
Background
Optimal cleaning and disinfection of complete and partial 
dentures play a fundamental role in the oral mucosal health 
of denture wearers (1). However, it is often a difficult 
task for the elderly due to the presence of underlying 
systemic conditions, dementia, and compromised hand 
skills or movement coordination. Irrespective of adverse 
esthetic effects, poor oral hygiene leads to the formation of 
biofilm and the subsequent development of oral mucosal 
inflammation and opportunistic infections (2). 

Physical and mechanical changes in denture base acrylic 
resins due to the effects of oral environmental conditions 
or cleansing agents are a common concern for many 
dental clinicians in the fabrication of removable partial or 

complete dentures. However, hygienic measures are also an 
integral part of oral health and are imperative for denture 
wearers (3). Removable partial or complete dentures are 
at high risk of contamination, and their disinfection is 
imperative to prevent cross-contamination. Different 
microorganisms with various levels of pathogenicity have 
been isolated from dental prostheses, which are capable 
of causing pneumonia, conjunctivitis, and meningitis 
(4,5). According to the infection control protocol of the 
American Dental Association, dental prostheses should be 
disinfected prior to transfer to a laboratory and delivery to 
patients (3). 

Evidence shows that chemical disinfecting agents can 
effectively eliminate microorganisms and microbial 
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Abstract
Background: Complete dentures are at high risk of contamination, and their disinfection is 
imperative to prevent cross-contamination. Also, chemical disinfecting agents can effectively 
eliminate microorganisms. This study aimed to assess the effect of combinations of hydrogen 
peroxide (HP) and vinegar in different ratios on the surface roughness of heat-cure denture base 
acrylic resin.
Methods: This in vitro, experimental study evaluated 40 heat-cure acrylic resin specimens that 
were flasked and heated at 70 °C for 9 hours for heat polymerization. The acrylic specimens 
were cut into small cubic pieces measuring 20 × 20 × 3 mm using a cutting machine and polished 
with metallographic abrasive paper. The specimens were randomized into 4 groups of control 
(artificial saliva) and HP and vinegar in 1:1, 1:3, and 3:1 ratios (three experimental groups). Then, 
they were immersed in the respective solutions for 8 hours/day for one month. Their surface 
roughness (Ra) was measured before and after immersion by a profilometer. The data were 
analyzed using a one-way analysis of variance (α = 0.05). 
Results: The immersion of acrylic specimens in HP + vinegar in 1:1 and 1:3 ratios did not cause 
a significant change in their surface roughness (P > 0.05). However, the surface roughness 
significantly decreased after immersion in HP + vinegar in a 3:1 ratio (P = 0.032). Despite the 
reduction in the surface roughness of specimens in the 3:1 group, the difference in surface 
roughness was not significant among the four groups after immersion (P > 0.05). 
Conclusion: Combinations of HP and vinegar in different ratios appear to be suitable for cleaning 
removable dentures due to their insignificant effects on the surface roughness of acrylic resin. 
Keywords: Hydrogen peroxide, Acetic acid, Roughness, Acrylic resins, Polymerization
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plaque (5). Physical and mechanical methods are not as 
effective as chemical cleansing agents in the reduction of 
denture microorganisms (6,7). However, chemical agents 
often change the physical and mechanical properties of 
acrylic resins and lead to alterations in their color, flexural 
strength, and surface roughness. Increased surface 
roughness over time enhances microbial adhesion and 
the accumulation of food particles on the acrylic surface 
of a denture (8,9), eventually resulting in oral mucosal 
irritation and inflammation (10). Chemical disinfecting 
agents are among the main causes of increased denture 
surface roughness (11). The optimal efficacy of chemical 
denture cleansing agents in the dissolution and elimination 
of food particles, biofilm, and stains caused by cigarette 
smoking has been documented in previous studies 
(12,13). However, they have drawbacks, such as causing 
whitish discoloration and roughening the denture surface. 
Bleaching products have a bad odor, cause discoloration, 
and degrade the denture soft liners. Weak acids such as 
citric acid or household vinegar are commonly used for 
the elimination of water scales. They attack the inorganic 
phosphate parts of the scales and decrease scale buildup. 
Vinegar can also eliminate microorganisms, but it is less 
effective than the bleaching agents (14). The immersion 
of dentures in vinegar or hydrogen peroxide (HP) alone 
does not seem to effectively eliminate microorganisms 
responsible for denture stomatitis. A combination of 
vinegar and HP, however, can noticeably eliminate 
Candida albicans and Staphylococcus aureus (15). It has 
been reported that a combination of HP and vinegar can 
also decrease microbial plaques on the denture surface. 
However, vinegar may roughen the denture surface since 
it is acidic. This topic needs further investigation since 
increased surface roughness enhances microbial plaque 
accumulation.

