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Abstract:  Purpose: The aim of the study was to evaluate the health status and to assess the risk of adverse health effects among dental 
professionals occupationally exposed to formaldehyde in dental materials. Methods: A questionnaire survey was carried out with 
78 participants: 30 occupationally exposed to formaldehyde as dental professionals and 48 non-exposed healthy referents. All 
participants were clinically examined, including a review of the participant’s medical history. Skin patch testing with formaldehyde and 
glutaraldehyde was performed. Results: A significantly increased incidence and relative risk of manifestation of subjective symptoms 
from the upper respiratory tract, respiratory system and the skin were established in the group of occupationally exposed dental 
professionals. No significantly increased incidence of suppressed resistance to upper respiratory tract infectious diseases as a possible 
immunotoxic effect of formaldehyde was established by studying occupational exposure. Occupationally induced contact allergy to 
formaldehyde was found to have a significantly higher incidence and relative risk among dental professionals. A significantly higher 
prevalence of sensitization among women was observed. Conclusions: The study documented well the irritant and skin-sensitizing 
effect of formaldehyde in materials used in dental practice; the results suggest a stronger skin-sensitizing potential of formaldehyde 
compared with glutaraldehyde.
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1. Introduction
Formaldehyde (F) is a ubiquitous chemical agent that 
is a part of our general outdoor and indoor residential 
environment [1-3]. Occupational exposure is also sig-
nificant [4]. Formaldehyde has found numerous applica-
tions in medical science and practice, regardless that its 
use in disinfection procedures is reduced,  having been 
replaced by other chemical substances from the alde-
hyde group—glutaraldehyde and glyoxal [5-7]. Despite 
the trend for restricting its use, formaldehyde remains 
an ingredient of some dental materials such as root ca-
nal–filling materials, formocresol, sealers and cements, 
and polymers. In a review paper, Hauman and Love. 

(2003) described the content and biocompatibility of 
root canal–filling materials. A large group of sealers/ce-
ments, including the commonly used Endomethasone, 
Riebler’s paste, N2, AH26, several composite resins, 
among others, contain substantial amounts of parafor-
maldehyde and are able to leach formaldehyde into wa-
ter in amounts sufficient to cause local allergic reactions 
[8]. Cohen et al. (1998) and Koch (1997, 1999) evalu-
ated the release of formaldehyde from some endodontic 
materials used as root canal filling sealers and demon-
strated that all of them showed the highest release of 
formaldehyde in freshly mixed samples [9-10]. 
 The most important adverse health effects resulting 
from formaldehyde exposure include respiratory tract ir-

Cent. Eur. J. Med. • 9(2) • 2014 • 332-338 
DOI: 10.2478/s11536-013-0264-4 

332



M. Lyapina et al.

ritation, sensitization, increased incidence of infectious 
diseases, mutagenic and carcinogenic actions [11-13]. 
The irritant action of formaldehyde on eyes (watery, 
itchy eyes), upper respiratory tract (itchy, runny, or stuffy 
nose, sinus fullness, dry or sore throat) and skin (irrita-
tion and dermatitis) is well documented [4,14-20].
 Formaldehyde is a common cause of contact allergy. 
Skin contact is the most important route of exposure for 
sensitization [4,21-26].  In Europe, 2%–3% of patients 
suspected of contact dermatitis have positive patch test 
reactions, and in the USA prevalence rates of sensiti-
zation of 8%–9% are reported in a selected group of 
patients [17,21,27].
 Studies concerning health status evaluation and risk 
assessment among dental professionals, occupationally 
exposed to formaldehyde as an ingredient of dental ma-
terials, are relatively few.

1.2 Purpose 
The aim of this study is to evaluate the health status and 
to assess the risk of adverse health effects manifesta-
tion among dental professionals (dentists, nurses and 
attendants), occupationally exposed to formaldehyde as 
an ingredient of dental materials.
 For implementation of the aim we set the following tasks:
1. To assess the risk of subjective and clinical manifesta-
tion of adverse health effects.
2. To identify some toxic and immunotoxic effects of form-
aldehyde in occupationally exposed dental professionals.
3. To assess the risk of occupational sensitization to form-
aldehyde among dental professionals.
4. To investigate a possible formaldehyde and glutaralde-
hyde co-reactivity and to compare their skin-sensitizing 
potential.
 

