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ABSTRACT

Background: A multitude of methacrylic monomers is used in dentistry. Glutaraldehyde (G) is used in dental practice and con-
sumer products as a broad-spectrum antimicrobial agent. The purpose of our study is to evaluate the frequency and the risk
of concomitant sensitization to some methacrylic monomers (methyl methacrylate (MMA), triethyleneglycol dimethacrylate
(TEGDMA), ethyleneglycol dimethacrylate (EGDMA), 2,2-bis-[4-(2-hydroxy-3-methacrylo-xypropoxy)phenyl]-propane (Bis-GMA),
2-hydroxy-ethyl methacrylate (2-HEMA) and tetrahydrofurfuryl methacrylate (THFMA)) and glutaraldehyde in students
of dentistry, students from the dental technician school, dental professionals and dental patients. Material and Methods:
A total of 262 participants were included in the study: students of dentistry, students from the dental technician school, dental
professionals, and dental patients as a control group. All were patch-tested with methacrylic monomers and glutaraldehyde. The
results were subject to the statistical analysis (p < 0.05). Results: Among the group of dental students, the highest frequency of
concomitant sensitization was to TEGDMA and G (15.5%). In the group of patients the highest frequency of concomitant sensi-
tization was to EGDMA and G (16.4%). The frequency of concomitant sensitization among dental professionals was much lower,
with the highest rate to TEGDMA and G (7.7%), too. We consider the students from the dental technician school, where the expo-
sure to glutaraldehyde is less likely, to be the group at a lesser risk of concomitant sensitization. Conclusions: Dental students and
dental patients could be outlined as groups at the risk of concomitant sensitization to glutaraldehyde and methacrylic monomers.
For dental professionals, we assumed an increased risk for concomitant sensitization to TEGDMA and aldehydes that are com-
monly used in dentistry. We consider the students from the dental technician school to be the group at a lesser risk of concomitant
sensitization to glutaraldehyde and methacrylic monomers. Med Pr 2016;67(3):311-320

Key words: dental professionals, glutaraldehyde, concomitant contact sensitization, methacrylic monomers,
students of dental medicine, students of dental technician school

STRESZCZENIE

Wstep: W stomatologii stosuje si¢ wiele monomeréw metakrylanowych, a takze aldehyd glutarowy (G), ktéry wchodzi w sktad
powszechnie dostepnych wyrobow jako $rodek przeciwbakteryjny. Celem badania byta ocena czestosci i ryzyka wspotistnie-
jacego uczulenia u studentéw stomatologii, uczniéw technikum dentystycznego, lekarzy stomatologéw i pacjentéw gabinetow
dentystycznych na aldehyd glutarowy i niektére monomery metakrylanowe (metakrylan metylu (methyl methacrylate - MMA),
dimetakrylan glikolu trietylenowego (triethyleneglycol dimethacrylate - TEGDMA), dimetakrylan glikolu etylenowego (ethy-
leneglycol dimethacrylate - EGDMA), 2,2-bis[4-(2-hydroksy-3-metakryloksypropoksy)fenylo]propan (2,2-bis-[4-(2-hydroxy-3-
methacrylo-xypropoxy)phenyl]-propane — Bis-GMA), metakrylan 2-hydroksy-etylu (2-hydroxy-ethyl methacrylate - 2-HEMA)
i metakrylan tetrahydrofurfurylu (tetrahydrofurfuryl methacrylate - THFMA)). Material i metody: Badaniem objeto 262 oso-
by - studentéw stomatologii, uczniéw technikum dentystycznego i lekarzy stomatologéw oraz pacjentéw gabinetéw dentystycz-
nych jako grupe poréwnawczg. U wszystkich badanych wykonano testy pfatkowe z monomerami metakrylanowymi i aldehydem
glutarowym. Uzyskane wyniki poddano analizie statystycznej (p < 0,05). Wyniki: Najwiecej studentéw stomatologii bylo uczulo-
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and medical personnel involved in the process of education” Contract coordinator: Prof. Angelina Kisselova-Yaneva, D.D.S., Ph.D., D.Sc.


http://dx.doi.org/10.13075/mp.5893.00106
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

