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ABSTRACT

Objectives: This study aimed to evaluate the changes of surface roughness and hardness of 
conventional heat-cured (CHC) and CAD/CAM PMMA after immersion in alkaline peroxide 
chemical denture cleansers (DC), simulating one -year of use.

Materials and Methods: 30 specimens of CHC, and another 30 specimens of CAD/CAM 
PMMA were divided into three groups (n= 10), each were immersed in two commercially available 
alkaline peroxide DC (Corega tablets and Polident tablets) as well as distilled water (control group). 
The mean surface roughness (Ra) of the specimens was recorded using contact stylus surface 
analyzer device. The surface hardness (VHN) was recorded using Vickers micro-hardness tester. 
Ttest for paired observation and independent samples T-test were used to indicate and compare any 
changes in Ra and hardness between the baseline and after simulated daily immersion in DC for 
one-year.

Results: The tested DC had no significant effect on the Ra and hardness of CAD/CAM PMMA 
specimens. But both types of DC produced significant increase in Ra and significant decrease in 
VHN of the CHC PMMA specimens (P < 0.05). The Ra of the CAD/CAM PMMA specimens 
was significantly lower and the VHN was significantly higher than that of the CHC PMMA after 
treatment with DC.

Conclusions: Alkaline peroxide DC appears not to affect the Ra and hardness of CAD/CAM 
PMMA. Alkaline peroxide DC produced negative effect on the Ra and hardness of CHC PMMA. 
CAD/CAM denture base resins might be considered the material of choice to produce more durable 
dentures.
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INTRODUCTION 

Polymethyl methacrylate (PMMA) is the most 
commonly used material as denture base in den-
tistry since 1937, this is due to some merits like 
ease of manipulation, repair, finishing and polish-
ing, low cost and acceptable esthetic properties.(1) 
However, when used intraorally, it becomes loaded 
with biofilms on its surface that may have severe 
health consequences.  It may be associated with 
denture stomatitis and halitosis, aspiration pneumo-
nia, infectious endocarditic, gastrointestinal infec-
tion, chronic obstructive pulmonary diseases.(2-5) In 
addition to that, removable dental prosthesis may 
be considered a source of cross infection.(6)  As a 
resul, denture cleaning is an important step in pre-
venting cross contamination and improving the oral 
hygiene, denture durability, and general quality of 
life of patients..(7) Among the methods that is recom-
mended for denture hygiene is by using chemical 
denture cleansers, especially for patient with lim-
ited manual skills to apply the mechanical method 
of cleaning.(8) Chemical methods by immersion of 
the prosthesis in a variety of cleaning solution. This 
method is relatively an inexpensive, easy, comfort-
able procedure, as well as the solution can reach 
undercuts or concavities of the prosthesis that are 
difficult to clean mechanically.(9) 

Ideally, chemical denture cleansers should 
reduce or remove the biofilms, and should be 
compatible with the denture base materials without 
compromising their physical and mechanical 
properties.(10,11) 

Presently, alkaline peroxide-based effervescent 
denture cleansers are popular; they come in powder 
or tablet form and dissolve in water to provide an 
alkaline hydrogen peroxide solution.(12)  Research 
has declared that alkaline peroxides characterized 
by its pleasant odor, anti-fungal, anti-bacterial 
effect, and do not alter the surface properties of 
acrylic resin.(7,12-14) However adverse effects such 
as changes in acrylic resin surface roughness and 

hardness have been documented especially with 
prolonged use.(15,16)

Surface roughness (Ra) is a principal property 
involved in bacterial colonization and plaque 
formation on acrylic denture base materials.(17) It 
was documented in the literatures that an increase 
in the surface roughness above the threshold of 
0.2 μm results in a concomitant  increase in plaque 
accumulation on dental prosthetic and restorative 
materials.(18)

Moreover, surface hardness is defined as the 
resistance of the material to permanent surface 
indentation or penetration. Surface hardness is 
another factor that influences the surface features of 
denture base material as it facilitates the prosthesis 
finishing and enhances its resistance to scratching 
and abrasion during cleansing and service.(19, 20)

