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Abstract: 

This study evaluated the effect of denture cleansers on surface roughness and flexural strength of high impact strength 

denture base material after successive immersions. A total of 50 specimens were fabricated and divided into 5 groups 

with 10 in each (n=10) based on the denture cleansing solution, Fittydent, Secure, Efferdent and Iodent. The specimens 

immersed in distilled water were considered as the control group. All the specimens were immersed in their respective 

cleansing solutions for 90 days. Surface roughness for all specimens before and after immersion was measured using 

surface profilometer and the flexural strength was measured after immersion for all specimens using universal testing 

machine. The collected data was analysed using one-way ANOVA with post hoc Tuckey test. All the specimens 

immersed in various denture cleansing solutions demonstrated more surface roughness compared to the specimens 

immersed in distilled water. A significant difference (p=0.0001) was observed among the groups after immersion for 90 

days. The control group demonstrated more flexural strength compared to the specimens immersed in various 

disinfecting solutions for 90 days. However, no significant differences (p=0.9994) were observed in the flexural strength 

among the groups. 
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1. Introduction: 

Over the past 80 years, polymethylmethacrylates 

(PMMA) have been the most commonly usedmaterials 

for the fabrication of denture bases. PMMA is popular 

because of its colour matching with the oral tissues, 

ease of handling, ease of construction and repair 

compared to other materials available for fabrication of 

dentures [1,2]. However, there are certain shortcomings 

with the use of PMMA which leads to denture fracture. 

Denture care is important for oral health especially in 
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elderly patients. Poor or unsatisfactory denture 

maintenance results in various side effects such as bad 

odour, unpleasant staining of denture, and biofilm 

formation on the denture surface which can lead to 

denture induced stomatitis, angular cheilitis and poor 

oral health [1-4].Denture cleaning is an important 

measure in which helps in prevention of growth of 

microorganisms, malodour and cross contamination 

and contributes to patient general health, denture 

longevity and overall quality of life [3-5]. 

The dentist should play a significant role in educating 

patient about denture cleaning and maintenance and 

educate the patient regarding the effects of improper 

maintenance of denture hygiene. Brushing alone is 

insufficient in controlling plaque on dentures. Various 

chemical denture cleansers can be used as adjunct for 

patients who are unable to properly care for their 

dentures [5]. Information provided by the American 

dental hygienists’ association on care and cleaning of 

dentures identified the value of commercially prepared 

denture cleansers in form of powders, pastes, gels, 

creams, tablets, liquids [4,6,7]. Ideally, any disinfectant 

or denture cleanser should be beneficial without any 

harmful effects on the physical and mechanical 

properties of denture base when used for fabrication of 

denture base as a material of choice [3]. Denture 

cleansers may affect the key characteristics of 

polymethylmethacrylate (PMMA) including, hardness, 

surface roughness, color and flexural strength [3,6-8]. 

Irregularities and porosities present on the surface of 

acrylic denture base offer a favourable niche for 

retaining of stains and microbial plaque [7]. Fracture of 

acrylic denture base is a common problem and occurs 

during heavy masticatory loads which leads to base 

deformation and consequent resin fatigue [2,9-11]. 

Various studies demonstrated that immersion in 

disinfectants and denture cleansers may decrease the 

flexural strength,especiallyif warm water is used to 

prepare the cleansing solution [7,8].The composition 

and the immersion time are essential factors they 

influence the physical and mechanical properties of the 

dentures. The best denture cleanser should fulfil most 

of the requirements of ideal denture cleanser while not 

showing any kind of alternation in the structure of 

prostheses [8]. The present study was conducted to 

evaluate the effect of different commercially available 

denture cleansers on surface roughness and flexural 

strength of high impact strength denture base material 

at certain immersion periods. 

 

2. Materials and methods 

2.1 Sample preparation: 

A total of 50 rectangular shaped (65mm X 10mm X 

3.3mm) acrylic resin specimens according to the ISO 

20795-1:2013 standardization [12] were fabricated with 

Lucitone 199 high impact strength acrylic denture base 

material (Dentsply Sirona, USA). After finishing and 

polishing of acrylic specimens, they were divided in to 

control group of 10 specimens and test group of 40 

specimens. Test group specimens were further divided 

into 4 subgroups of 10 specimens each (n=10) 

depending on four different commercially available 

denture cleansing tablets. 