312 M. Lyapina et al.

Nr 3

nych jednocze$nie na TEGDMA i G (15,5%), natomiast najwiecej pacjentow — na EGDMA i G (16,4%). Wspolistniejace uczulenie
u lekarzy stomatologéw wystepowalo znacznie rzadziej niz w powyzszych grupach - badani najczesciej byli uczuleni jednocze$nie
na TEGDMA i G (7,7%). W grupie najnizszego ryzyka uczulenia wspoélistniejacego znalezli sie uczniowie technikum dentystycz-
nego, u ktérych narazenie na aldehyd glutarowy jest mniej prawdopodobne. Wnioski: Studentéw stomatologii i pacjentéw gabi-
netéw dentystycznych mozna uznac za grupy ryzyka uczulenia wspolistniejacego na aldehyd glutarowy i monomery metakryla-
nowe, lekarzy stomatologéw za grupe podwyzszonego ryzyka uczulenia wspolistniejagcego na TEGDMA i aldehydy powszechnie
stosowane w stomatologii, natomiast uczniow technikum dentystycznego za grupe niskiego ryzyka uczulenia wspoétistniejacego
na aldehyd glutarowy i monomery metakrylanowe. Med. Pr. 2016;67(3):311-320
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INTRODUCTION

In modern dental practice a great variety of materials,
medicines and disinfecting agents are used. Dental ma-
terials contain a number of allergens and irritants that
may give rise to health issues for patients, to which they
have been applied as well as for dental professionals and
for dental students during their education [1,2].

Common occupational contact allergens are plastics
and resins (methacrylic monomers) and biocides (glu-
taraldehyde, formaldehyde and formaldehyde releas-
ers). According to Hamann et al. (2004), methacrylates,
natural rubber latex proteins, rubber glove allergens,
and glutaraldehyde are the predominant allergens in
dentistry [3]. Reactions range from cell-mediated con-
tact allergy to urticaria and occupational asthma. The
degree of risk might depend on several factors includ-
ing age, personal susceptibility, total daily exposure,
exposure measured over the years, and medication.

Methacrylates serve as a base for acrylic resins [4].
Resin-based dental materials are extensively used today
in dentistry — in dentures (bases, liners, tissue condi-
tioners, artificial teeth, temporary restoration, etc.),
cavity restorative materials (composites - self and/or
light curing), pulpal, cavity and margin sealants, im-
pression materials, resin based cements, dentin bond-
ing agents, orthodontic appliances, habit breaking ap-
pliances (nail biting, thumb sucking), etc. [5].

Acrylic resin dentures contain methyl methacry-
late (MMA) as residual monomer [6]. The most fre-
quently occurring methacrylates in bonding mate-
rials are 2-hydroxy-ethyl methacrylate (2-HEMA)
and  2,2-bis-[4-(2-hydroxy-3-methacrylo-xypropoxy)
phenyl]-propane (Bis-GMA). Bis-GMA and triethyl-
eneglycol dimethacrylate (TEGDMA) are the most fre-

quently occurring methacrylates in composite resins. The
main methacrylate of the glass ionomers is 2-HEMA [7].
Acrylic monomers often cross-react, therefore, sensitized
individuals are often multiallergic and, accordingly, can-
not be exposed to any of the compounds [8-10].

Other important sensitizers in dental practice are
the disinfectants, such as glutaraldehyde, formaldehyde
and glyoxal [11,12]. A significantly increased risk of oc-
cupational sensitization to glutarldehyde and glyoxal
among nurses, especially among those exposed in den-
tal practice, was established [13].

Numerous studies confirm the high frequency of
sensitization to methacrylates in dental profession-
als [9,14-17] as well as in patients undergoing dental
treatment and exposed to resin-based materials [18,19].
Dental students are exposed to the listed above chemi-
cal factors right from the beginning of the first years of
their education, and in this way they are subjected to
the risk of early occupational sensitization.

Results from our previous studies indicate high rates
of occupational sensitization to formaldehyde and glu-
taraldehyde [20] as well as an increased frequency and
risk of concomitant sensitization to some methacrylic
monomers and formaldehyde among dental students
and dental professionals [21]. In the available literature,
no data has been found concerning the frequency of
concomitant sensitization to methacrylic monomers
and glutaraldehyde in dental practice.

Objectives

The purpose of this study has been to evaluate the fre-
quency and the risk of concomitant sensitization to
some methacrylic monomers and to glutaraldehyde
among students of dental medicine and those from the
dental technician school, and dental professionals.
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MATERIAL AND METHODS

A total of 262 participants, divided into 4 groups, were
included in the study: occupationally exposed to meth-
acrylic monomers and glutaraldehyde dental profession-
als (dentists, dental nurses and attendants), students of
the 3rd-6th year of dentistry from the faculty of den-
tal medicine and students from the dental technician
school. A pool of randomly chosen dental patients of dif-
ferent gender, age and occupations who had encountered
exposure to methacrylic monomers and glutaraldehyde
during dental treatment in various dental clinics served
as a control group, the main inclusion criteria being the
lack of occupational exposure to the considered sub-
stances. Data regarding age and gender characteristics of
the studied population is presented in the Table 1.

