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Pictural Dictionary

Pronunciation

Variation

Definition
Awax carver with asharp,rounded end used for carving
convexities in wax.

Abrasion

Pronunciation
Uh-brye-zhun
Variation

Definition

The act wearing away a surface by friction.dental
restorations are often shaped by abrasion natural teeth
wear due to abrasion of the opposing teeth.

Pronunciation
Uh - brayd
Variation

Definition

Pronunciation
Uh- bray-siv
Variation

Definition

A substance used to wear away asurface dental abrasive
vary rfom finishing stone and wheels to ulira fine
polishing compounds.
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for their assistance.

6.
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is satisfactory to be used in the oral cavity. It is notable,
however, when comparing the two polished surfaces that
the polished polyamide is still noticeably rougher (>3
times) than the acrylic aller polishing bul within the
accepled norm for sale use.

Discussion

It is important that the surface roughness of materials
used for dental prostheses are determined before their use
in the mouth. Rougher surfaces can cavse discoloration of
the prosthesis, be a source of discomfort to patients and
it may also contribule 10 microbial colonization and biofilm
formation. Bacterial and [ungal species have more ol a
propensity to adhere to rough denture base materials
{19,27). Previous studies suggest a threshold level of
surface roughness of dental materials used in the oral
cavity of Ra =0.2 im where no further reduction in plaque
accumulation is expected under that level (21,23.27). In
the absence of controlled clinical studies on the surface
roughness threshold for PMMA and polyamide, it was
considered appropriate 10 accept the threshold Ra = 0.2
pm in order to explain the results of this study.

The conventional polishing technique comprising of a
wet cloth wheel and a slurry of pumice followed hy
pelishing with high shine buff produced polished acrylic
and polyamide surfaces which is below the accepted
threshold {Ra = 0.2 pm). It is difficult to make direct
comparisons of Ra values with other studies because of
disparities in the experimental procedures, methodology
used for polishing as well as measuring the surface
ronghness, and differences in the type of PMMA materials
used. The conventional polishing technique and contact
prefilometers to obtain the Ra values have been used by
other investigators and the results of the present study are
approximately comparable and lic within the range reported
(25.28).

Polyamide specimens produced a rongher surface than
PMMA both before and after polishing. The unpolished
polyamide surtace may have been affected by some degree
of disintegration of the mould surface which is heated to
a higher temperatore than with the PMMA and also doe
to the pressure during injection moulding (14). The
difference in Ra valucs of polished surfaces of PMMA and
polyamide were found to be statistically significant. This
may be due 1o the differences in the physical properties
of the materials. Polyamides have been reporied as being
difficult to finish and polish due to their low melting
temperature, and early researchers recommended careful
wax-up and minimal adjustment to the dentures after
processing (13). Fraying at the margins of the polyarnide
speeimens was noticed occasionally during polishing of

wy D Al ¥ 3Tl Ll $157 b g s P A

the samples in this study which may have occurred due to
overheating of the surface and exposure of fibres.
Furthermore the rale of cooling of processed polyamide
affects the surface properlies and it has been mentioned
that very slow cooling produces a strong and relatively stiff
material but alse a rough surtace (14). Maintenance of a
smooth surface of the mould cavity would be beneticial
to improve the surface quality of polyamide where trimming
i3 not required as in clasps. The injection moulding
temperature, pressure and the cooling rate has to be
standardized for optimal qualities of the denture surface.
The propriety nature of the ingredients used in the
polyamide considered in this study makes it diflicult to
comment turther on the intluence of the chemical and
physical properties on the surface roughness after polishing.

Despite the acceptable Ra value of coaventionally
polished polyamide as shown in this study, it is noteworthy
that the polishing of this matenal in clinical practice would
be performed in different conditions. For example, polishing
is not always performed on completely {lat surfaces and
the recommended speed and the pressure of a rolaling
polisher are dithcult to standardize. Therefore, a higher
variability of Ra values may be expected in clinical practice.
Operator variability could alse occur though it was not
investigated in this study. Manufacturer’s recommendations
for polyamide suggest the material can be used as partial
denture framework including clasps, doe to its flexural
properties. In such a circumstance, 4 lathe polishing syslem
may not be able to adequately polish all surfaces of the
clasps, major and minor connectors. Further investigations
with controlled load application, velocity, and duration of
motion and the effect of different interfacial media
(polishing pastes and liquids) are needed to improve the
surface roughness of polyamides. Effects of polishing
with fine diamond impregnated rubber points/cups under
low pressure and the use of lubricants to minimize heat
production during polishing also need 1o be investigated.
From a material aspect the bonding of the polyamide to
the matrix and the particle size itself needs to be considered.
Within the limits of this study, the conventional polishing
technigue used for PMMA provided a polyvamide surface
roughness below the accepted threshold Ra value. However
laboratory and clinical studics are necessary to investigate
whether this is sufficient to prevenl bacterial and {ungal
colonization of the polyamide surface.
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surfaee variations, usually measuring from 10 nmto 1T mm,
The height position of the diamond stylvs is converted to
a digital signal which s stored and displayed. The stylus
tip radius of the machine used was 2.5 gm with a scan length
range ol 0.5 mm. Three 0.5 mm scans were performed on
each study sample atter manually approximating its centre
point. A 2 mm distance separated each reading. The stylus
was set to read at 0.20 mm per second with a force of 0.5
mg over a 100 pm range. The stage of the instrument on
which the specimens were mounted was manuvally tilted
to obtain a level reading. Measurements were caleulated
over the entire lenglh of the scan. Using the 'Least Squares
Fit* method, the zero line was set as a baseline. The
profilometer generated the Ra values for the selected areas
of samples in angstroms which were converted inte ST unit
um. All measurements were carried out by the same
researcher,