2. Materials and methods
2.1 Subjects
In all, 78 participants were included in the study, They 
were divided into two groups: Group E, occupationally 
exposed to formaldehyde dental professionals, and 
Group R, referents without occupational exposure. Data 
regarding age and gender characteristics, as well as the 
duration of employment/occupational exposure to F are 
presented in Table 1.

 The study was supported by the Medical University - 
Sofia (Grant № S-1/2012) and approved by the Medical 
Ethics Board.

2.2 Sociological methods 
Interviews and detailed, intentionally conducted ques-
tionnaire survey with an emphasis on family history, 
suspected or known allergies to the standard set of 
household or occupational allergens, history of fre-
quent, recurrent respiratory system infections and on 
complaints of subjective symptoms, as well as review of 
medical documentation were performed.

2.3 Skin patch testing 
Skin patch testing with formaldehyde and glutaralde-
hyde was performed, according to the Jadassohn & 
Bloch classical methods for diagnosis of contact allergy, 
by placing the allergens (formaldehyde (0,1%/aq, Art. nr. 
F002A) and glutaraldehyde (0,2%/pet, Art. nr. G003A, 
Chemotechnique Diagnostics) in IQ-Ultra hypoallergen-
ic patches of Chemotechnique Diagnostics (IQ Cham-
bers®, Vellinge, Sweden). The obligatory condition for 
testing was the absence of anti-allergic medication be-
fore placing the patches and during the study. Patches 
with allergens were applied and remained on the back 
of the tested subjects for 48 hours. The test was read 
several hours after removal of the patches.
 For the interpretation of the test result the following 
scheme was used (International Contact Dermatitis Re-
search Group - ICDRG):

2.4 Medical examinations
The patch-testing of dental among dental professionals 
was carried out during the regular medical examina-
tions. The emphasis was put on eventual clinical find-
ings in organs and systems, considered to be targets 
for possible immunotoxic effects of formaldehyde. The 
complete medical documentation of dental profession-
als and the referents was collected and clinically ana-
lyzed to thoroughly evaluate their overall health status.

Groups of studied subjects Number of 
subjects

By gender Age mean ± StD
(years)

Duration of employment
mean ± StD (years)Man

n / %
Women

n / %

Occupationally Exposed  (Group E) 30 (38,5%) 2 (6,6%) 28 (93,4%) 50,50 ± 9,1 27,70 ± 9,3
Referents  (Group R) 48 (61,5%) 15 (31,3%) 33 (68,7%) 49,54 ± 12,5 24,35  ± 11,5

TOTAL 78 100% 17 (21,8%) 61 (78,2%) 49,91 ± 11,3 25,64 ± 10,7

Table 1. General characteristics of studied groups of subjects.

(-) Negative reaction
? Doubtful reaction
+ Weak reaction (non-vesicular)

++ Strong reaction (oedematous or vesicular)
+++ Extreme reaction (ulcerative or bullous)

IR Irritant reaction
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2.5 Statistical methods 
The statistics were calculated with SPSS 19.0. Available 
for cross-tabulation statistics were used: chi-square 
test, Fisher Exact Test for statistical signifi cance (values 
of p<0.05 were accepted as statistically signifi cant). For 
Risk Estimation was used RR (Relative risk).

 3. Results
No statistically signifi cant differences between the in-
vestigated groups were found regarding the mean val-
ues of age and duration of employment (Table 1). The 
gender distribution was not uniform, with a signifi cant 
predominance of women in the group of occupationally 
exposed dental professionals (χ2=6,546, p=0.011). The 
reason for the uneven distribution is the feminization of 
most occupations in dental medicine.
 Concerning smoking habits, smokers were 15 partic-
ipants (50%) from the group of dental professionals and 
19 (39,6%) from the referents. No statistically signifi cant 
differences were observed (p=0,367).
 In order to estimate the local, mucosa-associated 
immune defense disorders as a possible immunotoxic 
effect of formaldehyde, all the subjects were intention-
ally interviewed about medical history of frequent, recur-
rent respiratory system infections (with viral and bacte-
rial etiologies). Sixteen occupationally exposed (53,3%) 
and 18 (37,5%) of the referents reported about such pa-
thology, but no statistically signifi cant differences were 
found (χ2=1,701, p=0,192).
 Below (Table 2) are presented the results from the 
intentionally conducted questionnaire survey concern-
ing the manifestation of subjective symptoms from the 
targets of toxic and immunotoxic action of formaldehyde 
(upper respiratory tract, respiratory system and skin). To 
evaluate the overall health status of investigated sub-
jects, questions concerning manifestation of subjective 
symptoms from the digestive, cardiovascular and uri-
nary systems have been also included in the inquiries.
 Subjective symptoms from the cardiovascular sys-
tem were reported by 50% of dental professionals and 
by 39,6% of the referents. No signifi cant difference was 
found (χ2=0,815, p=0,367). Similarly, no signifi cant dif-
ference was established concerning subjective symp-
toms from the urinary tract (χ2=1,132, p=0,578) and the 
digestive system (χ2=0,309, p=0,578).
 Taking into consideration the potential routes of oc-
cupational exposure of dental professionals to formalde-
hyde and the mechanisms of its toxic action, we aimed 
to evaluate the incidence of clinically diagnosed patho-
logical changes in the upper and the lower respiratory 
tract as well as on the skin. The main respiratory tract 

