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STUDIES

Acrylates and Methacrylates Sensitization

in Patients with Orthopedic

and Dental Prostheses:

Asymptomatic Pre-Implant and Symptomatic
Post-Implant Testing

Francesca Vallon, Paolo Bortolosso, llaria Lazzarato, and Francesca Larese Filon

Acrylates and methacrylates are widely used in dental and orthopedic prostheses, false nails, adhesives, glues, and
paints, and are strong sensitizers. The aim of our study was to assess the prevalence of acrylate sensitization in
patients before the application of dental or orthopedic prostheses or after the application in case of potentially related
contact dermatitis.

Methods: The subjects were tested according to haptens reported in safety data sheets, including methyl methac-
rylate (MMA) 5%, methyl acrylate (MA) 1%, ethyl methacrylate (EMA) 2%, ethyl acrylate (EA) 1%, butylacrylate 0.1%,
2 hydroxyethyl methacrylate (HEMA) 5%, ethylene glycol dimethacrylate 2% (EGDMA), tetraethylene glycol dimetha-
crylate 2% (TEGDMA), and dimethyl amino ethyl methacrylate 0.2% (DAEMA). Multivariable logistic regression was
used to study the factors associated with (meth)acrylate sensitization.

Results: Six hundred sixty-five patients (75.4% of the total sample) without contact dermatitis before the placement
of any dental or orthopedic prosthesis and 217 patients (24.6% of the total sample) with contact dermatitis potentially
due to already placed prostheses were involved. In total, 37 cases of patch test positivity to at least 1 acrylate (4.2%)
were found. In the pre-implant population, previous dermatitis and respiratory allergy were associated with increased
sensitization to acrylates in multivariable regression analysis (odds ratio [OR] 2.38, 95% confidence interval [CI] 1.05—
5.39; OR 2.96, 95% CI 1.32-6.64, respectively). The prevalence of sensitization was 3.5% for EGDMA, 2.7% for EA, 1.5%
for 2-HEMA, 1.4% for both MA and MMA, 1.28% for DAEMA, and 0.8% for EMA. No statistically significant difference was
found in the prevalence of sensitization between the pre- and post-implant groups.

Discussion: Our study found a similar profile of sensitization in pre-implant and post-implant patients, suggesting the
need to better study the specificity and sensitivity of patch tests to (meth)acrylate and to define relevance considering a
detailed history of exposure.

INTRODUCTION

he acrylic and methacrylic monomers belong to a large
family of chemical compounds. They occur as esters, salts, or
conjugated bases of acrylic acid;' they are flammable, volatile,
toxic, and colorless compounds in the liquid state and are widely
used in their monomeric form in everyday products, such as
adhesives, glues, paints, textiles, and nontextile coatings; in
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both dental and orthopedic, and in their polymerized form as
plastics.

Acrylic acid appears as a transparent, colorless, and liquid
molecule at room temperature; it is a moderately toxic but very
corrosive molecule that can cause serious gastrointestinal lesi-
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ons, whereas its vapors are irritating to the eyes and mucous
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membranes. Due to its corrosiveness, it must be handled with
appropriate protective equipment (PPE), such as rubber gloves,
goggles, and masks.”

Occupational groups affected by contact dermatitis include™*
beauticians (nail technicians), health care workers (dentists, den-
tal technicians, dental hygienists, nurses, and orthopedists),
printers and ink handling workers, workers in the metal industry,
workers in the glass industry, and workers employed in con-
struction. Moreover, exposure to (meth)acrylates is also increas-
ing in nonoccupational settings due to exposure to glues, cements,
application of acrylic nails, and dental and orthopedic prostheses.
1% on allergic contact dermatitis over the
years have outlined an evolution on the acrylate ACD, diverting

from a focus on health care sources to the cosmetology industry in
14-20

Numerous studies

the past decade.

