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ABSTRACT

Although different commercial brands of artificial teeth are
available in the market, debonding from the denture base is
still an issue when rehabilitating edentulous patients with con-
ventional or implant-supported complete dentures. The
purpose of this study was to investigate the effect of surface
treatments on the bond strength of four artificial teeth brands
to a denture base material polymerized by microwave energy.
Forty anterior artificial teeth of each brand (Biolux®, Trilux®,
Biotone IPN®, and Vipi Dent Plus®) were bonded to denture
base material (VipiWave®). Before processing, groups of ten
specimens of each brand received surface treatment: control,
monomer application (MA), air abrasion (AA4) or diatoric cav-
ity (DC). After processing, a blinded examiner conducted the
bond test by applying load to the specimens (0.5 mm/min, to

45°). Data were analyzed by one-way ANOVA followed by
Tukey s test (0=0.05). Biolux® teeth have stronger bonding to

denture base than Trilux® (p<0.05) in control group; higher
bond values than Biotone IPN® (p<0.05) in MA group; and
higher bond strength than Vipi Dent Plus® and Trilux® (p<0.01)

in DC group; AA had no differential effect for any of the brands.

With regard to the effect of the surface treatments on bond
strength within groups of commercial brand, statistical analy-
sis revealed no difference among them. According to results in

general, Biolux® teeth had the strongest bonding to the denture
base material polymerized by microwave energy. Results may
assist dentists in selecting denture teeth from the standpoint of
shear bond strength.
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INFLUENCIA DO TRATAMENTO DE SUPERFICIE EM DENTES ARTIFICIAIS NA RESISTENCIA
DE UNIAO EM BASES DE PROTESES TOTAIS CONFECCIONADAS EM RESINAS
ACRILICAS TERMOPOLIMERIZAVEIS POR ENERGIA DE MICROONDAS

RESUMO

Diferentes marcas comerciais e tipos de dentes artificiais estdo dis-
poniveis no mercado, entretanto o descolamento do dente artificial
a base da protese ainda é um problema em reabilitacoes com pro-
teses totais convencionais e implanto-suportada. O objetivo deste
estudo foi verificar o efeito de diferentes tratamentos de superficie
em quatro marcas de dentes artificiais e sua influéncia na resistén-
cia de unido a base de protese confeccionada em resina acrilica
termopolimerizavel por energia de microondas. Foram utilizados
quarenta dentes artificiais anteriores de quatro marcas comerciais
(Biolux®, Trilux®, Biotone IPN® e Vipi Dent Plus®) distribuidos
aleatoriamente em 4 grupos (n=10) de acordo com o tratamento
de superficie utilizado: controle (sem tratamento), aplicagdo de
monomero (MA), abrasdo a ar (AA) ou cavidade com broca (DC).
Apos os tratamentos de superficie as amostras receberam procedi-
mentos de inclusdo e polimerizagdo usualmente utilizados para
resinas acrilicas ativadas por energia de microondas (VipiWave®).

INTRODUCTION

Although complete dentures cannot be considered a
substitute for natural teeth, they have been, and
remain, the staple treatment for edentulous patients,’
and the use of complete dentures by edentulous

Apos o processamento, foi realizado o ensaio de resisténcia de
unido (microcisalhamento), em equipamentos para ensaios uni-
versais. Os resultados foram analisados estatisticamente (ANOVA
e Tukey, 0=0,05). Os resultados evidenciaram que os dentes Bio-
lux ® apresentam forte resisténcia de unido a base da protese de
Trilux® (p <0,05) no grupo controle; no grupo MA o maiores valo-
res foi da marca Biotone IPN® (p <0,05); no grupo DC a maior
resisténcia de unido foram das marcas Vipi Dent Plus® e Trilux® (p
<0,01); O grupo AA ndo apresentou influencia para nenhuma
marca de dente avaliada. Com base nos resultados obtidos, é pos-
sivel concluir que ndo houve diferenga estatistica nos valores de
resisténcia de unido nas marcas avaliadas e que os tratamentos de
superficie utilizados ndo aumentaram os valores de unido para as
marcas comerciais utilizadas.

