines), cross-linking
agents (e.g., formaldehyde), reaction inhibitors (e.g., hy-
droquinone) and resin carriers [3]. All of these additives
are known contact sensitizers and several are known or
suspected respiratory sensitizers and/or respiratory irri-
tants [4,5].

Formaldehyde is formed as an oxidation product of the
residual methylmethacrylate monomer and may be re-
leased from methacrylate-based dental materials, such as
composites and denture bases [6-9]. It is responsible for
allergic inflammation in acrylic denture wearers and thus,
it seems necessary to study its leaching from denture-base
materials [10].

Formaldehyde is a ubiquitous chemical agent, a part of
our general outdoor environment, as well as of our indoor
working and residential environment. It is believed that
whole civilized population is exposed to formaldehyde [11].
Formaldehyde is still used as an ingredient of some
dental materials - root-canal-filling materials, formo-
cresol, etc. [12]. Cohen et al. (1998) and Koch (1999)
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evaluated the release of formaldehyde from some endo-
dontic materials — root canal filling sealers. As a result
they have demonstrated that all materials showed the
highest release of formaldehyde in the case of freshly
mixed samples [13,14].

Both MMA and formaldehyde have been often associ-
ated with local allergic reactions in the patients’ oral mu-
cosa as a result of contact with prosthetic and orthodontic
devices [15]. Other reported adverse reactions include:
contact dermatitis and occupationally-induced respira-
tory hypersensitivity due to volatilization in dental profes-
sionals [16,17]. Such reactions could be also observed in
dental students exposed to methacrylic monomers and
formaldehyde during their practical education.

In their everyday practice dental professionals are occupa-
tionally exposed to a variety of dental materials, contain-
ing formaldehyde and methacrylic monomers. Students
of dental medicine are exposed to such materials during
their practical education. Due to the common exposure to
such materials in dental practice we suggested a possible
cross-sensitization to methacrilyc monomers and to form-
aldehyde. No studies have been found in the available li-
terature concerning this topic.

OBJECTIVES

The purpose of the present study was to evaluate the
incidence and the risk of cross-sensitization to some
methacrylic monomers and to formaldehyde in students
of dental medicine, dental professionals (dentists, nur-
ses and attendants) and patients.

MATERIAL AND METHODS

A total of 139 participants, divided into 4 groups, were
included in the study: occupationally exposed to (meth)-
acrylates and acrylic monomers dental professionals, stu-
dents of the 3rd and 4th year of dental medicine, students
of the 6th year of dental medicine, and patients without
occupational exposure to acrylates, serving as a control
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Table 1. General characteristics of the studied groups

Respondents

Group (y?:%li 5) total male female

(M=SD) [n (%)) [n (%)) [n (%))

Patients without occupational exposure 47.34+18.21 29 (20.9) 72 (4.10) 22(75.9)
Students of the 3rd and 4th year of dental medicine 22.05£1.29 44 (31.7) 17 (38.6) 27 (61.4)
Students of the 6th year of dental medicine 26.39£6.79 28 (20.1) 11(39.3) 17 (60.7)
Occupationally exposed dental professionals 52.32+13.41 38(27.3) 8 (21.1) 30 (78.9)
Total - 139 (100.0) 43 (30.9) 96 (69.1)

group. General characteristics of the studied subjects are
presented in Table 1.

The study was approved by the Medical Ethics Board at
Medical University — Sofia. All the participants were in-
formed about the purpose of the study and gave their
written informed consent before its commencement.

Questionnaire survey

Interviews and a detailed, questionnaire-based survey with
an emphasis on family history, suspected or known aller-
gies to standard set of household or occupational aller-
gens, history of frequent, recurrent respiratory system in-
fections and manifestation of subjective symptoms, as well
as a review of medical documentation were performed.