Statistical analysis

The data set constituted Ra values of 3 locations cach
on L0 samples [or the polished and unpolished surfaces
ol the two materials. Two-way analysis of variance
{ANOVA) was performed at ¢ < 0.01 to evaluate and
compare the two surfaces of the two materials (Polyamide
and PMMA). Mean Ra values and the standard errors
{SE) around the mean were also calculated. The confidence
limits around the calculated means were derived using the
following expression: Mean £ 1, (s /¥ (N - 1}). The (,, is
t value at a given confidence level (2-1ailed) i.e. (L01: 5 is
standard deviation; and N denoles the number of items.
The data analysis was carried out using SPSS Statistical
Package (Version 18, Chicago, [L, USA).

Results

The individual Ra values when plotted show varialions
within the 3 locations of cach sample and within the 10
samples of each of the (wo malerials before and after
polishing (Fig. 1}.

The two-way ANOVA (Table 1) indicates that the Ra
values varied significantly depending on the denture
materials (Polyamide, PMMA) (P < 0,01 and the surface
treatments (Unpolished and polished) (P < 0.01). There
was no significant interaction between materials and
surfaces. indicating that the effect of onc factor was not

Table | Two-way ANOVA for Ra

Evaluating surface roughness of a polyamide dencture base

material in comparison with poly

dependent on the other. However the surfaces of the
materials before polishing were not significantly different
in terms of Ra (Onc-way ANOVA, F=2235 P =0.14),
varying by 0.12 um on average. The polished surface of
the two malerials did differ signilicanlly (One-way
ANOVA, F=200.362, P < 0.001}.

The average Ra value of PMMA before polishing was
0.995 um = 0.12 (Mean + 5.E.) which was reduced more
than 20 times to .046 ym + 0.007 after polishing. This
level of smoothness is much lower than the aceepted norm
of 0.2 um Ra, and allows it to be used safely within the
mouth and with less chances of bacierial colonization on
the surlace, and discomlort to the patient.

The average Ra value of the unpolished polyamide was
11T pgm £ Q.178, only about 0.12 tm higher than the
unpolished acrylic surface. The average Ra value of the
polyamide samples after being polished with the lathe
was 0.146 ym = 0.018, It is imporfant 1o note that this valuc
is also under the threshold of the accepied norm of .2 pm.
This suggests (hal polyamide when polished with a lathe
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Fig. I Ra values measured from polished and unpolished
surfaces of polyamide and acrylic samples.

Sum of Squares Mean Square F F
Denture malerials 0.352 0.352 7.707 0.006
Surtaces 27.482 27.482 602.001 <0001
[nteraction 0.002 0.002 0.041 (L340
Residual 5.296 116 0.046

www.prodentalmag.com £&

weles ¥ ST gtz g gl Pl €L TN



Evaluating surface roughness of a polyamide dencture base
material in comparison with poly

could engage undercuts of a certain degree with improved
denture retention but with less tooth modifications. It is
also reported as providing overall comfort to patients
(16,17). It is a good alternative for patients who have
sensitivity 1o PMMA monomer. However, due to the low
meliing point of polyamides, operators have found i
difficult 1o provide a salisfactory polish. Wax-up ol the
denture had (o be performed carelully to avoid excessive
trimiming by burs (13). Wel polishing is deemed necessary
und even then on visual inspection the surface gloss appears
less compared to the PMMA counterparts.

The surface propertics of any denture basc material is
of particular concem as studies of denturc base materials
have shown a dircet link between surface roughness, the
accumulation ol plaque and the adherence ol Candida
albicans (18.19). Increased presence of Candida species
are reported in denture related stomatitis (20). A clinically
acceptable threshold level of surface roughness (Ra) of 0.2
tm where no further reduction in plaque accumulation is
expected in prosthetic and dental restorative materials has
been discussed in the literature (21-23). The surface
roughness of dental materials incloding acrylic denture base
materials is influenced by cither mechanical or chemical
polishing techniques. Mechanical polishing using abrasives
is inlended 10 produce wear of the surface in a selective
controlled manner thereby reducing the surface roughness
of the material (24). 1t has been shown that mechanical
methods using pumice and lathe polishing of PMMA
provides an average Ra value below the threshold of 0.2
tm (25). Berger ct al. (26) have also compared several
polishing technigues and concluded that the conventional
polishing technique provides a better PMMA surface even
though the Ra value in this study is much higher than the
threshold. Wel polishing of polyamide has been recom-
mended as necessary by the manufacturer. The present study
investigaled the eflicacy of a standard polishing technigue
on the surlace roughness of a polyamide and compared it
with polished surfaces of PMMA,

