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ABSTRACT

The aim of this study was to compare the bond
strength of acrylic resin teeth treated in various ways to
heat-cured acrylic base resin material. A total of &4
cylindrical wax specunens with 20mm i length and Soum
in digmeter were produced and they were reduced to 7 mm
diameter in order that a buti-joint existed at the interface of
acrylic denture base resin and arulicial wooth, Sixty-four
acrvlic resin artificial (eeth were inserted into the center of
these cylindrical wax specimens as lheir incisal edges
parallel to the floor and their lorg axis vertical to the floor.
Specimens were then divided randomly into 4 groups
containing ¢qual number of specimens. Subsequendy, all
sarmples were flasked, The ridge lap surfaces of acrylic
teeth were painted with the methyl methacrylate monomer
(MMAY in Group 2, with a bonding agent in Group 3, and
hoth with MMA and bonding agen: in Group 4 before
packing the acrylic base resin material. In Group 1, no
surface treatment was applied and this group was used as
the contral group., One zample from each group was
exeluded o inspect the interface between the acrylic base
material and acrylic tooth interface under Scanning
Electron  Microscope.
compressively loaded under 135° angle and 1.5 mm/min
crosshead speed until failure. The data obtained were
analyzed slatistucally using one way ANOVA test. ANGVA
reveals staristically significant differences belween the
groups (P«<0.000), Post-Hoc mulliple comparisons were
made with Tukey's test. Tukey's multiple compansons

reveal a significant inerease in zerylic tooth bond strength

Remaining  specimens were

in comparison with the control group. U is recommended
that different surface treatments on the tidge lap surfaces of
acrylic teeth before packing acrylic base material were
found helpful to maintain a relizble hond hetween the
acrylic tecth and the acrylic resin base material.
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FARKLI YUZEY ISLEMLERININ AKRILIK YAPAY
DISLERIN AKRILIK REZIN KAIDE
MATERYALINE BAGLANMA DAYANIMI
UZERINE ETKISININ DENEYSEL OLARAK
INCELENMESI

OZET

Bu galigmamn amac, gesith vizey islemleri vygu-
lanmiy aksilik rezin dislerin 1s1 ile polimerize olan akrilik
rezin kaide materyaling baglanma davanuming degerlen-
dirmcktir. Bu amagla; Ymm gapmda ve 20mm boyunda &4
adet silindirik mum omek haodanmg ve akrilik kaide
rezim ile dig yizevinin devamlilik saglayacak gekilde birle-
simini saglamak igin dmek ¢apn 7imm” ye digirilmuostiic.
Ornekler, rastlantiszl yolla her bin egit sayida émek igeren
4 pruba ayrilmistir (n=16). Daha sonra &mekler mullalan-
migtit. Aknlik rezin  diglerin baglanma ylzeyleri Grup 27
de metilmetakriiat (MMA) monomen ile, Grap 3° te bagla-
vicl ajan ile ve Grup 4' t¢ MMA ve baglayier ajan ile
aknlik tepme isleminden drce iglemlenmigtic. Grup 17 deikl
omeklere highir uygulama yapilmamighr ve bunlar kontrol
olarak kullandrmustie. Her bir gruptan hir Omek, akrilik
rezin kaide matervali-akrilik dig ara yuzonon mikroskobik
deferlendirmesi igin aymlmighit. Mikroskobik deferlendir-
me igin, Taramalt Elektron Mikroskobu® ndan (SEM)
yarardaniimstr. Orpeklere; 1332 lik acr e 1.5 mm/dak.
baghik mzinda, kirnilma gergeklesene kadar kuvvet uygulan-
mugtr. Tek yonlid varyans analizi, gruplar arasinda istatis-
tiksel olarak anlaml farklilik bulundugunu gistermiglir (P<
000, Gruplar arasindaki farkhibfin kaynagine gostermek
igin uygutanan Tukey HSD ¢okiu kargilaglinma lesti ise: yu-
zey iglemi uygulanmg aknlik rezin diglenin uygulanmamy
olan diglerden daha fazla baglanma dayanmuna sahip
olduklarim gdstermigtir. Akrilik tepme igleminden dnce ak-
rilik rezin diglerin baglanma viizeylerinin islemlenmesinin
yararl oldvugu goriilmiistlr.

