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ABSTRACT

INTRODUCTION: CAD/CAM denture base materials are milled from pre-polymerized pucks of resin that are highly condensed. So, they
provide no polymerization shrinkage eliminating its subsequent disadvantages. This‘technology offered improved fit, strength properties and
more bio-hygienic denture bases compared with conventional processing of the denture base material.

OBJECTIVES: The aim of the study was to evaluate the physico-mechanical properties of CAD/CAM denture base material and the effect
of thermo-cycling on it compared with the conventional one.

MATERIALS AND METHODS: The study was conducted on two parallel groups, divided according to the denture material used. Group
(1) conventional PMMA (control group), group (I1) CAD/CAM PMMA (study group) of 40 specimens each (16 for impact strength, 16 for
flexural strength, 8 for surface roughness and grinded powder form both materials for residual monomer test). Each group was divided into 2
sub-groups: (A) No thermo-cycling and (B) Thermo-cycling, then subjected to 4 different tests, impact strength, flexural strength, surface
roughness and residual monomer tests. Data were collected, tabulated and statistically analyzed. Significance level was set at 5%. Bar charts
were used for graphical presentations.

RESULTS: Our study revealed a highly statistically-Significant decrease in residual. monomer of CAD/CAM PMMA material in both
conditions before and after thermo-cycling when compared to conventional PMMA material, which therefore leads to enhanced impact
strength and significantly reduced surface roughness after heat treatment. On the other hand, also a highly significant reduction of its flexural
strength after thermocycling has been observed.

CONCLUSIONS: CAD/CAM dentures with lower amount of methacrylate monomer exhibit more  favourable physico-mechanical
properties and they have a long-term biocompatibility even with thermal changes making them a more satisfactory as a denture base material
for edentulous patients.
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INTRODUCTION

Loss of teeth is a matter of great concernto a majority of manufacturing new materials with high resistance to

people and their replacement by artificial substitutes such
as denture fabricated from acrylic resin, is vital to the
continuance of normal life. Denture base acts as an
intermediary between teeth and jaws, it must transfer all or
part of masticatory forces to the sub-adjacent tissues (1).

Poly methyl methacrylate (PMMA) was first
introduced in 1937 and is currently the material of choice
for the fabrication of removable partial denture and
complete denture bases. It is still used, because of its ease
of manipulation, proper fit, dimensional stability and
superior esthetics (2).

Conversely some disadvantages have also been
described, such as residual monomer allergy,
polymerization shrinkage, low fatigue strength and
brittleness on impact (3). These disadvantages regularly
lead to denture fracture during chewing or when the
denture is dropped out of the patient’s hand.

Continuous efforts to increase the material strength to
decrease the risk of denture fractures can be mentioned as;
reinforcement of denture bases by adding filling materials,
changing the chemistry of the denture base polymer by co-
polymerization or cross-linking of resin materials,
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fracture and incorporation of new techniques to the dental
field (4).

In an attempt to overcome some of these
disadvantages, Computer-Aided Design (CAD) / Computer-
Aided Manufacturing (CAM) technologies have been
applied in the field of prosthodontics since the 1980s (5).

CAD/CAM technology was introduced to provide a
denture base which is fabricated by machining. Therefore,
polymerization shrinkage of the resin is eliminated also the
fit of denture base is greater than conventionally fabricated
one (6).

The material appears to contain less residual
monomer to be more hydrophobic than the conventionally
processed one. Subsequently, this results in a more bio-
hygienic denture. Because of freedom from porosity,
microorganisms such as, Candida Albicans adhere less to
the denture bases, which reduces the potential for
infections (7).

In spite of, CAD/CAM-fabricated complete denture
seeking to address the disadvantages associated with
conventional complete denture fabrication, scientific
evidences regarding physico-mechanical properties and
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monomer release from CAD/CAM fabricated prostheses
are missing so far.

There is limited available data about the properties of
CAD/CAM processed denture base material. Hence, the
objective of this in-vitro study was to evaluate and
compare  physico-mechanical  properties of pre-
polymerized resin denture base material to conventional
heat-cure acrylic resin.

MATERIALS AND METHODS

Materials

The materials that have been used in this study were
shown in the down illustrated table 1.

