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Fractographic analysis, accuracy of fit
and impact strength of acrylic resin

Abstract: This study evaluated accuracy of fit, impact strength, types and
morphology of fractures of a microwave acrylic resin polymerized with
a cycle alternative to that recommended by the manufacturer. Onda Cryl
was polymerized according to the manufacturer’s instructions (MC), 3
min at 360 W, 4-min pause, and 3 min at 810 W; and with an alternative
cycle (AC) of 6 min at 630 W. Accuracy of fit was measured at 3 points
at the right (A) and left (B) ridge crests and at the midline (C) on the
posterior palatal seal for each denture base (n = 10/group). The measure-
ments were taken immediately after finishing and after 30-day storage in
water. The impact strength test (Charpy method) was performed with a
40 kJ/cm load (n = 20/group). Fractographic analysis was accomplished
for all fragments and the fracture types were characterized by means of
their morphology, crack propagation angles and microstructure. Accu-
racy of fit data were analyzed by ANOVA, impact strength and radius
values were compared by the ¢ test, and the fractographic analysis data,
by the Wilcoxon Mann-Whitney test. The significance level was fixed at
p < 0.05. No statistical differences were found between the two cycles of
polymerization used. However, after the 30-day storage period in water,
the denture bases showed better fit (P < .05). Most of the fractures were
classified as brittle (MD: 70%, AC: 80%). Based on the results of this
study, it could be concluded that both polymerization cycles are adequate
to polymerize the denture resin studied.

Descriptors: Dental materials; Acrylic resins; Physical properties.



Introduction

Since the introduction of acrylic resins for den-
ture fabrication in dentistry, there has been ongo-
ing search for improving polymerization methods.
Microwave energy has been reported as one of the
promising choices for dental laboratories, consider-
ing its advantages, such as being less time consum-
ing, taking less time to reach the plastic phase, hav-
ing better homogeneity of the mixture and improved
accuracy of fit.!¢

Although microwave-polymerized acrylic resins
have advantages, some manufacturers indicate a
pause period to avoid an excessive heating, which
could be unfavorable, as it could change the work
routine in a dental laboratory considering the differ-
ent types of microwave oven. There are several pro-
grams that can be set for microwave ovens, ranging
from those whose time and wattage can be totally
programmed up to those that don’t have these pos-
sibilities. Considering the use of the latter, changes
in laboratory work require that technicians control
the polymerization time, and this could lead to the
use of arbitrary times and wattages. Moreover, the
effect of a pause period on resin polymerization is
unknown, and it could promote cooling of the resin
mass, resulting in incomplete polymerization with
high concentration of monomer, thus affecting the
properties of the polymerized resin.

Another concern related to acrylic resin polym-
erization by a microwave procedure is its fracture
strength, as little information is available about its
failure modes, brittle fracture behavior and micro-
structure."”® Acrylic resin failure studies can be
conducted by measuring impact strength and per-
forming fracture resistance tests.””!'' However, to
understand how and why fractures occur, it is neces-
sary to analyze the morphology and microstructural
behavior of a material® under load application. The
commonest analysis used is fractography, which de-
scribes the differences between fractures occurring
in materials®*!!" and allows the causes of failures to
be identified and recognized.

With the advances observed in the proposed
polymerization cycles to improve the laboratorial
techniques, Vasconcellos et al.'> (2003) conducted a
study in which they compared an alternative polym-
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erization cycle with that recommended by the man-
ufacturer that includes a pause period. Their results
showed that the transverse strength and surface
microhardness were not affected by this alternative
cycle, and porosity was lower compared with that
found when the cycle recommended by the manu-
facturer was used.

Thus, the objective of this study was to evaluate
accuracy of fit, impact strength, fracture morpholo-
gy and microstructure of a microwave-polymerized
resin, processed according to the manufacturer’s in-
structions and to compare these results with those
observed when an alternative polymerization cycle
that excludes the pause period is used.

