Effect of acute methyl methacrylate vapor inhalation on smokers’
and non-smokers’ respiratory function in a sample of male dentistry students
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Abstract

Background. Methyl methacrylate (MMA) is one of the widely used organic monomers in dentistry.
It may cause multiple adverse reactions, ranging from allergic reaction to systemic toxicity. Dentistry students
are exposed to MMA in an acute manner; however, the concentration of its vapor cannot be estimated well.

Objectives. The aim of this study was to evaluate the effect of acute MMA vapor inhalation on the pulmo-
nary function of dental students, both smokers and non-smokers.

Material and methods. Thirty-eight male dental students were divided into 2 groups (group T— smokers
and group 2 — non-smokers). The lung function parameters of the students were tested with a spirometer
during their ordinary training work in a prosthodontics laboratory, before contact with MMA and immediately
after it. The lung function test was performed using a standard protocol. The students were asked not to use any
perfume or aromatic overlaps for a period of 24 h before starting the tests.

Results. The researchers noted a statistically significant decrease (p < 0.05) in forced vital capacity (FVC),
forced expiratory volume in 1's (FEVT), peak expiratory flow (PEF), forced expiratory flow at 25-75%
of the pulmonary volume (FEF25—-75), and forced expiratory flow at 25% (FEF25) and 50% (FEF50) of the
pulmonary volume in smokers and non-smokers by comparing the pre- and post-work tests.

Conclusions. Acute inhalation of MMA vapor induced a moderate restriction of pulmonary function in
dental students, both smokers and non-smokers, during their routine prosthodontics laboratory training
work. No differences in the results of the pulmonary function tests between smokers and non-smokers
were observed.
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Introduction

Dental practitioners and dentists are frequently in con-
tact with multiple types of polymers, especially methyl
methacrylate (MMA).! Metyl methacrylate is a clear or-
ganic dissolvent, which is used in the preparation of com-
plete or partial dentures and other dental composite
restorations, as well as in the preparation of orthopedic
cement. The vapor of MMA has been known for its ef-
fect on health, especially when used chronically in poorly
ventilated areas.? The major documented health prob-
lems associated with the exposure to MMA include irrita-
tion of skin, eyes and the mucus membrane of both the
upper and lower respiratory tract.>* Multiple measures
have been taken to decrease contact with MMA, such as
gloves, masks and proper ventilation, but this is still not
enough to limit the exposure to the widely used MMA
and stop the inhalation.” For decades, many studies have
attempted to determine the degree of toxicity of MMA,
including animal and human studies. These studies clari-
fied the mechanism of MMA toxicity, which can be attrib-
uted to a local interaction between MMA and the mucus
membrane of the respiratory system. The local interaction
consists in the neural stimulation, appearing in the form
of coughing, mucus secretion and accumulation, which
leads to the narrowing of the airways and bronchospasm,
in addition to lacrimation, resulting from the cholinergic
stimulation. Although it is reversible, upon continuous
exposure, cellular damage and necrosis may happen.®

Dentistry students are exposed to MMA in an acute
manner. As the concentration of its vapor cannot be esti-
mated well, they are secondary users with a great chance
of hypersensitivity development.”® Vaporization takes
place upon mixing a monomer with acrylic powder, lead-
ing to the irritation of lung and respiratory epithelia.
Since MMA is lipophilic, it has the ability to penetrate
the epithelial cell wall, causing lipid peroxidation, lactate
dehydrogenase leakage, generation of free radicals, and
accumulation of inflammatory cells, which leads to capil-
lary hyperemia, edema, loss of respiratory epithelial cilia,
and necrotic cell death, depending on the exposure con-
centration as explained by previous studies on an animal
model and the alveolar cell line.”!!