Skin patch testing

Skin patch testing with methyl methacrylate (MMA), tri-
ethyleneglycol dimethacrylate (TEGDMA), ethyleneglycol
dimethacrylate (EGDMA), 2,2-bis[4-(2-hydroxy-3-meth-
acryloxypropoxy)phenyl]-propane (Bis-GMA), 2-hydro-
xyethyl methacrylate (2-HEMA), tetrahidrofurfuril meta-
crylate (0.2%/pet, Chemotechnique Diagnostics) and for-
maldehyde (0.1%/aq, Art. No. F002A, Chemotechnique
Diagnostics) was performed according to the Jadassohn
& Bloch classical methods for diagnosis of contact al-
lergy, by placing the allergens in 1Q-Ultra hypoallergenic
patches of Chemotechnique Diagnostics (IQ Chambers®,

Vellinge, Sweden). Lack of anti-allergic medication con-
stituted a mandatory condition before placing the patches
and during the testing. Patches with allergens were app-
lied on the back of the tested individuals, reading of the test
was performed on day 2, several hours after removing
the patches, with control revision on day 3.

Interpretation of reaction sites was based on the method
recommended by the International Contact Dermatitis
Research Group (ICDRG). Interpretation key based on
recommendations by the ICDRG was applied (Table 2).

Table 2. Interpretation key of skin patch test results based
on International Contact Dermatitis Research Group

Symbol Meaning
(-) negative reaction
? doubtful reaction
+ weak positive reaction (non-vesicular)
++ strong positive reaction (oedematous or vesicular)
+++ extreme positive reaction (ulcerative or bullous)
IR irritant reaction
Statistical methods

The statistics were calculated with SPSS 19.0. The fol-
lowing statistics available for cross-tabulation were used:
Chi* test, Fisher Exact Test for statistical significance,
testing of the ratio of 2 probabilistic odds ratio (OR). Va-
lues of p < 0.05 were accepted as statistically significant.
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RESULTS

Distribution by gender was not uniform, with predomi-
nance of women in all the investigated groups, but without
statistical significance (Chi* = 4.5, p = 0.212).
Logically, the mean age in the groups of occupationally
exposed dental professionals and the occupationally un-
exposed patients was significantly higher compared to the
groups of students. With respect to the duration of expo-
sure to methacrylates and formaldehyde in dental prac-
tice, the data is predictable:

— 0 years for occupationally unexposed patients,

- 1-2 years for the students of the 3rd and 4th year of
dental medicine,

— 4 years for the students of the 6th year of dental medi-
cine and a number (1-50) of years for the occupation-
ally exposed dental personnel.

Individuals without a history of allergic pathology pre-

vailed in all the studied groups, with no reliable differ-

ences in the overall distribution. The number of sub-
jects without a history of atopy in the group of dental
professionals was significantly lower compared with
the groups of students of the 3rd and 4th year of dental
medicine (p = 0.044) and of the 6th year of the studies
(p = 0.047).

Data concerning the incidence of cross-sensitization to
methyl methacrylate (MMA) and formaldehyde in the in-
vestigated groups are summarized in Table 3.

No statistically significant differences were found in the
overall distribution, as well as in the between-groups
analysis (p = 0.106). However, attention should be paid
to the fact that about 1/3 of the individuals allergic to
formaldehyde were also sensitized to MMA (in the case
of the group of students of the 3rd and 4th year of den-
tal medicine the incidence was 46.2%). Interestingly,
the between-groups analysis revealed a significantly
higher incidence of sensitization to MMA only in the
group of students of the 3rd and 4th year of dental medi-
cine compared with the group of dental professionals
(Chi* = 5.764, p = 0.016).

Summary of the data concerning the incidence of cross-sen-
sitization to triethyleneglycol dimethacrylate (TEGDMA)
and formaldehyde is presented in Table 4.

With exception of the group of dental professionals, about
half of the individuals sensitized to formaldehyde were
also allergic to TEGDMA (triethyleneglycol dimethacry-
late). The highest incidence of sensitization to TEGDMA
occurred in the group of students of the 3rd and 4th year
of dental medicine, with statistical significance compared

Table 3. Distribution of positive skin patch test reactions to methyl methacrylate (MMA) and formaldehyde (F)

among the studied groups

Negative reaction
to MMA vs.

Positive reaction  Negative reactions Positive reaction
to MMA vs.

to MMA vs. to MMA vs.