Although many data are available for occupational groups and
patients, few studies evaluated (meth)acrylate sensitization in
population without contact dermatitis that underwent patch test
pre-implant, focusing mainly to metal allergy.*"**

Moreover, pre-implant testing is under debate and inter-
national recommendation are against that,> but in our region,
the pre-implant testing was required by orthopedics due
to the high level of nickel sensitization in middle-aged women.**
The need to test subjects with history of metal allergy was
suggested.*”

The aim of this study was to assess the prevalence of acrylate
sensitization in patients who underwent patch tests in the allergy
clinic of the Occupational Medicine Clinical Unit from 1998
to 2022 pre-implant of dental or orthopedic prostheses or after
application in case of suspected allergic contact dermatitis.

METHODS

We conducted an observational retrospective study that reviewed
the records of patients referred by orthopedics and dentists to the
outpatient allergy clinic of the Occupational Medicine Clinical
Unit at University of Trieste (Italy) from 1998 to 2022 who
underwent patch tests for acrylates and methyl acrylates (MAs) to
diagnose a possible contact allergy after already placed prostheses
or to exclude primitive sensitization before the application of
orthopedic or dental prostheses.

The patch test included methyl methacrylate (MMA) 5% pet,
MA 1% pet, ethyl methacrylate (EMA) 2% pet, ethyl acrylate (EA)
1% pet, butylacrylate (BA) 0.1% pet; 2 hydroxyethyl methacry-
late (HEMA) 5% pet, ethylene glycol dimethacrylate 2%
pet (EGDMA), tetraethylene glycol dimethacrylate 2% pet
(TEGDMA), and dimethyl amino ethyl methacrylate 0.2% pet
(DAEMA). All haptens were purchased from Chemotechnique
MB Diagnostics (Sweden).

Patients were asked to bring to the allergy center safety data
sheets of products that will be used for their prosthesis (in case of
test to be performed before surgery) or of products used for their
prosthesis (in case of test to be performed in symptomatic

patients). Therefore, the acrylates tested in the period considered
varied according to the safety data sheet of the compound to be
investigated.

In addition to the (meth)acrylates, patients were evaluated using
the European series of patch tests with the Triveneto series.”>*®

All haptens were applied to the upper back with Finn®
chambers supported by Scanpor® tape. The first reading with
removal of the test apparatus was performed at 48 hours, whereas
the final reading was performed at 72/96 hours as per the Inter-
national Contact Dermatitis Research Group.”’” The classification
of positivity was as follows: weakly positive (+), only erythema;
moderately positive (++), erythema with papules; frankly positive
(+++), erythema with papules and vesicles, and questionable
reactions (+/-,?) were considered negative.

Data were processed using SPSS for Windows and STATA.
Continuous data were reported as mean and standard deviation,
and categorical data were reported as numbers and percentages.
Statistical differences between groups were calculated using the
t test and chi-square statistics (or Fisher’s exact test according to
numbers). Factors associated with sensitization to acrylates were
investigated using univariate regression analysis. Factors associ-
ated with sensitization to acrylate in univariate analysis were
investigated using multivariate logistic regression analysis. Sta-
tistical significance was set at P<0.05.

All procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of the
institutional and/or national research committee and with the
Helsinki Declaration.

The study was approved by Comitato Etico Unico Regionale—
Friuli Venezia Giulia in 2018.

RESULTS

Between 1998 and 2022, 882 people underwent patch tests with
acrylate series:

* A total of 665 patients (75.4% of the total sample) without
contact dermatitis before the placement of any dental or orth-
opedic prosthesis were defined as “pre-implant population.”

* A total of 217 patients (24.6% of the total sample) with
contact dermatitis were evaluated for allergic reactions to
components of already placed prostheses, defined as “post-
implant population.”

In total, 37 cases of patch test positivity to at least 1 acrylate (4.2%)
were found, of which 9 were male (4%) and 29 were female (4.4%).