Smokers already have an irritated respiratory epithe-
lium as a result of the direct effect of cigarette smoke on
the endothelial integrity. The consequences are increased
vascular contraction of small blood vessels and decreased
pulmonary vascular lumen capacity due to the reduction
of endothelial nitric oxide-dependent vasodilation, which
leads to emphysema with pulmonary hypertension, caus-
ing deleterious changes similar to those typical of chronic
obstructive pulmonary disease.!> Changes in lung func-
tion among smokers vary according to age, sex and the
number of cigarettes smoked per day.!®

The lung function tests represent a good and efficient
method to predict the risk of obstructive pulmonary dis-
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ease and cardiovascular problems due to the restricted air
flow, caused by cigarette smoke and other irritating inhal-
ants.+15

The aim of this study was to evaluate the acute effect
of MMA on the lung function of dental students, includ-
ing male smokers and non-smokers.

Material and methods

The study was conducted in the Faculty of Dentistry,
University of Babylon, Hilla, Iraq (from September to De-
cember, 2017). This is a comparative, non-randomized
study that included student volunteers. The applied pro-
cedures were in accordance with the ethical standards
of the Dentistry College scientific committee and with the
Helsinki Declaration of 1975, as revised in 2000. Ethical
committee approval number: 109-2017.

Volunteers

A total of 38 male dentistry students aged 20-22 years
were divided into 2 groups (Fig. 1): group 1 included 19
smokers with a history of smoking about 20 cigarettes
a day for more than 2 years; group 2 included 19 non-
smokers, all of whom were healthy, with good general and
respiratory conditions, according to the survey performed
by the researchers.

D AN
/ \-«
e g

19 smoker students
| 19 non-smoker students
, |

] |

N

— pre-work measurement
— immediately post-work
measurement

— pre-work measurement
— immediately post-work
measurement

Fig. 1. Study design

Exclusion criteria

Before starting the tests, the volunteers were inter-
viewed. Students with systemic respiratory disease or
diagnosed with respiratory allergic reaction to chemicals
were excluded from the study. The students were asked
not to use any perfume or aromatic overlaps for a period
of 24 h.

Pulmonary function test (procedures)

At the beginning, a complete history of the student,
especially in the case of smokers (duration of smoking),
was obtained. Then, a stadiometer was used to record
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height and weight without shoes, by means of standard
techniques (in the Frankfort horizontal plane, the patient
standing in the upright position).!®!” Information regard-
ing the students, such as age, race/ethnicity and other data
was entered into the software program of the spirometer
(Spirobank II® MIR, Rome, Italy).!6!8 A spirometer is
an apparatus that measures the air which is breathed into
the lungs through inspiration and out of the lungs during
expiration (Fig. 2).18

Fig. 2. Spirometer handling and work (The photograph was taken with the
approval of the scientific committee of the Department of Prosthodontics,
Faculty of Dentistry, University of Babylon, Hilla, Irag, and with the consent
of the student.)

Before the pre-work measurement, the method was
thoroughly explained to the study volunteers. Then,
a nose clip was applied to plug the nasal pathway. After
that, the participants were asked to take a deep breath and
put a mouthpiece in their mouth. The mouthpiece was
fixed inside the mouth by the teeth and lips to achieve
complete sealing, and also to make sure the air did not
excite during maximal forced expiration, which takes at
least 6 s.

The test measurements were repeated 3 times and the
greatest of the records were taken into consideration, ac-
cording to the spirometer protocol. The data was present-
ed as a percentage of the value predicted for age, height
and weight, based on the spirometer table.

The immediate post-work measurement was performed
using latex gloves, protective glasses, a mask, and a labo-
ratory coat. The cold-cured acrylic (Vertex®; Vertex-Den-
tal B.V,, Soesterberg, the Netherlands) (30 mL of powder
and 10 mL of monomer) was mixed by the participants to
construct a custom tray or record base in a well-ventilated
laboratory (9 x 6 m); the time of exposure to the mono-
mer was approx. 30 min. The test was taken immediately
after the students’ exposure to the monomer in the labo-
ratory, in the same way as previously described.