. ) . . Total
Target group negative negative positive positive
reaction to F reaction to F reaction to F reaction to F
n (%) n (%) n (%) n (%) n (%)
Occupationally unexposed patients 13 (44.8) 5 (173) 7 (241) 4 (13.8) 29 (100)
Students of the 3rd and 4th year 22 (50.0) 10 (22.7) 7 (15.9) 5 (114) 44 (100)
of dental medicine
Students of the 6th year of dental 13 (464) 3 (10.7) 9 (32.1) 3 (10.7) 28 (100)
medicine
Dental professionals 27 (71.1) 3 (19 5 (13.1) 3 (79 38 (100)
Total 75 (54.0) 21 (15.0) 28 (20.1) 15 (10.8) 139 (100)

[JOMEH 2014;27(5)



CONCOMITANT ALLERGY TO FORMALDEHYDE AND METHACRYLATES ORIGINAL PAPER

Table 4. Distribution of positive skin patch test reactions to triethyleneglycol dimethacrylate (TEGDMA) and formaldehyde (F)

among the studied groups

Negative reaction

Positive reaction

Negative reaction  Positive reaction

to TEGDMAvs. to TEGDMAvs. to TEGDMAvs. to TEGDMA vs. Total
Target group negative negative positive positive
reaction to F reaction to F reaction to F reaction to F
n (%) n (%) n (%) n (%) n (%)
Occupationally unexposed 13 (44.8) 5 (173) 5 (173) 6 (20.6) 29 (100)
patients
Students of the 3rd and 4th year 20 (45.6) 12 (27.1) 6 (13.6) 6 (13.6) 44 (100)
of dental medicine
Students of the 6th year of dental 13 (46.4) 3 (10.7) 7 (25.0) 5 (179) 28 (100)
medicine
Dental professionals 25 (65.8) 5 (132) 6 (15.7) 2 (53) 38 (100)
Total 71 (51.1) 25 (179) 24 (173) 19 (13.9) 139 (100)

Table 5. Distribution of positive skin patch test reactions to ethyleneglycol dimethacrylate (EGDMA) and formaldehyde (F)

among the studied groups

Negative reaction

Positive reaction

Negative reaction  Positive reaction

to EGDMA vs. to EGDMA vs. to EGDMA vs. to EGDMA vs. Total
Target group negative negative positive positive
reaction to F reaction to F reaction to F reaction to F
n (%) n (%) n (%) n (%) n (%)

Occupationally unexposed 12 (414) 6 (20.7) 5 (172) 6 (20.7) 29 (100)

patients
Students of the 3rd and 4th year 27 (614) 5 (114) 6 (13.6) 6 (13.6) 44 (100)

of dental medicine
Students of the 6th year of dental 12 (42.9) 4 (143) 7 (25.0) 5 (17.8) 28 (100)

medicine
Dental professionals 27 (71.0) 3 (19 5 (13.1) 3 (79) 38 (100)
Total 78 (56.1) 18 (12.9) 23 (16.6) 20 (144 139 (100)

to the group of dental professionals (Chi* = 4.886,
p = 0.027). Statistical analysis of overall distribution re-
vealed an increased incidence and OR of cross-sensitiza-
tion to formaldehyde and to TEGDMA (Chi? = 4.519,
p = 0.034, OR = 2.248, 95% CI: 1.057-4.784), without
intra-groups relevant differences.

The results of skin patch testing to formaldehyde and
ethyleneglycol dimethacrylate are presented in Table 5.

Statistical analysis revealed an increased incidence and
OR of cross-sensitization to formaldehyde and to ethy-
leneglycol dimethacrylate in the overall distribution
(Chi*=11.522,p = 0.001, OR = 3.768, 95% CI: 1.713-8.29).
More than half of the individuals sensitized to formalde-
hyde from the patients group and the group of students
of the 3rd and 4th year of dental medicine were also aller-
gic to EGDMA, with statistical significance for the latter

