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On rare occasions, exposure to methacrylates (MAs) may induce mucosal
symptoms. Three patients, two dental laboratory workers and one hearing
aid laboratory worker, are presented. All three had allergic contact
dermatitis from MAs which disappeared after avoidance of contact with
uncured MA compounds. Two of the patients, the dental laboratory
assistant and the hearing aid worker, had also developed symptoms of
conjunctivitis, Both were exposed to chemically curable and light-curable
MAs. The association between their conjunctivitis and type 1V allergy to
MAs was supported by the following observations: 1) sensitization to
several MAs including methylMA, 2-hydroxyethylMA, ethyleneglycol
diMA, triethyleneglycoldiMA, tetrahydrofurfuryldiMA, and

I 4-butanedioldiMA, as well as to pentaerythritol triacrylate;

2) simultaneous appearance of their eye symptoms and allergic contact
dermatitis; 3) hlgh exposure to MAs because of disturbances of
ventilation; 4) disappearance of the eye symy during holidays; and
5) opthalmologist’s findings of folhculm con_]unctw is with some papillae,

hilia, and | | in al corresponding
to allergic contact conjunctivitis. In addition, the activation of eosinophils
in the conjunctival was with the monoclonal

antibody technique, and an elevated level of eosinophilic cationic protein
was found in the tear fluid. Our cases suggest that conjunctivitis may be
caused by type IV dl]ergy to MAs, allhough lype I Alle!gy (even though
prick tests were neg: , other & or itritation
cannot be excluded. 4H-Gloves® seem to give adeqmle hand protection
even to allergic patients. More attention shou)d be paid to ventilation
systems if MA exposure occurs. In some cases, patients with eye
symptoms need to be patch tested.
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Working with melhdcry]ales (MAs) may lead to an
exposure which is sufficient on rare occasions to
induce asthma (1-3) or mucosal symptoms (4).
The reported asthma patients also had rhinitis, but
not eye symptoms. The mechanism of sensitization
in these cases has not been defined. In the case of
pharyngitis, the patient had only pharyngeal symp-
toms. Type IV sensitization to several MAs and
other acrylate compounds was revealed though no
skin symptoms appeared. Contact dermatitis associ-
ated with eye symptoms and caused by type 1V
allergy to ophthalmic drugs and contact lens solu-
tions is well known and has been reviewed by
Herbst & Maibach (5) and de Groot et al. (6). As
a result of airborne exposure to MAs, the eyes
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could be one of the shock organs also in patients
with delayed-type sensitivity to MAs.

We report on two dental laboratory workers, a
dental laboratory assistant and a dental technician,
as well as on a hearing aid worker who developed
allergic contact dermat The laboratory assistant
and the hearing aid worker also had work-related
eye symptoms.

Material and methods
Patients

Thirty cases of allergic contact dermatitis and one
case of pharyngitis from MAs in dental restorative



and prosthetic materials were diagnosed during
1974-94 at the Finnish Institute of Occupational
Health. Five of the patients worked in dental
laboratories. Tn addition. one patient was diagnosed
as having allergic contact dermatitis [rom the pre-
paration ol in-the-car hearing aids.

Two of the five dental laboratory workers were
employed by the same dental laboratory (patients
1 and 2). The man (patient 1) had handled chemi-
cally curable MA for 3 years and light-curable MA
for about 1 week (Table 1). The woman (patient 2)
had used only chemically curable MAs for 8 years.
The hearing aid worker (patient 3) had prepared
in-the-ear hearing aids from chemically curable MA
Tor 9 years and had covered the devices with a light-
curable acrylic lacquer for 3 years (Table 1).

Skin tests and other investigutions

Epicutaneous tests were conducted using the Finn
Chambers (Epitest Lid Oy. Finland) and read and
scored as previously described (7, 8). They included
the European standard serics, a dental screening
series. and a (meth)acrylate series, all from
Chemotechnique Diagnostics AB. Sweden. Patch
tests were also carried out with acrylate and other
products used at the workplaces. Prick (ests
included a series of environmental allergens and a
latex allergen (Allergologisk Laboratorium A/S,
Denmark). They were also done with two other
latex prick test solutions prepared as deseribed
by Turjanmaa et al. (9). and with methylmetha-
crylate (MMA) and 2-hydroxycthylmethacrylate

Table 1. Acrylate compounds used in work of patients according to information
from material safety data sheets

Dental laboratory

Hearing aid laboratory
{patients 1 and 2)