Material and Methods

Onda Cryl (Classico Artigos Odontologicos
Ltda., Sao Paulo, SP, Brazil) acrylic resin was used in
this study. It is a microwave-polymerized polymeth-
ylmethacrylate denture base material. According
to the manufacturer, the powder contains methyl-
methacrylate modified with ethylacrylate copolymer
and a small percentage of benzyl peroxide. The lig-
uid ingredients are methyl methacrylate monomer,
topanol, and ethylene glycol dimethacrylate as the
crosslinking agent.

For accuracy of fit, a metal master model of an
edentulous maxilla was duplicated using a mold
in vinyl polysiloxane (Aquasil ULV, Dentsply De-
Trey, Konstanz, Germany) and dental stone type III
(Herodent, Vigodent SA Ind. Com., Rio de Janeiro,
RJ, Brazil) to fabricate 20 casts. The thickness of all
denture bases was standardized by using 2 mm-plas-
tic sheets and the BIO-ART vacuum system (Plasti-
vac P§, Bio-Art Equipamentos Odontolégicos Ltda.,
Sao Carlos, SP, Brazil). The 20 plastic base/stone cast
sets were randomly divided into two groups (n = 10)
and invested in flasks with dental stone type I1I. The
manufacturer’s directions for Onda Cryl manipula-
tion were followed. The plastic flasks were placed
in a microwave oven (Continental AW-42, with
2,450 Hz frequency and 900 W maximum power,
Bosch Eletrodomésticos, Manaus, AM, Brazil)
and assigned to the following cycles: MC (control
group), according to the manufacturer’s directions,
3 min at 360 W, 4-min pause, and 3 min at 810 W;
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and AC (experimental group), 6 min at 630 W. Af-
ter polymerization, all flasks were allowed to bench-
cool for 2 hours. The resulting acrylic resin bases
were then removed, trimmed, and stored in 100%
relative humidity environment for 24 hours. After
this period (T1) all specimens were measured for ac-
curacy of fit and were then stored in distilled water
at 37°C for 30 days, at which time they were again
evaluated (T2).

Internal adaptation was evaluated by measuring
a silicon film between the resin base and the metal
master model. The internal surface of each resin
base was coated with a flow type vinyl polysiloxane
(Aquasil ULV, Dentsply DeTrey, Konstanz, Ger-
many) and put onto the master cast under a 1.5 kgf
axial load. The resulting polymerized silicon film
was trimmed at the borderline mark of the master
cast and fit accuracy was then evaluated by measur-
ing its thickness (um) at 3 points corresponding to
the right (A) and left (B) ridge crests and the midline
(C), all of them on the posterior palatal seal. Images
from these points were captured by a digital color
camera (Model SCC, Samsung, Seoul, Korea) con-
nected to a stereoscopic microscope (Leica MZ 6,
Heebrugg, Switzerland), at 12.5 X magnification,
and the measurements were made using Image Pro
Plus 1.4 software (Media Cybernetics, Newburypo-
rt, Maryland, USA).

Impact strength was evaluated using rectangular
acrylic resin specimens measuring 65 X 10 X 2.5 mm.
Metal master patterns were individually invested in
high-viscosity silicone (Zetalabor, Zhermack S.p.A,
Badia Polesine, Rovigo, Italy) and invested in Type
IIT dental stone (Herodent Soli Rock, Vigodent SA
Ind. Com., Rio de Janeiro, R]J, Brazil) within flasks
(Onda Cryl, Artigos Odontolégicos Classico Ltd.,
Sao Paulo, SP, Brazil).!® Acrylic resin was mixed
according to the manufacturer’s instructions and
packed into the silicone mold at the dough stage. All
specimens were polymerized according to the cycles,
MC (n =20) or AC (n = 20).

After 2 hours of bench cooling, the specimens
were deflasked, trimmed and finished using pro-
gressive abrasive papers (400-, 600- and 1,200-
grit, CARBIMET, Buehler, Lake Bluff, IL, USA) in
a polishing machine (AROTEC, model APL-4, Sio
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Paulo, SP, Brazil) and were stored in distilled wa-
ter at 37 £ 01°C for 48 £ 02 hours before testing.
The impact strength test (Charpy method) was per-
formed using an impact testing machine (Otto Wol-
pert Werke, Ludwighafen, Germany) with a 40 kJ/
c¢m load and a 40 mm-opening between the 2 fixed
supports.”