With the advent of computer-aided design and 
computer-aided manufacturing (CAD/CAM) in 
removable denture construction, pre-polymerized 
polymethyl methacrylate (PMMA) resin pucks 
were used to provide CAD/CAM denture bases 
with fewer micro-porosities, resulting in improved 
mechanical properties when compared with 
traditionally fabricated acrylic resin bases.(21-25)

The impact of denture cleansers on the mechanical 
and physical properties of conventional heat-cured 
acrylic resins (PMMA) has been reported in many 
studies. However, no data exist on the effect of 
denture cleansers on the surface properties of pre-
polymerized PMMA pucks used in CAD/CAM 
denture bases. Therefore, the aim of this in-vitro 
study was to see how the alkaline peroxide denture 
cleansers effervescent affected the surface roughness 
and hardness of two types of denture base resins: 
pre-polymerized PMMA pucks used in CAD/CAM 
denture base, and conventional heat cured PMMA 
denture base resins. The null hypothesis of this 
research was that there is no significant difference 
in the surface roughness and hardness of both types 
of denture base materials after exposure to alkaline 
peroxide denture cleansers.  
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MATERIALS AND METHODS

Sample fabrication 

A total of 60 square samples (10 mm × 10 mm 
× 2 mm)  of denture base resins were prepared. 30 
samples for conventional heat cured PMMA resin 
and 30 samples for CAD/CAM PMMA resin. 

 Conventional heat cured PMMA (Ecocryl-
Hot, Protechno, Girona, Spain)  specimens were 
prepared by investing pieces of modeling wax 
(Cavex-Holand BV, Netherlands) in stone plaster 
(LabStone-Dentsply, USA) by a conventional 
flasking procedure in metallic dental flask according 
to the manufacturer’s instructions. Resin was 
polymerized using the conventional compression 
molding technique at 74°C for 2 hours followed 
by boiling at 100°C for 1 hour. Then, the flask 
was bench cooled to room temperature, and the 
specimens were carefully removed from the molds.

CAD/CAM PMMA resin specimens were 
prepared following previous study done in 2018(26) 
from a pre-polymerized PMMA puck (Figure 1), 
that manufactured under controlled heat and high 
pressure (AvaDent, Global Dental Science, Arizona- 
USA). The specimens were cut using a diamond saw 
machine (Isomet 5000; Buehler Ltd, Lake Bluff, IL, 
USA) at 1800 r/min under water cooling. 

All the specimens were visually examined and 
checked for the absence of voids or porosity, faulty 
samples were discarded. Finishing discs and stones 

with a low-speed hand-piece were used to prepare 
the acrylic specimens to the required dimensions. 
The cut resin specimens were then finished and 
polished by one master dental technician. Abrasive 
papers of 280, 360, and 400 grit (Middle East 
Factory- K.S.A, Riyadh, Saudi Arabia) were used to 
finish the specimens’ surfaces, then the specimens 
were polished on wet rag wheel with slurry pumice. 
All study specimens were kept in distilled water at 
37°C for 48 hrs. After that, the specimens of both 
groups were randomly divided into three subgroups 
(n= 10). Two test groups for immersion in two 
types of commercially available alkaline peroxide 
chemical denture cleansers, and one control group 
for immersion in distilled water. Then base line 
measurement of surface roughness and hardness 
were performed for all the samples.  

