
722Angle Orthodontist, Vol 78, No 4, 2008 DOI: 10.2319/060407-265.1

Original Article

Residual Monomer of Autopolymerized Acrylic Resin
According to Different Manipulation and Polishing Methods

An In Situ Evaluation

Tatiana Siqueira Gonçalvesa; Luciane Macedo de Menezesb;
Luiz Ernani Aguiar Silvac

ABSTRACT
Objective: To test the hypothesis that no difference exists in the in situ levels of residual monomer
of an autopolymerized acrylic resin, irrespective of the method of manipulation and polishing.
Materials and Methods: Forty volunteers received the test specimens. The residual monomer
was evaluated by means of gas chromatography using methylethylketone as extraction solvent.
The samples of autopolymerized acrylic resin were submitted to two methods of manipulation—
mass and addition—as well as to two types of polishing—mechanical and chemical. Four test
groups were determined according to manipulation and polishing techniques: mass-mechanical;
mass-chemical; addition-mechanical; addition–chemical. The data obtained were analyzed by the
Student’s t-test for paired samples as well as by analysis of variance.
Results: Residual methylmethacrylate was verified in high concentrations in the beginning of the
testing as well as 24 hours after the test specimens had been worn. Mechanical polishing was
associated with lower levels of residual monomer. The mass-mechanical group showed the lowest
values. Mechanical polishing was associated with the lowest levels of residual monomer, and the
lowest level of all occurred in mass-mechanical group.
Conclusions: The hypothesis is rejected. Variations of residual polymer were associated with
variations in the manipulation and polishing, but high concentrations of residual monomer were
present in all groups. These concentrations were reduced after 24 hours.
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INTRODUCTION

Dentistry has used polymethylmetacrylate acrylic
(PMMA) resins since the mid-20th century.1 These
materials originate from ethylene and are high molec-
ular weigh polymers that polymerize in an addition re-
action, with no residual products. Although the curing
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partment of Orthodontics, Pontifical Catholic University of Rio
Grande do Sul, Av. Ipiranga, 6681—Prédio 6, Sala 209, Porto
Alegre, Rio Grande do Sul, Brazil
(e-mail: tatianasgoncalves@terra.com.br)

Accepted: September 2007. Submitted: June 2007.
� 2008 by The EH Angle Education and Research Foundation,
Inc.

process can also be initiated by heat or light, a chem-
ical initiator is more often used.2

In orthodontics, PMMA resins are extremely impor-
tant because they can be used to build up removable
or auxiliary fixed appliances as well as retainers. There
are different possibilities for manipulating and polish-
ing this material. For manipulation, two techniques are
described: the addition technique (or salt and pepper),
in which the polymer is saturated by its monomer, is
widely used in orthodontics; and the mass technique,
also a cold-cured technique, in which powder and liq-
uid are mixed together,3 is commonly used in prostho-
dontics. After polymerization, PMMA appliances are
ground and polished.3 Polishing can be carried out
through mechanical devices2,4 (mechanical polishing)
or chemical products (chemical polishing), which con-
sists of immersing the acrylic appliance in heated,
chemical, polishing liquids.5

Some orthodontic appliances can be used for many
months and kept in contact with the oral mucosa for a
long period, so the methylmetacrylate’s (MMA) biolog-
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Figure 1. (A) Metallic matrix. (B) Impression of metallic matrix over
the acrylic removable appliance.

Figure 2. Acrylic appliance used by the volunteers.

ical effects must be considered. In this way, residual
monomer of acrylic resins and its dilution have been
widely investigated,6–19 indicating the presence of un-
reacted residual monomer during the first 24 hours af-
ter polymerization.11,12,16,20,21 MMA is considered an al-
lergen22–25 and can cause local adverse reactions,
such as erythema, a burning sensation, edema, fis-
sures, necrosis, pain,13,25,26 and it can even cause
some systemic reactions.27 such as labial edema,25

chronic urticaria,28 difficulty in swallowing, and hyper-
salivation.29 MMA is also considered cytotoxic18,30–35 as
well as possibly genotoxic.36,37

This study was developed to test the manipulation
and polishing techniques influence the level of the re-
sidual monomer, which, in turn, affects the biocom-
patibility of this material. The aim of this study was to
evaluate, in situ, the effect of two manipulation and two
polishing techniques on the residual monomer of an
autopolymerized acrylic resin.