Fractographic analysis was made for the 2 speci-
men fragments resulting from the impact test. Mac-
roscopic analysis was performed by visual inspec-
tion of the fractured surfaces using a stereoscopic
microscope (Leica MZ 6, Leica Geosystems, Heer-
brugg, Switzerland) at 16 X magnification. The
fragments for each specimen were referred to as
fragment A (FA) and fragment B (FB). During visual
inspection, when FA and FB could be repositioned
at the fractured line, presenting a smooth surface,
the fractures were classified as brittle.” Those pre-
senting plastic deformation, exhibiting rough and
jagged surfaces, were recorded as intermediate (duc-
tile-to-brittle transition) fractures.

Quantitative analyses of the fractured segments
and the angles of crack propagation generated in
the direction of the applied load were performed.
Each fragment was sectioned 5 mm from the border
of the fracture, under water-cooling, with a preci-
sion saw (ISOMET 1000, Buehler, Lake Bluff, IL,
USA) using a diamond-coated disc at 200 rpm. Im-
ages of both sides of the fractured specimens were
recorded using a digital color camera (SCC 130A
model, Samsung, Seoul, Korea) at a 40 X magnifica-
tion and analyzed by AutoCAD R14 software (Au-
todesk, Inc., San Rafael, CA, USA). The fractures
were characterized according to the crack propaga-
tion angles from the fracture radius point of origin
to each side of the fractured surface. These measure-
ments were named Angle A and Angle B (Figure 1).
An image of these angles was captured by the same
method as previously described, and the angles were
measured. The fracture morphology and the micro-
structure of all fragments were observed by scan-
ning electron microscopy (LEO 435VP, Carl Zeiss
SMT, Oberkochen, Germany).

Accuracy of fit data were submitted to ANOVA
with multiple comparisons in the time considering a
split plot design. The mean impact strength values



were compared by the ¢ test and data from the frac-
tographic analysis were submitted to the Wilcoxon
Mann-Whitney test for angles, and the ¢ test for ra-
dius comparisons. The significant level was 5%.

Results

Fit accuracy values for both groups (MC and AC)
showed no significant differences. However, consid-
ering the storage time periods of 24 h and 30 days in
water, significant differences were observed between
times, and there was better adaptation after 30 days
(P < 0.05, Table 1).

With regard to impact strength, no signifi-

cant differences were found between the cycles:
MC = 0.23 (0.03) J, and AC = 0.22 (0.03) J (P = 0.47).
Visual inspection revealed that most fractures were

Figure 1 - Angular analysis of 2 fragments of Onda Cryl
after impact test. Angles A and B represent crack propaga-
tion angles from fracture point of origin at the junction of the
2 fragments resulting from the impact test.

Table 1 - Accuracy of fit evaluated by the thickness (um) of
the impression material at each point after 24 h and 30 days
of water storage. Means (SD).

Cycles Point T1 — After 24 hours | T2 — After 30 days
MC R 71.0 (9.2) 59.8 (6.5)P
AC 69.8 (9.2) 58.6 (8.1)°
MC . 76.9 (10.4)° 66.9 (10.5)°
AC 78.7 (10.1)° 69.2 (7.9
MC 65.1 (5.6)° 54.4 (6.1)°
AC ¢ 68.6 (7.5)° 58.0 (9.2)°

Mean values followed by distinct letters differ significantly (p < 0.05).
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brittle. In the MC group 70%, and in the AC group
80% of the specimens showed brittle fractures. SEM
microphotographs showed the same surface pattern
for brittle (Figures 2, A-B) and intermediate (Figures
2, C-D) fractures for both polymerization cycles.

