
MMP14 

  

Comparison of Flexural Strength of Acrylic Resin Processed by Conventional Processing and 
Injection Molding after Using Denture Cleansers  

การเปรียบเทยีบก าลงัดัดขวางของอะคริลคิเรซินที่ขึน้รูปโดยวธีิกดอดัแบบปกติและวธีิแบบฉีด 
ภายหลงัการแช่สารท าความสะอาดฟันเทียม 

 
Somchai Pongkornkumpon (สมชยั พงศก์รกมัพล)* Dr.Chaivut Prunkngarmpun (ดร.ไชยวฒิุ พฤกษง์ามพนัธ์)** 

Dr.Subin Puasiri (ดร.สุบิน พวัศิริ)***  

 
ABSTRACT 

The purpose of this study was to compare the flexural strength between heat polymerized acrylic resin by 
compression technique and IvoBase hybrid with injection technique before immersion, and after immersion with 
different denture cleansing solutions. Sixty four rectangular samples (64 mm×10 mm×3.3 mm) were prepared and 
divided into 8 groups; heat and IvoBase before immersion (HB and IB), heat and IvoBase after immersion in tap 
water (HT and IT), Polident (HP and IP), vinegar 5% concentration diluted with tap water 1:6 (HV and IV). The 
flexural strength (S) was measured using a 3-point bending test. The independent sample t-test demonstrated that the 
flexural strength of IvoBase hybrid was significant higher than that of heat polymerized acrylic resin. Furthermore, 
One-way ANOVA analysis showed that Polident denture cleanser significantly decreased the flexural strength of heat 
polymerized acrylic resin and IvoBase hybrid after immersion for 180 days use.  

 
บทคดัย่อ 

การศึกษาน้ีมีวตัถุประสงคเ์พ่ือเปรียบเทียบก าลงัดดัขวางระหวา่งอะคริลิกเรซินท่ีข้ึนรูปโดยวธีิกดอดัแบบปกติ
และวธีิแบบฉีดก่อนและหลงัการแช่สารท าความสะอาด ช้ินตวัอยา่งรูปส่ีเหล่ียมผืนผา้ขนาด ยาว 64 มิลลิเมตร กวา้ง 10 
มิลลิเมตร และ หนา 3.3 มิลลิเมตร จ านวน 64 ช้ิน ถูกแบ่งออกเป็น 8 กลุ่ม กลุ่มละ 8 ช้ินดงัต่อไปน้ี อะคริลิกเรซินแบบ
กดอดัและแบบฉีดก่อนแช่สารท าความสะอาด (HB และ IB) อะคริลิกเรซินแบบกดอดัและแบบฉีดภายหลงัการแช่ดว้ย
น ้ าประปา (HT และ IT) แช่ดว้ยเม็ดฟู่  โพลิเดนท์ (HP และ IP) และแช่ด้วยน ้ าส้มสายชูความเขม้ขน้ 5% เจือจางดว้ย
น ้ าประปาในอตัราส่วน 1:6 (HV และ IV) จากนั้นท าการทดสอบก าลงัดดัขวางดว้ยการทดสอบการดดังอแบบ 3 จุด 
ผลการศึกษาพบวา่ ก่อนแช่สารท าความสะอาด อะคริลิกแบบฉีดมีก าลงัดดัขวางสูงกวา่อะคริลิกแบบกดอดัปกติอยา่งมี
นยัส าคญัทางสถิติ และเม่ือเปรียบเทียบภายหลงัการแช่สารท าความสะอาดเป็นเวลา 180 วนั พบวา่เม็ดฟู่ โพลิเดนทมี์ผล
ใหก้ าลงัดดัขวางของอะคริลิกแบบกดอดัปกติและแบบฉีดลดลงอยา่งมีนยัส าคญัทางสถิติ  
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Introduction 
According to the 7th National Oral Health Survey; Thailand 2012, the survey findings showed that the 

percentage of partial tooth loss and total tooth loss in the age group of 65-74 years was 88.3% and 7.2 % respectively. 
The tooth loss has continuously increased depending on aging. The survey also found that 32.2% of the elder in the 
group of 80-89 has total tooth loss (Bureau of Dental Health in Department of Health, 2012), thus their pronunciation, 
taste, chewing, facial esthetics, social interaction, general health, and the quality of life is deteriorated. Therefore, 
those patients need to wear dentures to compensate those unpleasant conditions (Zarb et al., 2004). 