Palavras-chave: Dente artificial, Resina acrilica, Proprieda-
des de superficie.

patients is projected to increase over the next two
decades because of an increase in life expectan-
cy?. When conventional treatment is inadequate,
mandibular two-implant overdentures offer a pos-
itive alternative’.
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Nonetheless, although these edentulous patients can
be effectively rehabilitated with either convention-
al complete dentures or implant-supported com-
plete dentures, debonding of acrylic teeth from the
denture base, usually anterior teeth, continues to be
a problem®.

This detachment accounts for approximately 33% of
complete dentures failures, and failure of acrylic den-
ture tooth adherence has also been reported in implant-
supported dentures’. Consequently, in the future,
dentists will continue to face such situations frequent-
ly in their clinical practice, for both conventional- and
implant-supported complete denture wearers.

Most attempts to improve the bond strength of den-
ture teeth to the acrylic resin denture base involve
chemical treatment or mechanical modification on
the ridge lap surface of the denture tooth. Conflict-
ing results have been reported with the use of
monomer, air abrasion and the placement of a dia-
toric cavity.® Such contradictory results may be due
to differences not only in methodology used and
composition of the denture base acrylic resin, but
also to differences inherent to manufacturing of the
artificial teeth,’ i.e., different commercial brands.
If these features were carefully evaluated, complete
denture wearers would benefit by avoiding the need
for repeated repairs or corrections of their dentures.
Based on the fact that polymerization of acrylic
resin using microwave energy is a cleaner and time-
saving method? that has so far been shown to pre-
serve the physical properties of conventional
denture base resins,’ the aim of this study was to
investigate the effect of different surface treatments
on the shear bond strength of four acrylic resin arti-

Table 1: Artificial teeth used in this study.

Denture Teeth  Composition and Manufacturer
Arrangement
Biolux® PMMA, EDMA, (CL) Vipi Ind Com Ltd,
Pirassununga, Sao Paulo,
Brazil
Biotone IPN® PMMA, (IPN) Dentsply Ind e Com Ltd
Trilux® PMMA, EDMA, (DCL) Ruthibras Imp Exp Com de

Mater Odontol Ltd,
Pirassununga, Sao Paulo,
Brazil

Vipi Dent Plus® PMMA, EDMA, (CL) Vipi Ind Com Ltd
PMMA, polymethyl methacrylate; EDMA, dimethacrylate of polymerized
ethylene glycol; CL, cross-link; IPN, interpenetrating polymer networks;
DCL, double cross-link

ficial teeth brands in complete dentures polymer-
ized by microwave energy. The null hypothesis was
that neither the surface treatments nor the different
brands of artificial teeth would alter the shear bond
strength between the acrylic resin polymerized by
microwave energy and the artificial teeth.

MATERIAL AND METHODS

Sample preparation

Four different brands of artificial teeth were evaluat-
ed (Table 1). For each brand, 40 left lateral incisors
were prepared according to the method previously
described by Cunningham & Benington'?.

Patterns were produced using one artificial tooth
from each brand (Fig. 1a), each bonded to a brass
collar containing a Smm diameter reamed hole. A
pre-formed brass tensile specimen was inserted into
the tooth-collar assembly (Fig. 1b) and the whole
set had one half sequentially invested in heavy body
polyvinylsiloxane elastomeric impression material
in a self-cured acrylic resin tray. Four trays, one for
each of the artificial teeth brands tested, were invest-
ed in type III stone in the polyvinylchloride flask
(PVC-F) base, so that their top surfaces were flush
with the stone surface. The upper part of the PVC-F
was adapted, filled with type III stone, and taken to
a hydraulic press until the stone set (Fig. 1c¢).