Pre-Implant Population

The pre-implant population comprised 511 women (76.8%) and
154 men (23.2%). The majority (94.8%) of patients underwent
patch tests before orthopedic prostheses and 5.2% before den-
tal prostheses. This population was significantly older than
symptomatic population (mean age 68.1+10.1 [standard devia-
tion, SD] years vs 591 16.1 [SD] years, P <0.001).
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I/:\:]13R W Characteristics of the Pre-Implant Population Tested in Subjects Positive and Negative

to Acrylates

Pre-implant Pre-implant Univariable Odds Multivariable Odds
Acrylates+ Acrylates- Total ratio (95% CI) ratio (95% CI)
Number (%) 30 (4.5) 635 (95.5) 665 (100)
Women, n (%) 24 (80.0) 487 (76.7) 511 (76.8) 1.21 (0.49-3.00) 1.16 (0.43-3.19)
Men, n (%) 6 (20.0) 148 (23.3) 154 (23.2)
Age years (mean +SD) 68.0+10.4 68.4+11.6 68.0+10.4 1.00 (0.97-1.05) 1.02 (0.97-1.06)
Allergies in family 12 (40.0) 170 (26.8) 182 (27.4) 1.82 (0.86-3.86)
History of dermatitis 12 (40.0) 137 (21.6) 149 (22.4) 2.50 (1.13-5.52) 2.38 (1.05-5.39)
Atopic dermatitis in childhood 9 (30.0) 90 (14.2) 99 (14.9) 2.59 (1.10-5.76)
Allergy to jewelry 3 (10.0) 121 (19.0) 124 (18.6) 0.48 (0.15-1.62)
Respiratory atopy* 12 (40.0) 117 (18.4) 129 (19.4) 3.05 (1.38-6.77) 2.96 (1.32-6.64)
Rhinitis* 8 (23.1) 79 (12.4) 87 (13.1) 2.67 (1.01-7.06)
Asthma* 3(11.5) 26 (4.1) 20 (4.4) 3.52 (0.96-12.9)
Rhinitis+asthma* 1 (3.8) 12 (1.9) 13 (2) 2.67 (0.32-21.9)
Food allergy 2 (7.4) 70 (11.0) 72 (10.8) 0.63 (0.15-2.71)
Drugs allergy 7 (23.3) 130 (20.5) 137 (20.6) 1.35 (0.52-3.02)
Patch test+to other haptens 15 (50) 216 (34.0) 231 (34.7) 1.93 (0.93-4.04)

Differences were assessed using univariate and multivariable logistic regression and results are reported as OR and 95% ClI.

ClI, confidence interval; OR, odds ratio.

In this population, 30 patients were positive for at least 1
acrylate, 27 were tested for orthopedic prostheses, and 3 were
tested for dental prostheses. The characteristics of the study
population are presented in Table 1 divided in positive and
negative subjects.

The average age in the 2 groups was very similar with 68 (+10.4
SD) years for the acrylate-positive subgroup and 68.4 (+11.6 SD)
for the rest. A breakdown of the frequency distribution of patients
according to age groups (<50, 51-61, 62-70, >71 years) shows that
this is clearly shifted toward older age groups, with 76% of the
population being >62 years old.

Subjects sensitized to acrylates had had a previous dermatitis
(odds ratio [OR] 2.50; 95% confidence interval [CI] 1.13-5.52),

a positive history of atopic eczema in childhood (OR 2.59; 95%
CI 1.10-5.76), and respiratory allergy (OR 3.05; 95% CI 1.38-
6.77), mainly rhinitis (OR 2.67; 95% CI 1.01-7.06). In the mul-
tivariable regression analysis, previous dermatitis and respiratory
allergy were associated with increased sensitization to acrylates
(OR 2.38; 95% CI 1.05-5.39; OR 2.96; 95% CI 1.32-6.64,
respectively).

Post-Implant Population

The post-implant population consisted of 154 women (71%); 41%
of patients were tested for suspected allergy to orthopedic pros-
theses and 59% for dental prostheses (Table 2).