pathology involved mucosal hyperaemia, oedema, hy-
pertrophy or atrophy. Skin pathology included erythema, 
rashes, dryness, and rhagades.
 Data concerning the distribution of objective clini-
cal fi ndings from the upper respiratory tract, respiratory 
system, skin, digestive and cardiovascular systems are 
presented in Table 3.

 The results from skin patch testing to formaldehyde 
are presented in Figure 1. Test reactions were positive 

↓

Occupational 
exposure Group E Group R

Relative risk (RR)
Confi dence 
Interval (CI)

Statistical 
signifi cance (p)

*p< 0,05

Subjective symptoms With symptoms
n / %

With symptoms
n / %

Upper respiratory 
tract 20*/66,7% 11 /22,9%

RR=2,91
CI=1,63 – 5,18

*p < 0,001

Respiratory system 19*/63,3% 13 /27,1%
RR=2,34

CI=1,37 – 4,01
*p = 0,002

Skin symptoms 16*/53,3% 14 /29,2%
RR=1,83

CI=1,05 – 3,18
*p = 0,033

 Table 2. Distribution of subjective symptoms manifestation among 
the group of occupationally exposed to formaldehyde and 
the referents (*p <0,05).

→

Occupational 
exposure Group E Group R Statistical 

signifi cance

*p< 0,05Clinical   fi ndings With fi ndings
n / %

With fi ndings
n / %

Upper respiratory 
tract 10 /33,3% 11 /22,9% p = 0,313

χ2 = 1,018

Respiratory system 2 / 6,7% 6 / 12,5% p = 0,409
χ2 = 0,683

Skin 4 / 13,3% 12 / 25% p = 0,214
χ2 = 1,541

Digestive system 5 / 16,7% 18 /37,5% *p = 0,050
χ2 = 3,854

Cardiovascular 
system 9 / 30% 13 /27,1%

p = 0,287
χ2 = 1,882

 Table 3. Distribution of clinical findings in the group of subjects 
occupationally exposed to formaldehyde and the referents 
(* p <0,05).

↓

→

Figure 1. Distribution of positive skin test reactions to formaldehyde 
(in %) among the dental professionals and the referents 
(* p = 0,019).
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in 13 (43,3%) of occupationally exposed dental profes-
sionals and in 9 (18,8%) referents.
 The statistical analysis revealed an increased inci-
dence and relative risk (with high significance) of con-
tact sensitization to formaldehyde among dental profes-
sionals (χ2=5,510, p=0,022, RR=2,31, CI=1,12 – 4.73).
Basing on literature data for co-reactivity between form-
aldehyde and another commonly used in dental practice 
aldehyde, glutaraldehyde, skin patch testing was per-
formed to evaluate the incidence of positive skin test 
reactions to glutaraldehyde.
 Skin test reactions to glutaraldehyde were positive in 8 
(26,7%) occupationally exposed dental professionals and 
11 (22,9%) subjects from the control group. No statistically 
significant difference was established (χ=0,141, p=0,707).
 Due to the unequal distribution by gender, especially 
in the group of dental professionals where women pre-
vailed significantly, further we concentrated the statisti-
cal analysis within a newly defined group  that we desig-
nated “women.”
 Concerning smoking habits, 15 (53,6%) from the oc-
cupationally exposed women, and 14 (42,4%) women 
from the referents were smokers. No statistically signifi-
cant difference was found (χ=0,755, p=0,385).
History of frequent, recurrent upper respiratory tract 
infectious pathology was reported by 53,6% of occu-
pationally exposed women and by 39,4% of the refer-
ents. The statistical analysis again confirmed the lack 
of significant differences concerning this health indicator 
(χ2=1,226, p=0,268).
 Results from the questionnaire survey, concerning 
the distribution of subjective symptoms from systems, 
considered to be a target of immunotoxic and irritative 
action of formaldehyde among the group of women, are 
presented in Table 4.