After that, the PVC-F was opened, patterns were
removed and four new artificial teeth, one of each
brand, were randomly selected and placed in the
sockets of the rubber moulds. All four artificial teeth
received one of the four surface treatments: control,
in which artificial teeth were left untreated;
monomer application (MA), where a drop of acrylic
resin monomer was applied with small brush on the
tooth surfaces; air abrasion (AA) with aluminum
oxide with 4.9 kgf/cm? air pressure at 1 cm distance
for 10 seconds!!; and diatoric cavity (DC), which
was prepared before placing teeth in the rubber
moulds, by placing them previously in a custom
support made of polyvinylsiloxane putty material
attached to a milling machine (1000N, Bio-Art, Sao
Carlos, SP, Brazil) loaded with a #8 round bur (KG
Sorensen), in order to provide cavities of standard-
ized size (2 mm depth X 2.3 mm diameter) and posi-
tion. All surface treatment groups contained ten
artificial teeth from each brand.

Heat-cured acrylic resin (Vipi Wave, Dental Vipi,
Pirassununga, SP, Brazil) was prepared following the
manufacturer’s instructions and packed into the cylin-
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Fig. 1: Schematic representation of sample preparation. a) artificial tooth; b) inserted in an elastomer; c) invested in type IlI stone

in the polyvinylchloride flask (PVC-F) base.

drical cavities of the mould. PVC-F was closed, placed
in the hydraulic press (0.5 ton) for 5 minutes, and re-
opened in order to remove excess material. PVC-F
was finally closed, and after pressing with 1.25 ton in
hydraulic press for 15 minutes, it was screwed togeth-
er and taken to the microwave oven (AW-42, BSH
Continental Ltd, Sao Paulo, SP, Brazil) for polymer-
ization according to the manufacturer’s instructions.
After flask cooling at room temperature, the speci-
mens were deflasked and finished with sandpaper
discs. Any inaccuracy in denture base material near
the teeth was removed with sandpaper discs.

Bond strength test and statistical analysis

To measure bond strength between artificial teeth and
the denture base material, a blinded examiner fixed
the specimens to a 45° angled metal split support,
attached to the test machine (Instron 4444; Instron
Corp., Canton, MA, USA). Load was applied on the
incisal line by means of a cylindrical pin with a
crosshead speed of 0.5 mm/min, until fracture. The
recorded ultimate failure load in Newtons (N) was
converted into kgf. Data were analyzed by one-way
ANOVA followed by Tukey’s test (0=0.05).

RESULTS

When no surface treatment was applied on the arti-
ficial teeth (control group), Biolux® had higher
bond strength values than Trilux® (p<0.05), while
Biotone IPN® and Vipi Dent Plus® were not statisti-
cally different from either Biolux® or Biotone IPN®.
Application of monomer (MA group) on the ridge
lap area of the Biolux® teeth resulted in stronger
artificial teeth-acrylic resin base bonding than in
Biotone IPN® (p<0.05), and Vipi Dent Plus ® and
Trilux® artificial teeth did not differ from either of
them. With regard to artificial teeth that received
air abrasion (44 group), there was no significant
difference among the four brands. Finally, the
placement of a diatoric cavity on the cervical base
of the artificial teeth (DC group) revealed that bond
strength of Biolux® teeth is higher than that of arti-
ficial teeth of both Vipi Dent Plus® and Trilux®
(p<0.01); Biotone IPN® values were not statistical-
ly different for any of the three brands (Table 2).

In an attempt to identify which of the surface treat-
ments would result in stronger artificial teeth-
acrylic resin base bonding for each brand, shear
bond strength values within commercial brand

Table 2: Shear bond strength mean values (kgf) and (standard deviations-SD) of artificial teeth submitted to
different surface treatments.

Brands Control MA

Biolux® 33,84 (8,13) a*A 33,60 (8,15) a*A
Trilux® 23,46 (8,84) b*A 22,48 (9,87) abA
Biotone IPN® 25,53 (6,55) abA 22,03 (9,45) b*A

Vipi Dent Plus®

Vertically, identical lowercaseletters denote no significant differences among groups. Horizontally, identical uppercase letters denote no significant

24,85 (5,95) abA

27,36 (9,48) abA

differences among surface treatment groups. *p<0.05; Tp<0.01; (ANOVA and Tukey test)

AA
30,48 (11,92) aA
22,84 (9,64) aA
20,87 (9,61) aA
23,63 (6,12) aA

DC
34,95 (6,73) atA
23,46 (8,84) biA
23,74 (5,07) bA
26,58 (8,36) a'A
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groups was also tested, and revealed no statistically
significant difference for any of the brands. Even
when all shear bond strength values of each surface
treatment were grouped, regardless of commercial
brand, no surface treatment proved to be statistical-
ly better than any other (data not shown).