Materials and Methods

A polyamide matenial (Flexiplast, Bredent GmbH & Co
KG, Senden, Germany} was tested and compared with
PMMA (Vertex RS, Vertex-Dental BV, Zeist, The
Netherlands). A polyvinylsiloxane (PVS) {Extrude, Kerr
Manulaciuring Co, Romulus, MI, USA) mould was
constructed by making an impression ol two glass
microscope slides glued together embedded 1n a plastic
container. From this. a series of wax samples (Dental
Wax, Lordell Trading Pry Lid. Wetherill Park, New South
Wales, Australia) were fabricated. each measuring 75 x
22 x 4 mm. Ten samples were investad in dental stone
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{Unident Yellowstone, Unident Pty Ltd, Thomas Town,
VIC. Anstralia) and plaster (Dental Plaster, Boral Australia
Gypsum Ltd, Port Mclbourne, YIC, Australia), and
processed in PMMA using a polymerization unit (Kavo
EWI. 5501, Kavo Elektrotechnisches, Leutkirch, Germany)
with a short curing cycle. Another len wax samples were
similarly invested in dental stone and processed in
polyamide following the manufacturer’s instructions. An
injection moulding machine (Polyapress, Bredent GmbH
& Co KG) was used with injection pressure of 720-750
kPa at 220°C and a pre-heating time of 15 min. Any
irrcgularitics and sprucs (in polyamide samples) werc
removed with a tungsten carbide bur (Cross-cut, coarse -
ISO No. 500104237065, Bredent GmbH & Co KG) at
18,000 rpm. All samples were placed and sealed in bags
containing 1) ml water. For each specimen, hall ol the
surface was demarcated to be maintained unpelished as a
control. A PVS protective sleeve was adapted to one half
of each specimen during polishing of the remaining half,
to avoid any unintended surface scratches. One operator
was designated to polish all samples to avoid operator
variability. The conventional polishing technique was used
on both the acrylic and pelvamide samples.

Coenventional pelishing

An abrasive paper (CC768 Silicon Carbide, Deer
Abrasives, Ridgefield, NJ, USA) was used on all specimens
with light manual pressure. A slurry of medium grit pumice
{Italian pumice, Lordell, Wetherill Park, NSW, Australia)
mixed ina 111 ratio of water was used with a 100 mm X
12.5 mm cloth wheel {Stitched Calico, Grobet, Carlstadt,
NI, USA) for 60 s at 3.000 rpm on the plishing lathe. This
was repeated with fine grit pumice. A sccond cloth wheel,
high shine buff was then used with polishing brown wripoli
{Grobet, Carlstadi, NJ, USA)Y for 60 5. Two 1 x 1 cm
samples were prepared from the centre ol each polished
and unpolished surface of PMMA and polyamide with a
culting disc (Laboratory Diamond [Dise, Komel/Gebr.
Brasseler GmbH & Co KG, Lemngo, Germany), All sumples
were stored In 10 ml water in airtight snap-lock bags.
Fach sammple was placed i an ultrasonic bath for five min
and dricd using a high-pressure air hose prior to measuring
surlace roughness.

Measuring surtace roughness (Ra)

The surface roughness (Ra) values were measured using
a profilometer (Stylus Profiler XP-2, Ambios Technology,
Santa Cruz, CA, USA) which can measure small surface
variations by moving a diamond stylus in contact with the
smtace while moving laterally across the sample. The
vertical displacement of the stylus is measured as the
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Evaluating surface roughness of a polyamide denture base
material in comparison with poly (methyl methacrylate)
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Abstract: Polyamide denture base materials are
more flexible than the commonly used poly (methyl
methacrylate) (PVMIMA). However polishability of
polyamides has not been examined adequately. This
study investigated the surface roughness (Ra) and
clinical acceptability of samples of a polyamide denture
base material and PMMA fabricated by injection
moulding and traditional heat processing systems,
respectively, Half of each sample surface was polished
using the conventional technique {lathe with pumice
followed by high shine bufis) and the other half was left
unpolished. A profilometer was vsed to measure Ra
along 3 tracks on each surface before and after
polishing. Two-way ANOVA was used to compare the
two surfaces of the two materials for variations in Ra
values. Polyamide denture hase material when polished
with conventional laboratory technigue became more
than 7 times smoother whereas processed PVIMA when
polished became more than 20 times smoother using
the same polishing technique. However the surface
roughuness of polyamide is well within the accepted
norm of 0.2 ym Ra. Polyamide produoces a clinically
acceptable smoothness after conventional polishing by
lathe. (J Oral Sci 52, 577-581, 2010)

Keywords: polyamide denture base; profilometer;
surface roughness.
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Introduction