Treatment with denture cleansers

The denture base resins of both study groups 
were then subjected to the alkaline peroxide denture 
cleansers. The samples of control groups (n= 10) 
were immersed in a container with 200 mL of 
distilled water at room temperature. One group of 
the test specimens (n= 10) of both study groups were 
immersed in 200 mL distilled water with Corega 
tablet (GSK, Irland) and the other test specimens 
(n= 10) of both study groups were immersed in 
200 mL distilled water with Polident tablet (GSK, 
Australia). The immersions were made to simulate 
daily cleansing for one year (365 days). To simulate 
the overnight immersion each 24 hrs corresponded 
to 3 immersions of 8 hrs per day. As a result, the 
specimens were immersed for a total of 122 days. 
The control group specimens were immersed in 
distilled water throughout the experiment, while for 
the test groups the cleaning solutions were changed 
three times a day. Each specimen was washed for 5 
s and dried before immersed in a new solution.(27)

Measurement of surface roughness

The surface roughness value (Ra) of each specimen 
was measured by using a contact stylus surface Fig. (1) Pre-polymerized PMMA Pucks.
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analyzer (MarSurf PS1- MahrGmbH. GÖttingen- 
Germany). The instrument fulfill DIN EN ISO 3274 
standards. The contact stylus can measure surface 
variations by moving a diamond stylus across the 
specimen surface (Figure 2). The tracing length of 
the instrument stylus was (5.6 mm) and a cut–off of 
(0.8 mm) at speed of (0.5 mm/s). For each specimen, 
Ra values were recorded at baseline (Ra-0) and after 
treatment (Ra-1). Measurements were obtained from 
three locations (one in the midline, and the others 
1 mm right and left to midline), and the average of 
the three measurements was recorded as the mean 
Ra value for that specimen. All measurements were 
made and recorded by a single investigator. 

Measurement of surface hardness

The surface hardness (Vickers Hardness Number; 
VHN) of the specimens was also measured at base 
line (VHN-0) and after treatment (VHN-1). A 
Vickers microhardness tester (ZHVµ Micro Vickers 
Hardness Tester, Indentec Hardness Testing, Zwick 
Roell Co., Ltd. Atlanta, USA) was used with a load 
of 50 g for 30 s at a speed of 0.05 mm/s for all groups 
(Figure 3). Each specimen was measured at three 
points, with the average serving as the specimen’s 
mean value.  All measurements were taken and 
recorded by a single investigator.

Statistical analysis

The SPSS statistical software (IBM SPSS 
Statistics for Windows, Version 23.0, IBM Corp., 
New York, USA) was used to interpret the collected 
data. The mean and standard deviation of the surface 
roughness and hardness, for the study groups were 
calculated using descriptive data analysis.

T-test for paired observation was used to 
indicate any changes in surface roughness and 
hardness, between the baseline and after 122 days 
of continuous immersion in the denture cleansers 
and distilled water.  Independent samples T-test was 
used to compare between the two types of denture 
base materials after treatment. The significance 
level was set at P ≤ 0.05.

RESULTS

Surface Roughness

Mean values and standard deviations of the 
surface roughness (Ra) for the conventional heat 
cured and CAD/CAM denture base resins at base line 
and after treatment with denture cleansers are shown 
in Table 1. T- test for paired observation indicated 
significant changes in surface roughness of the 
conventional heat cured acrylic resin specimens that 
were immersed in the denture cleansers (P<0.05). 

Fig. (2) Measuring surface roughness by contact stylus surface 
analyzer.

Fig. (3) Measuring surface hardness by Vickers micro-hardness 
tester
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While no significant changes in surface roughness 
were noted with the conventional heat cured acrylic 
resin specimens that were immersed in distilled 
water (control group).  The same statistical test 
revealed that denture cleansers had no significant 
effect in surface roughness of the CAD/CAM 
denture base resins specimens, similarly the CAD/
CAM denture resin specimens that were immersed in 
distilled water (control group) showed no significant 
difference on surface roughness (P > 0.05). Also the 
results showed that the surface roughness of the 
conventional heat cured PMMA groups immersed in 
the denture cleansers was significantly higher than 
that of the CAD/CAM PMMA (P < 0.05), and there 
is no significant difference in the control groups as 
indicated by Independent-Samples T test (Figure 4).