MATERIALS AND METHODS

An MMA autopolymerized acrylic resin (JET, Clás-
sico, São Paulo, Brazil) was analyzed for this study.
Its liquid contains 98% MMA monomer and dimethyl-
p-toluidine, and the powder contains PMMA, ethyl ac-
rylate and benzoyl peroxide. For this in situ study, 40
volunteers took part on the investigation, signing an
agreement form. This investigation was also approved
by the ethical committee of the Pontifical Catholic Uni-
versity of Rio Grande do Sul.

An impression of the maxillary arch of each volun-
teer was taken. Cast models were obtained to con-
struct an autopolymerized acrylic resin appliance, with
no clasps, for each subject. The samples were placed
in this appliance, which kept them in contact with sa-
liva. During the appliance’s curing process, a metallic
matrix (16 mm � 13 mm � 3 mm) (Figure 1A) was
placed over the resin (Figure 1B), creating a depres-
sion on the appliance, so that samples could be placed
(Figure 2) and any damage to the volunteers could be
avoided.

Four experimental groups were established. Each
one had 10 volunteers. For each volunteer, two sam-
ples of a group were produced, so that each experi-
mental group had 20 samples: 10 for the initial residual
monomer analysis and 10 for analysis at 24 hours,
totaling 80 samples, according to Table 1.

To obtain the samples, a metallic matrix (5 mm � 5
mm � 2 mm) was impressed with silicon (Figure 3A).
This impression (Figure 3B) was filled with acrylic res-
in. Powder was weighed (AG204, Metler Toledo, Swit-
zerland), and the liquid was measured with a micro-
syringe (Lab Mate, PZ HTL SA, Warsaw, Poland). For
the mass manipulation technique mass, 0.250 g of
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Table 1. Distribution of samples according to manipulation and polishing techniques, experimental group and evaluations

Manipulation Polishing Experimental Group No. of Volunteers

Distribution of Samples

Initial Residual
Monomer

24-hour Residual
Monomer

Mass Mechanical Mechanical-Mass 10 10 10
Chemical Mechanical-Chemical 10 10 10

Addition Mechanical Addition-Mechanical 10 10 10
Chemical Addition-Chemical 10 10 10

Total 40 40 40
80

Figure 3. (A) Silicon impression of the metallic matrix. (B) Silicon
mold.

polymer and 100 �L of monomer were mixed together,
and the resin was poured into the two molds. For the
addition technique, 0.125 g of polymer and 50 �L of
monomer were gradually poured into each of the two
impressions, for the samples to weigh approximately
0.1 g following the manufacturer’s instructions. After
20 minutes, the samples were ground with a tungsten
bur and abrasive paper (No. 400 and No. 600), and
polishing begun.

For mechanical polishing, a black brush and felt

wheel with pumice slurry were used. After that, a soft
wheel was applied with chalk powder. Each instrument
was applied 10 times for 2 seconds, and instruments
were discarded after polishing 15 samples. In the
chemical polishing groups, samples were drowned into
the chemical polisher (PQ-9000, Termotron, São Pau-
lo, Brazil), containing 20 mL of chemical polishing liq-
uid (Poli Quim, Clássico, São Paulo, Brazil) at 70�C.
This liquid is basically composed of MMA monomer,
but some stabilizers are also added to the formula.
The samples were left to bench-dry until visible ex-
cessive monomer could evaporate, which took about
30 minutes.

After that, two samples were placed on the acrylic
appliance of each volunteer: one for the initial analysis
and the other for the 24-hour residual monomer anal-
ysis. To intentionally wait for the highest levels of re-
sidual monomer to fall, the appliance was not deliv-
ered to the volunteer for 18 hours. Just before the ap-
pliances were delivered to the volunteers, they were
told to wear the appliance at all times, except for meals
and during oral hygiene, reproducing the clinical situ-
ation. Also, basic information on how to store (in an
appropriate plastic box) and clean the appliance (with
cold water and dental brush) was given.