Poly (mcthy! mcthacrylate) (PMMA) 1csin has been
widely used as a denture base material due 1o its desirable
properlies of excellent aesthelics, low water sorplion and
solubility, relative lack of toxicity, ability to repair, and
simple processing techniques, Conversely some disad-
vantages have also been described. Hypersensitivity to
PMMA and allergic reactions to residual monomer have
been reported (1-6). Increased proportion of monomer in
the mixture, reduced water storage phase of the polymerized
denture, and chemical curing of PMMA rather than heat
curing have been shown 10 increase the risk ol residual
monomer which may cause cytotoxicity 1n some patients
(5). PMMA has a relatively low impact strength causing
fractures of acrylic based dentures (7,8). A clinical problem
commonly encountered is the inability to choose a suitable
path of insertion of PMMA removable partial dentures
while maintaining closc adaptation to the tissues in the
presence of soft and hard tissue undercuts. Researches have
attempied 1o improve the mechanical properties of PMMA
denture bases by reinforcement with fibres {glass or carbon)
and also by chemical modification (9,10). Development
of alternative materials such as polyamides has also been
reported in the literature. In the past, these polyamides
exhibited specific problems, such as warpage, water
sorption, surface roughness and difficulty in polishing
(11-13). Lack of chemical bonding hetween the base and
the acrylic teeth, and the inability 1o reline and repair the
denture also posed problems for clinicians. Modified
polyamide denture base materials have become available
with improved water sorption levels, and with superior
flexural and impact strengths {14,15). In comparisen with
PMMA, duc to its increased flexibility, polyamide dentures
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Impact Strength of Denture Base and Reline Acrylic
Resins Subjected to Long-Term Water Immersion

situation, in the adverse oral environment conditions,
the materials are also submitted to thermal and loading
stresscs, and these aspects should be considered in
futurc studics. Nevertheless, results demonstrated that
the 1S of the acrylic resing used for the conslruction
and relining denture bases may be affected differently
by water. Results also suggested that adhesion between
the denture base and reline materials at their interface
may be an important factor influencing the resistance
to fracturc of relined denture bascs.

RESUMO

A dgua pode influenciar as propricdades mecdnicas das resinas
acrilicas. Assim, o cfeito do armazenamento cm agua na
resisténcia ao impacto (RI} de uma resina para base de protese
{L.ucitone 530-1.) e quatro materiais reembasadores (Tokuvama
Rebase I1-T; URGel [ard-U; Kooliner-K ; New Truliner-NT) loi
avaliado. Barras da resina L foram confeccionadas (60 x 6 x 2
mm) ¢ reembasadas (2 mm) com T, L, K, NT ¢ L. Amostras nio
reembasadas de cada material também foram confeccionadas
{60 x 6 x 4 mm) para ins comparalivos. As amoslras joram
submetidas aos testes de impacto tipe Charpy sem aethazenamento
{controle) ¢ apos imersdo em agua por 7, 90 ¢ 180 dias. Os
resultados (kJ/m?) analisados por meio de ANOVA dois fatores
¢ teste de Tukey (p=0,05) revelaram que, apds 90 dias, U exibiu
aumento na R1 (0,93} comparado com 7 dias (0,58). K (1,48} e
L/K (7.2 1) exibiram diminuicdo no periodo de 7 dias (1,01 ¢ 3,23,
respectivamente). NT (0,601 apresentou aumento na R1 apés 180
dias (1.32), enquanto LANT (7,70) apresentou redugdo (3.17). A
imersio em dgua melhorou a R de U e N'T e diminuiu a RI de
K, L/K, ¢ L/NT. A dgua pode aletar de maneira diversa a Rl das
resinas acrilicas e, consequentemente, a resisténeia a fratura das
bases de proteses reembasadas.
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Thus, it can be supposed that the decrease inthe 1S of the
material K, after 7 days of storage in water, may have
decreased the strength of the relined 1/K specimens.
Differently from the NT bulk specimens, which showed
significantly higher IS aflter 180 days of immersion in
waler, the L specimens relined using NT exhibited a
significant decrease at the same immersion time. Thus,
the inherent strength of the reline resin N'T alone cannot
explain the results, suggesting that other factors may be
mvolved and should be further investigated.

When bulk specimens of control group were
compared, the IS of the denture base acrylic resin L
was higher than the reline resins, with the exception of
material K. The lower 1S of T and U could be related to
their higher concentration of cross-linking agents. An
increase inthe cross-linking reaction has been reported to
decrease the flowability of polymer, which resulted in a
reduction of'the IS (7). Theretore, it can be supposed that
during the polymerization reaction of T and U materials,
ahighly cross-linked polymer network is formed, which
reduces their IS. The lower IS of NT bulk specimens
could be attributed to the plasticizer contained in the
lguid. In general, at a higher plasticizer concentration
{morc than 15-20%), the materials become softer and
tougher, with lowcr tensile strength, and higher IS (11).
It is likely that the low plasticizer concentration (8%)
¢(8) may have accounted for the low IS of NT. K bulk
specimens showed significantly higher 1S than the other
reline resins evaluated. This could be related to its higher
residual monomer content (9), since an increase in the
residual monomer improves the IS of autopelymetized
acrylic resins (2}