Parameters tested

The lung function test uses a standard protocol with
a spirometer to measure: forced vital capacity (FVC), forced
expiratory volume in 1 s (FEV1), the ratio of forced expira-
tory volume in 1 s / forced vital capacity (FEV1/FVC), peak
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expiratory flow (PEF), forced expiratory flow at 25-75%
of the pulmonary volume (FEF25-75), and forced expira-
tory flow at 25% (FEF25) and 50% (FEF50) of the pulmo-
nary volume, where 25%, 50% and 75% reflect the bronchial
diameter from bigger to smaller, respectively.!61”

Statistics

Statistical data was presented as mean + standard de-
viation (SD) and percentage. The analysis of data was
performed with the IBM SPSS Statistics software, v. 21.0
(IBM Corp., Armonk, USA), using the independent sam-
ples t-test and one-way analysis of variance (ANOVA)
with a p-value <0.05 considered statistically significant.

Results

The current study found a statistically significant de-
crease in FVC and FEV1 (p < 0.05) in both smokers and
non-smokers, comparing the pre- and post-work tests
(Fig. 3,4), while the FEV1/FVC percentage showed a non-
significant change while comparing the pre- and post-
work tests in each group and the results of the groups
together.
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Fig. 3. lllustration of the results of one of the spirometer tests
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On the other hand, PEF, FEF25-75 and FEF25 showed
a statistically significant reduction (p < 0.05) while com-
paring the pre- and post-results in group 1, and PEF,
FEF25-75, FEF25, and FEF50 in group 2 showed a sig-
nificant decrease (p < 0.05) (Table 1). No significant dif-
ferences were observed among the groups when all test
results were compared (p > 0.05) (Table 2).

Discussion

Normal respiratory function is of great value for
a normal healthy life without morbidity. The work en-
vironment is filled with different types of pollutants,

but the exact effect of these pollutants depends on
their concentration, the exposure time and the circum-
stances of exposure. Methyl methacrylate accounts for
the most widely known toxicant vapor, especially in the
dentistry field.'®

Dental students are exposed to MMA vapor during
their ordinary work when constructing special trays and
record bases of complete and partial dentures, as re-
quired in their studies. Previous research showed that
MMA vapor induced acute pulmonary obstruction, de-
pending on certain exposure time and concentration.?
In the current study, our aim was to evaluate its effect
on smoker and non-smoker students based on the spi-
rometer results.

Table 1. Differences of mean + standard deviation (SD) between group 1 (smokers) and group 2 (non-smokers) in the pre- and immediately post-work tests

Variables Groups
pre-work — group 1
FVC immediately post-work — group 1
(L pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEVT immediately post-work — group 1
(L] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEV1/FVC immediately post-work — group 1
%] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
PEF immediately post-work — group 1
[L/s] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEF25 immediately post-work — group 1
[L/s] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEF50 immediately post-work — group 1
[L/s] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEF75 immediately post-work — group 1
(L/s] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEF25-75 immediately post-work — group 1
[L/s] pre-work — group 2
immediately post-work — group 2

Level of significance

Mean £SD
(p-value)
5.2667 +£0.99785
<0.05*
3.3556 +1.03020
6.1767 £1.47148
<0.05*
3.7522 +0.80585
43011 +1.32953
<0.05*
2.7822 +0.98089
4.0867 +1.28802
<0.05*
3.0656 £0.60411
79.5556 +13.72344
>0.05
80.8889 +17.78211
67.6444 £22.01426
>0.05
79.7556 +£15.12813
73722 £3.29167
<0.05*
34933 £2.15975
6.2911 +2.69870
<0.05*
4.1967 £1.93203
7.1422 £257513
<0.05*
43478 +2.73020
53722 +2.63617
<0.05*
2.9089 +0.90625
4.6056 +1.97946
>0.05
3.7622 +1.84475
41522 +143137
<0.05*
2.6944 +1.05081
3.0933 +1.35765
>0.05
2.9956 +£1.00397
3.6022 +£1.12491
> 0.05
23711+ 149729
42333 +£1.26824
<0.05*
2.3878 +£1.38542
3.8867 +£1.26912
<0.05*
3.0322 £0.80114

