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Abstract
Purpose: The aim of this study was to evaluate the influence of artificial accelerated
aging on dimensional stability of two types of acrylic resins (thermally and chemically
activated) submitted to different protocols of storage.
Materials and Methods: One hundred specimens were made using a Teflon matrix
(1.5 cm × 0.5 mm) with four imprint marks, following the lost-wax casting method. The
specimens were divided into ten groups, according to the type of acrylic resin, aging
procedure, and storage protocol (30 days). GI: acrylic resins thermally activated, ag-
ing, storage in artificial saliva for 16 hours, distilled water for 8 hours; GII: thermal,
aging, artificial saliva for 16 hours, dry for 8 hours; GIII: thermal, no aging, artificial
saliva for 16 hours, distilled water for 8 hours, GIV: thermal, no aging, artificial saliva
for 16 hours, dry for 8 hours; GV: acrylic resins chemically activated, aging, artificial
saliva for 16 hours, distilled water for 8 hours; GVI: chemical, aging, artificial saliva
for 16 hours, dry for 8 hours; GVII: chemical, no aging, artificial saliva for 16 hours,
distilled water for 8 hours; GVIII: chemical, no aging, artificial saliva for 16 hours, dry
for 8 hours GIX: thermal, dry for 24 hours; and GX: chemical, dry for 24 hours. All
specimens were photographed before and after treatment, and the images were evalu-
ated by software (UTHSCSA – Image Tool) that made distance measurements between
the marks in the specimens (mm), calculating the dimensional stability. Data were sub-
mitted to statistical analysis (two-way ANOVA, Tukey test, p = 0.05).
Results: Statistical analysis showed that the specimens submitted to storage in wa-
ter presented the largest distance between both axes (major and minor), statistically
different (p < 0.05) from control groups.
Conclusions: All acrylic resins presented dimensional changes, and the artificial ac-
celerated aging and storage period influenced these alterations.

Dimensional stability is an important physical property for
acrylic resins, widely used for the manufacture of bases for
removable prostheses, to ensure that the denture is able to main-
tain its shape over a period of time.1-3 Acrylic resin dimensional
stability may be influenced by several factors, such as polymer-
ization techniques in which the internal stresses are produced
by different coefficients of thermal expansion of gypsum and
acrylic resin,4 and denture base thickness, which may vary at
different sites inside the flask,5 altering the base adaptation and
stability.6

Dimensional changes in denture bases result from monomer
shrinkage during polymerization and stresses released when

the flask cools. The shrinkage due to polymerization reaction
is not uniform, being more accentuated in the posterior region
of the palate, and it is difficult to compensate after process-
ing.7 Conversely, distortion results from cooling and removal
of the base from the plaster model, both causing the release
of stresses induced during processing.8 Additionally, cleaning
systems, the physical behavior of the material, and variations in
the environment during service, such as water sorption and pH
changes, may contribute to dimensional change.9 It is common
for patients with complete dentures to leave their dentures out
at night and store them in water or a mild disinfectant,9 because
dentures are believed to warp or shrink if allowed to dry out,
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thereby affecting the clinical fit. Denture-related stomatitis has
been shown to be associated with continuous denture wearing,10

as has poor denture hygiene, the denture base acting as a site
for plaque and Candida albicans proliferation.11,12 Mechanical
cleansing and leaving dentures out of the mouth at night are
considered to be important to keep dentures adequately plaque-
and Candida albicans-free; however, there are differing opin-
ions as to the value of using chemical cleansers.9-12

The dimensional changes associated with the sorption of
water during and immediately after processing of acrylic resin
denture bases has been well documented,1-3,13 although dimen-
sional change occurring during processing has been shown to
be statistically significant but clinically irrelevant because the
changes are too small to affect clinical fit of a prosthesis.14-16

When acrylic resins are in use, they are submitted to rigorous
clinical conditions with alterations in pH, salivary flow, and
temperature.9,13,14 To simulate these conditions, the literature
shows different methods to simulate their aging for verifying
the behavior of these materials in the long term. Among these,
the methods of immersion in solutions such as water, tea, wine,
mouthwash, and others are outstanding.17 There are also cycles
of immersion in water at different temperatures alternated with
light irradiation,18 and another method of artificial accelerated
aging (AAA) by exposure to UV light and water condensation
in 4-hour cycles for 384 hours.19,20 AAA is achieved in a lab-
oratory environment that indicates the behavior of a material
under certain conditions. It is widely used for development and
control of different properties of materials.21

Thus, the aim of this study was to evaluate the effect of AAA
on dimensional stability of two types of acrylic resins, thermally
and chemically activated, submitted to different protocols of
storage, that simulated the daily cycle of removable prostheses.
The tested hypothesis was that prostheses submitted to aging
and stored in water would present higher values of dimensional
change.

