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Abstract: Introduction: Occupational allergic con-
tact sensitization is common in dental personnel. Some of
the most common occupational allergens in dental practi-
ce are some formaldehyde-releasers, formaldehyde and
glutaraldehyde.

Aim: The aim of the present study was to evaluate
the rate of contact sensitization to formaldehyde, quater-
nium-15, imidazolidinyl urea, diazolidinyl urea, and to
glutaraldehyde in students of dental medicine and dental
patients.

Material and methods: A total of 50 partici-
pants were included in the study: 40 students of dental
medicine exposed to formaldehyde-releasers, formal-
dehyde and glutaraldehyde during the course of their
education; 10 dental patients without occupational
exposure to the latter substances served as a control
group. All of them were patch-tested with the studied
allergens.

Results: The sensitization rate to formaldehyde
was significantly higher in the group of dental patients if
compared to the one of dental students (� 2 = 5.37; p =
0.021). Positive skin patch test reactions to quaterni-
um-15 and to imidazolidinyl urea were observed only in
the group of dental students. A significantly higher rate
of sensitization to diazolidinyl urea, if compared to the
one to imidazolidinyl urea (� 2 = 5.4; p = 0.02) and to qu-
aternium-15 (� 2 = 6.76; p = 0.009), as well as to gluta-
raldehyde, if compared to the one to quaternium-15 (� 2

= 3.96; p = 0.04) for the whole studied population was
established. For the whole studied population, signifi-
cantly increased rate of concomitant sensitization to for-
maldehyde and glutaraldehyde (� 2 = 6.18 p = 0.013), as

well as to diazolidinyl urea and to glutaraldehyde was
established (� 2 = 9.12 p = 0.003).

Conclusions: We consider the importance of ex-
posure to diazolidinyl urea, quaternium-15, imidazoli-
dinyl urea and glutaraldehyde during the course of
practical education in dentistry for the onset of sensiti-
zation. The exposure to formaldehyde is ubiquitous
and is difficult to distinguish the roles of environmen-
tal and occupational exposures. The promotion of pro-
per personal protection as well as adequate information
on occupational chemical hazards should start as early
as during the first years of education in dentistry.

Key words: contact sensitization, students of den-
tal medicine, formaldehyde, formaldehyde-releasing
preservatives, glutaraldehyde.

INTRODUCTION

Occupational allergic contact sensitization is
common in dental personnel, since in their daily activi-
ties they are exposed to the numerous chemical agents.
Some of the most common healthcare allergens present
biocides, commonly applied for sterilization of medi-
cal devices that are sensitive to normal heat or steam
sterilization processes (glutaraldehyde) and disinfec-
tion of surfaces (quaternary ammonia compounds). In-
creased rates of sensitization to the majority of the abo-
ve-mentioned allergens among dental specialists are
reported (1). Preservatives are biocidal chemicals ad-
ded to cosmetics, topical medicaments, consumer go-
ods, foods, and industrial products to protect them aga-
inst microbial spoilage and to protect the consumer
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against infection (2). They prevent growth of bacteria,
molds, yeast, and algae in body, skin, and hair care pro-
ducts, personal care products, domestic preparations,
and industrial products (3, 4). Preservatives were iden-
tified as the most common cosmetic contact allergens
in several recent studies (5, 6), but they are applied in
various materials used in everyday dental practice as
well. They can be classified into three broad categori-
es: antimicrobials, antioxidants, and ultraviolet light
absorbers. The antimicrobial agents can be further di-
vided into formaldehyde preservatives, formalde-
hyde-releasers, and non-formaldehyde-releasing pre-
servatives.

Formaldehyde is an inexpensive biocidal preser-
vative used in a wide range of products, such as tissue
specimen and cadaveric preservation solutions, nail
polish, wrinkle-free fabrics, etc. In dentistry it is used
as an ingredient of root canal filling materials, or could
leach from dental composites. In the reported North
American Contact Dermatitis Group (NACDG) frequ-
ency data, formaldehyde ranked seventh, with 5.8%
positive reactions noted in the 4,308 patients referred
for testing (7). This high rank as well as formalde-
hyde’s ubiquity and important role as a top allergen ha-
ve been noted for the last 75 years (8). Its historical im-
portance stems from its effectiveness in preventing
contamination of personal hygiene products (9). Nota-
bly, it is also 1 of only 5 chemicals that have been listed
by the Consumer Product Safety Commission as
“strong sensitizers” since 1961 (10). Formaldehyde is
the American Contact Dermatitis Society Contact Al-
lergen of the Year for 2015. The exposure is widespre-
ad, and contact allergy might be difficult to suspect in
the individual dermatitis patient (11).