IJOMEH 2014;27(5)
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Table 6. Distribution of positive skin patch test reactions to 2,2-bis-[4-(2-hydroxy-3-methacrylo-xypropoxy)phenyl]-propane (Bis-GMA)

and formaldehyde (F) among the studied groups

Negative reaction

Positive reaction

Negative reaction  Positive reaction

to Bis-GMAvs.  toBis-GMAvs.  toBis-GMAvs.  to BissGMA vs. Total
Target groups negative negative positive reaction positive
reaction to F reaction to F toF reaction to F
n (%) n (%) n (%) n (%) n (%)

Occupationally unexposed 8 (27.0) 10 (345) 8 (27.6) 3 (103) 29 (100)

patients
Students of the 3rd and 4th year of 26 (59.1) 5 (114) 7 (15.9) 6 (13.6) 44 (100)

dental medicine
Students of the 6th year of dental 10 (35.7) 6 (21.4) 7 (25.0) 5 (17.8) 28 (100)

medicine
Dental professionsals 27 (75.0) 383 4 (111) 2 (506) 36 (100)
Total 71 (51.8) 25 (182) 26 (189) 16 (11.7) 137 (100)

group (Chi® = 6.906; p = 0.009). The rate of sensitization
to ethyleneglycol dimethacrylate in the group of patients
was significantly higher in comparison with the one in the
group of dental professionals (Chi* = 4.258, p = 0.039).
The data on the results from patch testing to formalde-
hyde and Bis-GMA are presented below (Table 6).

More than 1/3 of the individuals allergic to formalde-
hyde were also sensitized to Bis-GMA in the groups of
dental students and dental professionals, the prevalence
again being the highest in the group of students of the 3rd
and 4th year of dental medicine (46.2%). No statistically
significant differences were found in the overall distribu-
tion (p = 0.154). Sensitization rate to Bis-GMA was sig-
nificantly higher only in the patients group (Chi* = 5.19,
p = 0.023) and in the group of students of the 6th year of
dental medicine (Chi* = 4.392, p = 0.036) compared with
the group of dental professionals.

The prevalence of sensitization to 2-hydroxyethyl methacry-
late (2-HEMA) and formaldehyde is presented in Table 7.
The results were similar to the ones reported above —54.5%
of the subjects allergic to formaldehyde from the group
of occupationally unexposed patients were also sensitized
to 2-HEMA. Sensitization rate to 2-HEMA was relevantly
higher in the patients group (Chi* = 4.001, p = 0.045)
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compared to the group of dental professionals. No statisti-
cally significant differences were found in the overall dis-
tribution (p = 0.307).

Data concerning the prevalence of cross-sensitization to
tetrahydrofurfuryl methacrylate and formaldehyde are in-
triguing (Table 8).

Sensitization to tetrahydrofurfuryl methacrylate was ob-
served among 63.6% of the occupationally unexposed
patients allergic to formaldehyde and among 53.8% of
the students of the 3rd and 4th year of dental medicine
allergic to formaldehyde, with statistical significance for
the latter group (Chi* = 5.543, p = 0.019). Sensitization
rate to tetrahydrofurfuryl methacrylate was found to be
significantly higher in the group of patients compared with
the dental professionals (Chi* = 9.583, p = 0.002).

In conclusion, statistical analysis of the overall distribution
revealed an increased incidence and OR of cross-sensitiza-
tion to tetrahydrofurfuryl methacrylate and formaldehyde
(Chi*=9.273,p = 0.002, OR = 3.247,95% CI: 1.496-7.048).
The prevalence of positive skin patch tests to formaldehyde
in the studied groups was analyzed statistically. Significantly
increased sensitization rates were observed in the group of
students of the 6th year of dental medicine compared with
the dental professionals (Chi* = 4.696, p = 0.030).
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Table 7. Distribution of positive skin patch test reactions to 2-hydroxy-ethyl methacrylate (2-HEMA) and formaldehyde (F)
among the studied groups

Negative reaction  Positive reaction ~ Negative reaction  Positive reaction

to 2-HEMA vs. to 2-HEMA vs. to 2-HEMA vs. to 2-HEMA vs. Total
Target group negative negative positive positive
reaction to F reaction to F reaction to F reaction to F
n (%) n (%) n (%) n (%) n (%)