Immediately before the appliances were delivered,
the initial samples were collected, and each sample
was added to an identified glass tube containing 2.5
mL of methylethylketone (PA 99%, Quimex, Merck
S.A., São Paulo, Brazil). This tube was sealed with a
cork cap and stored in a dark place at 4�C for 48
hours. The same procedure was repeated for the 24
hour samples.

After 48 hours of storage, the tubes were centri-
fuged at 2000 rpm for 15 minutes and 1 �L of the
supernatant was removed with a microsyringe, which
was immediately injected in a chromatographer. The
equipment used was a gas chromatographer Auto
System XL (Perkin Elmer, Warthan, MA), equipped
with a ZB-WAX (Zebron, Torrance, CA) column, 30 m
long and 0.25 mm cross section, using polyethylene
glycol as stationary phase and nitrogen as carrier gas.
The equipment was calibrated with different concen-
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Table 2. Comparison of Initial and 24 hours’ residual monomer per-
centiles for each evaluated group

Comparison No.
Mean
(%)

Standard
Deviation (%) P

Mass-Mechanical

Initial 10 4.81 0.67 .01*
24 hour 10 3.60 1.25

Mass-Chemical

Initial 10 6.79 0.89 .02*
24 hour 10 5.04 1.54

Addition-Mechanical

Initial 10 5.02 1.07 .01*
24 hour 10 3.79 1.67

Addition-Chemical

Initial 10 5.47 1.63 .03*
24 hour 10 3.84 1.77

* Statistical difference.

Table 3. Comparison of residual monomer percentiles between
groups in both analyzed periods

Comparison No.
Mean
(%)

Standard
Deviation (%) P

Initial

Mass-Mechanical 10 4.81A** 0.67
Mass-Chemical 10 6.79B** 0.89 .01*
Addition-Mechanical 10 5.02A** 1.07
Addition-Chemical 10 5.47AB** 1.63

24 hour

Mass-Mechanical 10 3.60 1.25
Mass-Chemical 10 5.04 1.54 .17
Addition-Mechanical 10 3.79 1.67
Addition-Chemical 10 3.84 1.77

* Statistical difference.
** Means followed by the same letter show no statistical difference.

trations of a 99% pure grade MMA solution (Merck-
Schuchardt, Darmstadt, Germany) to build a calibra-
tion curve, which was used to calculate the concentra-
tions in the samples and as a control.

RESULTS

The Student’s t-test for paired samples (Table 2)
showed statistical difference for residual monomer be-
tween the initial and 24-hour results for all compari-
sons. In 24 hours, the percentages were reduced.
Analysis of variance (Table 3) showed statistical dif-
ference between the groups only for the initial analy-
sis. Also, the mass-chemical group showed the high-
est average value, followed by the addition-chemical
group (which did not differ from mass-chemical). With
lower average values, the addition-mechanical and
mass-mechanical groups did not differ from each other
or from the addition-chemical group (P � .01).

DISCUSSION

This study results showed that there was residual
monomer in the acrylic resin evaluated (Table 2). In-
dependent of the activation method, the literature
shows the presence of residual monomer.6–19,31,33 Re-
sidual monomer concentrations were high, especially
for the initial samples. Once residual monomer is
linked to hypersensitivity and allergic reactions, it
should be as low as possible. The residual monomer
of autopolymerized acrylic resins should not exceed
3.5%.9 According to this standard, none of the applied
techniques would be approved, although the mass-
mechanical group almost achieved this level in 24
hours.