Formaldehyde-releasing preservatives (FRP) we-
re developed to avoid formaldehyde-induced contact
allergies assuming that the formaldehyde release level
would not be sufficient from the releaser to cause a skin
reaction (12). However, many of them have also been
demonstrated to be contact allergens, some related to
the release of formaldehyde, while others by their own
chemical properties (13). Formaldehyde-releasing pre-
servatives include quaternium-15, diazolidinyl urea,
imidazolidinyl urea, 2-bromo-2-nitropropane-1.3-diol,
and 1,3-Dimethylol-5,5-dimethylhydantoin DMDM
hydantoin (14). They are among the leading contact al-
lergens and are found in many medications, household
cleansers, and personal health products (9). It is impor-
tant for people to be aware of sources of formaldehyde
exposure and understand that many products contain-
ing formaldehyde or FRPs may not indicate this on the-
ir labels. A study by Rastogi reported that 33% of 67
moisturizers evaluated did not have proper labeling in
regards to their formaldehyde/FRP content (15).

For over 40 years, glutaraldehyde was the primary
choice for disinfecting heat-sensitive medical devices,
such as dental equipment and endoscopic instruments,
and its toxicity has been well described, and its use has
been associated with dermatitis and occupational
asthma. Increased rates of sensitization to the majority
of the above-mentioned allergens among dental speci-
alists are reported (1). Quite a few data in the available
literature was found concerning the rate of contact sen-
sitization to these substances among dental students.

AIM

The aim of the present study was to evaluate the ra-
te of contact sensitization to formaldehyde, some form-
aldehyde-releasing preservatives and to glutaraldehyde
in students of dental medicine and dental patients.

MATERIAL AND METHODS

Subjects

A total of 50 participants were included in the
study: 40 students of dental medicine from the Faculty
of Dental Medicine, Medical University – Sofia (19
male and 21 female, mean age 25.30 ± 9.1), exposed to
formaldehyde, some formaldehyde-releasing preser-
vatives and to glutaraldehyde during the course of their
practical education (Group E); 10 randomly selected
dental patients (4 male and 6 female, mean age 47.70 ±
17.6), without occupational exposure to the investiga-
ted substances served as a control group (Group C).
The mean age of the individuals from Group C was sig-
nificantly higher if compared with Group E (t = –5.6, p
< 0.005). General characteristics of the studied sub-
jects are presented in Table 1. The study was approved
by the Medical Ethics Board at Medical University –
Sofia. All the participants were informed about the
purpose of the study and gave their written informed
consent.

Methods

Skin patch testing with formaldehyde (2.0%/aq), qua-
ternium-15 (1.0%/pet), imidazolidinyl urea (2.0%/pet), di-
azolidinyl urea (2.0%/pet), and glutaraldehyde (0.2%/pet,
Chemotechnique Diagnostics) was performed accord-
ing to the Jadassohn & Bloch classical methods for di-
agnosis of contact allergy, by placing the allergens in
IQ-Ultra hypoallergenic patches of Chemotechnique
Diagnostics (IQ Chambers®, Vellinge, Sweden). Lack
of anti-allergic medication constituted a mandatory
condition before placing the patches and during the te-
sting. Patches with allergens were applied on the back
of the tested individuals, reading of the test was perfor-



med on day 2, several hours after removing the
patches, with control revision on day 3. Interpretation
of reaction sites was based on the method recommen-
ded by the International Contact Dermatitis Research
Group (ICDRG). Interpretation key based on recom-
mendations by the ICDRG was applied.

Statistical analysis. The statistics were calculated
with SPSS 19.0. The following statistics available for
cross-tabulation were used: multiple correspondent
analysis, Chi -square test, Fisher Exact Test for statisti-
cal significance. Values of p < 0.05 were accepted as
statistically significant.

RESULTS

Data concerning the frequency of positive patch
test reactions to the studied preservatives in the investi-
gated groups are summarized in Table 2.

As shown in Table 2, the highest was the frequ-
ency of positive skin patch test among dental students
to glutaraldehyde, and the lowest – to quaternium-15;
among the whole studied by us population of 50 indivi-
duals, the established frequency of sensitization was
highest to diazolidinyl urea, lowest – again to quaterni-
um-15. The sensitization rate to formaldehyde was sig-
nificantly higher in the group of dental patients if com-
pared with the one of dental students (� 2 = 5.37; p =
0.021). No statistically significant differences between
Group E and Group C regarding the rates of sensitiza-
tion to the other studied allergens were revealed (p >
0.05). Furthermore, for the whole studied population, a

significantly higher rate of sensitization to diazolidinyl
urea, if compared to the one to imidazolidinyl urea (� 2

= 5.4; p = 0.02) and to quaternium-15 (� 2 = 6.76; p =
0.009), as well as to glutaraldehyde, if compared to the
one to quaternium-15 (� 2 = 3.96; p = 0.04) was estab-
lished. The statistical analysis of the results didn’t re-
veal other significant differences in sensitization rates.