 

2.2 Wax pattern preparation: 

A glass slide of 3.3 mm thickness was cut into 

rectangular shape with the dimensions of 65mm 

length×10mm width×3.3mm thickness using adiamond 

cutter. The mix of Aquasil soft regular set putty 

(Dentsply, USA) was placed in a plastic box, the 

rectangular glass slide was placed over it to obtain a 

putty mould and covered with a glass slab. After the 

setting of the putty material, the glass slide was 

carefully retrieved. 

Hard wax (Cavex set up, India) was made into pieces 

and melted in dental wax heater machine (Molten Labo 

35, India). The molten was then poured into putty 

mould and covered with a glass slab.  The wax pattern 

was retrieved after it has been set and the edges were 

shaped with Bp blade no 22. A total of 50 wax patterns 

were made using the same process. 

 

2.3 Acrylic specimen fabrication: 

Conventional flasking procedures using lost wax 

technique was carried out using plaster of Paris and 

dental stone to obtain the 50 specimens. Three wax 

specimens were invested in each flask. After 

completion of setting process, the dewaxing process 

was carried out by immersing the dental flasks were in 

boiling water for 4 minutes. After dewaxing, a layer of 

separating medium (Dental Products of India, India) 

was applied. Lucitone 199 heat-cure acrylic resin 

powder beads were mixed with monomer in the ratio of 

3:1 by volume.The mix was packed into the investing 

mould after reaching to the dough stage, and spacer 

was placed over resin. The trail closure was performed 

under 2 lbs pressure to remove the excess flash and 

uniform distribution of acrylic dough throughout the 

mold cavity. Then, the mass was bench cured for 30 

minutes. Then, the mass was transferred into a curing 

bath (Confident, India) and subjected to a fast curing 

cycle, which involved heating of the polymer dough at 

74◦C for 1 ½ hours, followed by terminal boiling for 1 

hour. After completion of polymerisation cycle, the 

flasks were allowed to cool slowly to room temperature 

in water bath. Dental flask removed from water bath 

and bench cooled for 30 minutes. Subsequently, 

theacrylic specimens were retrieved from flasks, excess 

was trimmed followed by finishing and polishing using 

metal burs, sandpapers of 100, 120, 180 and polishing 

buff, pumice slurry. All the acrylic samples were stored 

in deionised water for 48 hours at room temperature to 

facilitate the release of residual monomer. 

 

2.4 Exposure of acrylic samples subjecting to 

denture cleansers: 

Acrylic specimens were divided in to five groups with 

10 (n=10) in each, based on the exposure to the denture 

cleansers. Among the groups one is a control group and 

the specimens in which were immersed in the distilled 

water (Selemp pharmaceuticals, India). The remaining 

four are the test groups, including immersion in four 

different denture cleansers, Fittydent denture cleanser, 



Effect of Denture Cleansers on Surface Roughness and Flexural Strength of High Impact Strength Acrylic Denture Base 

Materials: An In Vitro Study 

 

6287  Afr. J. Biomed. Res. Vol. 27, No.3s (October) 2024 Rama Krishna Alla et al. 

Secure denture cleanser, Iodent overnight denture 

cleanser, and Efferdent overnight denture cleanser. The 

details of denture cleansers used in the study were 

presented in Table 1. 

 

Table 1. The details of the disinfectants used in the study. 