The efficacy of sodium hypochlorite and vinegar 
for denture surface disinfection has been previously 
investigated. However, information regarding the effect of 
a combination of HP and vinegar on the surface roughness 
of dentures is lacking. Thus, this study sought to assess 
the effects of combinations of HP and vinegar in different 
ratios on denture surface roughness. 

Materials and Methods 
This in vitro experimental study examined 40 heat-cure 
acrylic resin specimens. The sample size was calculated to 
be 10 in each group according to a study by Nematollahi et 
al (16), assuming a 95% confidence interval, alpha = 0.05, 
beta = 0.2, and 90% study power. 

For the fabrication of acrylic specimens, white gypsum 
(Pars Dandan, Tehran, Iran) was poured into the lower 
compartment of the flask, and a glass slab was placed over 
it. After setting the gypsum and applying biofilm (spacer), 
metal molds with a diameter of 17 mm and a height of 6 
mm were glued to the glass slab. Another glass slab was 
placed over the molds, and mold stone was poured into the 
upper compartment (type III mold stone; Pars Dandan, 

Tehran) such that the metal molds were embedded in 
stone. After setting the mold stone, the third-phase stone 
was added with the glass slab in place, and the flask was 
closed and subjected to pressure for the stone to set (11). 
Acrylic resin (Bayer, Germany) was applied after the 
completion of flasking, wax burnout, and irrigation. After 
the final packing of the flask, it was heated in a furnace 
(Type 556, Kavo EVL, Germany) and underwent relatively 
slow polymerization at 70°C for 9 hours. The specimens 
were immersed in distilled water at 37 ± 1 °C for 50 ± 2 
minutes to release the free monomers. Next, they were 
cut into six equal pieces measuring 20 × 20 mm with a 3 
mm thickness with a cutting machine and a diamond disc 
under air and water coolant such that the temperature 
did not exceed 30 °C. The specimens were then finished 
and polished with metallographic abrasive paper with 
approximately 30 µm (p 500), 18 µm (p 1000), and 15 
µm (p 1200) abrasiveness. All specimens were fabricated 
at a temperature of 23 ± 2 °C and a relative humidity of 
50 ± 10% (16). To achieve the desired dimensions, the 
specimens underwent standard polishing, and 40 acrylic 
resin specimens fabricated as such were randomized 
into one control (artificial saliva) and three experimental 
groups for immersion in a combination of HP and vinegar 
in 1:1, 1:3, and 3:1 ratios, respectively. The specimens were 
immersed in 100 cc of the respective solution for 8 hours/
day. They were then removed from the disinfecting agent, 
rinsed, and immersed in distilled water for 16 hours. 
The solutions were refreshed daily, and this process was 
repeated for one month. 

The surface roughness of the specimens was measured 
at baseline (before immersion) and after immersion by 
using a profilometer (Surface Roughness Tester, TR-200 
Plus, USA). The measurements were made at three points 
for each specimen, and the mean of the three Ra (mean 
surface roughness) values was calculated and reported as 
the mean surface roughness of the respective specimen 
(16). 