DISCUSSION

Given the demographic data on population ageing,
the need to rehabilitate edentulous patients will
remain considerable for many more decades. Thus,
providing patients with complete dentures, whether
conventional or implant-supported, will continue to
be an important prosthodontic task!.
Commercially, vast numbers of artificial teeth are
available for prosthesis construction. However, there
is little or no mention of bond strength of acrylic teeth
to denture base resin by the manufacturers and stud-
ies evaluating the shear bond strength of different
brands of artificial teeth attached to a microwave-
polymerized denture base material are rare>'2.

To the best of our knowledge, this is the first study
investigating the effect of different surface treat-
ments on shear bond strength of the commercial
brands Biolux®, Trilux®, Biotone IPN® and Vipi Dent
Plus® to an acrylic resin denture base material poly-
merized by microwave energy. Here we have found
that, except when the pre-processing treatment was
air abrasion with aluminum oxide particles, Biolux®
teeth have stronger bonding to the acrylic resin base,
whereas the surface treatments applied in this study
had no effect on the shear bond strength of any of the
brands of artificial teeth tested.

In order to explain the higher bonding values of
Biolux® teeth, the chemical composition of the
acrylic resins must considered. Resin denture teeth
are primarily composed of PMMA and have been
increasingly modified to improve their physical
properties by using cross-link agents, different
monomers and the addition of fillers'. Cross-link-
ing agents are generally used to improve strength
and crazing resistance, whilst lower bond strength
values have been found than in conventional acrylic
resin teeth, therefore, the ridge lap portion of the
teeth is expected to be the least cross-linked, so as
to facilitate bonding to the denture base resin'“.
Interpenetrating polymer network (IPN) resins,
formed when a polymer network is crossed inside
another network occupied by a second polymer, is
a more recent resin modification aiming to produce

denture teeth with better mechanical and physical
properties’,

Furthermore, the bonding of artificial tooth resin to
denture base acrylic resin has been related to the
ability of monomer to diffuse into the tooth resin,
observed by the presence of swelling. The degree
of swelling is related to the degree of cross-linking
of a polymer. If a polymer is highly cross-linked, it
has difficulty swelling in organic solvent!®,
Therefore, it is reasonable to understand that less
cross-linked artificial teeth (Biolux®) have stronger
bonding to the acrylic resin denture base than high-
ly cross-linked teeth (Trilux® and Biotone IPN®). It
is worth mentioning that Vipi Dent Plus®, which
also has a lower degree of cross-linking agents, did
not differ from Biolux®, regardless of the pre-pro-
cessing surface treatment. Our results match those
of previous studies, which also found that the more
cross-link, the lower the bond strength between arti-
ficial teeth and the denture base'>!".

Although incorporation of cross-linking agents to
the PMMA matrix of artificial teeth is advisable in
order to improve properties such as wear resist-
ance'>!® hardness'® and flexural strength!®, which
help increase prostheses longevity, bonding strength
is significantly affected by the highly condensed
matrix obtained, due to hampered diffusion of
monomer through the artificial tooth/denture base
resin interface'?.