Commercial name Mode of 

supply 

Chemical composition 

(principal component) 

Manufacturer 

Efferdent overnight Tablets Potassium monopersulfate Health care company,Medtech 

products Inc,USA 

Iodent overnight Tablets Sodium bicarbonate United exchange corp. USA 

secure Tablets Sodium bicarbonate Fittydent international GMBH,7423 

Pinkfiled,Austria 

Fittydent Tablets Sodium perborate 

monohydrate 

Dr.REDDY’S 

LABORATORIES.LTD 

Hyderabad,India 

 

Ten specimens were immersed in same container with 

the polished surface to be measured facing upward 

similarly for every subgroup. The denture cleansers 

tablets were prepared according to manufacturer 

recommendations, by adding one tablet to 200ml of 

warm water (40◦ C). Immersion time for Fittydent was 

30 minutes, Secure denture tablets was 5 minutes, 

Iodent and Efferdent was 8 hours. After the immersion 

procedure, specimens were removed from the 

disinfectant solutions and thoroughly washed under 

running water and dried using absorbent paper. Again, 

the immersion procedure was repeated. Three 

immersions were performed every day for a period of 

30 days simulating 90 days. Between the immersions 

the specimens were kept in distilled water at room 

temperature like the control group. Distilled water in 

the control group was changed every day for 30 days. 

 

2.5 Surface roughness evaluation: 

The surface roughness of the specimens was evaluated 

using surface profilometer (Surf test number SJ-201P, 

Germany). Three successive measurements were 

performed in different directions for each specimen and 

the average surface roughness (Ra) value was 

calculated (Figure 1). 

 

 
Figure 1. Evaluation of surface roughness using surface Profilometer. 

 

2.6 Evaluation of flexural strength: 

The same acrylic specimens used for surface roughness 

evaluation were used for the flexural strength. The 

acrylic samples were then subjected to a three-point 

bending test in a universal testing machine (Figure 2) 

(Series 7200, DAK system Inc., Thane, India). The 

samples were supported by fixtures at a span length of 

50 mm and the load was applied at a crosshead speed of 

1mm/min until the specimen fractured. The fracture 

load was recorded in Newtons and flexural strength 

was calculated by the formula, 

S=3PL/2bd2 

Where S=Flexural strength (MPa), P = Breaking load, 

L=distance between the supports, B=width of specimen 

(10 mm), D=specimen thickness. 
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Figure 2. Universal testing machine. 

 

2.7 Statistical analysis: 

The data obtained were subjected to statistical analysis 

using Statistical Package for Social Sciences (SPSS) 

Version 21.0, IBM Corporation, USA. One-way 

ANOVA was used for intragroup comparisons, and the 

dependent t-test was used for assessing the significant 

differences in surface roughness between and after 

immersion in various disinfectants. 

 

3. Results and discussion 

3.1 Surface roughness: 

The mean and standard deviations of surface roughness 

of denture base materials immersed in different 

disinfectant solutions at different time intervals are 

presented in Table 2. The immersion of denture base 

samples for 90 days demonstrated more surface 

roughness compared to the samples prior to the 

immersion in disinfectant solutions. Among the various 

disinfectants, Long-Efferdent demonstrated more Ra 

values followed by Long-Iodent, Short-Fittydent, and 

Short secure (Table 2). One-way ANOVA 

demonstrated a significant difference (p=0.0001) in the 

surface roughness (Ra) among disinfectants. The 

dependent t-test (Table 3) displayed significant 

difference in changes of the surface roughness (Short-

Fittydent: p=0.0001; Short-Secure: p=0.0002; Long-

Efferdent: p=0.0001; and Long-Iodent: p=0.0001) 

between before and after immersion of the specimens 

in various disinfectants except in the control group 

(p=0.4617). 

 

Table 2: Surface roughness (Ra) of acrylic specimens before and after immersion. 

Time Intervals Groups Mean (Ra) Standard Deviation Significance 

Before 

immersion 

Fittydent 1.04 0.31 

0.9978 

Secure 1.02 0.46 

Efferdent Overnight 1.02 0.36 

Iodent Overnight 1.03 0.44 

Control 1.08 0.44 

After 

immersion 

Fittydent 2.75 0.63 

0.0001* 

Secure 2.73 0.85 

Efferdent Overnight 2.86 0.71 

Iodent Overnight 2.80 0.55 

Control 1.26 0.44 

* Significant difference 
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Table 3: Comparison of the changes in surface roughness scores before and after immersion (Dependent t- test). 