With respect to the duration of occupational ex-
posure to methacrylates and glutaraldehyde in dental
practice, the data is as follows:

0 year for occupationally unexposed patients,

1-4 years for the students of dental medicine,

1-2 years for the students from the dental techni-

cian school,

a number (1-50) of years for the occupationally ex-

posed dental personnel.

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

Questionnaire survey

Interviews and detailed and intentionally conducted
questionnaire-based survey with an emphasis on fami-
ly history, suspected or known allergies to a standard

Table 1. Characteristics of the study groups
Tabela 1. Charakterystyka grup badanych

set of household or occupational allergens, on history
of frequent, recurrent respiratory system infections,
and on subjective symptoms, as well as the review of
medical documentation were performed.

Skin patch testing

Skin patch testing with glutaraldehyde and the fol-
lowing methacrylic monomers - methyl methac-
rylate (MMA), triethyleneglycol dimethacrylate
(TEGDMA), ethyleneglycol dimethacrylate (EGDMA),
2,2-bis[4-(2-hydroxy-3-methacryloxypropoxy)phe-
nyl]propane (Bis-GMA), 2-hydroxyethyl methacrylate
(2-HEMA), tetrahidrofurfuril metacrylate (0.2%/pet,
Chemotechnique Diagnostics, Sweden) was performed,
according to the Jadassohn and Bloch classical meth-
ods for the diagnosis of contact allergy, by placing the
allergens in IQ-Ultra hypoallergenic patches of Che-
motechnique Diagnostics (IQ Chambers®).

The lack of anti-allergic medication constituted a man-
datory condition before placing the patches and during
the testing. Patches with allergens were applied on the
back of the tested individuals, reading of the test was per-
formed on 2nd day - 48 h after the patch test application,
several hours after removing the patches, with the control
revision on 3rd day - 72 h after the patch test application.

Interpretation of reaction sites was based on the
method recommended by the International Con-
tact Dermatitis Research Group (ICDRG) [22]. The
interpretation key based on recommendations by
the ICDRG was applied (Table 2).

Statistical methods

The statistics were calculated by means of SPSS 19.0.
Available for cross-tabulation statistics were used: Chi?,
Fisher Exact Test for statistical significance, testing of

Age Gender
Ple¢
Study group [ye'flrs]
Grupa badana Wiek females males total
[w latach] kobiety mezczyzni  ogdlem
(MSD) [n (%)] [n (%)] [n]
Dental patients (control group) / Pacjenci gabinetow stomatologicznych (grupa porownawcza) 40.89+18.26 39 (79.5) 10 (20.5) 49
Students of dental medicine / Studenci stomatologii 22.44+2.96 68 (61.8) 42 (38.2) 110
Students from the dental technician school / Uczniowie technikum dentystycznego 23.95+5.70 29 (74.3) 9(25.7) 38
Dental professionals / Stomatolodzy 39.56+9.80 47 (72.3) 18 (27.7) 65
Total / Ogolem 39.90+16.30 183 (69.8) 79 (30.2) 262

M - mean / §rednia, SD - standard deviation / odchylenie standardowe.



314 M. Lyapina et al. Nr 3
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_E Fifty percent of the individuals from the group of
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taraldehyde. The between-group statistical analysis re-
Sous o vealed the increased frequency and risk of concomitant
Qo
E 2 E N sensitization in the group of dental patients (Chi* = 4.927,
= 222 E_|la N = = = p =0.026, OR =4.286, 95% CI: 1.131-16.238) and the one
Q 4 a2 ] d ) . .
g E¢8 g3 E ) c g € & | ofdental professionals (Chi* = 11.755, p = 0.001, OR = 13,
= = o L o ~ <t — <t Ne) .
25| §2 '§ £~ - A 95% CI: 2.330-72.526), as compared with the one of stu-
2 S g8 EZ dents from the dental technician school. The increased
2587 . . e e
_;_gv E %E risk of concomitant sensitization to tetrahydrofurfu-
éf-; ryl methacrylate and glutaraldehyde was established
= 5 by means of confronting the control group of dental
%"‘é Soux patients vs. all the other groups as well (Chi* = 19.395,
Eo 2229 p < 0.001, OR = 3.931, 95% CI: 2.087-7.406).
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TE 28 é g Allergic contact dermatitis is a common occupational
g% &2 %E and environmental issue and may be regarded as be-
%“5 “ ing the most frequent manifestation of immunotoxic-
= . . .
S S ity in the case of humans. Hundreds of chemicals were
EE <o shown to cause skin sensitization. Contact allergy is
S22 the disease-free state that a skin sensitizer may induce,
EE LT o I N . . e s . ..
S AN _ _ __while allergic contact dermatitis is the disease elicited
S5 z3¢8 § =19 3 < @ 2| inanindividual with contact allergy [23].
S = s |2 A a sz K .
§§ 3 315 § = | © - wo % Resin-based dental materials may release meth-
o e . . . e .
T2 S%eE acrylic monomers with potential toxicity and sensitiz-
EE| &4 —‘§ z ing properties in the oral environment [24]. Both oc-
8 g2 <=3 '