Finally, two specimens were randomly selected from 
each group and underwent scanning electron microscopy 
(SEM). For this purpose, first, they were cleaned in an 
ultrasonic bath for 5 minutes, adhered to an aluminum 
stub by a conductive tape, and sputter coated (JFC-1100E 
ION SPUTTER, JEOL, Japan) with gold-palladium 
alloy for 10 minutes. Then, they were inspected under 
a SEM (JEOL JSM-840A, JEOL Ltd., Tokyo, Japan) and 
photographed. 

The Shapiro-Wilk test was used to assess the normality 
of data distribution, which showed the normal distribution 
of data in two out of four groups. Thus, to increase the 
statistical power, the mean surface roughness (Ra value) 
of the groups was compared using analysis of variance 
(ANOVA). STATA 11 software was utilized for all 
statistical analyses at a 0.05 level of significance. 

Results 
Table 1 presents the mean surface roughness of the four 
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groups at baseline and after immersion. Within-group 
comparison of surface roughness indicated no significant 
change in surface roughness after immersion in any 
group, except for the HP + vinegar group in a 3:1 ratio, 
which demonstrated a significant reduction in surface 
roughness after immersion (P = 0.032). The ANOVA 
results revealed no significant difference in the surface 
roughness of the groups after immersion (P = 0.882). In 
addition, Table 2 provides a pairwise comparison between 
the mean differences (before and after immersion) of 
different groups. 

Figures 1–4 show the SEM micrographs of specimens 
in the four groups. The minimum surface roughness was 
noted in the HP + vinegar group in a 3:1 ratio, followed by 
the control group. The maximum surface roughness was 
found in the HP + vinegar group in a 1:3 ratio. 

Discussion 
Denture cleansing and disinfecting agents can adversely 
affect the surface characteristics of dentures and may 
increase their surface roughness, which would enhance 
plaque accumulation. This study assessed the effect of 
combinations of HP and vinegar in different ratios on 
denture surface roughness. The results demonstrated that 
the immersion of acrylic specimens in the HP + vinegar 
solution in 1:1 and 1:3 ratios did not cause a significant 
change in their surface roughness (P > 0.05). However, the 
surface roughness significantly decreased after immersion 
in HP + vinegar in a 3:1 ratio (P = 0.032). Despite the 
reduction in the surface roughness of specimens in the 
3:1 group, the difference in surface roughness was not 
significant among the four groups after immersion 
(P > 0.05). 

Boonsoe et al (17) found that 5% vinegar changed the 
surface roughness of acrylic resins after 2 and 3 months, 
which contradicts our results, which may be due to the 
difference in assessment time points (1 month in the 
present study vs. 2–3 months in the mentioned study) 
and different heat curing protocols of specimens in 
their study (90 minutes at 74 °C and 30 minutes at 100 
°C). Other differences included the different immersion 
times of specimens for monomer release (24 hours in 
their study vs. 50 minutes in our study) and the use of 
vinegar alone in their study versus vinegar and HP in 
the present study. Nematollahi et al (16) concluded that 
2.5% white vinegar increased the surface roughness (both 
Ra and Rz values) of Bayer and Acropars acrylic resins. 
They indicated that vinegar caused deep grooves on the 

acrylic surface, especially in Acropars acrylic resin. The 
differences between their results and ours may be because 
they used vinegar alone, while we utilized a combination 
of vinegar and HP. Pereira et al (18) evaluated the effect of 
vinegar on the microhardness and surface roughness (Ra) 
of Meliodent acrylic resin. They reported no significant 
effect of vinegar on these parameters, which is in 
agreement with the present results despite different heat 
curing conditions and larger size of specimens in their 
study. As mentioned earlier, Nematollahi et al (16) and 
Boonsoe et al (17) used vinegar alone, which increased the 
surface roughness of acrylic resins, while we employed a 
combination of vinegar and HP. The results of the present 
study also indicated that increasing the amount of vinegar 
and decreasing the amount of HP could increase the 
surface roughness (Ra), but not significantly. These results 
confirmed that vinegar increases the surface roughness of 
the denture base and, therefore, should better be used with 
other solutions. The aggravation of surface roughness by 
the effect of vinegar may be due to the high concentration 
of citric acid in this solution. Citric acid is the main and 
most important constituent of vinegar, and its acidic 
property causes the hydrolysis of polymers in the resin 
surface and the subsequent release of monomers. Thus, it 
has a corroding effect on the acrylic surface and causes the 
chemical hydrolysis of the acrylic polymer (19). 