Surface hardness

Mean values and standard deviations of the 
surface hardness (VHN) for the conventional heat 
cured and CAD/CAM denture base resins at base 

line and after treatment with denture cleansers are 
shown in Table 2. The results indicated that there was 
a significant decrease in the surface hardness of the 
conventional heat cured acrylic resin specimens that 
were immersed in the denture cleansers, as revealed 
by Student -T test (P< 0.05). In the other hand, 
no significant changes in surface hardness were 
reported with the conventional heat cured acrylic 
resin specimens that were inserted in distilled water 
(control group). While, CAD/CAM denture base 
resins specimens showed no significant differences 
in surface hardness after immersion in the denture 
cleaners or distilled water (P> 0.05). 

Also the results showed that the surface hardness 
of the conventional heat cured PMMA groups 
immersed in the denture cleansers or distilled water 
was significantly lower than that of the CAD/CAM 
PMMA (P < 0.05) as indicated by Independent-
Samples T test (Figure 5).

TABLE (1) Mean values and standard deviation (SD) of surface roughness (Ra) of the study groups before 
and 122 days following the use of alkaline peroxide denture cleansers tablets:

Study Groups Surface roughness 
(Ra) μm

Conventional Heat 
Cured PMMA

CAD/ CAM 
PMMA

P- Value (Independent-
Samples T test)

Corega tablet Ra-0 0.129 (0.013) 0.109 (0.011)

Ra-1 0.143 (0.012) 0.117 (0.011) 0.037*

P- Value (Paired-Samples T test) 0.023* 0.079

Polident tablet Ra-0 0.129 (0.011) 0.103 (0.012)

Ra-1 0.152 (0.016) 0.112 (0.012) 0.002*

P- Value (Paired-Samples T test) 0.006* 0.446

Distilled Water
(control)

Ra-0 0.122 (0.014) 0.127 (0.012)

Ra-1 0.127 (0.015) 0.130 (0.016) 0.530

P- Value (Paired-Samples T test) 0.301 0.323

Ra-0: Base line (initial) surface roughness   Ra-1: After treatment (final) surface roughness

*Denotes significant difference (P< 0.05)
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DISCUSSION

This study evaluated the potential adverse effects 
of two alkaline peroxide-based denture cleansers 
effervescent tablets on the surface roughness 
and hardness of conventional heat cured PMMA 
resin and CAD/CAM PMMA resin, for simulated 
immersion period of one year. According to the 
results, the null hypothesis was partially rejected, 
since the denture cleanser solutions did adversely 
affect the surface roughness and hardness of the 

conventional heat cured PMMA resin specimens, 
and did not adversely affect the surface properties of 
the CAD/CAM PMMA resin specimens over one-
year simulation period. 

The longevity of prosthetic dental therapy is 
directly linked to the care and maintenance of 
the prostheses, and is dependent on the hygiene 
performed by the patient.(15,28-30)   Insufficient 
hygiene result in the accumulation of food debris 
and may eventually adversely affect the mechanical 

TABLE (2): Mean values and standard deviation (SD) of surface hardness (VHN) of the study groups before 
and   122 days following the use of alkaline peroxide denture cleansers tablets:

Study Groups
Surface Hardness

(VHN)

Conventional 
Heat Cured 

PMMA

CAD/ CAM 
PMMA

P- Value 
(Independent-

Samples T test)

Corega tablet VHN-0 20.0 (1.7) 23.5 (2.014)

VHN-1 18.3 (1.95) 22.9 (2.461) 0.001*

P- Value (Paired-Samples T test) 0.000* 0.252

Polident tablet VHN-0 20.5 ( 1.27) 21.7 (2.011)

VHN-1 18.5  (1.35) 21.0 (2.098) 0.004*

P- Value (Paired-Samples T test) 0.000* 0.522

Distilled Water
VHN-0 19.4 (1.58) 22.5 (1.958)

VHN-1 19.0 (1.33) 22.4 (1.430) 0.000*

P- Value (Paired-Samples T test) 0.373 0.876

VHN-0: Base line (initial) surface hardness.   VHN-1: After treatment (final) surface hardness.

*Denotes significant difference (P< 0.05).