Ansahtar Kelimeler: Akrilik rezin digler, baglanma
dayamim, yidzey 1glemleri.
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INTRODUCTION

It was stated that the repairs applied to
acrylic dentures doe to fatlures were originated
from either fracture of the acrylic base or
dehonding of the artificial teeth from the base.’
Huggelt ct al.!l determined that 22 % ard 30 %
of denture repairs involve tooth debonding 1 the
anterior region of the denture. In order to solve
this problem. various chemical procedures such
as wetting the ridge fap of an acrylic resin tooth
with methyl methacrylate (MMA) monomer,
mixture of monomer-polymer, dichloromethane
{CH,Cl,), trichloromethane (chloroform CHCl3),
bonding agenl and their combination as well as
some mechanical procedures such as grinding the
ridge lap surfaces and preparing retention
© BIoOves on the surfaces were
applied 3-69.12:14)719.21.23

MMA monomer applications to increase
honding of other polymeric materials to acrylic
looth ridge Iap surfaces either compromised or
had no effect on the bond strength.117 Vallittu et
al 2¢ emphasised, in order to form a strong bond
between denlure base resin and artificial tooth,
that there should be three minutes wetting time of
ridge lap surface of the latter with MMA
MONOIMCTS.

Chai ¢t al.® explained that applying of
CH,Cl; to the traditional and high cross-linked
“acrylic tceth increases to bonding stréngth signifi-
cantly. However, Rupp et al.!* stated that CHCla,
a nompolymerizable solvent, as a solvent will
remove natural oil from the skin and therefore,
frequent contact should be avoided. Furthermore,
care thould he taken to aveid inhaling during
treating of tidge lap surface of artificial tooth
with chloroform!¢ because it may be a

carcinogen.?
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Cunningham and Benington® compared the
samples on which they made no surtace treatment
with a commercial cement and an experimental
cement application in their study in which they
investigated to bonding between the acrylic resin
teeth and denture base resin. They found that the
application of cements was produced the most
significant increase in acrylic tlooth bond
strength.

Sozuki et al.'8 found that the application of
4-META

fourth-generation bonding agents’, to highly

adhesive agent, apn ingredient of
cross-linked teeth prior to packing of the resin

dough significantly improved the bonding.
However, no research related bonding agents
included bis-GMA, fifth-gencration bonding
agents, has been published.

The purpose of this study was to investigate
the bond strengths of cross-finked acrylic resin
teeth to acrylic resin denture base material after
the applying of MMA monomer, bonding agent,

and MMA -bonding agent.
MATERIALS AND METHODS
In this study, &1 cylinders of set-up

{DeTrey-
Colombes, France) 9 mm in diameter and 20 mm

modelling  wax Dentspty,  Bois
in length were prepared to use in preparation of
the specimens. Then, one side of each speciinens
were reduced to 7 mm in diameter by using a
modclling spatula so that a butt joint existed at
the interface methacrylate
(PMMA) acrylic resin denture base material
{QC-20, DeTrey-Dentsply, Milford, UK.} and
acrylic  teeth.® the ADA
Specification No.15, cross-linked acrylic resin

of  polymethyl

According o

teeth higger than 8 mm in diameter were chosen
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and their diameters were reduced to 8 mm by
cutting into shape with a steel fissure bur
(Dentsply, #60-L, USA). The teeth, maxillary
central incisors (Majordent, Moncalieri, ltaly),
were inserted inte the centre of the cylindrical
wax specimens as their incisal edges parailel to
the floor and their long axes vertical to the [loor
(Fig.1).

64 specimens were fabricated and they
were divided 1nto four groups of equal number
and flasked. Then, the wax was eliminated with

running hot water.
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Fig. 1. Sample assembly

Surface treatment methods which applied
to the specimen gmﬁps as follows:

Group |: This group was used as control
group. No further application ol the ridge lap
surface of the teeth was carried ount,

Group 2: The ridge lap surfaces of teeth
were painfed with MMA monomer (QC-20,
DeTrev- Dentsply, Milford, U K.) for 180-second
al room temperature before packing PMMA

denture base resin. 2!
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Group 3: Bonding agent (Single Bond, 3M
Denta! Products St.Paul, MN, USA)
bis-GMA, HEMA, dimethacrylates,
water, and photoinitator was applied to the ridge

included

ethanol,

lap surfaces of teeth for 23-second and then cured
using visible light for 10-second.