Table 1: Show the studied materials used.

Material Manufact | Materi Manufacturing
Name urer al method
Compression
technique using
conventional curing
unit (long curing
cycle) 70° C for 7-9
hours, then 100° C
for 30 minutes.
High temperature,

Conventional | Acrostone | PMMA
heat-cured , England
Poly methyl
methacrylate

Pre- Merz
polymerized Dental, High pressure
Poly methyl GmbH, polymerization
methacrylate | Germany technigue.

(M-PM™
discs)

Methods

The laboratory tests that have been used to perform

evaluation of some important physico-mechanical

properties between the two studied materials are:

1-Impact strength test.

2-Flexural strength'test.

3-Surface roughness test.

4-Quantitative analysis for - estimation of residual
monomer.

The sample size of the study was calculated using
Larry Connors method (8) and a prospective comparative
study was done. A total of 80 Specimens were prepared
according to the international standards specifications for
each test. The specimens were divided into two groups as
the following:

Group | (control group): 40 specimens of conventional
heat cure acrylic resin denture base material (16 specimens
for impact strength test, 16 specimens for flexural strength
test and 8 specimens for surface roughness).

Group Il (study group): 40 specimens of CAD/CAM
PMMA (16 specimens for impact strength test, 16
specimens for flexural strength test and 8 specimens for
surface roughness).

Each group was divided into 2 sub-groups (A & B)
then was subjected to 4 different tests.

Sub-group A: 8 Specimens for each test were stored in the
incubator at 37° C for 24 hours (called thermo-cycle zero
or no thermo-cycling).

Sub-group B: To examine the effects of temperature
variations, 8 specimens for each test were thermo-cycled
for 500 cycles between 5°C and 55°C with a dwell time
(time taken by the specimens in each bath) of 60 seconds
and transfer time (time taken by the specimens to be
transferred from one bath to another) of 30 seconds (9).
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For surface roughness test, the same specimens (8
specimens for control group & 8 specimens for study
group) after stored in distilled water (thermo-cycle zero)
and subjected to test, were thermo-cycled in thermo-
cycling machine, then were subjected to the test again
because this test is non-destructive.

For quantitative analysis for estimation of residual
monomer, pieces from the fractured specimens from each
sub-group of any of the previous tests were grinded into
fine powder then pressed into discs in order to be used
later for testing.

1- Impact strength test

Specimens Preparation: For group (1): Metallic mold
having the dimensions of impact strength test specimens
according to the method described in the ISO standard
(1SO _179-1; 2010), (10) bar shaped of 75 mm length,
10mm width, 10 mm thickness with notch of 2 mm depth
at the mid span was constructed. Base plate wax was
softened and poured into the mold. After hardening, the
wax was removed, then a mix of dental stone was done
with constant water/powder ratio of 30 mL of water to 100
g of powder. The mix was then poured in the lower half of
the flask. The flask was placed on a vibrator to remove any
air bubbles present in the mix. The wax specimens were
placed in the stone mix before setting and they were
flasked by the usual technique for denture construction.
The flask was de-waxed sufficiently to remove the wax
completely from the mold. Any residual wax was washed
out with boiling water.

The polymer (powder) and the monomer (liquid) both
were mixed 3:1 by volume according to the manufacturer's
instructions in a clean glass or ceramic jar. The powder
and liquid both were mixed thoroughly, the lid of the jar
was closed and the mix was allowed to stand for 10-15
minutes to reachthe dough consistency.

The acrylic dough was packed with slight excess and
the flask was closed. Trial closure was performed to
remove excess of resin material by using the Hydromatic
dental press. The curing was done according to the
manufacturer's instructions using conventional curing unit
(leng curing cycle) 70°C for 7-9 hours then 100°C for 30
minutes. Before deflasking, the flask was bench cooled to
reach room temperature (11).

For group (Il): Specimens were made of pre-
polymerized CAD/CAM resin discs by CNC milling
machine, (Figure 1 a) where a computer-aided designing
software “Auto-CAD” has been used to design the
specimens according to the same 1SO standard method and
dimensions that was described previously in group (1).