Fig. (4) Changes in Surface Roghness Fig. (5) Changes in Surface Hardness
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and physical properties of the prosthesis materials 
and the health of the oral mucosa.(15,16, 28,29,31)

Alkaline peroxide denture cleansers effervescent 
are often prescribed and frequently used by denture 
wearers.(12,31) The full extent of the negative 
consequences of denture cleaners is uncertain. 
Although some studies indicate that these solutions 
have no clinically significant negative effects on 
the surface of the prosthesis(12,13,14), others show that 
they can cause changes in the prosthesis surface 
roughness or hardness.(15, 16)

Bollen et al(18) found a direct connection between 
surface roughness and microorganism retention and 
claiming that a minimum roughness of 0.2 μm is 
needed for microbial adhesion, which is now the 
clinically accepted minimal value.(18)

Therefore, one of the main goals of this study 
was to ascertain that surface roughness was always 
within acceptable limits after a proper finishing and 
polishing of the acrylic resin samples. According to 
the findings of this study, the surface roughness of 
the conventional heat cured resin was significantly 
increased after immersion in alkaline peroxide den-
ture cleansers, and there is no significant increase 
in control group (immersed in distilled water). This 
increase in surface roughness after treatment with 
denture cleansers in the present study can be at-
tributed to the active oxygen released by the solu-
tion containing hydrogen peroxide.(32)  As sodium 
perborate dissolve in water to form an alkaline per-
oxide solution it decompose into sodium metabo-
rate, hydrogen peroxide, and nascent oxygen.(33) 
This peroxide solution contain alkaline detergents 
(which decrease surface tension) and elements such 
as sodium perborate or percarbonate (which liberate 
oxygen from the solution). Oxgen bubbles release 
has a mechanical and chemical cleaning effect.(34) 
Furthermore, alteration of the surface properties 
may be induced by the release of the soluble com-
ponents like initiator, plasticizer and free monomer 
present in the acrylic resin by the alkaline chemical 

solution.(35) This finding is consistent with the results 
of  Ozyilmaz and Akin(36) who studied the effect of 
chemical denture cleansers on structural properties 
of different denture base resins. They found that the 
surface roughness of the denture base resins was 
significantly increased after treatment with the den-
ture cleansers for 8 hrs/day for 140 days.  Jeyapalan 
et al (16) observed in their in-vitro study significant 
increase in surface roughness of denture base mate-
rials, after immersion in denture cleansers contain-
ing sodium perborate for long duration. Moreover 
Machado et al.(32) reported  increase in the surface 
roughness of denture base resins after repeated dis-
infection by immersion in alkaline peroxide-based 
denture cleansers.  Also, Peracini et al.(37) recom-
mended that the alkaline peroxide effervescent den-
ture cleansers should be carefully used because of 
their negative impact on the surface roughness of 
heat-polymerized acrylic resin. The current study’s 
results are consistent with those of these in vitro ex-
periments.  On the contrary, the results of our study 
disagree with the results of study conducted by Ar-
ruda et al.(12) and Peracini et al.(37)   who found that 
Corega denture cleanser tablets didn’t change the 
surface roughness of heat polymerized acrylic res-
in. This may be attributed to these study employed 
shorter time and duration of immersion (20 minutes 
repeated for 26 days, and 5 minutes repeated for 6 
days respectively) while our study employed longer 
time and duration of immersion (8 hrs repeated for 
122 days- simulate daily cleansing for one year).  
Current study simulating the overnight immersion 
(8 hrs) which represents a common situation for 
patients, as dentists commonly recommend denture 
removal during the sleeping period and immersion 
in solutions in order to relieve the underlying tis-
sues and clean the dentures.(38) However, the surface 
roughness of heat polymerized acrylic resin was not 
substantially altered by overnight immersion in al-
kaline peroxide denture cleansers simulating a year 
and a half of use, according to the findings of  Para-
nhos et al.(7) 
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As regard the surface hardness which is another 
important surface property by which the denture base 
materials can resist scratching and abrasion during 
cleansing and service.(19,20) The results indicated that 
the hardness of the conventional heat cured resin was 
decreased significantly after immersion in alkaline 
peroxide-based denture cleansers, while the con-
trol group showed non-significant change in surface 
hardness. This finding is consistent with previous 
research that has shown a decrease in surface hard-
ness after using chemical denture cleaners on various 
denture base materials.(32,36,39-41) This may be attrib-
uted to the plasticizing effect of the aqueous solu-
tion of denture cleansers which permits relaxation of 
stresses occurred during processing and consequent-
ly hardness is reduced, this opinion is supported 
by previous study done by Neppelenbroek et al in 
2005(40) and  Braun et all in 2003(41). Moreover, some 
chemical components of the disinfectants may soften 
and degrade the surface layer of  the denture resin, 
alkaline peroxide-based denture cleansers liberates 
oxygen causing hydrolysis and disintegration of the 
polymerized resin, this postulation come in accor-
dance with study done by Machado et al in 2009(32) 
and Durkan et al in 2013.(39)