/:\:] M Characteristics of the Post-lmplant Population Tested in Subjects Positive and Negative

to Acrylates

Post-implant Acrylates+ Post-implant Acrylates- Totals Odds ratio (95% CI)
Number (% row) 7 (3.2) 210 (96.8) 217 (100)
Women, n (%) 5(71.4) 149 (70.9) 154 (71.0) 1.03 (0.19-5.4)
Men, n (%) 2 (28.6) 61 (29.1) 63 (29.0)
Age years (mean+SD) 62.4+20.5 59.4+15.6 59.5+15.7 1.01 (0.96-1.07)
Allergies in family 3 (42.8) 62 (29.5) 65 (30.0) 1.79 (0.39-8.23)
History of dermatitis 2 (28.6) 49 (23.3) 51 (23.5) 1.23 (0.23-6.55)
Atopic dermatitis in childhood 2 (28.6) 25 (11.9) 27 (12.4) 2.94 (0.4-15.8)
Allergy to jewelry 0 (0) 17 (8.1) 17 (7.8) —
Respiratory atopy* 3 (60) 52 (24.8) 55 (25.3) 2.26 (0.49-10.5)
Rhinitis* 3 (60) 37 (17.6) 40 (18.4) —
Asthma* 0 (0) 8 (3.8) 8 (3.7) —
Rhinitis+asthma* 0 (0) 7 (3.3) 7 (38.2) —
Food allergy 0 (0) 30 (14.3) 30(13.8) —
Drugs allergy 3 (42.9) 56 (26.7) 59 (27.2) 1.94 (0.42-8.95)
Patch test+to other haptens 5(71.4) 88 (41.9) 93 (42.9) 3.46 (0.66-18.3)

Differences were assessed using univariate logistic regression and results are reported as OR and 95% CI.

ClI, confidence interval; OR, odds ratio.
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/{1138 Sensitization to Acrylates in Pre-Implant and Post-Implant Population
Asymptomatic Symptomatic

population population Total p
Ethylene glycol dimethacrylate 2%-+/tested (%) 3/57 (5.3) 0/30 3/87 (3.45) —
Ethyl acrylate 2%+/tested (%) 13/409 (2.8) 5/210 (2.4) 18/666 (2.70) 0.611
Hydroxyethyl methacrylate 2%-+/tested 1/84 (1.2) 2/120 (1.7) 3/204 (1.5) 0.835
Methyl methacrylate 5%-+/tested (%) 11/664 (1.7) 1/217 (0.5) 12/881 (1.4) 0.201
Methyl acrylate 1%-+/tested (%) 9/664 (1.4) 3/217 (1.4) 12/881 (1.4) 0.938
Dimethyl amino ethyl methacrylate 0.2%-+/tested (%) 1/48 (2.1) 0/30 1/78 (1.28) —
Ethyl methacrylate 1%-+/tested (%) 6/664 (0.9) 1/216 (0.5) 7/880 (0.8) 0.535
Butyl acrylate 0.1%+/tested (%) 0/2 0/16 0/18 -
Tetraethylene glycol dimethacrylate 2%-+/tested (%) 0/57 0/30 0/87 -

In this population, 7 patients tested positive for at least 1
acrylate, with a prevalence of 3.2%: 5 patients with a possible
allergy to dental prosthesis and 2 for potential allergy to ortho-
pedic prosthesis.

Acrylates positive subjects had similar mean age than negative
subjects (62.41+20.5 and 59.4+15.6 years, respectively). In this
group, no statistical differences were observed between subjects
positive or negative for acrylate positivity in terms of age, sex,
history of previous contact dermatitis, history of atopy, allergy to
drugs, food, or inhalant allergens.

Characteristics of Patients Positive to Acrylates

and (Meth)acrylates

In the 2 populations examined, 37 patients had a patch test
positive for acrylates, 30 (4.5%) in the pre-implant population,
and 7 (3.2%) among post-implant patients.

A higher prevalence of sensitization was found for EGDMA,
which resulted positive in 3.5% of 87 patients tested; however,
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none of the post-implant subjects were positive. Ethyl acrylate
(EA) positivity ranked second, with a prevalence of 2.7% out of
666 patients studied, and it was the only hapten able to cause an
intense reaction (+++) at both 48 and 72 hours. 2-HEMA resulted
positive in 3 on 204 tested (1.5%). Methyl acrylate (MA) and
MMA had a similar prevalence (1.4%) in the 2 populations.
Dimethylamino ethyl methacrylate (DAEMA) was positive in
1 case out of 78 tested (1.28%).