Conduct of test: All specimens were accurately
mounted on the vice of the pendulum testing machine
(Charpy type impact tester). The specimen was supported
horizontally at its ends and it was struck by a free-
swinging pendulum which was released from a fixed
height. A pendulum of 15 J testing capacity was used. The
scale reading gave the impact energy absorbed to fracture
the specimen in joules when struck by a sudden blow.
Then the impact strength was calculated in KJ/mm2 as
given by the following equation:(12)

Impact strength = % x103
Where:
E: is the impact absorbed energy in joules.
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b: is the width in millimeters of the test specimens
(10mm).
d: is the thickness in millimeters of the test specimens
(10mm).

2-  Flexural strength test
Specimens Preparation: For group (I): Metallic mold
having the dimensions of flexural strength test specimens
according to the American Dental Association
Specification No.12 for denture base polymer (65 mm
length, 10mm width and 2.5 mm thickness) (13) was
constructed. Wax specimens were fabricated and the
processing was done according to the manufacturer's
instructions mentioned before in impact strength test. For
group (Il), specimens were made with the same
dimensions of the previous (group 1) of flexural strength
test according to the same ADA specification that has been
used. CNC milling machine has been used for specimens
preparation with the same procedure which was described
in the impact strength test of (group I1). (Figure 1 a).
Conduct of test: specimens were placed on supports of
the universal testing machine (three-point loading). While
placing the specimen on the testing device, care was taken
that the central loading plunger was touching the midline
of the sample. The force in Newton was applied
perpendicular to the center of specimen strips and the
specimen was gradually loaded at the crosshead speed of
0.5 mm/min (3). The load was applied till maximum
capacity of the three-point testing device was recorded.
The flexural strength was calculated according to the
following equation: (3)
Flexural strength (S) =

Where:
P = load at fracture.(or load at maximum deflection).
L = distance between the two supporting points (50 mm).
b = width of the test specimens (10 mm).
d = thickness of specimen (2.5 mm):.
3- Surface roughness test
Specimens Preparation: For group (1): Disk-shaped split
metallic mold having the dimensions of surface roughness
test specimens according to the ADA specification No.12
with 50 mm in diameter, 0.5 mm in thickness (14) was
constructed with the same preparation technique that has
been done in both impact and flexural strength tests.

For group (Il): Specimens were made with the same
dimensions and specification of  (group 1) using CNC
milling manufacturing technique. (Figure 1 b).

3PL
2bd?

(MPa)

A

Fiaure 1: Showing CNC milling machining. (a) for Impact,
Flexural & (b) for Surface roughness Group Il Specimens.

Conduct of test: The measurement was carried out
using the “surface roughness meter”. It consists of a Stylus
which was mechanically drawn across the surface of the
specimens by the drive unit. It also travelled perpendicular
to the surface as it ascends or descends over the
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irregularities of the specimen, measuring value is given in
unit of micrometer (um).

4- Quantitative analysis for estimation of residual

monomer

Specimens Preparation: Pieces from the fractured
specimens from each sub-group from control & study
groups of any of the previous tests were grinded by using a
dry and clean blinder machine. Then 10mg of each
samples powder was grinded finely. The yielded powder
was then thoroughly mixed with ten times its bulk of pure
potassium bromide (KBr) as a base. The mixture is then
pressed into discs under 5 tons for 1 minute using the mold
and a hydraulic press of the apparatus. These discs were
then mounted on holder and placed in lenses of the device
in order to study the samples (15).

Conduct of test: The sample film was placed in the
sample beam of the spectrophotometer device, then the
beam was passed to the detector for final measurement, 6
scans were accomplished. The measured signal was
digitized and sent to the computer where the Fourier
transformation took place.

Each sample studied by this device gave us an Infra-
Red. chart which shows peaks. Two absorbance peaks
appeared,. the absorbance peak of the C=C bond from the
methacrylate group at the wavelength 1640 cm-1 and the
absorbance peak of the C=0 bond from the ester group at
the wavelength 1720 cm-1 (16).

An appropriate base line/was drawn, the intensity of
absorption was determined by calculating the areas of
peaks by the Auto-CAD software (17). The mean of three
readings was recorded.