The median values for Angle A, Angle B and the
Radius for brittle fractures were MC = 45.9°, 46.1°,
72.0 um; AC =44.5°, 46.2°, 72.1 um, and for in-
termediate fractures, MC = 58.9°, 57.2°, 71.2 um;
AC=59.5°, 59.8°, 72.1 um. No significant differ-
ences were found between MC and AC in the two
types of fractures (p < 0.05).

Discussion

The adaptation of dentures can be affected by
polymerization cycles or water sorption, resulting in
dimensional changes capable of altering the struc-
tural integrity, developing cracks and predicting
fractures by impact or chewing forces.™* Identifying
the distortions and the origin of stress absorption
in the acrylic resin of the denture base, and its ef-
fects on the microstructure, may contribute to un-
derstanding the material failure’ before any damage
to oral tissues is done.

In the present study, comparisons between po-
lymerization cycles showed no significant differ-
ences for accuracy of fit in the two cycles studied
(Table 1). This result indicated that exclusion of
the pause period did not influence the acrylic resin
polymerization or cause any distortion of the den-
ture base. This result favors the alternative cycle, in
which the constant heating for 6 minutes at 630 W
did not promote any change in the exothermic peak
during the polymerization that could negatively af-
fect fit accuracy. However, as was expected, stor-
ing the denture base resin in water for 30 days in-
creased fit accuracy (p < 0.05) irrespective of the
polymerization cycle used (Table 1). These findings
are in agreement with those of previous studies that
showed that acrylic resin polymerization shrinkage
was compensated by water storage, resulting in bet-
ter fit.>>¢ Cross linking agents, such as ethylene gly-
col dimethacrylate,” and the acrylic resin denture
base thickness'® are also related to the magnitude of
shrinkage during polymerization, thus affecting the
dimensional expansion by water sorption.
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Figure 2 - A and B, SEM of brittle fractures showing plane, compact and organized surface. C and D, SEM of intermediate
fractures showing an irregular and disorganized surface with typical stepped regions.

With regard to impact strength, the results
showed no differences between polymerization cy-
cles and they were close to those described by Faot
et al.” (2006) for acrylic resins processed by micro-
wave energy. The acrylic resins processed by MC
and AC probably present the same inter-chain force
and crosslinked polymeric chain arrangements,
which equally absorb the stress during fracture.

The macroscopic fractographic analysis results
showed similar percentages of brittle fractures
(MC = 70%; AC = 80%) and intermediate fractures
(MC = 30%; AC =20%) for both groups. This re-
sult is in agreement with the surface characteristics
of polymer fractures which, irrespective of the ad-
dition of cross linking agents, do not exhibit exclu-
sively brittle behavior.>'” The brittleness can also be
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explained by the impact tests having been carried
out at a high speed, which may influence the defor-
mation mechanism in acrylic resin, and the crack
initiation and propagation behavior.”!:!$ Therefore,
the advantages of the impact strength test are its
simplicity and allowing the intrinsic properties of
fractured material to be analyzed by determining
the crack propagation angles.>'8

The fractographic analysis of the angles showed
no significant differences for the two polymeriza-
tion cycles. The fracture types, and the angular val-
ues were obtained in accordance with the principles
of fractography in polymers.>!"" In addition, analysis
of the fractured surfaces by scanning electron mi-
croscopy (Figure 2) demonstrated no differences be-
tween the crystallographic plane configurations of



the brittle (Figure 2, A-B) and intermediate fractures
(Figure 2, C-D) in the two polymerization cycles. A
granular microstructure was clearly distinguishable,
demonstrating that the acrylic resin fails exclusively
by transgranular or transcrystalline fracture.®® The
presence of intermediate fractures in brittle materi-
als can be explained by many factors, such as poor
design, faulty processing, unexpectedly severe ser-
vice conditions, or a combination of these.!®

Stress dissipation in the acrylic resins of den-
ture bases can occur as a result of microstructure
problems or alterations originated by the processing
technique, such as alteration of the microwave oven
time and power, for example. Fracture studies are
important, and using a stereoscopic microscope is
an easy and simple technique that allows the crack
propagation plane to be identified. The angles de-
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