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Abstract: The aim of the study was to investigate the flexural and impact strength of 3 commercially available
denture base resins after reinforcing them with single walled carbon nanotubes (SWCNT’S). Each acrylic resin
was first solubilised in Tetrahydrofuran (THF) and then carbon nanotubes were added in different percentages
respectively. A total of 50 specimens were made from each material (Eclipse, Triad Visible light cure (VLC) and
Lightplast) following the International Standard Organization (ISO; 1567:1999). Carbon nano tubes were
chemically incorporated into the polymer. Charpys impact test and flexural strength analysis was made. Data
were analyzed using one way-ANOVA for comparisons. The results revealed a significant rise (p<0.05) in the
impact strength and flexural strength of Eclipse (12.5 kj/mm , 128MP) when compared with Triad Visible light2

cure (VLC) and Lightplast at 2% addition. The flexural strength of each material also increases gradually with
increasing percentage of SWCNT’s addition. In terms of impact and flexural strengths Eclipse denture base
showed better results when compared with the other light cured reinforced denture base acrylic resin. Higher
standard deviation values were seen for Eclipse. Reinforcing the acrylic resin is beneficial and significantly
affects the material properties.
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INTRODUCTION There is an ongoing effort to improve the properties

The most widely used materials in dentistry due to to  develop  a more biocompatible denture base with
its aesthetics, ease in production, processability and better mechanical  properties  and  simpler processing
reparability is Polymethylmethacrylate (PMMA). It has techniques  that  require  shorter  time  for   fabrication [5].
been used as the only material since 1930’s to produce The incorporation of fibers as impact modifiers into the
denture base acrylic resin [1]. Besides having good denture base resin appears to be a good approach to
dimensional stability, low water sorption and resemblance produce  stronger  and  more fracture resistant materials
to oral tissue the only drawback seen during the clinical [2, 6]. It has been studied that the transverse strength of
service is its ability to fracture [2]. All acrylic dentures are PMMA can be slightly increased by addition of metal
subjected to intraoral or extra oral stresses. Any type of strengtheners but they have poor aesthetics. Since the
fracture in acrylic denture bases is a time consuming and discovery of Carbon Nanotubes (CNTs) by Iijima in 1991
costly problem besides the fact that they are very they have been used frequently in experimental  studies
inconvenient for the patient [3]. One of the reasons of by incorporation in PMMA to increase their mechanical
fracture is its low resistance to impact. Sui and Wagner properties [7]. Recent experimental studies have
have observed that in pure PMMA fibers polymer suggested that CNT’s are 10-100 times higher than the
necking tends to occur under tension leading to failure at strongest steel at a fraction of the weight when
relatively small strains [4]. incorporated  in  PMMA,    which  results   in    enhanced

of denture  base  materials.  The  ultimate  goal has been
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Table 1: Products used
Material Type Powder/Liquid Manufacturer LOT NO
Triad (VLC) Sheet Pre polymerized Dentsply, York, PA 0807163
Eclipse Single paste component,

Matrix UDMA Filler, Pre packed Light Dentsply,Trubyte York,
Silica and PMMA beads polymerizing PA.USA 080421

Lightplast Basisplatten Sheet Pre cured Dreve Dentamid, Unna, Germany

properties of the matrix remarkably. CNTs are extremely
strong resilient and very light weight [8]. Different
experimental observations on the response of nanotubes
under compression by using molecular dynamics
simulations showed that CNT’s are remarkably flexible
and the bending is completely reversible upto angles in
excess of 110 degrees [9, 10]. There are two basic types of
CNT’s, single walled nanotubes that posses the
fundamental cylindrical structure which were discovered
by Bethune in 1993 and multiwalled tubes that are made
up to two or more coaxial cylinders. Both types of
nanotubes can augment properties of polymer systems.
Andrews and Weisenberger have also reported that the
enhanced properties of CNTs and polymer system are a Fig. 1: Triad Curing Unit from DENTSPLY.
result of the type of CNT used, dispersion, level of weight
loading (wt%), alignment of the CNTs and the polymer
matrix [9]. According to study done by Marrs et al [8],
CNTs are believed to effectively bridge cracks and reduce
the extent of plastic deformation. The only drawback is
the blackening of the prosthesis as a result of carbon
inclusion. Other study done by Zang et al are aimed at
making transparent nanotubes to overcome this hurdle
[10]. Nanotubes like nanofibers have a high aspect ratio
and a high surface area to volume ratio which can lead to
significantly enhanced mechanical and physical Fig. 2: Eclipse specimens before and after Charpys Impact
properties. test.