The present study evaluated the effect of HP in 
combination with vinegar on surface roughness, while 
most previous studies assessed the effect of sodium 
hypochlorite. Ebadian et al (11) showed that sodium 
hypochlorite increased the surface roughness of acrylic 
resins. The increased surface roughness of the denture 
base was explained to be due to the corroding effect of 
sodium hypochlorite. However, glutaraldehyde had no 
significant impact on surface roughness after 7 days. 
Firouz et al (20) reported similar results and concluded 

Table 1. Mean Surface Roughness of the Four Groups at Baseline and After Immersion (n = 10)

Group
Mean ± SD of Surface Roughness 

Before Immersion
Mean ± SD of Surface Roughness 

After Immersion 
Mean Difference P Value

HP + vinegar in 1:3 ratio 0.41 ± 0.40 0.42 ± 0.45 0.01 ± 0.14 0.436

HP + vinegar in 3:1 ratio 0.32 ± 0.26 0.28 ± 0.26 -0.04 ± 0.05 0.032

Vinegar + HP in 1:1 ratio 0.35 ± 0.24 0.36 ± 0.39 0.01 ± 0.39 0.453

Control group 0.30 ± 0.12 0.30 ± 0.12 0.00 ± 0.00 0.566

Note. HP: Hydrogen peroxide; SD: Standard deviation.

Table 2. Pairwise Comparison Between Mean Differences (Before and After 
Immersion) of Different Groups

Compared Groups P Value

HP + vinegar in a 1:3 ratio with control group 0.124

HP + vinegar in a 3:1 ratio with control group 0.098

HP + vinegar in a1:1 ratio with control group 0.12

HP + vinegar in a 1:3 ratio with HP + vinegar in a 3:1 ratio 0.045

HP + vinegar in a 1:3 ratio with HP + vinegar in a 1:1 ratio 0.230

HP + vinegar in a 3:1 ratio with HP + vinegar in a 1:1 ratio 0.033

Note. HP: Hydrogen peroxide.
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that, unlike glutaraldehyde, sodium hypochlorite 
increased acrylic surface roughness, and this increase 
was greater than that caused by vinegar. Aziz et al (21) 
demonstrated that sodium hypochlorite caused greater 
roughening of the acrylic surface compared with vinegar. 
In fact, disinfecting agents at high concentrations cause 
the degradation of the acrylic matrix and the release of 
free monomers, leading to an eventual increase in surface 
roughness. Thus, it is recommended that solutions with 
lower corroding effects and lower dissolution be used, or 
it is suggested that they be used in combination with other 
disinfecting agents (20). Due to the high corrosion caused 
by sodium hypochlorite, HP was utilized in combination 

with vinegar in the present study, and the results revealed 
that this combination had no adverse effect on the surface 
roughness of Bayer acrylic resin, irrespective of the mixing 
ratio. The reason is probably the lower corroding effect of 
HP compared with sodium hypochlorite (22,23). Pereira 
et al (18) concluded that HP had no significant impact on 
the physical and mechanical properties of acrylic resin, 
such as microhardness and roughness (Ra), in the short-
term (150 hours) and long-term (300 hours) periods. 
Their results are in line with those of the present study, 
despite the fact that they only used HP. 