{patient 1}

Chemcally curable material

iquid Liquid

WA MMA

NN-dimotiyl p-toluidine: Uimethacrylate

Ethylencglycol dimethacrylate Asomatic amine

Hydroguinone

Terpinaling
Powder

Chemically curable matorial

Powder:
Polymethymethacrylate
Dibenzuylperoxice

Polymeihyimethacrylate:
Dibutylphibalate

Light curable material

Light curable material
" Aenylic lacquer
MMA

Liguid 1
Diacrylurethane manomer
16-Hexanediol dinethacrylate
Initators, accelerators

Liguig 2.
MMA
Tetsahydrofurtury! methacrylate
1.6 Hexanediol dimethacrylate
hwmamrs‘ accelerators
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(2-HEMA) conjugated with human serum albumin
(HSA) (4, 10). Other mvesl\gdlmnx LO!]\ISIL,(] of an
ophthalmologist’s ion of the eyes inchudi

conjunctival scrapings, and, in one case, demonstra
tion of the activation of eosinophils with the mono-
clonal antibody (EG2, Pharmacia Diagnostics AB,
Sweden) technique, and determination of eosino-
philic cationic protein (ECP) in tear fluid. The
investigations also included an industrial hygienist’s
inspection of the dental laboratory, determinations
of airborne MMA concentrations with the charcoal
method (SFS standard 3861), and gas chromato-
graphic analyses of MMA in two cured hearing aids.

Case reports and Results

The dental laboratory assistant (patient 1) had
developed, after fingertip dermatitis, cye symptoms,
which appeared soon after he had started to handle
light-curable MA liquids. The redness, stinging, and
itching of his cyes were worst during the last days
of the working week and after he had polished
light-curable materials. He had neither nasal nor
chest symptoms. During holidays, his eyes were
symptomless, without any medication. He con-
tinued in the same work, and the half-year follow-
up confirmed the clinical association of his eye
symptoms with his work. An ophthalmologist’s
findings (Table 2) included [ollicular and papillary
conjunctivitis in lower lid conjunctiva and hyper-
emic bulbar and tarsal conjunctivac. The corneas
were quite clear, and no signs of corneal inflamma-
tion were seen. His conjunctival scrapings showed
strong lymphocytic reaction and activated eosino-
phils. The tear ECP was elevated (7 pg/1) compared
to the levels found in healthy nonatopic subjects.
The patient was atopic and prick test positive to
pollen, mugwort (4rtemisia), and a house-
dust mite (Dermatophagoides farinae). He had had

Table 7. Ophthalmologist's findings on two conjunctivitis patients with type 1V
allergy to methlacrylates

Dental Iaboratory Hearing aid
assistant wrker

inding {pationt 1) (patient 3)
Redness of conjunciiva Yes
Negative conjunctival bacterial culture Yes
follicular and papillary reactions o No
conjunctiva
Eosinophilia and lymphocytosis in one Yos Yes
ar both ey
Activation of eosinophis Ves ND
Elovated fevel of ensinaphilic cationic Yes (7 ug/l) D
arotein in tear fuid
Comeal changes No No
Lomudal® relieves the symploms Yes Yes

ND: not done,
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eye symptoms during the pollen season, but not
during the past 15 years. The dental technician
(patient 2) had pulpitis on her fingers only. The
skin symptoms of both dental laboratory workers
disappeared when they used finger protectors made
of 4H-Gloves® (Safety 4 A/S, Denmark). On patch
testing, in addition to MMA, the man (patient 1)
reacted to many other MAs (Table 3), to a liquid
containing MMA, and slightly to polymethylmeth-
acrylate powder (Table4). The dental technician
(patient 2) was clearly 2 + positive only to 2-HEMA
and the liquid containing MMA, but reacted with
a weak ?+reaction to ethyleneglycol dimethacrylate
(EGDMA).

The hearing aid worker’s (patient 3) eye symp-
toms had begun at the same time as her fingertip
dermatitis; i.e., 3 years after she had started to use
a light-curable acrylic lacquer. She also continued
her work after her sensitization to MAs was con-
firmed. Her eye symptoms were at first mild and
occasional, but got worse during the 4-year follow-

Table 3. Patch test results of two conjunctivitis patients with (methlacrylate series

Dental laboratory ~ Hearing aid
assistant worker
(Methjacrylate {patient 1) {patient 3]
Methyimethacrylate (VMA] 3+ 2+
Ethylmethacrylate 24 1+
2Hydrowyethylmethacrylate (2-HEMA) 3+ 24
2-Hydroxypropylmethacrylate (2-HPMA) 3+ 2+
Ethylacrylate NT 24
2 Hydroxyethylacrylate NT 24
2-Hydroxypropylactylate NT 2+
Ethylenegiycol dimethacrylate 3+ 2+
Triethyleneglycol dimethacrylate 3+ T+
Triethyleneglycol diacrylate Neg 24
Tetrahydrofurturyl dimethacrylate 24 NT
1.4-Butanediol dimethacrylate 2+ Neg
1.4-Butanediol diacrylate Neg 24
1,6-Hexanediol diacrylate Neg 24
Diethyleneglycal diacrylate Neg 2+
Urethanediacrylate, aromatic Neg 2+
Pentaerythritol triacrylate Neg 2+

NT: not tested; Neg: negative.