The distribution of concomitant/cross sensitiza-

tion to the included in the study preservatives in the

group of dental students and the in whole population is

presented in Table 3 and Table 4. Significantly higher

rate of concomitant sensitization to diazolidinyl urea

and to glutaraldehyde was established (� 2 = 9.12 p =

0.003). Furthermore, significantly increased rate of

concomitant sensitization to formaldehyde and gluta-

raldehyde was revealed (� 2 = 6.18 p = 0.013). The rate

of concomitant sensitization to formaldehyde and to

glutaraldehyde for the group of dental students was

(15.0%). No statistically significant differences regar-

ding the sensitization rates and the type of exposure,

age and gender characteristics of the studied popula-

tion were revealed.

DISCUSSION

Aldehydes, e.g. formaldehyde, FLP preservatives
and glutaraldehyde represent an important class of dis-
infectants, broadly used throughout the world for vari-
ous purposes. They are well known for their irritant
and/or allergenic properties, and are of daily concern in
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Table 2. Distribution of positive skin patch test reactions to the studied allergens among the studied groups

STUDIED ALLERGEN

Positive reactions

in dental students

N (%)

Positive reactions

in control group of

dental patients

N (%)

Positive reactions

Total

N (%)

Formaldehyde 9 (22.5)
6 (60.0)

�
2 = 5.37; p = 0.021 15 (30.0)

Quaternium-15 6 (15.0) – 6 (12.0)

Imidazolidinyl urea 7 (17.5) – 7 (14.0)

Diazolidinyl urea 12 (30.0) 5 (50.0) *** 17 (34.0)* **

Glutaraldehyde 13 (32.5) 1 (10) 14 (28.0)

*
�

2 = 5.4, p = 0.02;
**

�
2 = 3.96, p = 0.04;

***
�

2 = 6.76, p = 0.009

Group

Respondents

age (years)

(M ± SD)

male

Šn (%)¹

female

Šn (%)¹

total

Šn (%)¹

Students of dental medicine 25.30 ± 9.1 19 (47.5) 21 (52.5) 40 (80.0)

Patients without occupational exposure 47.70 ± 17.6 4 (40.0) 6 (60.0) 10 (20.0)

Table 1. General characteristics of the studied groups



occupational and/or environmental dermatology. Form-
aldehyde is the undisputed “leader” of aldehydes. Its use
is so ubiquitous that it has always been present in the ba-
seline series of patch tests (16). Occupational formalde-
hyde allergy is common in workers using protective cre-
ams, detergents, and liquid soaps. According to the FDA
Voluntary Cosmetic Registration Program database,
about 20% of personal health products and cosmetics
contain a FRP, with imidazolidinyl urea as the most
common (17). According to Latorre (2011) the most fre-
quent allergens are formaldehyde (1.72%), imidazoli-
dinyl urea (1.05%), quaternium-15 (0.88%), and diazo-
lidinyl urea (0.79%) (18). Kadivar et al. (2015) reported
significantly more work-related allergic contact derma-
titis, especially to formaldehyde, quaternium-15, and
glutaraldehyde among health care workers (19). Almost
80% of patients were exposed to quaternium-15 through
a moisturizer; hair care products and makeup were also
common sources (13). According to our results, the sen-
sitization rate to quaternium-15 was 12% for the whole
population, but positive skin patch test reactions were
observed only in the group of dental students. We could
consider the importance of the exposure to disinfectants
during the course of their practical education for the on-
set of the sensitization.

Imidazolidinyl urea is the second most common
preservative used in cosmetic products (lotions, creams,
hair conditioners, shampoos, deodorants) and topical
drugs and affected 2.9% of patch test patients in 2005–
–2006 (20). It releases 1/8 of the amount of formalde-
hyde that quaternium-15 releases and is considered to be
safer for patients with formaldehyde sensitivity (13).
Cheng et al. (2014) evaluated patch test data at the Nati-
onal Skin Centre, Singapore, from 2006 to 2011. Sensi-
tization frequencies among 3177 patients tested to pre-
servatives in the standard series were all greater than 1%
for, among other allergens, quaternium 15 (1.43%), and
less than 1% for imidazolidinyl urea. A rate of 0% was
seen for formaldehyde (3). The results from our study
indicate the importance of imidazolidinyl urea as a sen-
sitizer in exposure during the educational process in
dentistry – positive skin patch test reactions were estab-
lished again only in the group of dental students.