The most common denture base material is polymethyl methacrylate (PMMA) due to its advantages 
including excellent esthetic properties, adequate strength, low water sorption, low solubility, lack of toxicity, facility 
of repair, and construction by simple molding and processing technique (Vojdani et al., 2015). However, the patients 
wearing dentures mostly are the elders who have the limitation of cleaning dentures. In the previous study showed 
that most denture patients have poor oral hygiene, poor denture cleanliness and wear denture at night. It can lead to 
denture-related stomatitis (Takamiya et al., 2011). Denture stomatitis is a common disorder affecting denture wearers. 
Main etiology of the disease is microbial (Figueiral et al., 2007; Gendreau et al., 2011). 
       A proper routine denture cleaning is necessary for preventing the denture stomatitis and maintaining the 
periodontal tissues integrity. There are two main approaches for removing microbial plaque and debris from dentures, 
which are mechanical and chemical method, or through a combination of these (Lee et al., 2011). Mechanical 
methods are the most effective procedures for removing biofilm from denture’s surfaces. Chemical methods are 
usually used in association with mechanical methods. Their efficiency in removing stains and reducing biofilm 
formation on the surface irregularities of dentures has been reported. Combination of both mechanical and chemical 
method accomplished the best results for denture cleaning (Peracini et al., 2010). Denture cleansers provide adequate 
denture plaque control, reduce biofilm formation, prevent halitosis, remove discoloring, eliminate Candida albicans 
and other microorganisms and prevent denture-induced stomatitis (Pinto et al., 2008). 

A variety of chemical denture cleansing products are commercially available. The immersion-type denture 
cleansers are commonly used in the form of tablets because of its feasibility in application (Jafari et al., 2012). 
Nevertheless, Denture cleansers was not used by the patient due to insufficient information provided to the patient, 
high cost, restricted market access, and patients prefer using products on shelf in the house which are easily available 
and inexpensive for cleaning dentures. A commonly available household product is vinegar, which is a liquid 
consisting of about 5-20% acetic acid, water, and other trace chemicals. This solution is cheap, easily available in the 
market, and seems to have antimicrobial potential. There are studies which support the antimicrobial effects of 
vinegar. Basson et al. (1992) showed the effectiveness of undiluted vinegar solutions in killing adherent 
microorganisms when used as disinfection agent for denture cleansing. In vitro experiments have already shown that 
low fungicidal doses of acetic acid induce programmed cell death in Candida albicans (Hashizume et al., 2015). 

Unfortunately, daily use of denture cleansers can affect the physical and mechanical properties of denture 
base materials. In-vitro study has been done to evaluate the effect of commercial denture cleansers on physical 
properties of acrylic resin. Denture base materials can be degraded if the cleaning agents are not used following to the 
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manufacturers’ instructions (Sato et al., 2005). It is clinically importance to determine whether denture cleansers alter 
the properties of acrylic resins. Immersion in denture cleansers and disinfecting solutions may decrease the flexural 
strength of acrylic resins. Therefore, avoidance the adverse effects on the properties of denture base resins, 
disinfectant that is compatible with the type of the material should be chosen with the type of material to be 
disinfected (Peracini et al., 2010). 

Compression molding with heat activation in a water bath for resin polymerization is the conventional 
method which has been widely used for fabrication of denture bases. However, shrinkage and dimensional changes of 
denture bases during resin polymerization are inevitable and have been documented. Attempts to overcome the 
problems associated with processing of denture base acrylic resins have resulted in the development of the continuous 
injection system by Pryor in 1942. Recently, a new developed PMMA resins (IvoBase Hybrid) has been introduced 
with a new injection device (IvoBase Injector, Ivoclar Vivadent, Schaan, Liechtenstein). The advantages of this 
system are its simplicity and the quality of the resulting dentures, supply in predosed capsules that limit direct skin 
contact, shorter polymerization time (Cagino et al., 2015).  