Groups Mean Difference 
Standard 

deviation 
Paired t-test P-value 

Fittydent 1.71 0.51 10.5388 0.0001* 

Secure 1.71 0.79 6.8508 0.0002* 

Efferdent Overnight 1.85 0.60 9.7532 0.0001* 

Iodent Overnight 1.78 0.63 8.8693 0.0001* 

Control 0.19 0.07 7.8450 0.4617 

* Significant difference 

 

3.2 Flexural Strength: 

Immersion in different disinfectants resulted in a slight 

decrease in the flexural strength (Figure 1) compared to 

the control group (Short-Fittydent: 75.41± 7.62 MPa; 

Short-Secure: 75.72±9.72 MPa; Long-Efferdent: 

74.74±10.37 MPa; Long-Iodent: 75.01±9.82 MPa; and 

Control: 76.03±7.95 MPa). However, one-way 

ANOVA demonstrated no significant differences 

(p=0.9994) among the specimens immersed in different 

disinfectants (Figure 1). 

 

 
Figure 1. Flexural strength of acrylic specimens after immersion in different disinfectants for 90 days. 

 

4. Discussion 

4.1 Surface Roughness 

Surface roughness (Ra) of acrylic specimens can be 

influenced by several factors including the chemical 

composition of the disinfectants, the duration of 

immersion, the concentration of the disinfectant 

solutions, and the interaction between the acrylic 

material and the disinfectants [13]. Acrylic resins, 

commonly used in denture bases, are susceptible to 

changes in surface properties when exposed to 

chemical agents [13,14]. These changes can affect the 

longevity, aesthetics, and comfort of the dentures. 

Disinfectants contain various active ingredients that can 

interact differently with the acrylic surface. Denture 

cleansers cause loss of soluble component and 

plasticizers from the denture base resin. The higher 

ionic concentration of denture cleansers compared to 

water led to a higher release of soluble components. 

Further absorption of water and other ingredients by the 

denture base materials lead to surface roughness [15]. 

Exposure to oxidizing agents, alcohols, and chlorides 

can lead to surface degradation through chemical 

reactions such as oxidation or hydrolysis. In this study, 

the disinfectants used were Long-Efferdent, Long-

Iodent, Short-Fittydent, and Short-Secure. The 

significant differences in Ra values indicate that these 

disinfectants have different effects on the acrylic 

surfaces. Literature reported that the disinfectants 

containing peroxide-based compounds can significantly 

alter the surface texture of acrylic materials [16]. In the 

present study, sodium bicarbonate, sodium perborate 

and Potassium monosulfate based disinfectants were 

used. Sodium perborate-based disinfectant may 

produce hydrogen peroxide on dissolving to exhibit 

antimicrobial activity, however, it may affect the 

surface quality of the denture prosthesis [17]. 

Potassium monosulfatedoes not directly release 

hydrogen peroxide (H₂O₂), but it produces similar 

oxidative effects through the generation of other 

reactive oxygen species. Also, these oxidating agents 

might have affected the surface roughness of the 

specimens. Sodium bicarbonate does not release 

hydrogen peroxide. Instead, it helps in disinfection by 

creating an alkaline environment that can inhibit the 

growth of certain bacteria and fungi [18]. However, 

alkaline solutions can cause saponification of the ester 

groups in acrylic resins, leading to surface degradation. 
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This chemical reaction can result in increased surface 

roughness over time [18]. 

Longer exposure times to disinfectants typically lead to 

more pronounced changes in surface roughness due to 

prolonged chemical interaction [19,20]. In the present 

study, 90 immersions performed over 30 days 

simulating 90days of immersion, indicating cleansing 

by the patient for a longer period. It was therefore 

decided to use an 8-hour period of immersion for 

Iodent and Efferdent tablets for testing these products. 

The acrylic specimens immersed in various 

disinfectants have demonstrated a significant surface 

roughness compared to the control. Similar to the 

present study, Neppelenbroek et al. (2005) reported that 

extended immersion in disinfectant solutions can 

exacerbate the roughening effects on acrylic resins 

[21]. 