Occupationally unexposed 13 (44.9) 5 (72 5 (172) 6 (20.7) 29 (100)

patients
Students of the 3rd and 4th year 23 (523) 8 (182) 8§ (182) 5 (113) 44 (100)

of dental medicine
Students of the 6th year of dental 10 (35.7) 6 (21.4) 10 (357) 2 (12 28 (100)

medicine
Dental professionals 24 (66.7) 6 (16.7) 4 (11.1) 2 (5.6) 36 (100)
Total 70 (512) 25 (182) 27 (19.7) 15 (10.9) 137 (100)

Table 8. Distribution of positive skin patch test reactions to tetrahydrofurfuryl methacrylate (THFMA) and formaldehyde (F)
among the studied groups

Negative reaction  Positive reaction ~Negative reaction  Positive reaction
to THFMA vs. to THFMA vs. to THFMA vs. to THFMA vs.

. . i . Total
Target group negative negative positive positive
reaction to F reaction to F reaction to F reaction to F
n (%) n (%) n (%) n (%) n (%)

Occupationally unexposed 11 (38.0) 7 (240) 4 (138) 7 (241) 29 (100)

patients
Students of the 3rd and 4th year 26 (59.1) 6 (13.6) 5 (114) 7 (15.9) 44 (100)

of dental medicine
Students of the 6th year of dental 11 (393) 5 (179) 8 (285) 4 (143) 28 (100)

medicine
Dental professionals 27 (70.0) 3 83 4 (11.1) 2 (5.6) 36 (100)
Total 75 (54.8) 21 (15.3) 21 (153) 20 (14.6) 137 (100)
DISCUSSION

disease-free state that a skin sensitizer can induce, while

In the context of immunotoxicology (the study of adverse
health effects that may result from interaction of xenobi-
otics with the immune system), allergic contact dermatitis
can be regarded as being the most frequent manifestation
of immunotoxicity in humans. It is a common occupational
and environmental issue and hundreds of chemicals were
shown to cause skin sensitization. Contact allergy is the

allergic contact dermatitis is the disease elicited in an in-
dividual with contact allergy [18].

Resin-based dental materials are not inert in the oral en-
vironment, and may release numerous components, in-
cluding monomers and formaldehyde. There are concerns
regarding potential toxicity and sensitizing properties of
the components that may leach out in the oral cavity [19].

IJOMEH 2014;27(5)
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Both occupational and non-occupational contact with ac-
rylate and methacrylate (acrylic) monomers have been re-
ported to cause skin symptoms and induce allergies [20].
Information about molecular structure and main uses of
the substances tested in the present study is presented be-
low (Figures 1-7).

Methyl methacrylate as a small molecular acrylate can per-
meate thin protective disposable gloves. Since the 1950s,
numerous case reports have documented allergic contact
dermatitis to MMA. Dental personnel is at risk when han-
dling acrylic monomers manually while at work. Several
studies have indicated that the prevalence of skin sym-
ptoms and incidence of sensitization to (meth)acrylates

A

0

Methyl methacrylate (MMA) - commonly used in orthodontic
baseplates and dentures.

Fig. 1. Molecular structure and main uses of MMA

0
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0

Triethyleneglycol dimethacrylate (TEGDMA) - common monomer
in composites, fissure sealants, bonding agents.

Fig. 2. Molecular structure and main uses of TEGDMA

0
ﬁ‘)L 0”0 %
0
Ethyleneglycol dimethacrylate (EGDMA) - common monomer

in composites and bonding agents.

Fig. 3. Molecular structure and main uses of EGDMA

H\o/\/oj‘)k
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2-Hydroxy-etyl-metacrylate (2-HEMA) - common in dentin-bonding
materials and light cured glass-ionomers, cements, used as a raw
material to be polymerized in paint, adhesive, coating.

Fig. 4. Molecular structure and main uses of 2-HEMA
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Tetrahydrofurfuryl methacrylate (THFMA) - common in crowns and
bridges; used in the formulation of ultraviolet light-curable adhesives,
coatings, paints, and printing inks; found in artificial nails.

Fig. 5. Molecular structure and main uses of THFMA
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CH, OH OH CH,

2,2-bis-[4-(2-hydroxy-3-methacrylo-xypropoxy)phenyl]-propane (Bis-
GMA) - common monomer in composite fillings and fissure sealants.