The degree of conversion was calculated by
comparison of the absorbance ratio of the C=C peak to that
of the wunchanging C=0O peak before and after
polymerization /by taking the ratio between the two
absorbance. The fraction of unreacted double bonds could

be calculated from the following formula: (15)
{Abs(C=C)/Abs(C=0)} Polymerized sample
0f — —
DC% [1 {Abs(C=C)/Abs(C=0)} Monomer ] *
100 %

After that the residual monomer was calculated by
subtracting the obtained degree of conversion out of 100%.
STATISTICAL ANALYSIS
Data were analyzed using IBM SPSS software version
20.0. (Armonk, NY: IBM Corp). Qualitative data were
described using number and percent. Quantitative data
were described using range (minimum and maximum),
mean, standard deviation and median. The Kolmogorov-
Smirnov test was used to verify the normality of
distribution of quantitative variables. Student t-test was
used for normally distributed variables. For the abnormally
distributed variables Mann Whitney test was used and
Wilcoxon signed ranks test was used for comparing
between them. Significance of the obtained results was
judged at the 5% level (18).

RESULTS

1-Impact strength test

During testing, all the specimens of the two groups
fractured immediately after the first strike producing a
clean fracture surface. The fracture line started from the
base of the v- shape notch and extended downward. All of
the fractured specimens could be re-assembled.
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Table (2 a) & figure (2) compare the mean values of 2-Flexural strength test
impact strength of specimens for both groups at different During testing, the acrylic specimens for (Group | &
conditions and represent the effect of thermo-cycling on Group 1) showed gradual bending then finally broke in
them. clean cut. In all of the specimens, the fracture line was

sharp and located nearly at the center of the specimens
where the load was applied. All of the fractured specimens
could be re-assembled.

Table (2 b) & figure (3) show the mean flexural
strength values for both studied groups (i.e. Group | and
Group Il) in both conditions (i.e. zero thermo-cycling and
after thermo-cycling).

1 Control
o Stud

70

60

50

40

30

=
=)

=}
S

Mean of impact strength test (k.J/mm?)

o
S

No thermo cyeling Thermo cycling
Figure 2: Showing comparison between the mean values of the
two studied groups according to impact strength test in (kJ/mm?),
before & after thermo-cycling.

Mean of flexure strength test in MPA
=]
o

Table 2a: Comparison between the two studied groups according

to (a) impact strength test 0 "
No thermo cycling Thermo cycling
Figure 3: Showing comparison between the mean values of the
sub Group | Group 1 two studied groups according to flexural strength test in (MPa),
uAg;;ps Control Study U P) before & after thermo-cycling.
(n=8) (n=8) . .
A ; e According to Student t-test, when comparing the two
| Netermocyeling groups we found that there was no statistically difference
E Min. — Max. 11.0 - 35.0 4&00— in flexural strength of conventional PMMA after thermo-
3 ' 0.00" cycling, where (t=0.340) (P=0.739). While for CAD/CAM
= Mean+SD. | 2325+7.76 Giffoi (0.001%) PMMA, thc_armo-cycling statistically decreased its flexural
Z _ ' strength, with (t=3.746) (P=0.002).
g Medizn 250 650 e In addition, we found that the CAD/CAM PMMA denture
2 % of Change 1166.15 base material has a statistical significant reduction of
é Thermocycling flexural strength when compared to conventional denture
g _ 450 base material by 19.01% & 35.22% in both (before and
= Min.—Max. | 200-35.0 | g5 after thermo-cycling) respectively with  significant
B 0.00° different (t=2.452) (p=0.028) at zero thermo-cycling and
Mean+SD.  [12906+533 | 508 (o) (t=5.352) (P=<0.001) after thermo-cycling.
Median 30.0 67.50 Table 2 b: Comparison between the two studied groups
% of Change 123,68 according (b) flexure strength test, before & after thermo-cycling.
U (P) ((1)7128) ((%763(1)) Subgroups Group | Group Il tP)
A&B Control (n=8) Study (n=8)
Mann Whitney test was used for comparing between the No thermocycling
two studied groups at both conditions. It revealed that _
thermo-cycling had a non-significant difference on the Min. —Max. | 81.55-166.64 | 83.10-1000
impact strength of both group (I) & group (lI) with Mean+D. | 11670+ 2405 | 94584575 (Ozg*)

(U=17.50) (P=0.120) & (U=27.50) (P=0.631) respectively.
In general, the mean values of impact strength of
CAD/CAM PMMA were higher than of conventional
PMMA.