Materials and methods
Specimen preparation

The methodology for preparing the specimens followed a se-
quence based on the lost-wax casting method. A Teflon matrix

with four imprint marks, an internal diameter of 1.5 cm, and
thickness of 5.0 mm was used (Fig 1). After internal lubri-
cation with petroleum jelly, heated casting wax (Polidental,
Cotia, Brazil) was deposited inside the matrix. After it was to-
tally filled, and with little excess, a flat, clean, polished, and
lubricated glass plate was put onto the wax and left there until
the surface cooled. Then, the glass plate was removed, and the
excess wax was carefully removed with a sharp instrument. Af-
terwards, the specimens were removed from the matrix. Fifty
wax molds were made for each type of acrylic resin (thermally
and chemically activated). These molds were included in plas-
ter stone using a metal flask. After the stone setting time, the
matrix was removed with hot water.

The two types of acrylic resins (Clássico Artigos
Odontológicos Ltda, São Paulo, Brazil) were manipulated in
accordance with the manufacturer’s recommendations. When
the mass reached the plastic phase, the space left by the matrix
was filled in with the material. After total condensation of the
material, the flask was closed and submitted to pressure. After
the curing process, the flask was opened, and excess removed.
Therefore, 50 specimens were obtained for each type of acrylic
resin and subdivided into ten groups (n = 10), according to
aging procedure and storage protocol (Table 1). Before treat-
ment, all specimens were photographed one by one, and the
captured images were analyzed using software (UTHSCSA –
Image Tool, The University of Texas, Health Science Center
San Antonio, San Antonio, TX, USA) that made distance mea-
surements (mm) between the markings (major and minor axes)
in the specimens (Fig 2).

Artificial accelerated aging and storage period

Twenty specimens of each type of acrylic resin were submitted
to AAA (C-UV, Comexim Matérias Primas Ltda, São Paulo,
Brazil) under UV light and air-saturated condensed water. The
fixed working program was 4-hour cycles of exposure to UV-B
light at 50◦C and 4-hour cycles of condensation at 50◦C for
384 hours, corresponding to a year of clinical use,22 in agree-
ment with the guidelines recommended by American Soci-
ety for Testing and Materials (ASTM).21 After aging, the

Figure 1 Matrix to manufacture the acrylic
resin specimens.
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Table 1 Studied groups according to acrylic resin type, aging procedure, and storage protocol

Group Acrylic resins AAA Protocol storage

I Thermal + Artificial saliva for 16 hours, distilled water for 8 hours at 37◦C
II Thermal + Artificial saliva for 16 hours, dry for 8 hours at 37◦C
III Thermal – Artificial saliva for 16 hours, distilled water for 8 hours at 37◦C
IV Thermal – Artificial saliva for 16 hours, dry for 8 hours at 37◦C
V Chemical + Artificial saliva for 16 hours, distilled water for 8 hours at 37◦C
VI Chemical + Artificial saliva for 16 hours, dry for 8 hours at 37◦C
VII Chemical – Artificial saliva for 16 hours, distilled water for 8 hours at 37◦C
VIII Chemical – Artificial saliva for 16 hours, dry for 8 hours at 37◦C
IX (control) Thermal – Dry for 24 hours at 37◦C
X (control) Chemical – Dry for 24 hours at 37◦C

(+) Specimens submitted to AAA.

(−) Specimens not submitted to AAA.

specimens were stored as shown in Table 1 for 30 days. The
artificial saliva composition is shown in Table 2.

After storage, new measurements were made using Image
Tool software. The difference between measures before and af-
ter storage was calculated for each studied group and submitted
to two-way ANOVA and Tukey test at significance level of p =
0.05.

Results
Statistical analysis showed that the specimens submitted to stor-
age in distilled water (odd-numbered groups) presented highest
values in the distance between both axes (major and minor), sta-
tistically different (p < 0.05) from control groups (GIX, GX).
Analyzing the two types of acrylic resins, it was found that

Figure 2 Major (A-B; C-D) and minor (a-b; c-d; e-f) axes used to measure the distance between the markings (mm) by Image Tool software.
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Table 2 Artificial saliva composition

Components Percentage

Potassium phosphate monobasic 0.036%
Potassium phosphate dibasic anhydrous 0.08%
Sorbitol 4.27%
Potassium chloride 0.063%
Magnesium chloride 0.012%
Calcium chloride 0.0072%
Sodium chloride 0.0863%
Sodium saccharin 0.03%
Preservative 0.83%
Natrosol 250 HHR 0.1%
Water q.s.p.

both presented dimensional change after storage, with values
of distance between axes similar statistically (p > 0.05). The
difference of the distance between the axes, before and after
storage, was calculated, and the highest values of dimensional
change were found for the specimens of GVII (2.28 ± 0.47 and
1.32 ± 0.57) and GIII (2.08 ± 0.42 and 1.12 ± 0.56), simi-
lar statistically (p > 0.05) to each other, but different statisti-
cally from GI (p < 0.05), which presented the smallest average
distance between both axes (1.37 ± 0.52 and 0.48 ± 0.40)
(Table 3).