With regard to the pre-processing surface treatments
tested, the null hypothesis was accepted, meaning
that none of them altered the shear bond strength
between the artificial teeth and the acrylic resin den-
ture base polymerized by microwave energy.
Application of monomer before packing the resin
has been found to increase bond strength in a num-
ber of studies,®2%-22 Although our results do not
agree with these findings, it can be pointed that the
lack of standardization of the waiting time before
packing the resin in the groups that were submitted
to monomer application is the strongest limitation
of our study and is possibly responsible for this
finding. A recent study has demonstrated that, in
general, 60 seconds of monomer treatment resulted
in higher bond strength than the 180-second treat-
ment, probably due to higher monomer evaporation
in the latter group, so that less MMA was available
to react with the denture base resin.® Therefore, our
lack of time-before-packing control can be consid-
ered to have affected the results.
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Air abrasion is supposed to increase shear bond
strength either by augmenting free surface energy of
the newly abraded resin surface or by causing severe
irregularities and undercuts in the ridge lap surface
area, improving micromechanical retention.> Our
results agree with others that did not find air abrasion
with aluminum oxide particles to improve bond
strength?!23-25 and we propose that elevated free sur-
face energy and the presence of micromechanical
irregularities may difficult wettability of the ridge lap
surface area, hampering adequate polymerization in
the artificial teeth/acrylic resin denture base interface.
Placement of a diatoric cavity in the cervical base
of artificial teeth is another ridge lap modification
that has been proposed, but we did not find it to
improve shear bond strength. A recent study using
a scanning electron microscope has found acrylic
resin surface to be rough inside the cavity and the
worst bond strength values in this group.?® Presum-
ably, wettability of the ridge lap surface is also
impaired by the presence of the diatoric cavity,
especially if we consider the sharpness of the cavi-

ACKNOWLEDGMENT
The authors acknowledge Dental Vipi, Pirassununga, SP,
Brazil, for providing the artificial teeth used in this experiment.

REFERENCES

1. Carlsson GE, Omar R. The future of complete dentures in
oral rehabilitation. A critical review. J Oral Rehabil 2010;37:
143-156.

2. Kimoto S, Yamamoto S, Shinomiya M, Kawai Y. Random-
ized controlled trial to investigate how acrylic-based resilient
liner affects on masticatory ability of complete denture wear-
ers. J Oral Rehabil 2010;37:553-559.

3. Assungdo WG, Bardo VA, Delben JA, Gomes EA, Tabata
LF. A comparison of patient satisfaction between treatment
with conventional complete dentures and overdentures in
the elderly: a literature review. Gerodontology 2010;27:
154-162.

4. Cunningham JL. Shear bond strength of resin teeth to heat-
cured and light-cured denture base resin. J Oral Rehabil 2000;
27:312-316.

5. Chung KH, Chung CY, Chung CY, Chan DC. Effect of pre-
processing surface treatments of acrylic teeth on bonding to
the denture base. J Oral Rehabil 2008;35:268-275.

6. Barbosa DB, Monteiro DR, Bardo VA, Pero AC, Compagnoni
MA. Effect of monomer treatment and polymerisation meth-
ods on the bond strength of resin teeth to denture base
material. Gerodontology 2009;26:225-231.

ty borders, which can help explain why this modifi-
cation does not improve shear bond strength.
Although there are conflicting results in the matter
of the effect of different surface treatments on the
shear bond strength, they can be attributed to the
large variety of experimental designs, measuring
instruments and bond-testing methods used in the
investigations.

Still, manufacturers frequently launch denture teeth
made of new materials on the market, which are
advertised as products with improved mechanical
properties. The results of our study may assist den-
tists in selecting PMMA denture teeth from the
standpoint of shear bond strength.

CONCLUSION

Within its limitations, this in vitro study permits to
conclude that there was no difference in shear bond
strength values of the brands evaluated and pre-pro-
cessing treatment used, there is no improvement of
the bond strength within groups of commercial
brands involved.

CORRESPONDENCE

Lais Regiane da Silva Concilio

Rua: Expedicionario Ernesto Pereira, 110
12020 270, Taubaté, SP, Brazil

email: regianel @yahoo.com

7. Patil SB, Naveen BH, Patil NP. Bonding acrylic teeth to
acrylic resin denture bases: a review. Gerodontology 2006;
23:131-139.

8. Oliveira VM, Leon BL, Del Bel Cury AA, Consani S. Influ-
ence of number and position of flasks in the monomer
release, Knoop hardness and porosity of a microwave-cured
acrylic resin. J Oral Rehabil 2003;30:1104-1108.