However, the previous studies have not evaluated the comparison of flexural strength between heat-
polymerized acrylic resin and IvoBase Hybrid system after immerse in chemical denture cleansers. Therefore, this 
study evaluated the effect of chemical denture cleansers on physical properties of denture base material after 
immersion. 
 
Objective of the study 

The purpose of this study was to compare the flexural strength of heat-polymerized acrylic resin and 
IvoBase Hybrid system between before and after immersion in the chemical denture cleansers. 

 
Materials and methods 

1. Specimen fabrication  
Rectangular metal molds, size 64 × 10 × 3.3 mm. (International Organization for Standardization [ISO] 

20795-1, 2008) (Fig 1) were invested with dental plaster of Paris into the lower half flasks in both conventional 
compression and injection molding techniques (Fig 2). Then, metal lids were closed off on metal molds before the 
upper half of dental flask was placed in position and then the dental plaster of Paris was poured.(Figure 3) After it 
was completely set, the upper and lower flask were separated. There had a room space inside the metal molds to 
fabricate the acrylic resin specimens for flexural strength testing. 

For heat-polymerized acrylic resins, it was mixed powder and monomer liquid according to the 
manufacturer’s instructions. After the resin reached the dough stage, it was adapted onto the lower flask. Then, the 
upper flask was placed in position, closed slowly in a bench compress to permit the flow of acrylic resin. The flask 
was opened and the excess resin flash was cut off. Continue trial packing was done until no more flash is apparent on 
opening the flask. Then, acrylic resin was cured in water at 74°C for 8 hours and left to cool to room temperature 
before deflasking.  
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For IvoBase system, the monomer and polymer were mixed in the capsule to a homogeneous mixture 
using the spatula for approximately 20-30 seconds according to the manufacturer’s instructions. The capsule was 
immediately slide into the center with the light upward pressure until the capsule was locked in place with the funnel. 
Then, the flask with the capsule was inserted into the polymerization chamber of injector. The IvoBase hybrid 
program and the “RMR” (Residual Monomer Reduction) function were selected. This program had polymerization 
time of 45 minutes. When the program finished, the hot flask was removed from the injector. The flask was cool 
under running water for 15 minutes, and deflasking was performed. 

After that, the specimens of both heat-polymerized acrylic resins and IvoBase hybrid were trimmed with 
a carbide bur and polished with 320, 500, 1000 and 1200-grit sandpaper. (Figure 4) Inclusion criteria was specimens 
that did not have porosity on their entire surface and had a rectangular prism shape, 64 x 10 x 3.3 mm in size 
thoroughly with an accuracy of ± 0.01 mm when measured by digital vernier caliper. The deviation between the three 
measurements along the long axis must no more than ± 0.02 mm. The specimens were flat and even height. The 
specimens were kept in distilled water at 37°C for 2 days before testing following the criteria of ISO 2008. 
 

 

 

 

 

Figure 1 Rectangular metal mold for specimen fabrication of flexural strength testing 
 
 

 

 

 

Figure 2  Flasking for heat polymerized acrylic resin with compression molding technique  A. Lower half flask  
  B. Upper half flask  
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Figure 3 Flasking for IvoBase hybrid with injection molding technique  A. Lower half flask B. Upper half flask 
 

 

 

Figure 4  Finished specimen A. Heat compression technique, B. Injection molding technique 
 

2. Denture cleansers immersion  
Thirty-two specimens of heat polymerized acrylic resin and thirty-two specimens of IvoBase were 

randomly divided into 8 groups (n = 8). One group of each type of acrylic resin was served as control group, it was 
tested the flexural strength before immersed in denture cleanser. The other three groups of each type were immersed 
in tap water, Polident®, or vinegar: 

- Tap water 200 ml 
- Polident® Fresh Active Cleanser 1 tablet was mixed with tap water 200 ml (according to the 

manufacturer’s instructions) 
- Vinegar (5% in concentration) was diluted with tap water at vinegar to tap water ratio of 1:6. So,  

vinegar 28.6 ml was mixed with tap water 171.4 ml to get 200 ml of vinegar solution. 
Specimens were divided according to diagram below;  