 An increased incidence and relative risk (with high sig-
nificance) of manifestation of subjective symptoms from 
the upper and lower respiratory tract as well as from the 

skin in occupational exposure to formaldehyde was found.
 The statistical analysis did not reveal significant 
differences concerning the incidence of manifesta-
tion of subjective symptoms from the cardiovascu-
lar (χ2=0,157, p=0,692) and the digestive (χ2=0,594, 
p=0,441) systems, as well as from the urinary tract 
(χ2=1,627, p=0,202) in the groups of women under 
investigation. The latter is valid also concerning of the 
incidence of subjective symptoms and suspected or di-
agnosed allergic pathology (χ2=1,424, p=0,233).
 Also, no significant differences in the incidence of 
clinically diagnosed alterations in the upper respiratory 
tract (χ2=2,408, p=0,120), the respiratory (χ2=0,076, 
p=0,782), cardiovascular (χ2=0,173, p=0,678) and the 
digestive systems (χ2=2,964, p=0,085), as well as in 
terms of diagnosed skin pathology (χ2=0,492, p=0,483) 
were revealed in the analysis. 
 From the entire group of dental professionals, skin 
patch tests to formaldehyde were positive only among 
women: 13 subjects (46,4%). From the referents group, 
skin path tests were positive in seven women (21,2%) 
and two men (13,3% of all persons investigated).
 The gender analysis demonstrated that in the group 
of occupationally exposed to formaldehyde women in 
dental practice, the incidence of sensitization is signifi-
cantly higher (χ2=4,371, p=0,037). No statistically signif-
icant differences concerning occupational sensitization 
to glutaraldehyde were observed (χ2=0,013, p=0,910).

4. Discussion
Seventy-eight participants were included in this study: 
30 dental professionals occupationally exposed to form-
aldehyde as an ingredient of dental materials and 48 
referents, without occupational exposure. Due to the 
feminization of most occupations in dental medicine, 
women significantly predominated in the group of dental 
professionals. Smoking habits are not assumed to have 
affected the obtained results.
 Studies indicate that tissue damage and immuno-
toxic effects following formaldehyde exposure occurs 
primarily at the portals-of-entry, mainly the upper re-
spiratory tract. Based on morphological and functional 
alterations of nasal and upper respiratory tract mucosa, 
an increased susceptibility to upper respiratory tract 
infections is hypothesized and explored as a possible 
immunotoxic effect of formaldehyde. A correlation be-
tween indoor formaldehyde exposure (in concentrations 
above 60 ppb) and increased incidence of chronic bron-
chitis among children as well as elderly inhabitants has 
been established [28]. In a previous study, we reported 
a significant prevalence of subjective symptoms and of 

Occupational 
exposure

Occupationally 
exposed 
women

Women without 
occupational 

exposure

Relative risk (RR)
Confidence 
Interval (CI)

Statistical 
significance (p)

*p < 0,05
Subjective symptoms With symptoms

n / %
With symptoms

n / %

Upper respiratory 
tract 20*/ 71,4% 8 / 24,2%

RR=2,04
CI= 1,54 – 5,62

*p < 0,001

Respiratory system 19*/ 67,9% 11 /27,1%
RR=2,34

CI= 1,18 – 3,51
*p = 0,007

Skin 16*/ 57,1% 8 / 24,2%
RR=2,28

CI= 1,16 – 4,51
*p = 0,009

Table 4. Distribution of subjective symptoms in the group of 
occupationally exposed to formaldehyde women, and in the 
group of women without occupational exposure (* p <0,05).