The antimicrobial activity of vinegar in combination 
with HP was not evaluated in the present study. However, 
many previous studies have confirmed the antimicrobial 

Figure 1. SEM Micrograph of the Surface Roughness of a Specimen in 
HP + Vinegar Group in a 1:1 Ratio. Note. HP: Hydrogen peroxide; SEM: 
Scanning electron microscopy

Figure 2. SEM Micrograph of the Surface Roughness of a Specimen in 
HP + Vinegar Group in a 3:1 Ratio. Note. HP: Hydrogen peroxide; SEM: 
Scanning electron microscopy

Figure 3. SEM Micrograph of the Surface Roughness of a Specimen in 
HP + Vinegar Group in a 1:3 Ratio. Note. HP: Hydrogen peroxide; SEM: 
Scanning electron microscopy

Figure 4. SEM Micrograph of the Surface Roughness of a Control Specimen. 
Note. SEM: Scanning electron microscopy
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activity of vinegar (24,25), HP, and sodium hypochlorite 
(23). However, HP is preferred to sodium hypochlorite 
due to the high corrosive properties of sodium 
hypochlorite and its adverse effects on the physical and 
mechanical properties of acrylic resin (16). Thus, by using 
a combination of HP and vinegar, we can probably benefit 
from the antimicrobial properties of the mixture with no 
or minimal adverse effects on acrylic surface roughness. 
However, studies on the antimicrobial properties of this 
mixture against different microorganisms are required 
to make a final judgment in this respect. Soto et al (26) 
indicated that the combinations of HP and vinegar in 
1:1, 1:3, and 3:1 ratios eliminated the Candida albicans 
biofilm. However, they did not assess the effect of these 
combinations on the physical and mechanical properties 
of the heat-cure acrylic resin, and to the best of our 
knowledge, the present study appears to be the first to 
address this topic. Acetic acid in vinegar has a synergistic 
effect with HP and reacts with it to form peracetic acid, 
with increased antimicrobial activity. Therefore, it can be 
utilized at lower concentrations to ensure no or minimal 
adverse effects on the mechanical properties of the acrylic 
resin (26). It should also be noted that HP has antiviral 
effects on severe acute respiratory syndrome coronavirus 
2 as well, which is the culprit responsible for coronavirus 
disease 19 (27). Vinegar also has strong antiviral effects, 
especially against the severe acute respiratory syndrome 
coronavirus 2 (28). Hence, considering the present results, 
combinations of HP and vinegar may be suitable for 
cleansing complete or partial dentures, especially during 
the coronavirus disease 19 pandemic. 

Heat-cure acrylic resin was used in the present study 
due to its higher resistance compared with nylon and 
thermoplastic acrylic resins, as well as its popularity. It is 
hydrophilic. However, its water sorption is lower than that 
of other resins. This type of resin has a higher molecular 
weight, higher cross-linking, and a crystalline structure, 
which results in higher strength and hardness and higher 
resistance to dissolution (19). Nematollahi et al (16) 
discussed that the effect of disinfecting agents on surface 
roughness (Ra and Rz) depends on the type of acrylic resin 
as well. They demonstrated that Acropars acrylic resin 
was more affected by acidic disinfecting agents such as 
vinegar compared with Bayer acrylic resin. Further, Bayer 
was more significantly affected by sodium hypochlorite. 
Thus, Bayer (Melodent, Germany) was utilized in this 
study, which is highly popular worldwide. Moreover, 
different types of vinegar have been used in the literature. 
Vinegar is available in two commercial and household 
forms. Furthermore, different vinegars are made of a 
variety of fruits. Thus, the type of vinegar may also affect 
the results (19). The concentration of vinegar, technique 
of acrylic resin polymerization, thickness and dimensions 
of the specimens, polishing technique, immersion time, 
and duration of immersion can all affect the results. In 
the present study, the specimens were immersed in the 
respective solutions for 6 hours/daily for one month 

(16,20). 
This study had an in vitro design. Thus, the results 

must be generalized with caution to the clinical setting. 
Further studies over longer periods of time are required 
to assess the effects of different combinations of HP and 
vinegar on the other properties of various types of denture 
base acrylic resins as well as clinical isolates and bacterial 
biofilm.

Conclusion
Combinations of HP and vinegar in different ratios appear 
to be suitable for cleansing removable dentures due to 
their insignificant effects on the surface roughness of 
Bayer acrylic resin. 
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