The aim of this study was to assess the flexural and
impact strengths of light polymerized denture base
materials reinforced with SWCNT’s. The hypothesis of
the study is that the addition of SWCNTs to commercially
available light cure denture base acrylic resin can
significantly enhance its mechanical properties while
making them flexible.

MATERIALS AND METHODS

The denture base materials used in the study are
given in Table 1. SWCNTs were purchased from Sigma
Aldrich (Al-khobar, Saudi Arabia) 50-70% carbon basis,
D × L 1.2-1.5 nm × 2-5 ìm, bundle dimensions, produced by
electric arc discharge method. Tetra hydrofuran (THF),
(FLUKA, Germany). Fig. 3: Eclipse Light Cure unit while curing a specimen
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dissolved individually in THF, 37gms of acrylic resin was of 50mm apart. The specimens were loaded until they
solubilised in 25ml of THF in a glass beaker with magnetic fractured. For each of the materials ten specimens were
stirrer kept on a hot plate for 1hr. The materials were tested. The flexural strength was calculated using the
carefully measured on the electric weighing scale before following equation. S=3PL /2bd . Where P is the maximum
use. Then SWCNTs were mixed in quantities of 0.0wt % load at fracture, L is the distance between the supporting
(served as a control group), 0.5%wt, 0.75wt %, 1wt% and wedges given in mm, b is the width and d is the thickness
2 wt% respectively. The mixture was poured into a glass of the specimens.
slide to form a sheet of 5 mm thick and kept in fume hood The Mean and standard deviation values of flexural
for  24hrs  and  later  placed  in a  desiccator  for 2 days to and Impact strength was calculated. The effect of carbon
evaporate the solvent. The specimens were retrieved and nanotube reinforcement on the flexural and Impact
cut in sizes of 25 x 2 x 2 mm and 50 x 6 x 4 mm cured in strength was assessed using Analysis of variance
there light curing units respectively. The curing cycle for (ANOVA) by SPSS software version 18 for Windows. A
samples made by Eclipse was for partial denture base 5% significance level was used for all tests. 
(14mins recommended cycle). The Triad VLC regular pink
specimens  were  light polymerized by its curing unit RESULTS
(Triad  2000,   Dentsply   International    Inc;York,   PA)
Fig 1. All of the specimens were stored in artificial saliva The mean ± standard deviation values of Impact and
for 30 days prior to testing. flexural strength are presented in Table 2 and 3. One-way

The  impact  strength  of the specimens was Anova indicated that there was statistically significant
evaluated by Charpys impact test, following ISO standard difference in the impact strength of Eclipse denture base
179-1:2000 [11], a V shaped notch was made in the centre material (p<0.05), among the three tested material. Eclipse
of the specimens with the help of a notch cutter to a showed the  highest  increase in impact strength when
depth of 0.8mm leaving 3.2mm of materials intact Fig 2. 1% SWCNT’s were added (12.5 kj/ mm ) followed by
The impact strength was calculated by using a 0.5 J Lightplast (7.04) and finally Triad VLC (6.96). There was
pendulum by the formula a = E / (h b ), where E is the no significant difference (p>0.05) when Traid VLC wasCA C A c

corrected absorbed energy, h is the width of the specimen compared with Lightplast, but a very highly significant
and  b   is  the  remaining thickness as the notch base. difference was seen when 1% SWCNT’s were added,A

The unit in  which  the  impact  strength  was  expressed between Eclipse and Triad VLC were compared to each
is kj/m . other.2

For flexural strength analysis a three point bending The mean values of the flexural strength shown in
test (ISO 1567:1999 specification for denture base Table 3. depict a significant difference among two groups
polymers) was done on Instron Universal Testing (p< 0.05) with Lightplast specimens having the lowest
Machine (Instron 8500Plus, 100 Royal St. Canton, USA). value at 2% addition of SWCNT’s of 98.9MPa. Eclipse
The crosshead speed of 5mm/min was engaged at the had the highest flexural strength which was statistically
centre of the specimen kept over a 2 point support  span significant (128 MPa) (p<0.05)

2

2

Table 2: Mean and STD values of impact strength with SWCNT's in kj/mm  among same materials at different strengths2

Control 0.50% 0.75% 1% 2%

Triad(VLC) 5.86( 0.52) 5.94(0.49) 6.31(0.63) 6.74(0.64) 6.96(0.733)

Eclipse 7.1(1.15) 7.13(1.2) 8.36(2.661) 12.53(1.93) 12.56(2.5)

Lightplast 5.81(0.54) 5.97(0.52) 6.4(0.64) 7.05(0.70) 7.04(0.55)