Yilmaz et al38 cited the ISO 1567, which established
that 4.5% would be an acceptable limit for residual
monomer for this kind of resin. This value is near the
one found for mass-mechanical group (Table 2). Staf-
ford and Brooks,16 who also tested the salt-and-pepper
technique, registered average values of residual
monomer of an orthodontic autopolymerized acrylic
resin and found levels between 1.49% and 4.51%.
Valittu19 verified residual monomer between 4.8% and
6.9%, which is similar to the levels found in this study,
whereas Kedjarune et al 31 had results between 1.88%
and 4.32%, and Davy and Braden8 found levels be-
tween 0.045% and 0.18%; these findings were much
lower than the ones found here.

Although all of these researchers studied autopoly-
merized acrylic resin, the wide variety of results for this
kind of analysis is certainly linked to methodologic di-
versity, considering not only the different polymeriza-
tion cycles but also the residual monomer extraction
method. In the current study, gas chromatography was
used, which was previously used by other au-
thors,6,13–15,17,31,38 reproducing the method suggested by
Sadamori et al.15

The greatest drop in residual monomer concentra-
tions usually occurs during the first 24 hours of use,
and the major dilution also occurs mainly in the first
24 hours.7,11,16,20,21 This was confirmed by the current
investigation. It has been suggested12 that two mech-
anisms would be responsible for this 24-hour reduc-
tion: late conversion of residual monomer into poly-
mer, once there are free radicals that remain on the
piece after curing, and diffusion of monomer out of the
acrylic appliance.

At first, one of the aims of this study was to verify
residual monomer not only in 24 hours, but also after
7 and 20 days of use by the volunteers, in order to
have a more longitudinal study. However, during the
investigation, the chromatographer’s column was con-
taminated by the samples, probably because of biofilm
and salivary enzymes, which did not allow readings for
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these periods; this same situation occurred in other
studies.7,10

Chemical polishing has an advantage because it is
not time consuming,5,21 but it seems to have some ef-
fect on the resin’s physical properties. Braun et al20

tested residual monomer of auto- and thermopolymer-
ized acrylic resin with mechanical and chemical pol-
ishing, which caused the highest levels of residual
monomer for both kinds of resin in all studied periods.
Also, Nunes de Mello et al21 reported the highest val-
ues of residual monomer with chemical polishing. The
same was observed here, where mechanical polishing
led to the lowest levels of residual monomer and
chemical polishing led to the highest.

Today there are some sealants that substitute pol-
ishing, which are UV-light activated. These materials,
as well as chemical polishers, are not time consuming
to use. Valittu19 evaluated the effect of different surface
treatments on residual monomer and found that these
sealants led to reduced levels of residual monomer,
probably because of an increase in temperature during
its curing cycle. These sealants were not investigated
here, but they seem to be an advantageous alternative
and potentially interesting to investigators.

Some studies have assessed the biocompatibility of
autopolymerized acrylic resins.18,30–35 It has been
shown that this material is cytotoxic. In this way, it has
been stated that the longer a resin is left to elute its
toxic components, the lower the cytotoxic effect exert-
ed.35 In addition, some studies have tried to access
the genotoxicity of acrylic resins,36,37 but more studies
should be developed in this field for autopolymerized
acrylic resins.

Clinically, all efforts should be made to have low lev-
els of residual monomer in order to reduce the occur-
rence of undesired reactions to this material. It has
been shown that the right proportions of powder and
liquid reduce residual monomer.12,31 Polymerization in
water or under pressure is also a way to try to reduce
levels of residual monomer,12,39,40 as well as additional
polymerization cycles.13,21,40,41 Besides that, maneu-
vers can be done to reduce residual monomer after
the appliance is already finished: hot water storage for
at least 1 hour after construction, water immersion for
24, 36, or even 72 hours before delivery,16,18,24,31,33

which is in accordance with the findings of the present
study and, as proposed by Valittu19 and as seen in this
study, adequately using mechanical polishing. These
approaches can be taken to try to reduce the frequen-
cy of allergic and hypersensitivity reactions.

CONCLUSIONS

• The different manipulation and polishing techniques
used resulted in different levels of residual mono-
mer.

• All of the methods used showed high levels of resid-
ual monomer. The percentages of residual monomer
were reduced after 24 hours.
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