For control group, comparison between bulk
and relined specimens revealed that the IS of the resin
1. was maintained when the relining was made with the
same material. In addition, the specimens relined using
1. showed no significant differences from | day to 180
days of immersion in water. Given that the cracks in
L-L specimens always propagated through the same
material, the energy required for the crack initiation
and propagation was probably similar in the L and L/L
specimens. Another factor that should be considered
is the influence of the interface on a crack penetrating
that interface from one material into the second one
in a bi-matcrial laminatc. For the L/L spccimens, the
chemical similarity between the denture base and reline
materials (15), the time during which the material
remained in the doughy state under pressure (30 min})
and the polvmerization cycle with a terminal beil may
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have coniributed Lo the formalion of an inlerpenetrating
network and a diffuse interface (13). As a result, the
cracks may have propagated inthe /1. relined specimens
as if they propagated inthe L bulk specimens. The results
obtained in the present investigation are comparable to
thosc of Jagger ¢t al. (6}, who [ound that the IS of a heat-
polymerizing acrylic resin (1.62 kJ/m?) did not change
after 6 months of storage in water at 37°C (1.58 kJ/m?),

Results from control and Wiml180d groups
revealed that the 1S of the specimens relined with U was
significantly lower than those of L specimens, cither
intact or rclined with the same material. These findings
could be related 1o the low IS of U. The hond between
this reline resin and L may also have contributed to
these findings. The bonding agent of U is composed
of dichloromethane and 2-hydrexyethy! methacrylate
{HEMA). Dichloromethane improves the reline material
capacity to combine with the denture base swollen
layers (14). HEMA monomer has a selubility parameter
close to that of poly(methyl methacrylate) and a low-
molecular-weight. thus [acilitating its diffusion into the
denture base resin (20). These may have resulted in a
strong bond between U and 1., allowing the cracks to
propagate from the reline resin into the denture base
resin without crack deflection at the interfacc.

Relining with T, NT and K materials promoted
the highest ISs in all groups, and delamination between
the denture base and reline resin was observed for
the majority of the samples. These findings could be
related to the differences in the ability of the bonding
agents to dissolve and penetrate the swollen denture
basc surface. While U bonding agent contains both a
solvent and a monomer, T bonding agent contains only
nonpolymerizable solvents {ethy| acetate and acetone).
For malerial NT, the bonding agent contains methyl
methacrylate (&), which was also used for wetting
the bonding surfaces when K reline resin was used
{18). Hence, it can be supposed that the delamination
between the reline and the denture base resins may have
consumed encrgy during the tests, thus increasing the IS
ol the relined specimens. It should be noted that when
L specimens were relined with T, N'T and K materials,
the standard deviations were high. Hence, although
relining with these materials promoted improved 1S than
relining with the denture base resin 1, the outcomes are
less predictable.

This study has limitations and the results should
be interpreted with caution. Although the specimens
were immersed in water at 37°C to simulate the clinical
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Lo, L/ V¥ 5T/l Jlo Ju;’/uﬂjudﬂ,’,d“w',t%t %{



Impact Strength of Denture Base and Reline Acrylic
Resins Subjected to Long-Term Water Immersion

immersed in water for 90 days (Wim20d) showed
significantly higher (p=0.006) mean values than those
immersed in waler for 7 days (Wim7d). After 180
days of water immersion (Wim180d), N'T specimens
exhibited significantly higher mean values compared
to the other groups (p=0.000). K specimens showed
a significant reduction in the IS after 7 days of water
immersion {(p=0.000), and then remained unaffected.
For matcrials L and T, no significant differences were
tound among all groups.

The results [or the relined specimens showed
that, after 180 days of water immersion, the IS of
L-N'T specimens was significantly lower (p=0.000) in
comparison to the other groups, L-K specimens showed
a significant decrease in the IS from control to 7 davs
of'water immersion (p=0.000). However, no signiticant
difference was found between proups Wim9Qd and
Wim 1 80d, which in turn were not significantly
different from the control group. When L denture base
resin was relined using the same material (1.-1.} or the
autopolymerizing reline resins T and U, there were no
significant differences among the groups.

For control specimens, the ISs of L and K resins
did not dilfer signilicanily, and both were higher
(p=0.000) than those of 'l, U and NT. There was 1o
significantdifference between [ bulk and [.-1.specimens.
L-U specimens showed significantly lower (p=0.000)
mecan IS comparcd to L bulk specimens. The highest
IS values were seen for L-T, L-NT and L-K (p=0.000).

When Wim 180d bulk specimens were compared,
the results can be arranged as L-NT>K=U>T., No
signiticant difference was found between 1. and [.-L.
specimens. L-T and L-K promoted the highest mean 1S
values, which differed significantly from L-NT (p=0.002,
P 0.018, respectively). The lowest IS was found for L-U
specimens (p=0.000).