9. De Clerck JP. Microwave polymerization of acrylic resins
used in dental prostheses. J Prosthet Dent 1987;57:650-658.

10. Cunningham JL, Benington IC. A new technique for determin-
ing the denture tooth bond. J Oral Rehabil 1996;23:202-209.

11. Saavedra G, Valandro LF, Leite FP, Amaral R, Ozcan M,
Bottino MA, Kimpara ET.. Bond strength of acrylic teeth
to denture base resin after various surface conditioning
methods before and after thermocycling. Int J Prosthodont
2007;20:199-201.

12. Marra J, de Souza RF, Barbosa DB, Pero AC, Compagnoni
MA. Evaluation of the bond strength of denture base resins
to acrylic resin teeth effect of thermocycling. J Prostho-
dont 2009;18:438-443.

13. Takahashi Y, Chai J, Takahashi T, Habu T. Bond strength of
denture teeth to denture base resins. Int J Prosthodont
2000;13:59-65.

Vol. 26 N2 1 /2013 / 37-42

ISSN 0326-4815

Acta Odontol. Latinoam. 2013



42

C. B. Meloto, et al.

14.

15.

16.

17.

18.

19.

Loyaga-Rendon PG, Takahashi H, Hayakawa I, Iwasaki N.
Compositional characteristics and hardness of acrylic and
composite resin artificial teeth. J Prosthet Dent 2007;98:
141-149.

Reis KR, Bonfante G, Pegoraro LF, Conti PC, Oliveira PC,
Kaizer OB. In vitro wear resistance of three types of polymethyl
methacrylate denture teeth. J Appl Oral Sci; 200816: 176-180.
Vallittu PK, Ruyter IE, Nat R. The swelling phenomenon
of acrylic resin polymer teeth at the interface with denture
base polymers. J Prosthet Dent 1997;78:194-199.

Suzuki S, Sakoh M, Shiba A. Adhesive bonding of denture
base resins to plastic denture teeth. J Biomed Mater Res
1990;24:1091-1103.

Assuncao WG, Gomes EA, Barao VA, Barbosa DB, Del-
ben JA, Tabata LF. Effect of storage in artificial saliva and
thermal cycling on Knoop hardness of resin denture teeth.
J Prosthodont Res 2010;54:123-127.

Vuorinen AM, Dyer SR, Lassila LV, Vallittu PK. Effect of
rigid rod polymer filler on mechanical properties of poly-
methyl methacrylate denture base material. Dent Mater
2008;24:708-713.

20.

21.

22.

23.

24.

25.

26.

Yanikoglu DN, Duymus DZ, Bayindir DF. Comparative
bond strengths of autopolymerising denture resin and light
cured composite resin to denture teeth. Int Dent J 2002;
52:20-24.

Barpal D, Curtis DA, Finzen F, Perry J, Gansky SA. Fail-
ure load of acrylic resin denture teeth bonded to high impact
acrylic resins. J Prosthet Dent 1998;80:666-671.
Papazoglou E, Vasilas Al. Shear bond strengths for com-
posite and autopolymerized acrylic resins bonded to acrylic
resin denture teeth. J Prosthet Dent 1999;82:573-578.
Huggett R, John G, Jagger RG, Bates JF. Strength of the
acrylic denture base tooth bond. Br Dent J 1982;153:187-90.
Vallittu PK. Bonding of resin teeth to the polymethyl
methacrylate denture base material. Acta Odontol Scand
1995;53:99-104.

Cunningham JL, Benington IC. An investigation of the
variables which may affect the bond between plastic teeth
and denture base resin. J Dent 1999;27:129-135.
Bragaglia LE, Prates LH, Calvo MC. The role of surface
treatments on the bond between acrylic denture base and
teeth. Braz Dent J 2009;20:156-161.

Acta Odontol. Latinoam. 2013

ISSN 0326-4815

Vol. 26 N2 1 /2013 / 37-42