3 E & °a cupational and non-occupational contact with meth-
L . .
ER- acrylic monomers have been reported to cause skin

o . . .

s I symptoms and induce allergies. Dental professionals

< . . . .

s sl 233 o are at the occupational risk when handling acrylic
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g E % RIS monomers manually. Additional problem is imposed
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%\g %ﬂ é g 5 to the widespread use of resin-based dental materials

=% 28° with different clinical applications.

= . . .

ERS Methyl methacrylate is used in orthodontic base-

£ g 3 plates and dentures. Triethyleneglycol dimethacrylate
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s 2 3 g g is a common monomer in composites, fissure sealants,
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e e «, 2 E é < bonding agents. Ethyleneglycol dimethacrylate is com-
g & g 5 & £ 2 e g mon in composites and bonding agents. 2-Hydroxyetyl-
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g 9 52 £ E g2 2 metacrylate is an ingredient of dentin-bonding materi-
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mulation of ultraviolet light-curable adhesives, coatings,
paints, and printing inks; found in artificial nails [4,5,7].

Some of the most common occupational contact al-
lergens in dental practice are disinfectants, such as glu-
taraldehyde, formaldehyde, and glyoxal. Among dental
nurses, the increased risk for occupational sensitization
to glutaraldehyde as well as to glyoxal was established.
Kie¢-Swierczyniska et al. (1998) studied the frequency of
skin sensitization to aldehydes (formaldehyde, glutaral-
dehyde and glyoxal) in the case of 280 health workers
with skin pathology [11]. Allergic contact dermatitis
was observed for 22.8% of them (85.9% of them were
allergic to only one aldehyde). Formaldehyde is caus-
ing sensitization slightly more often (13.9%), glutaral-
dehyde (12.4%), and only 1.9% of them were allergic
to glyoxal [11]. The results were confirmed in the sub-
sequent study [12,13,25]. In general, it was established
that contact with disinfectants causes sensitization in
nearly half of the nurses with contact dermatitis.

In our previous study we established a relatively
high frequency of concomitant sensitization to form-
aldehyde and methacrylate monomers in dental prac-
tice [21]. Glutaraldehyde (similarly to formaldehyde) is
widely used as a broad-spectrum antimicrobial agent
in industrial and consumer products (as an ingredient
of disinfecting, sterilizing, household disinfectants, in
cosmetics, personal-care products and furniture pol-
ish - as a preservative). No data in the available litera-
ture was found concerning the manifestation of con-
comitant sensitization to the other aldehyde that is
ubiquitous for the dental working environment - glu-
taraldehyde. That’s why we have conducted this study.

The occupational exposure to methacrylates and glu-
taraldehyde in dental practice starts as early as during the
second year of the practical education in dentistry and lasts
throughout the professionally active life of dental person-
nel. Due to the specificity of their jobs, students from the
dental technician school and dental technicians are more
likely to be occupationally exposed to methacrylates and
to a lesser extent - to glutaraldehyde. Every person could
be considered to be exposed to methacrylic monomers -
containing dental materials and glutaraldehyde - as a den-
tal patient. The first exposure at a dental clinic could hap-
pen in the early childhood and could be reiterated many
times during the life span of certain individuals. On the
other hand, due to the ubiquitous presence of methacrylic
monomers and glutaraldehyde, the whole population is
under the impact of environmental exposures.

The highest frequency of concomitant sensitization
to MMA and glutaraldehyde was established in the

group of dental students and in the one of dental pa-
tients. For comparison, according to the results from
our previous study, the frequency of concomitant sen-
sitization to MMA and to another common for den-
tal practice aldehyde - formaldehyde was again the
highest among dental students, especially those
from 3rd-4th year of education.

Data collected in the interviews indicates that during
the first years of their educational course, dental students
are not sufficiently informed and are unaware to protect
themselves using protective gloves at work. This data of
ours confirms the statement about the role of the lack
of proper protection for the increased frequency of the
contact sensitization to MMA (and to some other meth-
acrylic monomers) in the group of students of dental
medicine as compared to dental professionals.