The controversy with the results of the current 
study may be related to the different manufacturers 
of acrylic resin materials used. These differences 
indicate that not only the type of cleanser, time and 
immersion period should be considered, but also 
the type and manufacturer of the employed denture 
base materials used.

In contrary, the current study showed that the 
surface roughness, and hardness of CAD/CAM 
PMMA did not alter significantly after immersion 
in alkaline peroxide denture cleansers effervescent 
or distilled water (control group). This results may 
be explained by the fact that the PMMA ready-
made pucks used in CAD/CAM technology is 
constructed under highly controlled conditions of 
heat and pressure, which resulted in high accuracy 

of compact materials free from any residual non 
reacting monomers, and a high resistant surface for 
the adverse effect of chemical cleansers used.(21-25,42) 
Since the literature contains no study on the effect of 
alkaline peroxide solution on the surface roughness 
and hardness of CAD/CAM denture base resin, it is 
not possible to compare the results; therefore, further 
studies should be carried out. But we may consider 
the in-vitro study done by Shinawi in 2017(43), who 
concluded that CAD/ CAM denture base resins 
exhibit favorable abrasion resistance characteristics 
and have low baseline surface roughness values 
that are not adversely affected by three-years 
simulated manual brushing. In the present study 
after simulated daily cleansing by alkaline peroxide 
chemical denture cleansers for one year, the CAD/
CAM PMMA group exhibited smoother surface 
and higher surface hardness than the conventional 
heat group did. Which might support the claims 
of the manufactures and other investigators that 
CAD/CAM PMMA has better surface properties, 
less porosity, and thus less microbial adherence. 
This is due to the special controlled manufacturing 
process and uniform heating of PMMA, which 
resulted in higher monomer conversion, reduced 
the plasticizing effect of residual monomers, and 
consequently increased surface hardness and low 
surface roughness.(44,45,46,47) These postulations 
my give the CAD/CAM denture base resin the 
advantages of more durability and resistance to 
the action of alkaline peroxide denture cleansers if 
compared to conventional heat cured resins. 

During interpretation of the findings of the 
current study the following limitations should be 
considered; the methodology didn’t reproduce the 
clinical oral conditions, such as salivary effect, 
pH, biofilm, and temperature fluctuations which 
would have some influence on the action of 
denture cleansers. Also the way by which the CAD/
CAM specimens is prepared not following the 
recommendation of the manufacturer to be milled in 
milling machine.  Therefore, future clinical research 
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is necessary to obtain more thorough understanding 
of the effect of chemical denture cleansers on the 
surface properties of CAD/CAM PMMA. 

CONCLUSION

Within the limitations of this study it can be 
concluded that, after simulated daily cleansing 
for one-year, alkaline peroxide denture cleansers 
significantly increase the surface roughness and 
decrease the hardness of conventional heat cured 
PMMA. In the contrary, the surface roughness and 
hardness of CAD/CAM denture base PMMA was 
not adversely affected by alkaline peroxide denture 
cleansers evaluated.  CAD/CAM denture base 
resins might be considered the material of choice to 
produce more durable removable dentures.
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