FVC - forced vital capacity; FEV1 — forced expiratory volume in 1 s; PEF — peak expiratory flow; FEF25, FEV50, FEV75 — forced expiratory flow at 25%, 50% and 75%
of the pulmonary volume, respectively; FEV25-75 - forced expiratory flow at 25-75% of the pulmonary volume; * statistical significance.
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Table 2. Results of the analysis of variance (ANOVA)

FVC group 1 and group 2

1N pre- and immediately post-work tests =005
FEV1 group 1 and group 2 > 005
[L] pre- and immediately post-work tests -
FEV1/FVC group 1 and group 2 S 005
[%] pre- and immediately post-work tests o
PEF group 1 and group 2 S 005
[L/s] pre- and immediately post-work tests -
FEF25 group 1 and group 2 > 005
[L/s] pre- and immediately post-work tests -
FEF50 group 1 and group 2 S 005
[L/s] pre- and immediately post-work tests o
FEF75 group 1 and group 2 S 005
[L/s] pre- and immediately post-work tests -
FEF25-75 group 1 and group 2 - 005

[L/s] pre- and immediately post-work tests

The choice of smoker volunteers was motivated by their
irritated respiratory airways due to chronic exposure to
nicotine, which was supposed to render them highly sus-
ceptible to MMA vapor.?!

The spirometer results revealed a significant reduction
of FVC and FVC1 as we compared the pre- and post-work
findings for smokers and non-smokers; this indicates re-
stricted pulmonary function, with or without obstruc-
tion. This could be explained by the effect of MMA on
the chemical receptors of respiratory epithelia, leading to
the stimulation of the respiratory center, and thus causing
bronchoconstriction.?? Our results coincide with those
presented by Marez et al., who observed an obstructive
effect of MMA vapor during inhalation, but related to
the duration of exposure.?® Borak et al. also confirm that
MMA is a lung-irritating substance and affects the air-
ways causing obstruction and bronchial hyperactivity.?*

Upon the comparison of the results between smokers
and non-smokers, we found no statistically significant dif-
ferences, which may be due to the small sample size or
the number of cigarettes smoked per day. Apart from that,
students were young and physically active males. This ex-
planation is confirmed by Urrutia et al., who found that
the level of pulmonary problems depended on the num-
ber of cigarettes smoked and age.!3

Non-smokers showed respiratory reactivity in the post-
exposure results, especially at the level of FEV50 and
FEV25, while smokers were found to have a restriction at
the level of FEV25 only. This could be explained by the
thickening of lining epithelia and mucus secretion, which
could interrupt the diffusion of MMA vapor across the
small bronchioles of smokers, in addition to decreased
endothelial responsiveness. Although no statistical sig-
nificant difference was observed between the groups,
the recorded results of non-smokers showed more pul-
monary restriction. The reason for that may be the ab-
sorption of organic vapor through respiratory epithelia,
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causing a moderate restrictive response, as the vapor is
non-polar, molecularly small-sized organic substance
that easily passes to the lower respiratory tract, leading to
a delayed effect when exposure is extensive.?” It requires
future evaluation of the students near the end of their
training course to provide enough information about that
delayed response.

Conclusions

Although the sample size was small, the findings of the
current study revealed that a moderate pulmonary re-
striction, with or without obstruction, was observed in
both smokers and non-smokers exposed to acute MMA
vapor, with more reactivity in non-smokers. No statisti-
cally significant differences in the results of the respira-
tory function tests were found between smokers and non-
smokers exposed to acute MMA vapor inhalation.
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