Concerning the high frequency of concomitant sen-
sitization to MMA and glutaraldehyde in the group of
dental patients — as revealed in this study, we assume
the role of exposure from different sources (during den-
tal treatment and long-term environmental exposure),
being incognizant and adequately protected.

Interestingly, comparing the frequency of con-
comitant sensitization to glutaraldehyde and MMA in
the group of dental professionals, as observed in this
study (1.5%), and the frequency of concomitant sensiti-
zation to formaldehyde and MMA in the same group,
as established in our previous study (7.9%) [21], we
could suppose that as far as continuous occupational
exposure in dental practice is concerned, the risk of
concomitant sensitization to formaldehyde and MMA
is higher than to glutaraldehyde and MMA.

The probability of release of TEGDMA from com-
posite resins is high, and the risk of allergies in dental
practice has been recognized [26]. The frequency of con-
comitant sensitization to glutaraldehyde and TEGDMA
among all the 262 individuals included in our study has
been relatively high - 11.5%, most probably due to the
wide application of TEGDMA containing dental materi-
als and the extensive use of glutaraldehyde. The highest
frequencies of concomitant sensitization were again es-
tablished in the groups of dental students and the control
one - the group of dental patients.

Having compared the data concerning the fre-
quency of concomitant sensitization to formaldehyde
and TEGDMA, the results are similar. Dental profes-
sionals seem to be at a higher risk of concomitant sen-
sitization to glutaraldehyde and TEGDMA (7.7%) than
to formaldehyde and TEGDMA (5.3%) [21]. Based on
our results, we assume the increased risk of concomi-
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tant sensitization to TEGDMA and aldehydes that are
commonly used in dental practice. We could outline
the groups of students of dental medicine and dental
patients as most vulnerable groups.

The frequency of concomitant sensitization to glu-
taraldehyde and to EGDMA and Bis-GMA among
the 262 individuals included in this study is 9.2%. Simi-
larly to the results reported above, the highest frequen-
cy of concomitant sensitization has been observed in
the groups of dental patients and dental students.

It should be pointed that the highest observed fre-
quency of concomitant sensitization to glutaraldehyde
and EGDMA - 16.4% has been in the control group of
dental patients. Due to the wide use of EGDMA con-
taining dental composites in contemporary dental
practice and the presence of glutaraldehyde in various
everyday items, we could once again suppose the role of
multiple exposures for the high sensitization rates.

Dental professionals seem to be at a slightly higher
risk of concomitant sensitization to THFMA and glu-
taraldehyde (6.2%) than to THFMA and formalde-
hyde (5.6%) [21]. Just the opposite data was established
with regard to the frequency of concomitant sensitization
to EGDMA, Bis-GMA and glutaraldehyde (3.1% vs. 1.5%)
and the concomitant sensitization to the same meth-
acrylic monomers and formaldehyde (7.9% vs. 5.6%) [21].
Moreover, the rate of concomitant sensitization to glu-
taraldehyde and Bis-GMA has been found to be lowest
among the group of dental professionals. These findings
once again confirm the statement of the U.S. Depart-
ment of Health and Human Services (HHS) cited by the
American Dental Association (ADA), saying: “Dental
sealant exposure to bisphenol A occurs primarily with
the use of dental sealants containing bisphenol A di-
methacrylate. This exposure is considered to be an acute
and infrequent event with little relevance to estimation
of general population exposures” [27].

Based on the results achieved, we consider that the
group of students from the dental technician school is
at a lesser risk of concomitant sensitization to the stud-
ied methacrylic monomers and glutaraldehyde. A pos-
sible explanation is that the probability of exposure to
glutaraldehyde during the course of their education is
less likely as compared with dental students. Unfortu-
nately, no available literature has been found to serve as
a basis for comparison, nor has it been reported in our
own previous studies.

In our view, the above findings deserve attention,
and taking into account the widespread exposure to
the studied chemical agents - occupational and non-

occupational in dental practice, and non-occupational in
the residential environment - conducting a large-scale,
multicenter survey in the future would be beneficial.

CONCLUSIONS

The results from our study suggest that dental students
and dental patients without the occupational exposure
could be outlined as susceptible groups at the risk of
concomitant sensitization to glutaraldehyde and meth-
acrylic monomers. An increased risk for concomitant
sensitization to TEGDMA and the aldehydes that are
commonly used in dental practice could be assumed
among dental professionals. We consider the group of
students from the dental technician school as a group at
a lesser risk of concomitant sensitization to methacrylic
monomers and glutaraldehyde.

More efficient risk management and training pro-
grams about health and safety at work for dental stu-
dents as well as limitations of general exposures could
be recommended.
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