↓

→
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objectively diagnosed chronic upper respiratory tract 
inflammation, as well as decreased resistance to infec-
tions, among workers exposed to formaldehyde in the 
wood processing industry [29]. Therefore, as addition to 
evaluating the incidence of possible disturbances in lo-
cal, mucous immune defense, in the present study we 
intentionally included in the inquiries questions with re-
gard to medical history of frequent, recurrent respiratory 
system infections. Contrary to our previous results, no 
significant prevalence of frequent infectious respiratory 
tract pathology among dental professionals occupation-
ally exposed to formaldehyde was established. 
 The irritant action of formaldehyde on eyes, upper 
respiratory tract and skin is well documented [4,14-20]. 
Our results indicate increased incidence, with a high sig-
nificance, and relative risk of manifestation of subjective 
symptoms from the upper respiratory tract, respiratory 
system and the skin in the group of dental professionals.
In summary, our study clearly confirmed the irritant ac-
tion of formaldehyde in dental practice.
 Aiming to evaluate the overall health status of the 
investigated participants, questions concerning mani-
festation of subjective symptoms from cardiovascular, 
urinary and digestive systems were also included. No 
statistically significant differences concerning these 
health indicators were found.
 The main toxic effects of formaldehyde on the re-
spiratory tract include inflammation, alteration of muco-
ciliary clearance [34-35], hyperplastic and methaplastic 
alterations [36-38]. 
 Clinically diagnosed upper respiratory tract altera-
tions (hyperemia, edema, hypertrophy or atrophy) pre-
dominated in the group of dental professionals, but no 
statistically significant differences were found. This is 
in contrast to our previous results that showed an in-
creased incidence and risk of upper respiratory tract pa-
thology among industrial workers [14,15]. No significant 
prevalence of other clinical findings among the dental 
professionals was established. 
 Epidemiological studies indicate a relationship between 
exposure to formaldehyde and clinical manifestation of 
asthma and sensitization to common allergens [4,30-33]. 
Our results did not reveal significant differences between 
the investigated groups in terms of history of symptoms 
and suspected or diagnosed allergic diseases.
 An increased incidence and relative risk (with high 
statistical significance) of occupationally induced contact 
sensitization to formaldehyde among dental profession-
als were established. By comparison, no strong evidence 
for skin-sensitizing effects of formaldehyde among indus-
trial workers was found [14,15]. In addition, our results 
suggest a stronger skin-sensitizing action of formalde-
hyde compared to glutaraldehyde.

 Due to the significant prevalence of women in the 
group of dental professionals, and in order to achieve 
greater accuracy, we further focused the statistical anal-
ysis within the group of women. Smoking habits again 
are not expected to influence the results.  The analysis 
within the latter groups confirmed the role of occupa-
tional exposure to formaldehyde for increased incidence 
and relative risk of upper respiratory tract, respiratory 
system and skin subjective symptoms, with statistical 
significance being high. Regarding the incidence of 
subjective symptoms and clinical findings from the oth-
er systems, the results did not differ from those of the 
whole investigated population.
 From the entire group of occupationally exposed den-
tal professionals, positive results from skin patch testing 
to formaldehyde were observed only among women. 
Women, as a defined group in terms of occupational 
exposure to formaldehyde in dental practice, are at sig-
nificantly higher risk of sensitization to formaldehyde. Re-
garding the risk of occupational sensitization to glutaral-
dehyde, the latter statement is not valid.

5. Conclusions
The irritant effect of formaldehyde on the upper and 
lower respiratory tract and on the skin in occupationally 
exposed dental professionals was well documented. No 
significantly increased incidence of upper respiratory 
tract clinical pathology or suppressed resistance to in-
fectious diseases among dental professionals was es-
tablished. Concerning clinical findings from skin, cardio-
vascular and digestive systems, no significantly higher 
incidence and relative risk among dental professionals 
were established. The results provide strong evidence 
for skin-sensitizing effect of formaldehyde on dental pro-
fessionals, with higher sensitizing potential compared 
with glutaraldehyde. Women could be separated as a 
group at risk, but because of the small number of men 
investigated in the present study, definite conclusion 
about this may not be justified.
 Basing of the results achieved in this study, we would 
recommend similar analysis to be performed during the 
regular medical examinations of individuals, occupation-
ally exposed to sensitizing chemical agents. This would 
contribute for early diagnosis of occupational sensitiza-
tion, as well as for establishment of more effective risk 
management programs.
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