Higher concentrations of disinfectants can enhance the 

chemical interactions with the acrylic surfaces, leading 

to greater changes in surface roughness. Although the 

specific concentrations used in this study are not 

provided, the differences in Ra values suggest that the 

disinfectants' efficacy and their impact on surface 

roughness were concentration dependent. According to 

a study by Machado et al., higher concentrations of 

chemical disinfectants result in more significant surface 

degradation of dental materials [22]. 

 

4.2 Flexural Strength 

Flexural failure of denture base resin is considered the 

primary mode of clinical failure. Flexural strength is 

indicative of the compressive, tensile and shear strength 

which translates as stiffness and resistance of a material 

of to fracture [15]. Therefore flexural strength 

determines longevity and success of prostheses. 

According to ADA specification no 12, the minimum 

flexural strength value for denture base resins should be 

65 MPa. However, the denture base material 

disinfected with various cleansing agents demonstrated 

more than 65 MPa. Higher flexural strength is crucial 

to the success of denture wearing, as alveolar 

absorption is a gradual and irregular process that causes 

uneven prosthesis support. 

In the present study, the control group showed a 

slightly more flexural strength comared to the cleansing 

solutions groups. This decrease in flexural strength can 

be attributed to the interactions between the chemical 

components of the denture cleansers and the polymer 

chain backbone of the denture base materials that 

causing polymer degradation resulting in decreased 

flexural strength [23]. However, No significant 

differences were observed in the flexural strength 

among the groups (p=0.9994). 

Similar to the present study, Vrinda R shah et al. 

demonstrated a decrease in the flexural strength of 

denture base materials on immersing in various denture 

cleansing solutions [24]. On the contrary, Prabal 

Sharma et al. found no significant change in the 

flexural strength of the denture base materials 

immersed in different cleasning agents compared to 

immersing in distilled water [23,25]. 

Studies reported that the composition of the denture 

cleansing solutions greatly alters the flexural strength 

of the denture base materials [7,23]. Peracini A. [7] and 

Motawea IT et al. [23] observed a decreased flexural 

strength in denture base materials immersed in 

potassium monopersulfate containing denture cleanser 

compared to immersion in distilled water. In the 

present study, the Efferdent demonstrated the lowest 

flexural strength among the groups and this decrease 

could be attributed to the presence of potassium 

monopersulfate in it. 

This present in vitro study reported an increase in the 

surface roughness and a decreased flexural strength 

upon immersing in the denture cleansing solutions. The 

primary limitation of this in vitro study was that it did 

not fully replicate the dynamic conditions of the oral 

cavity, including tongue movements, saliva with 

fluctuating pH, and the presence of microorganisms. 

Additionally, only one type of denture base material 

was used, and the flat specimen surfaces do not account 

for the complex shapes of denture prostheses. The 

study also utilized denture cleanser tablets with varying 

immersion times as recommended by the 

manufacturers, and a longer testing period could better 

simulate long-term use, potentially revealing 

interactions with mechanical cleaning methods. 

Regarding the scope, this study focused on the action of 

effervescent denture cleansers on high-impact strength 

heat-polymerized acrylic resin, but further research 

incorporating biofilm models could offer additional 

insights. Future in vitro studies should aim to simulate 

the oral environment more closely, extend the testing 

duration, and investigate mechanical cleansing 

interactions. In vivo studies are needed to assess 

whether long-term use of denture cleansers may cause 

mucosal irritation or allergic reactions. 

 

5. Conclusion: 

Within the limitations of this in vitro study, it was 

observed that all specimens showed an increase in 

surface roughness after immersion, with control group 

specimens (immersed in distilled water) having lower 

surface roughness compared to those immersed in 

denture cleaning solutions. Long-term exposure to 

denture cleansers (overnight) led to higher surface 

roughness than short-term exposure. Among the 

cleansers, Efferdent overnight tablets caused the 

greatest surface roughness, while Secure tablets 

resulted in the least. In terms of flexural strength, the 

control group had the highest mean values after 

immersion, although no statistically significant 

differences were found among the test groups. 
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