Ethyl methacrylate (EMA), out of 880 patients tested, was
positive only 7 times with a prevalence of 0.8%, and TEGDMA
and BA were negative in all patients tested (however, they were
tested only in a minority of patients). Supplementary Table S1
reports the detailed positivity of each acrylate in the positive
subjects. The majority were positive for only 1 acrylate, whereas
13 (35.1%) were sensitized to 2 or more acrylates. No statistically
significant difference was found in the prevalence of sensitization
between the pre- and post-implant groups.

Figure 1 shows the trend of sensitization during the period
considered in years’ groups, in which no statistically significant

2010-2013 _
EEESS——————————
e —

Total

Figure 1. Prevalence of sensitization to (meth)acrylates in the years considered analyzed by gender.
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trend was demonstrated; however, an increase in sensitization in
men was observed in the past years. A higher number of positive
cases for acrylates have been found in the older age groups, par-
ticularly in the 62- to 70-year age group and in the 71-year age
group and above, which added up to 77% of allergic contact
dermatitis with acrylates.

DISCUSSION

Our study investigated sensitization to acrylates and methacry-
lates in asymptomatic patients (pre-implant) without dermatitis
who underwent tests before orthopedic or dental prostheses to
exclude sensitization to some prosthesis components. Moreover, a
group of patients with contact dermatitis potentially related to
acrylates and methacrylates used in their prostheses (post-
implant) was investigated from 1998 to 2022.

Pre-Implant Population

The pre-implant population is constituted mainly of women
(80%), probably because they tend to be more commonly affected
by degenerative bone and joint diseases and are, therefore, more
commonly subjected to hip and knee replacement than men.*® We
found that previous dermatitis and atopic dermatitis in childhood
increased the risk of having a patch test positive for acrylates,
which is consistent with previous findings.>>*° Atopic dermati-
tis is a major risk factor for the onset of skin allergies in
adulthood.*

In our study, the correlation between allergic dermatitis and
respiratory atopy was statistically significant. In fact, 12 acrylate-
positive patients were also positive for respiratory atopy; the
percentage was twice as high as that in the acrylate-negative
population. In addition, all acrylate-positive patients were found
to have a family history of allergic skin and respiratory diseases,
which is in agreement with the literature that confirmed an
important genetic component in the development of skin
allergies.™

Post-Implant Population

In the post-implant population, the search for the same associa-
tions did not yield statistically significant results, partly because of
the small number (7 patients) of acrylate-positive patients.

Assessing the 2 populations individually, the prevalence of
(meth)acrylates sensitization was 4.5% and 3.2% in pre- and post-
implant populations, respectively. No data (to the best of our
knowledge) are available on (meth)acrylates sensitization in pre-
implant population in the literature, whereas many data confirm
that (meth)acrylates sensitization is variable according to the
population tested, higher in nail technicians, and lower in other
groups.”>*¢

Acrylate sensitization is related to occupational exposure in
dentists, in which the prevalence of sensitization can be >5% (15)
because they can come in contact with uncured (meth)acrylate.

In patients, prosthetic cements do not come in contact with soft
tissues; even dental resins rarely come into contact with the buccal
mucosa, and the washing action of saliva leads to a reduction in
monomer residues present after polymerization. reducing the
amount of contact between the allergen and antigen-presenting
cells in the mucosa.””

In the 7 patients positive for (meth)acrylates a causal role of the
prosthesis could be assumed.