Table 3: Mean and STD values of Flexural strength with SWCNT's in MPa 

Control 0.50% 0.75% 1% 2%

Triad (VLC) 95.5(8.0) 96.3(8.5) 97.5(8.04) 98.9(7.29) 99.9(7.4)

Eclipse 115.1(5.8) 115.4(6.5) 115.5(6.2) 128.1(5.25) 128(6.49)

Lightplast 86.6(6.6) 87.8(8.75) 96(8.6) 97.3(10.7) 98.9(7.795)
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DISCUSSION hypothesized that these high SD values were because the

The study was principally aimed at investigating the enough which leads to increment in the standard
impact strength and flexural strength of three modified deviation values [18].
denture base resins reinforced with SWCNT’s. Both the The results of the present in-vitro investigation of
flexural and impact strength are essential parameters that the flexural strengths of three modified light cure denture
reflect the tendency of a denture base material to bear the resins showed Eclipse exhibiting higher values again
functional masticatory and high impact forces when when compared with Lightplast and Triad VLC. Lowest
suddenly dropped by the patient [12]. Impact strength of mean flexural strength was of Lightplast (98.9 ±7.79 MPa)
any material shows its resistance to total energy absorbed followed by Traid (99.9±7.4MPa). However, a previous
before it fractures, when struck by a sudden blow from an study reported that Visible Light cured denture base
impact instrument with a weighted pendulum whereas the material (Triad) exhibited flexural strength value of
flexural strength is the measure of stiffness and resistance 80.22±9.99MPa [19]. Although there is hardly any
of a material to its fracture.[5, 13-14]. The assessment of literature available on the effect of carbon nanotubes on
flexural strength is used in most of the studies as its light cure denture base resin, our results support some
loading characteristics imitate clinical situations in which previous studies [15,16]. The low values of flexural
a denture base undergoes in the   oral  environment. strength of Triad and lightplast and even after addition of
Since these tests have been widely used for analysis of carbon nanotubes indicates there inferior strength and
denture base  materials,  they were selected for the current there low resistance to fracture. One of the reasons of
study [1-2, 12, 15]. these low values could be the presence of voids or

The results of the current study demonstrated a porosities which can contribute to the formation of micro
serious improvement of the impact strength for Ecplise cracks under loading. Another hypothesis to explain the
reinforced with SWCNT’s. This improvement was highly flexural strength value presented that, since the
significant (p<0.05) when compared with other light specimens of these light cured denture base materials
polymerized denture base materials composed of urethane were polymerized from one side only, it affected the
dimethacrylate in the matrix (12.56 kj/mm ). The mean degree of conversion. If the degree of conversion is2

values of Triad VLC and Lightplast showed a gradual increased by curing both sides, it may lead to higher
increment in the impact strength value but this increase flexural strength values [18]. Carbon nanotubes may have
was not significant (p>0.05). Since there is no published affected at the intermolecular hydrogen bonding between
work   available on   the   impact   strength   of   Light urethane linkages on neighbouring chains, restricting
polymerized denture bases modified with carbon slippage between the polymer segments relative to each
nanotubes it is difficult compare these results. Studies other [12, 20]. 
performed  by  Memon  et  al. [16], Machado et al. [12] This investigation involved a limited analysis of
and Radzi et al. have investigated mechanical properties impact strength and flexural strength properties of three
of light and heat polymerized resins. It has been reported light cured denture base material and further testing of
that there are certain variables that influence the outcome properties is warranted. The limitations of the present in-
of impact test. Depending on the loading configuration, vitro study were inability to simulate cyclic mechanical
dimensions of the specimen and type of notch the impact stressing during mastication, discoloration of the
tests can result in different reading of the impact specimens as the percentage increased and assessing the
strength.[2] However, there are few studies performed to purity of carbon nano tubes incorporation into the light
evaluate the impact strength of Eclipse, which have cure resin could be recommended for future study.
reported variations in the mean values from 6.9 to
2.73kj/mm [12, 17]. The significant increase in impact CONCLUSION
strength of specimens in our study could be due to the
inclusion of carbon nanotubes into the polymer and a Within the limitations of the study, results have
high degree of conversion achieved with light activation demonstrated that the mean flexural and impact strength
and less air inclusion within the material. Moreover, the values of Eclipse were statistically higher than Triad and
standard deviation values of Eclipse denture base resin Lightplast after reinforcement. Effect of carbon nano
are very high in the current study, this could be due to tubes on flexural properties were not statistically
variation in specimen fabrication. Arnold et al. have significant (p> 0.05).

specimens are not flasked and packed they are not dense
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