Table 4. Positive patch test results of twa conjunctivitis patients tested with
(methjacrylate products used in their work

Dental laboratory  Hearing aid
assistant worker

Praduct {patient 1) {patient 3)
Methylmethacrylate (MMA) liquid 2% pet 2+ 2+
Polymethylmethacrylate powder as such 7+ Neg
Cured in-the-ear hearing aid" as NT T+
scrapings

Light-curable acrylic lacquer NT 24+

NT: ot tested; Neg: negative; pet. petrolatum
* Analyzed by gas chromatography; contains up 1o 3.3 mg/g free MMA
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up period. No nasal or chest symptoms appeared.
Her eye findings included eosinophilia and moderate
neutrophilic and lymphocytic reaction in the con-
junctival scrapings. She had neither follicular nor
papillary conjunctival hypertrophy, and the tarsal
conjunctiva was mildly hyperemic (Table 2). She
was nonatopic and prick test negative to environ-
mental allergens, but had atopic dermatitis in her
family. She was patch test positive to several MAs
and dimethacrylate compounds (Table 3), as well
as to a liquid containing MMA. a cured ear device
(contained free MMA up to 3.3 mg/g), and light-
curable acrylic lacquer (Table 4). Prick tests with
MMA-HSA and 2-HEMA-HSA were negative in
all three patients.

The ventilation system was inadequate in both
workplaces. The air there was not replaced satisfac-
torily, and possibly part of the removed air returned
to the working room. The MMA values in the air
of the dental laboratory were 13-32% of the Finnish
hygienic reference values (100 ppm/m? air/8 h and
150 ppm/m®  air/15 min) (Finnish Ministry of
Labour, Safety data sheet no. 25/1993).

Discussion

The workers in dental and hearing aid laboratories
are usually exposed to mixtures (11) of numerous
chemicals (Table ). The compounds are of com-
mercial grade; i.e.. they may also contain many
impurities. Both of the patients who had conjunctiv-
itis had type IV sensitization to several MAs includ-
ing MMA. In addition, the hearing aid worker was
sensitive to several diacrylates and pentaerythritol
triacrylate (PETA), an allergen found in UV-
curable acrylic compounds (12). PETA may have
been included in the acrylic lacquer though the
material safety data sheet mentioned MMA only.
However, most of the several patch reactions to
acrylate compounds could be explained by cross-
sensitization, but concomitant sensitization was also
possible because of impurities. In agreement with
the reported case of pharyngitis (4), mucosal symp-
toms may be associated with extensive sensitization
to acrylate compounds. The third patient (patient
2) reacted to two dimethacrylates only, and she
also had the least clinical symptoms and no mucosal
symptoms. Acrylate compounds are volatile, and
disturbances in the ventilation may have periodi-
cally caused the peaks of airborne MMA concentra-
tions to be even higher than the values found in the
determinations. Free MMA was found in the chem-
ically cured, in-the-ear hearing aid, and the scrap-
ings of the device gave a positive patch test reaction
to the sensitized hearing aid worker. Sensitization
to MMA has also been reported from the use of
such a device (13).



The eye symptoms of the two patients were
associated with their exposure to both chemically
curable and light-curable materials. Newer light-
curable acrylic compounds may be even more potent
allergens, as well as irritants, than the older ones
(4, 11). This may have contributed to the patients’
sensitization and the appearance ol their eye symp-
toms. When examined immediately after their work,
the two patients displayed eye findings (Table 2)
that correspond to allergic contact conjunctivitis
reactions associated with type IV allergy (14, 15).
angerhans’ cells, the key cells of type IV allergy.
are present in the human conjunctiva (16) and also
in the cornea after various stimuli and inflammation
of the cornea (17). However, the eye findings in
allergic contact conjunctivitis partly resemble those
found in late-phase type 1 allergic reactions (18).
Thus, type 1 reactions cannot be excluded even
though prick tests with the two MA compounds
were negative (4). The preparation of HSA-conju-
gates entails many problems (4), and acrylates other
than the two used in prick tests may be responsible
for the reactions. Corresponding to a type I allergic
conjunctival reaction, the activation of eosinophils
was demonstrated, and in agreement with this find-
ing. an elevated level of ECP was found in the tear
fluid of patient 1 (18). On the other hand, eosino-
philia can also be a manifestation of type IV allergy,
as is seen in allergic blepharoconjunctivitis caused
by ophthalmic drugs (19). In addition. other hyper-
sensitivity mechanisms or irritation must also be
kept in mind.