Characteristics of Patients Positive to Acrylates
and Methacrylates

In our study, a higher prevalence of sensitization was found for
EGDMA, which was positive in 5.3% of asymptomatic patients
and in none of the symptomatic cases, suggesting a possible false-
positive reaction for this hapten. In dental patients, Al-Gawahiri
reported a 3.1% sensitization to EGDMA in 2023.*® The impor-
tance of this hapten was also reported by Gregoriou et al*® in nail
technicians, with 72.4% sensitization, ranking first among the
acrylates tested. Raposo et al found that >50% of the patients were
sensitized to this hapten, but all were related to nail application.*’

In dental patients and workers, sensitization to (meth)acrylate
was generally lower but much higher than in our study. Lyapina
et al in Bulgaria*' analyzed dental patients, dental professionals,
and dental students without allergic contact dermatitis and found
that 20.4% of patients were sensitized to EGMA. A similarly high
prevalence of positive patches was found for MMA (19.8%) and
TEGDMA (25.2%). However, as the authors suggested, the pos-
itivity was due to exposure to different work tasks, but without
differences between the 3 groups analyzed.

We found a lower prevalence of sensitization to EGMA
(3.45%), MMA (1.4%), and TEGDMA (0), and we did not find a
significant difference in sensitization between asymptomatic and
symptomatic subjects, suggesting a false-positive reaction to
(meth)acrylate. The acrylate that ranked second for prevalence
was EA, which was positive in 2.8 and 2.4% of the asymptomatic
and symptomatic patients, respectively. Among nail care prod-
ucts, series sensitization to this hapten was higher, reaching 24.2%
after 2-HEMA and MMA.**

2-HEMA was ranked third in our study, with a 1.5% positivity
rate. In 2023, Al-Gawahiri et al®® reported 4.2% sensitization to
2-HEMA, 3.1% to EGDMA, and 2.8% to MMA in dental patients.
In the review performed by de Groot and Rustemeyer,’>*° the
high variability of sensitization to 2-HEMA was shown according
to different types of exposures. 2-HEMA is considered a marker of
(meth)acrylate sensitization, and for that reason, it has been added
to the European standard series since 2019.*

The prevalence of sensitization to 2-HEMA in consecutive
patients ranged from 0.3% in Singapore before 2008 to 3.2% in
Europe from 2019 to 2020. In patients exposed to nail products,
sensitization can be >40% of tested, whereas prevalence is highly
variable in dental workers/patients and in subjects with ortho-
pedic prostheses.>”>® In our study, 2-HEMA was tested only in a
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part of our group because, in the majority of cases, it was not
found in the safety data sheets of the products brought by the
patients.

Moreover, Italian data revealed that the prevalence of 2-HEMA
sensitization is generally lower than that reported in other
countries and is ~ 1.5% in the patients tested, as in our study.**
MA and MMA were positive in 1.4% of the tested population, with
a lower prevalence than that reported in the literature for nail
technicians (MMA 28.8% in Warshaw et al).**

The possibility of (meth)acrylates to give false-positive reac-
tions was studied in 2013 by Goon et al*’ using a mixture of
acrylate as patch tests. The authors decided to stop the study
due to the high number of false-positive reactions using the
3 (meth)acrylate mix. However, the high variability of sensitiza-
tion prevalence in the literature can be due to the exposure profile
of subjects, but also to patch test preparation and variability of
their hapten content or to false-positive reactions that need to
be evaluated by looking more deeply at exposure to uncured
(methyl)acrylates.

Strengths and Limitations

The strength of our study is that we compared pre-implant and
post-implant subjects, finding no differences in sensitization and
opening a debate on the sensitivity and specificity of (meth)ac-
rylate sensitization in nonexposed subjects.'?

The first limitation of our study is the small number of subjects
tested, and the second is the choice to test subjects according to
substances reported in safety data sheets of prostheses used,
implanted, or planned to be implanted. This decision was made to
avoid patch testing with highly reactive substances in subjects
without exposure. The third limitation could be the high reactivity
of these products that could have led to false-positive results
(probably irritant).

CONCLUSIONS

Our study found a sensitization to (meth)acrylates tested at 4.5%
and 3.2% in pre- and post-implant patients, respectively, with a
prevalence similar in the 2 groups, suggesting the need to better
study specificity and sensitivity of patch test to (meth)acrylates
and to define relevance considering a detailed history of exposure.

SUPPLEMENTARY MATERIAL
Supplementary Table S1
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