DISCUSSION

The Charpy tvpe test selected for the present
study have been used by investigators to cvaluate
the IS of denture basc acrylic resins (1,3.4,7). The
work hypothesis that waler storage would not have a
signiticant effect on the 1S of the denture base resin
and the reline materials was rejected in part. For U,
the specimens immersed in water for 90 days showed
significantly highcr IS than those immersed for 7 days.
NT exhibited a significant incrcase in the IS after 180
days ol water immersion. Conversely, K reline resin
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exhibited a significant decrease in the IS after 7 days
of'water immersion and then stabilized. Takahashi et al.
{12) also observed that the effect of waler immersion on
the flexural strength ol denture base and reline resins
varied among materials. They attributed the results to
the fact that the mechanical strength of water-sorbed
acrylic resins depends on the intrinsic strength of the
resin and the amount of water absorbed in the system.
Bccause water molecules are smaller than the interchain
distance in the resins, they can be absorbed into the
material, decreasing the secondary chemical bonding
forces between these chains (19). As a result, the
mechanical properties of the polymer are lowered. The
addition of cross-linking agents decreases the amount
of watcr absorbed by reline resins during scaking (8).
Given that K does not contain cross-linking agent, il
can be supposed that the decrease in the IS afler water
immersion for 7 days may be due to the plastizicing
effect of water, which may be different in each resin,
changing the stiffness of the material. Although NT
is also a non-cross linked reline resin, it contains the
plasticizer di-n-buty| phthalate, which has been shown
to reduce water sorption (8). Plasticizer molecules
can (ill microveids and thereby exclude water uptake
{8). For U, the manufacturer states that this material
contains high percentage of the cross-linking agent
1,6-hexancdiol dimethacrylate, which may have redueced
the water uptake. The increase in the IS of U and NT
observed at the 90-day and 1 80-day immersion periods,
respectively, may be explained by the competing effects
of post-polymerization and residual monomer release of
the materials and gradual water sorption { 10). Itis likely
that the further polymerization and residual monomer
release mechanisms overcame the plasticizing effect ol
the waler uptake.

Water immersion did not significantly affect the IS
of the materials [. and T. Similar results were found for
the specimens relined using L, T and U, These findings
were probably duc te the presence of the cross-linking
agents ethylene glycol dymethacrylaie, 1,9 nonanediol
dimethacrylate and 1.6-hexanediol dymethacrylate in
the liquids of these materials. For the specimens relined
using K, there was a significant decrease in the IS after
7 days of water immersion. The reduction in the IS
obsecrved for K bulk specimens, for the same period of
immersion, may have accounted for this {inding. The IS
ofarelined specimen is a lunction olthe inherent strength
of denture base and reline material and the plasticizing
cffect of' water (12), which may be differentin cachresin,

>>»www.prodentalmag.com



processing were followed of each reline material (Table
1). An acetate sheet and a glass plate were placed over
the reling material, and load (500 kef) was applied until
polymcrization was complete. The edges of the specinicns
were Mnished and the accuracy ol the dimensions (width
and thickness) was checked with a caliper {Mitutoyo Sul
Americana, Suzano, SP, Brazil) at 3 locations ot each
dimension to within 0.03 mm tolerance (7).

To ¢valuate the IS of specimens made following
laboratory reline procedures, [, rectangular bars were
relined with the same material. Inttially, silicone patterns
(60 x 6 x 4 mm) were obtained, placed between 2 glass
slides, annd then flasked 1o create molds for packing the
L-L specimens. The L rectangular bars (2.0 mm) were
then adapted in the lower portion of the stone mold and
the remaining 2.0 mm was filled with L acrylic resin
dough. Processing, Nmishing and venfication of the
accuracy of the specimens were performed as described.

Table 2. Impact sirength mean valucs (kI/m=) and standard deviations of acrylic resins and

groups evaluated,

Impact Strength of Denture Base and Reline Acrylic
Resins Subjected to Long-Term Water Immersion

For comparison purposes, bulk specimens of all
materials were prepared to the thickness of the relined
specimens (4 mm} and tested. The bulk and relined
specimens were then divided into 1 control and 3
test groups. For K, NT, T and U reline resins, control
(C) specimens (bulk and relined) were subjected to
the inpact tests within 30 min after polymerization,
whereas [ control specimens (bulk and relined with
the same material) were stored in distilled waler at 37
1 1°C for 50 L 2 h before the umpact testing {(17). For
the 3 test groups, the impact tests were performed alter
the specimens were immersed in distilled water at 37
+ 1°C for 7 days (Wim7d), 90 days (Wim90d) and 180
days {Wim180d), respectively. For each group, 10to 18
specimens were prepared and tested.