 
In each group, the 8 specimens were immersed simultaneously in the same container which filled with 

their respective denture cleansing material. All groups were immersed in denture cleanser for 5 minutes and then 
rinsed with water running for 1 minute. The denture cleansing materials were changed every immersion cycle. One 
cycle of this method was assumed as 1 day of cleansing by the patient.  The procedure of immersion was repeated for 
180 cycles continuously. Therefore, it was supposed that the specimens were immersed for 180 days. 
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3. Fleaxural strength test  
The flexural strength of the specimens were measured by using a three-point bending test in a universal 

testing machine (Llyod®, LR 30k, Leicester, England) with a 50 kilogram-force load cell at a crosshead speed of 5 
mm/min (ISO 20795-1, 2008). A maximum load that makes the specimen breakout was recorded. The flexural 
strength of each rectangular specimen was calculated from the following equation: 
 

 

In which: P is the maximum load 
L is the distance between the supports (64 mm) 
b is the specimen width (10 mm)  
d is the specimen thickness (3.3 mm) 
Note: Mean flexural strengths were calculated in MPa (megapascals). 

 
Results 

1. Comparison of flexural strength between heat polymerized acrylic resin with compression technique and 
IvoBase Hybrid with injection technique before denture immersion 

The IvoBase hybrid system (106.986±2.630 MPa) had higher flexural strength than the heat 
polymerized acrylic resin (103.676±1.902 MPa) (Figure 5). Independent-sample t-test indicated that flexural strength 
of IvoBase hybrid system was significant higher than that of heat polymerized acrylic resin (p<0.05) regardless of 
denture cleanser immersion. 

 

  

Figure 5  Means and standard deviations of flexural strength of heat polymerized acrylic and IvoBase Hybrid  
before denture immersion. Values with different letters are significantly different. (α=0.05)  
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2. Flexural strength of heat polymerized acrylic resin with compression technique before and after denture 
immersion in 180 days used  

The heat polymerized acrylic resin immersed with Polident (HP) had the lowest flexural strength 
(98.674 ± 2.217 MPa) following by HT (101.846 ± 2.957 MPa), HV (102.649 ± 1.935 MPa) and HB (103.676 ± 
1.902 MPa). The Polident group was significantly lower the flexural strength than those other groups (Fig 6).  

 

  

Figure 6  Means and standard deviations of flexural strength of heat polymerized acrylic resin groups before and 
after immersion. Values with different letters are significantly different. (α=0.05) 

 
3. Flexural strength of IvoBase hybrid with injection technique before and after denture immersion in 180 

days used 
The IvoBase hybrid immersed with Polident (IP) had the lowest flexural strength (101.052 ± 3.935 

MPa) following by IT (105.921 ± 3.950 MPa), IV (106.374 ± 2.393 MPa) and IB (106.987 ± 2.630 MPa). The 
Polident group was significantly lower the flexural strength than those other groups (Fig 7).  

 
 

Mean flexural strength (MPa) 
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Figure 7  Means and standard deviations of flexural strength of the IvoBase hybrid groups before and after 
immersion. Values with different letters are significantly different. (α=0.05) 

 
Discussion 

In this experimental study, the flexural strength of heat polymerized acrylic resin by compression molding 
technique and IvoBase hybrid with injection molding technique were compared, as well as the effect of denture 
cleansers immersion on the flexural strength of heat polymerized acrylic resin and IvoBase hybrid were determined. 

Base on the results of this study, the null hypotheses were rejected due to statistical analysis showed 
significant difference in flexural strength of heat polymerized acrylic resin and IvoBase hybrid before immersion. In 
addition, there were significant difference on the flexural strength of both heat polymerized acrylic resin and IvoBase 
hybrid after immersing in Polident denture cleanser.  