Diazolidinyl urea affected 3.7% of patch test pati-
ents in 2005–2006 (20). Main sources are cosmetics
(hair care products, body lotions, barrier creams and li-
quid soaps), topical medications, cleaning agents and
detergents (21). Diazolidinyl urea is considered to be a
stronger sensitizer than imidazolidinyl urea (13,22).
The latter statement was confirmed by the results from
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Table 3. Distribution of the concomitant/cross sensitization between the studied preservatives

in the group of dental students (n = 40)

N° ALLERGEN 1 2 3 4 5

1 Imidazolidinyl urea 7 1 2 3 2

2 Quaternium-15 1 6 2 3 3

3 Diazolidinyl urea 2 2 12 8 5

4 Glutaraldehyde 3 3 8 13 6

5 Formaldehyde 2 3 5 6 9

*
The numbers on the first row of the table indicate the corresponding allergen from column 2

Table 4. Distribution of the concomitant/cross sensitization between the studied preservatives

in the whole population (n = 50)

N° ALLERGEN 1 2 3 4 5

1 Imidazolidinyl urea 7 1 2 3 2

2 Quaternium-15 1 6 2 3 3

3 Diazolidinyl urea 2 2 17 8
***

10

4 Glutaraldehyde 3 3 8 14 6
**

5 Formaldehyde 2 3 10 6 15

*
The numbers on the first row of the table indicate the corresponding allergen from column 2

**
Significantly increased rate of concomitant sensitization to formaldehyde and glutaraldehyde (� 2 = 6.18 p = 0.013)

***
Significantly increased rate of concomitant sensitization to diazolidinyl urea and to glutaraldehyde (� 2 = 9.12

p = 0.003)



our pilot study. Sensitized to diazolidinyl urea were
30% from the group of dental students and 50% from
the individuals from the group of dental patients. For
comparison, no positive skin patch test reactions to
imidazolidinyl urea among dental patients were estab-
lished. Furthermore, the rate of sensitization to diazoli-
dinyl urea in the whole studied by us population was
the highest (34%) if compared to the other studied pre-
servatives, and was established to be significantly hig-
her if compared to the ones for imidazolidinyl urea and
for quaternium-15 for the whole studied population.

Concomitant contact allergy to formaldehyde and
formaldehyde-releaser remains common. Furthermo-
re, contact allergy to a formaldehyde-releaser was ne-
arly always concomitant with another formalde-
hyde-releaser (23). A high degree of cross-reaction of
diazolidinyl urea to formaldehyde and a lower
cross-reaction associated with imidazolidinyl urea we-
re reported (21). A common cross-reaction involves
formaldehyde and quaternium-15; diazolidinyl urea
cross-reacts with imidazolidinyl urea (2). Larotte et al.
(2011) describe a subgroup of 25 patients who were
sensitized to both imidazolidinyl urea and diazolidinyl
urea, and only 24% of these were also sensitized to for-
maldehyde (18). According to Warshaw (2015), com-
pared with the previous decade, positivity rates for all
formaldehyde-releasing preservatives significantly de-
creased (formaldehyde - 6.6%; quaternium 15 - 6.4%;
diazolidinyl urea - 2.1%; imidazolidinyl urea 1.6%)
(24). Results from the present pilot study confirm our
previous observation for high sensitization rates to for-
maldehyde in both dental students and dental patients
(25). Our data confirm the observations of Maier et al.
(2009) about a high degree of cross-reaction of diazoli-
dinyl urea to formaldehyde, but the statistical analysis
revealed a significantly higher rate of concomitant sen-
sitization to diazolidinyl urea and to glutaraldehyde.
No similar data were found in the available literature.