Before testing, specimens were notched with a
notching culler (Notchvis; Ceast, Plancszrza, [taly). The
V-notches were cut into the reline materials, across
the width ol specimens with
0.8 mm depth leaving an
ctfective depth under the 3.2
mm natch (7). The [Ss were
cvaluated hy the Charpy

Matzrials Qironps impact tester {Resil 25R:
¢ Wim7d Wim+0d Wim150d Ceast), with the unnotched
’ 163:004% 15210120 16210.14% 138 026> surface of the specimens
facing the pendulum. The
T 0.67:0.06%  0STLOASM™  D60L024% 042 0.15™ test was performed with 0.5
J pendulum and a 1507 hifting
U 0.72- 0204 05840.10% 0931 008" 075 - (.10t angle. 15, expressed i kj‘fmz’
mT e ) ) e B was calculated as 1S = Egf(h
ba), where e is the corrected
NT 0.60 - 0.16% 0491 0,10  04710.06% 1,521 0,210 energy absorbed by breaking
the test specimen, by is the
K 1.48 L 0.20" 101 20,11 0.91 10,120 1.02 = 0.08¢" remaining thickness at the
notch tip, and h is the specinien
L-L 161 2032 14810444 1541 0.18¢ 1462032 width.
Two-way ANOVA and
(T S83=217¢ 608 =1.04%  S20L2600 507 (240 Tukey Honestly Significant
Difference (HSD)Y post-hoc
LU 065 008 0711023 001 10.19% (.83 (L16M" test, ata 93% confidence level,
were used foranalysis ol data.
L-NT TT0L ]8R 665120017 7a2 L9500 317 L 238 RESULTS
[-K 721 £316%0 333 =263 TAS£2.950k 554 =372 b

Herzontally, identical superseripted lowercase letters denote no signilicant diltferences among
groups (p=0.05), Vertically, identical superscripted uppercuse letters denote no significant

differences among materials (p={.05).

www . prodentalmag.com

&
AN

Lo, L/ V¥ 5T/l Jlo Ju;’/u'/’udﬂ,’;d“w',t%t %{

Table 2 shows the mean
IS values and the standard
deviations for all conditions
evalualed. U specimens
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Impact Strength of Denture Base and Reline Acrylic
Resins Subjected to Long-Term Water Immersion

denture cleansers or water. Aging in water or aqueous
solutions has been reported to decrease the mechanical
properties of the acrylic resins (12}, and the bond strength
between denture base and reline resins (16).

The aim of this study was o evaluate the effect
of long-term water storage on the IS of 1 denture base
acrylic resin relined with 4 hard chair-side reline resins.
The effect of water storage on the 1S of bulk specimens of
the denture base acrylic resin and each autopolymerizing
rcline matcrial was also cvaluated for the purposc of
comparison. The working hypothesis was that water
storage would not have a significant effect on the 15 of
the denture base resin and the reline materials.

MATERIAL AND METHODS

One heat-polymerized denture base acrylic resin
and four autopolymerizing reline resins were selected
for this study (Table 1). Initially, rectangular bars (60 x
6 x 2 mm} from L. material were prepared. The acrylic
resin was proportioned and the mixture in the dough
slage was inserted into the mold in a dental flask and
packed. Molds were prepared by invesling silicone
patterns (ZetaPlus putty; Zhermack, Badia Polesine,
Rovigo, Italy), placed between 2 glass slides, in type
IV stone (Troquel Quatro; Polidental Manufacturing
and Trade Ltd., 830 Paulo, 8P, Brazil). The denture
base acrylic resin was polymerized in a thermostatically
controlled water bath (Termotran P-100; Termotron,

Table 1. Materials used in this study.

Piracicaba, SP, Brazil) according to the manufacturer’s
recommendations (Table 1). After pelymerization, the
flasks were bench cooled at room temperature for 30 min
and then placed for 15 min under running water belore
opening, following the manufacturer’s instructions.
Thereafter, the L rectangular bars were removed from
the flasks, the edges were finished with 400-grit silicon
carbidec paper, and the accuracy of the dimensions was
verified at 3 locations for cach dimension. A tolerance
of + 0.03 mm was accepted. The L rectangular bars
were stored in distilled water at 37 + 1°C for 50 + 2 h
before relining (17). After water storage, the denture
base resin surfaces to be bended with the reline materials
were ground wet in an automatic grinding machine
(Mectaservy 2000 model 95-2829; Buchler UK Lid,,
Coventry, England) using silicon carbide paper (240-
grit) {7,16). The surfaces were brushed with liquid
detergent for 20 s, rinsed with distilled water, and dried
with absorbent paper. Before the [, rectangular bars are
relined with the autopolymerizing materials NT, T and
U, the bond surfaces were treated with the bonding
agents recommended by the manufacturers, whereas
for the reline resin K, methyl methacrylate monomer
was applied for 180 5 (18).