Discussion
Several studies have shown that resins are capable of absorbing
water when immersed in liquid.23,24 This absorption, which de-
rives mainly from the polar properties of resin macromolecules
through a diffusion process,25 increases the capacity of the den-
ture resin base to adapt and be retained on the edentulous ridge
tissue.26 The macromolecules of Polymethyl-methacrylate are
gigantic and highly complex molecules with a heterogeneous
conformation, having discontinuous empty spaces and unequal
interstices, which also vary according to their composition.27

One of the main properties of acrylic resins is related to the po-
lar properties of polymers and to the physical presence of these
spaces, or their capacity to absorb water when immersed in liq-
uid environments.28 The mechanism of liquid absorption orig-
inates from the diffusion of water molecules among polymeric
macromolecules, as set forth by the laws of diffusion.24,29 The

time required for specimen saturation or drying is predictable24

and may vary according to the acrylic resin processing method
employed30,31 and the composition of the resin storage fluid.32

Acrylic resins stored in water increase in weight, but when
placed in dry conditions, their weight decreases, and their di-
mensions alter.24

Clinically, the fit of a denture base is enhanced by the ability
of the denture-bearing mucosa to adapt slightly to the denture
base. Therefore it is suggested that although some dimensional
changes were statistically significant, they were sufficiently
small to be clinically relevant.32 Anderson et al1 demonstrated
an increase in linear dimension of acrylic resin denture bases
after 30 days in water immersion. Both injection and conven-
tionally processed acrylic resins had expanded, but not suffi-
ciently to compensate for polymerization shrinkage. Keenan
et al33 compared the same maxillary dentures and showed that
after 28 days in water, all specimens showed expansion; how-
ever, the difference between the groups was not statistically
significant or clinically relevant, as the amount of change was
small.

It is known that acrylic resin suffers water sorption dur-
ing polymerization due to the diffusion process.34 The wa-
ter molecules interfere with the interlocking of the polymeric
chains and alter the physical characteristics of the resultant
polymer, which could cause excessive dimensional change, thus
affecting the long-term clinical success of the prostheses.35

Water absorbed by acrylic resin stays in gaps among the
interpolymeric chains that form acrylic resin structure. The
magnitude of these interpolymeric gaps determines the amount
of water to be absorbed. Better polymerization of acrylic resin
increases the crosslinking and reduces water sorption values.30

According to Ogawa and Hasewaga,36 the increase of tem-
perature and the pressured wet condition used in the acrylic
resin thermally activated polymerization process produces a
chemical reaction between monomer and polymer, producing
a more complete polymerization, therefore, with few gaps, and
consequently, less water sorption. The results of the present
study agree, because the specimens of GI (thermally activated)
had the smallest dimensional change, statistically different from
GIII and GVII (p < 0.05). Furthermore, that difference could
be explained by the AAA process to which GI was submit-
ted. This suggests that AAA helped in the post-polymerization
specimens of this group, and consequently, there was a greater
conversion of the monomer and increase in crosslinking. These

Table 3 Average difference and standard deviation (SD) of the distance (mm) between major and minor axes of the studied groups before and after

storage (p < 0.05)

Thermally Chemically

Major axis Minor axis Major axis Minor axis

GI (1.37 ± 0.52)a GI (0.48 ± 0.40)a GV (1.65 ± 0.52)ab GV (1.00 ± 0.18)ab

GII (1.63 ± 0.50)a GII (0.69 ± 0.43)a GVI (1.56 ± 0.58)a GVI (0.61 ± 0.33)a

GIII (2.08 ± 0.42)b GIII (1.12 ± 0.56)b GVII (2.28 ± 0.47)b GVII (1.32 ± 0.57)b

GIV (1.58 ± 0.45)ab GIV (0.69 ± 0.39)ab GVIII (1.82 ± 0.57)a GVIII (0.64 ± 0.50)a

GIX (0.32 ± 0.15)c GIX (0.12 ± 0.08)c GX (0.37 ± 0.12)c GX (0.11 ± 0.08)c

Different letters mean statistically significant difference.
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data corroborate the study of Lee and Powers,37 who affirmed
that the high temperature of AAA causes an increase in the de-
gree of polymerization of polymers. The results obtained under
the conditions of this study support the hypothesis that dimen-
sional stability could be affected by water storage; therefore, to
store dentures in a dry environment would be better than in wet
conditions, since dry storage produced the least dimensional
change.

Conclusions
Within the limitations of this study, such as the software anal-
ysis and the artificial saliva composition, in comparison to the
natural intraoral environment conditions, it could be concluded
that:

(1) All acrylic resin specimens exhibited dimensional changes
after processing, regardless of storage condition or expo-
sure to an AAA process.

(2) Dry storage resulted in the least dimensional change in the
acrylic resin specimens.

(3) The effect of water sorption on the acrylic resin speci-
men dimensional change was decreased by subjecting the
specimens to an AAA process.
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