Fig. 6. Molecular structure and main uses of Bis-GMA

AN
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Formaldehyde - “waste product” from polymerization, ingredient

of some dental materials.

Fig. 7. Molecular structure and main uses of formaldehyde

among dental professionals is high [21-26], as well as it
is high in the patients undergoing dental treatment and
exposed to resin-based materials [27]. Acrylic monomers
cross-react, therefore, sensitized individuals are often
multiallergic and, accordingly, should not be exposed to
any of the compounds [28].

The most intensive exposure of dental students to meth-
acrylates starts during the second year of their education.
According to the data collected in the interviews, at that
time they were uninformed and unaware of the fact that
they should protect themselves by using gloves at work.
This is a possible explanation of the high prevalence of
contact sensitization to MMA (and some other methacry-
lic monomers) in the group of students of the 3rd and 4th
year of dental medicine compared to the dental profes-
sionals. The rate of allergic predisposition was higher in
the group of students of the 3rd and 4th year compared
to the group of dental professionals, but its possible role
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could not be speculated due to the fact, that such was ob-
served in the group of students of the 6th year as well.
The probability of release of TEGDMA from composite
resins is high, and the risk of allergies and cytotoxicity has
been recognized [29-31].

The increased incidence and OR of cross-sensitization to
formaldehyde and TEGDMA among the total population
studied by us is most probably due to the ubiquitous oc-
currence of formaldehyde and the wide use of TEGDMA-
containing dental materials. The group of students of
the 3rd and 4th year of dental medicine seems to be more
susceptible to TEGDMA sensitization compared with the
group of dental professionals.

Occupational exposure doesn’t seem to be the main factor
for the onset of sensitization to ethyleneglycol dimethacry-
late since we established a higher sensitization rate in the
group of patients when compared to the dental professionals.
Concerning the incidence and OR of cross-sensitization
to formaldehyde and Bis-GMA, no statistical significance
in the overall distribution was revealed. Our findings con-
firm the statement of the U.S. Department of Health and
Human Services (HHS) cited by the American Dental
Association (ADA), saying: “Dental sealant exposure to
bisphenol A occurs primarily with use of dental sealants
containing bisphenol A dimethacrylate. This exposure is
considered an acute and infrequent event with little rel-
evance to estimating general population exposures” [32].
The only known consumer exposure to 2-HEMA in its
monomeric form is through its use in dentistry [33,34].
The relevantly higher sensitization rate to 2-HEMA in the
patients group compared with the group of dental profes-
sionals suggests a leading role of consumer (dental pa-
tient’s) exposure in the sensitization onset.

The statement about a leading role of consumer’s expo-
sure seems to be valid in the case of sensitization rates to
tetrahydrofurfuryl methacrylate. Interestingly, during the
interviews, numerous female students self-related the po-
sitive skin patch test results with the use of nail products.

CONCLUSIONS

The students of the 3rd and 4th year of dental medicine
were intensively exposed to MMA and other (meth)acrylic
monomers for 1-2 years in the course of their education,
often without being adequately informed about safety
at work and proper personal protection. They could be
outlined as a susceptible group at risk of sensitization
to MMA and TEGDMA, as well as of cross-sensitization
to MMA and formaldehyde.

On the other hand, most probably due to the ubiquitous
occurrence of formaldehyde and the wide use of com-
posite resins and bonding agents containing TEGDMA,
ethyleneglycol dimethacrylate, 2-HEMA and tetrahydro-
furfuryl methacrylate in dentistry, the group of dental pa-
tients seems to be at risk of cross-sensitization to formal-
dehyde and the listed methacrylic monomers.

Our results suggest a leading role of consumer exposure
in the onset of contact sensitization to ethyleneglycol di-
methacrylate (EGDMA), Bis-GMA, 2-HEMA and tetra-
hydrofurfuryl methacrylate.

More efficient risk management and training programs
about health and safety at work with proper personal protec-
tive devices among the exposed to formaldehyde and meth-
acrylates dental students and dental professionals, as well as
limitations of general exposures could be recommended.
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