Glutaraldehyde is used as a disinfectant, as a tan-
ning agent in leather, liquid fabric softener, as embalm-
ing fluid, in electron microscopy, as pharmacological
agent used for hyperhidrosis and antifungal purposes.
Owing to the known toxicities and sensitizing properti-
es of glutaraldehyde, less offensive and presumably sa-
fer alternatives, such as ortho-phthalaldehyde, have
been introduced (1). Health care workers were more li-
kely to have work-related allergic contact dermatitis,
especially, among other to glutaraldehyde (26). War-
shaw et al. (2015) documented the North American
Contact Dermatitis Group (NACDG) patch-testing re-
sults from 2011, to 2012. According to them, as com-

pared with previous reporting periods positive reaction
rates statistically increased for glutaral (1.5%) and pa-
raben mix (1.4%) (24). The results obtained in our pilot
study categorically confirm the later findings – the sen-
sitization rates for glutaraldehyde were the highest ob-
served in the group of dental students (32.2%), and
more than threefold higher if compared with the one in
the group of dental patients (10%). Furthermore, signi-
ficantly higher rate of concomitant sensitization to for-
maldehyde and glutaraldehyde was revealed, being
66.7% for the group of dental students. Our findings
categorically confirm the role of exposure to glutaral-
dehyde in dental practice for the onset of sensitization.

CONCLUSION

We consider the importance of exposure to diazo-
lidinyl urea, quaternium-15, imidazolidinyl urea and
glutaraldehyde during the course of practical education
in dentistry for the onset of sensitization. The sensitiza-
tion rates for glutaraldehyde were the highest observed
in the group of dental students. The exposure to form-
aldehyde is ubiquitous and is difficult to distinguish
the roles of environmental and occupational exposu-
res. High rate of concomitant sensitization to diazoli-
dinyl urea and to glutaraldehyde was revealed. Previo-
usly reported observations about high rate of concomi-
tant sensitization to formaldehyde and glutaraldehyde
were confirmed. The promotion of proper personal
protection as well as adequate information on occupa-
tional chemical hazards should start as early as during
the first years of education in dentistry.
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Uvod: Profesionalna kontaktna alergijska senzi-
bilizacija je ~esta kod stomatolo{kog osoblja. Naj~e{}i
alergeni u stomatolo{koj praksi su formaldehid-poja~i-
va~i, formaldehid i glutaraldehid.

Cilj: Cilj ovog rada bio je da se odredi stepen kon-
taktne senzibilizacije na formaldehid, kvaternium-15,
imidazolidinil ureu, diazolidinil ureu i na glutaralde-
hid kod studenata stomatologije i stomatolo{kih paci-
jenata.

Materijal i metode: Ukupno 50 u~esnika je uklju-
~eno u studiju: 40 studenata stomatologije je bilo izlo`e-
no formaldehid-poja~iva~ima, formaldehidu i glutaral-
dehidu tokom svoje nastave; 10 stomatolo{kih pacijena-
ta bez profesionalnog izlaganja supstancama je slu`ilo
kao kontrolna grupa. Svi navedeni u~esnici studije su
bili izlo`eni patch testu na navedene alergene.

Rezultati: Nivo senzibilizacije na formaldehid je
bio zna~ajno vi{i u grupi stomatolo{kih pacijenata, u po-
re|enju sa grupom studenata (� 2 = 5.37; p = 0.021). Po-
zitivni ko`ni patch testovi na kvaternijum-15 i na imida-
zolidinil ureu su uo~eni samo u grupi studenata stomato-
logije. Uo~en je zna~ajno vi{i nivo senzibilizacije na di-

azolidinyl ureu, u pore|enju sa rezultatima dobijenim na
imidazolidinyl ureu (� 2 = 5.4; p = 0.02) i na kvaterni-
jum-15 (� 2 = 6.76; p = 0.009), kao i na glutaraldehid,
ako se poredi sa rezultatima dobijenim na kvaterni-
jum-15 (� 2 = 3.96; p = 0.04) za celu ispitivanu populaci-
ju. Za celu ispitivanu populaciju, zapa`en je zna~ajno
vi{i nivo prate}e senzibilizacije na formaldehid i gluta-
raldehid (� 2 = 6.18 p = 0.013), kao i na diazolidinil ureu
i na glutaraldehid (� 2 = 9.12 p = 0.003).

Zaklju~ak: Razmatrali smo zna~aj izlo`enosti i
razvoj senzibilizacije na diazolidinyl ureu, kvaterni-
jum-15, imidazolidinyl ureu i glutaraldehid tokom prak-
ti~ne nastave stomatologije. Izlo`enost formaldehidu je
ubikvitarna i veoma je te{ko razlikovati posledice koje
formaldehid ima u `ivotnoj sredini i u profesionalnoj iz-
lo`enosti. Unapre|enje za{tite osoblja kao i adekvatna
informisanost o opasnostima, koje prete od izlo`enosti
ovim supstancama, treba da se zapo~ne {to pre, po mo-
gu}stvu u prvoj godini studija stomatologije.

Klju~ne re~i: kontaktna senzibilizacija, studenti
stomatologije, formaldehid, za{tita od formaldehid-po-
ja~iva~a, glutaraldehid.
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