All three patients have continued their work.
including the handling of dental or hearing aid
acrylates. The ventilation systems have been
repaired, and the conjunctivitis patients use
Lomudal® (sodium chromoglycate) eye-drops when
at work, and the dental workers wear on their
fingers 4H-Gloves protectors.

Our cases suggest that light-curable MAs may be
even more hazardous than chemically curable MA;
this is in accordance with our previous experience.
The findings also suggest that conjunctivitis may be
caused by type IV allergy to MAs, although type I
allmgy‘ other hypersensitivity mechanisms, and
irritation cannot be excluded. 4H-Gloves seem (o
give adequate protection even (o aller; gic patients.

ore attention should be paid to ventilation sys-
tems if MA exposure occurs. In some cases, patients
with respiratory and eye symptoms need to be
patch tested.

Conjunctivitis and type 1V allergy to methacrylates

References

I. Losewicz S. Davidson AG, Hopkirk A ¢t al. Occupational
asthma due to methyl methacrylate and cyanoaerylates

Thorax 1985:40:836-9.

2. Pickering CAC. Bainbridge D. Birtwistle IH. Griffiths DL
Occupational asthma due to methyl meth; P
orthopacdic theatre sister. Lancet 1986:292:13

3 Keskinen H. Tuppurainen M. Kanerva L.
Oceupational respiratory disease caused by ac
Exp Allergy 1993:23:416-24.

4. Kanerva Estlander T. Jolanki R. ngkullnu\ E
Oceupational pharyngitis associated with allergic patch test
reactions from acrylics. Allergy 1992 -3

5. Herbst RA. Maibach HI. Contact dermatitis caused by
allergy 1o ophihilic diugs and contact lens solutions.
Contact Dermatitis 1991:

6. de Groot AC. W used on the
mucosae. I de Cmm AC. Wey ter JP. editors.
Unwanted ¢ sed in dermato-
logy. Amster

7. Estlander  T. Occupational skin i Finland.
Observations made during 1974-1983 at the Institute of
Occupational Health.  Helsinki.  Acta Derm  Venercol
(Stockh) 1990:Suppl 155:1-85.

8. Jolanki R. Occupational skin discases from epoxy com-
pounds. Epoxy resin compounds. epoxy acrylates and
2.3-cpoxypropyl trimethyl ammonium chloride. Acta Derm
Venereol (Stockh) 1991:Suppl 159:1-80.

9. Turjanmaa K. Reunala T. Risinen L. Comparison of
diagnostic methods in X surgical glove urticaria. Contact
Dermatitis 1988:19:241-7.

10. Kanerva L. Jolanki R. Tupasela O. et al. Imme
and delayed allergy from cpoxy resins based on digly
ether of bisphenol A. Scand J Work Environ Health 199

1. Kanerva L. Estlander T. Jolanki R. Tarvainen K.
Oceupational allergic contact dermatitis caused by exposure
to acrylates during work with dental prosthe: Contact
Dermatitis 1993:28:268-75.

12. Bjsrkner B. Sensitizing capacity of ultraviolet curable
acrylic compounds. Lund. Sweden: University of Lund.
1984,

13. Guill MMA. Odom RB. Hearing aid dermatitis. Arch
Dermatol 1978:114:1050-1.

14, Tosti A, Tosti G. Allergic contact conjunctivitis due to
ophthalmic solutions. In: Frosch PJ. Dooms-Goossens A,

2 |\.IDC||A.J M. Rycroft RJG. Scheper RJ. editors. Current
topics in contact  dermatitis.  Berlin: - Springer-Verlag.
1989:269-72.

15. Orlandini A. Viotti G. Martinoli C. Magno L. Allergic
contact conjunctivitis from synthetic detergents in a nurse.
Contact Dermalitis 1990 6-

16. de Fraissinette A, Schmitt D, Tlu\ulu 1. gerhans cells
of human mucosa. J Dermatol 1989:16:255-62.

17. Hazlett LD. Corneal and ocular surface histochemistry.
Prog Histochem Cytochem 1993:2

18. Bonini SE. Bonini ST. Bucci MG. Bul:.mol Allergic
mechanisms of the eye. Allergologic 1989:12:

19. Wilson FM. Adverse external ocular eflects ul Iopu.ll

and clin-
965.

ophthalmic therapy: an cpidemiologic. laborator,
ical study. Trans Am Ophthalmol Soc 1983:81:854-

59



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