At zero thermo-cycling, the results were analyzed and
compared between the two studied groups which revealed
a statistical significant increase by 166.15% in impact Mean+SD. | 1206141956 | 7812+11.02 (5035021)
strength for group (I1) when compared to group (1), where

Median 114.20 95.85

% of Change 119.01 %

Thermocycling

(b) Flexure strength test in (MPa)

Min. — Max. 84.70 — 147.20 64.50 — 93.80

Median 121.10 76.35
(U=0.00) (P=0.001).
After thermo-cycling, also there was a statistical % of Change 135.22%
significant higher impact strength of group (I1) than group t(P) 0.340 3.746"
(1) by 123.68% at 5% level where (U=0.00) (P=0.001). (0.739) (0.002")
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U, p: U and p values for Mann Whitney test for comparing between two
groups.

t, p: tand p values for Student t-test for comparing between two groups.
*: Statistically significant at p < 0.05.

3- Surface roughness test

Table 3(a) & figure (4) represent the comparison of the
mean values of surface roughness for both studied groups |
& 11 at both conditions before and after thermo-cycling.

Table 3(a): Comparison between the two studied groups
according to (a) surface roughness meter test

Group | Group 11
Subgroups
Control Study U (P)
. A&B
3 (n=8) (n=8)
=
£ | No thermocycling
2 Min. - Max. 0.14-0.82 0.16 - 0.43
& 22.0
k] Mean + SD. 0.46 £0.27 0.27£0.10
e (0.294)
2 Median 0.48 0.24
c
E} % of Change 141.30 %
o
§ Thermocycling
©
k= Min. - Max. 0.13-2.02 0.06 - 0.46
jm}
2 13.0
< Mean + SD. 0.85+0.65 0.27 £0.15 .
- (0.046")
Median 0.77 0.26
% of Change 168.24 %
2.100
Z(P) (00369 0.00 (1.000)
U, p: U and p values for Mann Whitney test for comparing between two

groups.

t, p: tand p values for Student t-test for comparing between two groups.
Z, p: Z and p values for Wilcoxon signed ranks test for comparing
between two groups.

*: Statistically significant at p <.0.05.

w Control
0.9 o m Study

0.8 1

0.7 4

Mean of surface roughness meter test in (pum)
=)
b

0.0
No thermo cycling Thermo cycling

Figure 4: Showing comparison between the mean values of the

two studied groups according to surface roughness meter test in

(um), before & after thermo-cycling.

On analyzing the effect of thermo-cycling on both
groups using Wilcoxon signed ranks test, we found that
group (I) had a statistical significant increase after thermo-
cycling by 84.78% with (Z=2.100) (P=0.036). For group
(1) there was a statistically non-significant difference at
5% level where (Z=0.00) (p=1.000).

The results were analyzed using Mann Whitney test to
compare between both groups, which revealed that before
thermo-cycling, there was a slight reduction in surface
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roughness values in group (11) when compared to group (1)
by 41.30% where (U=22.0) (P=0.294).

After thermo-cycling, group (1) showed a statistical
significant reduction by 68.24% when compared to group
(1) with (U=13.0) (P=0.046).

4- Quantitative analysis for estimation of residual
monomer

Table (3 b) & figure (5) represent the comparison between
the two groups both before & after thermo-cycling. The
results were analyzed using Student t-test which revealed
that for both groups (1) & (lI), there was a significant
decrease in residual monomer after thermo-cycling with
(t=62.738) (P=<0.001) & (t=82.488) (P=<0.001)
respectively.

Table 3(b):Comparison between the two studied groups
according residual monomer test, before & after thermo-cycling.