The relined specimens were fabricated using a
stainlcss steel mold with a cavity of 60 x 6 x 4 mm.
The L rectangular bars were placed into the cavity and
the reline resins were inserted to fill the remainder of
the mold. Manufacturers® instructions for mixing and

Composition Powder/Liquid Polymerization

Material Code  Baich# Manufacturers .
Powder Ligui ~ Tatio (&/mL) cycles
. GC America Inc, 10 min al
Kooliner K 0508187 meried e PEMA  IBMA 2.1/1.0 min & reom
Alsip, IL, USA temperature
s - . The Bosworth Co., . IBMA 20 min at room
New Truliner N1 0310528 Skokie, IL., USA PEMA DBP 1.34/1.0 {emperature
Tokuyama . Tokuyama Dental Corp., . AAE 5.5 min at room
M T Fb414 " PEMA Al
Rebase 11 Ur64143 Tokyuo, Japan ND 2411.0 temperature
7 min at
UfiGel Hard U 631742 Voco, Cuxhaven, Germany PEMA  HDMA  2.12/12 in 8 FoO
lemperature
. P-303758  Dentsply Ind. ¢ Com. Lida., MMA S0 min at 73°C;
/
Lueiione 350 L Loy Petropolis, RJ, Brazil ~ LVMA ppoma 2110 30 min at 100°C

PEMA  poly(ethyl methacrylate); PMMA  poly(methyl methacrylate); IBMA  isobuty] methacrylate; DBP  di-n-butyl phthalale;
AAT = 2-(acctoacetoxy ) cthyl methacrylate; ND = 1 9-nonanediol dimethacry late; FIDMA= 1 6-hexanediol dimethacrylate; MMA =

methyl methacrylate; EDGMA = ethylene glvcol dimethacrylate.
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Impact Strength of Denture Base and Reline Acrylic
Resins Subjected to Long-Term Water Immersion

Amanda Fucci WADY
Ana Lucia MACHADO
Carlos Eduardo VERGANI
Ana Claudia PAVARINA
Eunice Teresinha GIAMPAQOLO

Department of Dentql Materials and Prosthedontics, Araraquara Dental School,
UNESP - Univ. Estadual Paulista, Araraguara, SP Bracil

Water may influence the mechanical properties of the acrylic resins. Thus, the effect of water storage on the impact strength (15) of one
denture basc {Lucitone 350 - L) and four reline resins (Tokuyama Rebasc 1] - 1; UfiGel Hard - U; Kooliner - K; New Truliner - NT)
was cvaluated. Bars of L were made (60 x 6 x 2 mm) and relined {2 mm) with T, U, K, NT and L. Intact spcecimens of cach material (60
X 6 x 4 mm) were also fabricated for comparative purposes. Specimens were submitted to Charpy impact tests without water storage
{control} and after immersion in water for 7, 90 and 180 days. Data (kJ/m?) analyzed by two-way ANOVA and Tukey’s test (p=0.03)
rcvealed that aficr 90 days, U cxhibited an increase in the IS (0.93) comparced to 7 days (0.58). K {1.48) and L/K (7.21} exhibitcd a
decrcase at the 7-day period (1.01 and 3.23, respectively), WT (0.60) showed an increase in the IS after 180 days (i.52), whereas L/
NT (7.70) showed a decrease (3.17). Water immersion improved the IS of U and NT, and decreased the IS of K, L/K, and L/NT. Water

Article

may alfect diflerently (he 1S of acrylic resins and, consequently, the resisiance 1o [racture of relined denture bases.

Key Words: acrylic resing, relining, removable dentures, impact strength, water immersion,

INTRODUCTION

A frequent problem that accurs with removable
dentures is fracture, which may be due to accidental
dropping, repeated masticatory forces, and areas of
stress concentrations around frenal notches (1). Forthis
reason, the impact strength (IS) of polymers used for
the production of denture bases has been investigated
(2-3), with focus on the incorporation of different
types of reinforecments (1,6). Adequate IS of the hard
chairside reline resins, which have been often used
to improve the retention and stability of removable
prostheses, is also important (7). Both powder and
liquid composition of reline resins differ considerably
from that of the poly(methyl methacrylate)/methy]
methacrylate acrylic resins (8). In addition, the residual
monomer content in some autopolymerizing reline
resins is higher than in heat-polymerizing denture base
acrylic resins (9). Variations in composition and residual
monomer levels influence the mechanical properties

of polymers (8,10,11), and lower flexural strength
of autopelymerizing reline resins, compared to heat-
polymerized acrylic resins, has been reported (8). The
IS of reline resins may also be affected by these factors.

The relined denture base is composed of two
different materials with an interface between them. In
this situation, the strength of relined specimens depends
on the bulk strength of both the denture base and reline
materials (12). The degree of interfacial adhesion
also plays a role (7). The chemical composition of the
bonding agents and relining materials affect the depth
of the swollen layers (13) of the denture base polymers
and the strength of adhesion (14,13). A weak bond may
result in adhesive failures at the interface between the
two materials under relatively low stresses, Hence, the
IS of the reline resins and their ability to bond to the
denture basc reging may influence the impact strength
of the relined dentures (7).

Also important is the fact that during clinical use
the polymers are either immersed in saliva or soaked in

Correspendence; Profa, Dra. Ana Lucia Machado, Departamento de Materiais Odontologicos € Prétese, Faculdade de Odontelogia de Araraquara,
UNESP, Rua Humaiia, 1680, 14801-903 Araraquara, SP, Brasil. Tel: +55-16-3301-6410. Fax: +55-16-3301-6406. e-mail: cucci@loar.unesp.br
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