Group 4 The ridge lap surfaces of teeth
were painted with MMA  monomer for
180-second at room temperature. Subsequently,
bonding agent was applied to the same surfaces
for 25-second and then cured using visible light
for 10-second.

The liguid/powder ratio of QC acrylic resin
(QC-20. DeTrey-Dentsply, Milford, UK.) was
balanced as 1.0ml of liquid to 2.3 g of powder.
PMMA denture base resin was packed in the
flask and cured by boiling according to the
manufacturer's instructions. The specimens were
deflasked upon the completion of heal curing
process and excess resin was removed on the
specimens by using Sof-Lex contouring and
polishing disks (3M-ESPE, Sccfeld, Germany?}.
Then, all
temperature for 24 hours in distilled water.

specimens werc stored at room

Except for one sample from each group, all
samples were tested with & mechapical testing
machine (Hounsfield Test Equipment, Roydan,
England). The load was applied using a stainless
steel pin, similar lo knife edge, with a sampler
holder at 45 degrees from the long axis of each
acrylic tooth at a cross head speed of 1.5 mm/min
on the palatal surface until failure occurred (Fig.
2). The values of forces required to separate the
acrylic resin teeth from the denture basc resin
were recorded in Newton (N). The loads (N) that
caused failure of the samples werc converted to
megapascals as follows:

MPa = Newtons/mm?
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The data obtained were analyzed using one
way ANOVA. When the F ratio was significant,
Tukey's multiple comparison test was used to

compare means.

Fig. 2. Specimen tested in testing machine.

For all specimens, the interface where
failure occurred was visually inspected. The
failure was determined as either adhesive or
cohesive in nature. Failure modes data were
statistically  analyzed with Kruskall-Wallis
methods.

Four samples, without being subjected to
compressive load test, were cut in such a way as
to be longitudinal of the acrylic tooth in the
buccolingual direction. Interface acrylic resin
The

thickness of sputtered gold on the sample surface

tooth-denture base resin was evaluated.

was 70 nm. Samples were examined in the SEM
(Jeol-6400  Scanning Electron
Osaka, Japan) at 7-10 kV accelerating potential.

Microscope,

SEM photomicrographs were taken.
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RESULTS

The mean values for the fracture strength of
groups | through 4 varied from 33.633 to 45.670
MPa (Table 1). One way ANOVA was revealed
significant differences among groups with respect
to bond strength (P<0.000). According to Tukey's
test (Table 1): the fourth group had significantly
higher mean bond strength than groups 1 and 3
(P<0.05): the first group had significantly lower
mean bond strength than the other groups
(P<0.05): no statistically significant differences
(P>0.05) in bond strength were noted between
groups 2 and 3 and groups 2 and 4.

Table 1. The mean values, standard deviations and
Tukey's multiple range comparison results (MPa).

Groups n Mean SD
Control 15 | 33.633° 4671
MMA 15 | 42.928"¢ 3.499
Adhesive 15 | 39.385° 5.078
MMA-Adhesive | 15 | 45.670° 3.672

Values designated with the same superseript letter are
statistically insignificant (P>0.05).

Failures occurred in all specimens were
examined visually (adhesive and cohesive) and
results were shown in Table 2. Kruskall-Wallis
analysis of variance was used to determine
whether there was any significant difference
between the failure types in all groups and it was
found that the differences were insignificant
(P>0.05). The percentage of adhesive failures
decreased from 66.6% to 33.4% (Table 2).
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Table 2. Failure modes and occurences

Groups  Adhesive failures (%) Cohesive failures (%)

Control 10 (66.6) 5(33.4)
MMA 7 (46.6) 8(53.4)
Adhesive 9 (60) 6 (40)
MMA-Adhesive 5(33.4) 10. (66.6)

Fig. 5. SEM micrograph of interface of denture base resin
and acrylic resin tooth after bonding agent treatment

treated acrylic resin teeth with different agents to  (original magnification x1500).