Subgroups Group | Group Il £ P)
A&B Control group Study group
No thermocycling

Min. - Max. 25.68 — 25.90 16.64 — 16.92
S 87.336"
= Mean * SD. 25.79+0.11 16.77 £ 0.14 .
& (<0.001")
§ Median 25.79 16.75
=
E % of Change 134.97
b=
$ a
& Thermocycling
5)

Min. - Max. 19.10-19.38 8.53-8.72

106.671"
Mean + SD. 19.26 +0.14 8.61£0.10 .
(<0.001")
Median 19.29 8.59
% of Change 155.30
62.738" 82.488"
t(P) (<0.001%) (<0.001%)

4 Control
30.0 = Study

15.0 1

10.0 4

w
o
"

Mean of Residual Monomer test in (%)

0.0

No thermo cycling Thermo cycling

Figure 5: Showing comparison between the mean values of the
two studied groups according to residual monomer test in (%),
before & after thermo-cycling.

Additionally, CAD/CAM PMMA showed a high
statistical significant reduction in the amount of residual
monomer when compared to conventional PMMA by
(34.97% & 55.30%) with (t=87.336) (P=<0.001) &
(t=106.671) (P=<0.001) before and after thermo-cycling
respectively.

5- On correlation between impact and flexural
strength tests
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The data of impact and flexural strength tests were
correlated using Spearman coefficient test, which revealed
a statistical significant negative correlation between impact
and flexural strength of group (1) after thermo-cycling, as
shown in (figure 6).

It means that, for CAD/CAM PMMA after thermal
changes, with the increase in impact strength there was a
statistical significant decrease in flexural strength with (P
=0.043) (rs = -0.701). Where: rs: Spearman coefficient, *:

Statistical significant at p < 0.05.
180

Flexure strength

80 : T T +
15 20 25 30 35 40
Impact strength
Figure 6: Showing correlation between impact strength test with
flexural strength test of the study group (Group II) after thermo-
cycling.

DISCUSSION

The presence of unreacted methacrylate monomer in
denture base resins is undesired because it impedes the
resin’s mechanical properties (19) and also
compromises the product’s biocompatibility as it
leaches into the surrounding tissues and saliva (20).
This released monomer had been suspected of being
responsible for allergic or cytotoxic reactions of
denture base materials (21).

CAD/CAM-fabricated dentures are hypothesized
to have enhanced material-specific properties because
the denture base is' milled from poly methyl
methacrylate (PMMA) pucks that have . been
polymerized under high temperature and pressure (22),
which is at fifty times the conventional processing
pressure (23). The high "pressure .promotes the
formation of longer polymer chains (24) and therefore
when compared to a conventional processed denture,
leads to a higher degree of monomer conversion with
lower values of residual monomer (25).

Although the hypothesis that CAD/CAM-
fabricated dentures should therefore. release less
monomer (22) is conclusive, scientific-evidences
regarding  physico-mechanical ~ properties  and
monomer release from CAD/CAM fabricated
prostheses are missing so far (25).

There are limited reports in the literature
evaluating the CAD/CAM as a denture base material.
So, this study was conducted in order to evaluate the
most important physico-mechanical properties of
CAD/CAM PMMA. Four tests were conducted:
impact strength test, flexural strength test, surface
roughness test & analysis of residual monomer.

Impact strength is an important property for
denture base materials which have tendency to fracture
if accidentally dropped onto a hard surface (10).
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In our study, when comparing impact strength
mean values of specimens for both groups | & Il at
different conditions and represent the effect of thermo-
cycling on them, our finding was agreed with Al-
Ameer (26) in 2012, who found that the impact
strength of PMMA-based heat cure acrylic resin was
not significantly changed by thermo-cycling.

Also, we found that CAD/CAM PMMA showed a
statistical significant higher impact strength than
conventional PMMA in both situations (before & after
thermo-cycling) by 166.15% & 123.68% respectively.

Our results could be attributed to the high-pressure
polymerization. of CAD/CAM specimens. This result
was consistent with previous study by Arita et al. (27)
in 2008, who reported that the polymerization under
pressure increased the average molecular weight and
the<polymerization rates of MMA, which in turn
enhances impact strength.

Flexural strength is an important parameter that
can reflect the ability of a denture base material to
withstand functional masticatory forces.

For group (lI), thermo-cycling statistically
decreased the flexural strength,. which might be
explained. by additional polymerization as a result of
increased temperature. This enhances the degree of
conversion reducing the monomer content which acts
as a plasticizer, resulting in a less resilient polymer, as
Gungor et al. (28) in 2017 reported:

When comparing (group | & group Il) in our
study, the CAD/CAM PMMA flexural strength was
significantly lower than the conventional PMMA at
both conditions (zero thermo-cycle & after thermo-
cycling) by 33.11% & 20.52% respectively.