Conventional compression technique has been widely used and considered to be a gold standard for denture 
fabrication due to simplicity and precision. However, injection molding has been interesting for researchers due to 
continuous pressure is maintained to compensate for polymerization shrinkage during processing by injector (Yunus 
et al., 2005). For the result of this study, regardless of denture immersion found that the flexural strength of IvoBase 
hybrid with injection molding technique was significantly higher than that of heat polymerized acrylic resin with 
compression method. Similarly, previous studies demonstrated that the flexural strength of injection molding 
technique was higher than that of the conventional method. (Gharechahi et al., 2014; Ganzarolli et al., 2007; 
Hamanaka et al., 2011)  

About polymerization process, the amount of residual monomer has close relationship with the 
polymerization condition and also the mechanical properties. Residual monomer can decrease flexural strength of 
denture bases due to its plasticizing properties (Jagger et al., 1978; Barbosa et al., 2007). To diminish the amount of 
residual monomer, the IvoBase system has an optional reduction of monomer residue (RMR) function that was 
selected in this study. Thereby, only 0.7% monomer residue is contained in the IvoBase resin which less than tha t in 
the conventional technique (Cagino et al., 2015). It results in polymerization of IvoBase is also more completed. 

A A A 
B 
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Therefore, the higher flexural strength of the injection molding technique might be attributed to less residual 
monomer and more complete polymerization. 

Denture cleansers are widely used clinically as an effective method for preventing and removing denture 
plaque formation. However, it has been indicated that the continued use in long term and incorrect using according to 
the manufacturers’ instructions may result in the deterioration of the denture base material (Sato et al., 2005). From 
the results of this study, the Polident denture cleanser decreased the flexural strength of both heat polymerized acrylic 
resin and IvoBase hybrid in comparison with diluted vinegar, tap water and even before immersion as a control. 
Polident is an alkaline peroxide type of denture cleanser. Peroxide-type denture cleansers include an effervescent 
component such as sodium perborate or sodium bicarbonate. When dissolved in water, sodium perborate decomposes 
to form an alkaline peroxide solution. This peroxide solution subsequently releases oxygen and loosens debris via 
mechanical means. Therefore, the use of these denture cleansers may cause hydrolysis and decomposition of the 
polymerized acrylic resin itself (Saraç et al., 2007). This result was similar with an in vitro study by Shah et al. (2016) 
who reported a reduction in flexural strength of acrylic resins when immersed to Clinsodent, Polident and Valclean 
denture cleanser. Furthermore, Ranher et al. (2016) demonstrated that Clinsodent, VI-clean and Clanden denture 
cleansers decreased the flexural strength of heat polymerized acrylic resins that endured soaking cycles which 
simulated 180 days of use. Similar finding was demonstrated in a study performed by Peracini et al. (2010), Robinson 
et al. (1987) and Arab et al. (1988) which also showed a reduction in flexural strength of acrylic resins when 
immersed to peroxides and hypochlorite solution.  

Vinegar is regular household product which is available, inexpensive and has low toxicity as well. Basson et 
al. (1992) showed the effectiveness of undiluted vinegar solutions in killing adherent microorganisms when used as 
disinfection agent for denture cleansing. Furthermore, Yodsuwan et al. (2009) stated that vinegar concentrated 5% 
solution diluted with tap water 1:6 can effect to decrease the colonies of Candida albicans significantly in acrylic 
resin after soak for 1 minute. 

In this study, diluted vinegar did not alter flexural strength (p<0.05). This agrees with previous study which 
revealed that 100% vinegar did not reduced the flexural strength of acrylic resin after immersion for three months 
(Sharma et al., 2017).  

However, at the application level, diluted vinegar should be evaluated the other effect on the acrylic resin 
such as dimensional stability, color change, surface roughness.  
 
Conclusion 

Within the limitations of the study, the following conclusions were drawn 
- With regarding to the material and technique on flexural strength of denture base resin fabrication, the 

IvoBase hybrid with injection molding technique shown higher flexural strength than the heat polymerized acrylic 
resin with conventional compression technique. 
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- The Polident denture cleanser significantly decrease the flexural strength of both heat polymerized acrylic 
resin and IvoBase hybrid after immersion in 180 days use. Therefore, it should be used with caution when used for 
longer duration. 

- Vinegar concentrated 5% solution diluted with tap water 1:6 can be used as a routine chemical cleansing 
agent for long term use which does not affect to flexural strength of acrylic resin. 
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