SEM photomicrographs of interfaces of

denture base resin demonstrated a zone, swelled
layer, with different thickness (Figs. 4-6).
However, this zone was not obviously observed

in control group (Fig. 3).

Fig. 6. SEM micrograph of interface of denture base resin
and acrylic resin tooth after MMA + bonding agent
trcatments (original magnification x1500).
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Fig. 3. SEM micrograph of the control specimen

(original magnification x1500). DISCUSSION

The acrylic resin artificial teeth are often
preferred because of their chemical bonding to
denture base materials. However, it was pointed
out that debonding from denture base material of
artificial teeth was occurred, especially upper
denture.13.15.17

Acrylic resin teeth are composed of PMMA
polymer beads embedded in a matrix of
cross-linked PMMA. It was pointed out that

monomers emanating from the polymerizing

Fig. 4. SEM micrograph of interface of denture base resin
and acrylic resin tooth after MMA treatment (original

magnification x1500). denture resin penetrate the artificial tooth resin
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and swelling its surface, and this swelling is a
result 6f the reaction of the monemer with the
polymer beads of PMMA matrix 5.141% The bond
strength obtained from the control group may be
explained to this type reaction. [t was stated that
the joint surface of an acrylic resin tooth must be
adequately dissolved.?! In present study, the use
of MMA monomer on ridge lap surface of
artificial tooth before the acrylic resin dough was
bond
comparison with control group (P<(}.05). This

packed  produced  higher strength  in
indicated that the use of MMA monomer is
softening the acrylic resin tooth. In this study,
the ridge lap surfaces of acrylic teeth were treated
with MMA monomers for 180-second. Wetting
the heat polymerized acrylic resin surfaces wiih
MMA for 180-second has been suggested (o
dissolves the poly(methyl methacrylale).2¢

Although group 2 (use of bonding agent
only) possessed slightly lower bond strength than
group 3, none of the differences was statistically
{P>0.05). This may
dependcnt on poorer weltability properties of the
bonding agent than MMA monomer.?!

In present study, bonding agent application

significant siluation

(group 3) gave higher mean average values when
compared with the conirol group (group [}. This
may depend on the dissolving effect of adhesive
agent composed of a sotvent.!" The swength of
the degree of

the bond on

is dcpendent
penetration of the solvent, !4
MMA-bonding agent combination (group
4) applied on the ridge lap surface of the acrylic
tecth provided better bonding than other groups.
This finding was in accordance with the result of
Suzuki et al.!8 They found that the application of
4-META adhesive agent, coupled to MMA

monomer, to denture teeth improved the bonding
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between denture teeth and denturc base material.

In our study, although visual examination
teeth
chemically prepared groups possessed less the

of the failure mode of artificial in
number of adhesive failures than teeth in control
group, none of the differences was statistically
significant (P=(L.05). The adhesive failurc of
artificial teeth to control group, MMA group,
bonding agent group, and MMA-bonding agent
group was 660.6%, 46.6%, 60%, and 334%,
respectively. These may remind the facl that
surface treatments (in groups 2, 3. and 4)
increases the wettability of the ridge lap surface
of acrylic resin teeth 19 The number of adhesive
failure types was diminished.

The results of bond strength together with
and visual examination of the failure mode
showed that bonding between artificial tooth and
denture base resin was improved when the ridge
lap surface of artificial tooth was well dissolved

with MMA monomer, or

bonding agent,
MMA-bonding agent applications.??

SEM views between the denture base
material and artificial tooth interfaces, revealed a
diffusion zonc (Figs. 4, 5, and 6). Vallittu and
Ruyter?? stated that the thickness of the swelled
layer is related to the bond strength betwcen
denture base rcsin material and artificial tooth.
This may be attributed to higher mean bond
strength values between denture base material

and acrylic tooth when compared with control

roup.

CONCLUSION

The influence of MMA, bonding agent, and
MMA-bonding agent applications on ridge lap
surface of the acrylic denture teeth improved the

bond strength.
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