In 2013, Murakami et al. (24) agreed with our
findings as he stated that polymerization under a high
pressure reduced the monomer contents which act as a
plasticizer,-which in turn increases the toughness of
the PMMA, while decreasing the yield strength,
flexural strength and the elastic modulus.

Regarding surface roughness, several studies have
demonstrated that rough acrylic resin surfaces are
significantly more prone to bacterial accumulation and
plaque formation than smooth surfaces (29).

Our result revealed an increase in surface
roughness of conventional PMMA specimens after
artificial aging, which was consistent with Finoti et al.
(30) in 2012, who explained that by the absorption of
water which acts as a plasticizer, altering the
mechanical properties of the material such as surface
hardness and decreasing its wear resistance resulting
in increased surface roughness.

In comparing both groups (I & II) in our study,
CAD/CAM PMMA showed decreased surface
roughness values both before & after thermo-cycling
but the statistical significant reduction was after
thermo-cycling, which was 68.24% less than
conventional PMMA, where (U=13.0) (P=0.046).

In 2016, Roscaa et al. (31) was consistent with our
result, as he stated that polymerization under
standardized conditions, high pressure and high
temperature, of the CAD/CAM materials result in a
higher degree of conversion and less residual
monomer in the material. Thus, the amount of residual
monomer of free radicals is very low or even
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insufficient to allow co-polymerization and these
materials present a low surface energy (wettability)
and resistance to surface modification by different
chemical treatments.

Considering the residual monomer, in order to
increase the biocompatibility of denture bases, it was
important in our study to analyze the amount of
residual monomer before and after thermo-cycling for
both studied groups.

On analyzing the effect of thermo-cycling on the
amount of residual monomer, Milena et al. (32) in
2011 agreed with our result. He stated that after
additional polymerization in a hot water bath, a
significant reduction in the amount of residual
monomer in the samples was observed, which agrees
with the results published in literatures.

In our study CAD/CAM PMMA showed high
significant reduction of residual monomer when
compared to conventional PMMA by 34.97% before
thermo-cycling.

After thermo-cycling, the amount of residual
monomer of CAD/CAM PMMA was 8.59%, which
was highly significant less than of conventional
PMMA by 55.30%.

Our result may be due to the polymerization‘under
high temperature high pressure conditions of
CAD/CAM specimens as stated by Tang et al. (33) in
2014, who described that such polymerization process
results in polymers that exhibit a.significant (even
dramatic) decrease in monomer release.

In 2017, Steinmassl et al. (25) also agreed, as he
showed in his study that CAD/CAM dentures released
very little monomer. However, he advised enhancing
the manually fabricated dentures by water bath long-
time heat-polymerization.

In correlation between impact strength and flexural
strength, the Spearman coefficient was performed. It
revealed that there "was a negative correlation
(p=0.043) between impact strength and. flexural
strength of CAD/CAM PMMA. It means that, with
increasing of impact strength values of the material,
lower flexural strength values were detected.

Our result was supported by Murakami et al. (24)
in 2013, who concluded that, besides the increase in
fracture resistance, the high "pressure during the
polymerization process decreased the elastic modulus,
the yield, and the maximum flexural strength of the
PMMA-based heat curing resin.

The results of our study may increase the
understanding of the effect of the high-pressure
polymerization on the mechanical properties of the
PMMA-based heat-curing denture base resin and lead

to further developments of this polymerization
method.
CONCLUSION

Within the limitations of this study, it could be
concluded that:

1. In general, CAD/CAM PMMA had a statistically
significant higher impact strength when compared
to conventional PMMA both before and after
thermo-cycling.
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2. The CAD/CAM PMMA flexural strength was
significantly lower than the conventional PMMA
both before and after thermo-cycling.

3.CAD/CAM PMMA showed decreased surface
roughness values than conventional PMMA, but
the statistically significant reduction was after
thermo-cycling.

4. Residual monomer of CAD/CAM PMMA was
statistically significantly lower than conventional
PMMA at both before and after thermo-cycling.
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