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Abstract 

Introduction: Denture disinfection has been recommended as an essential procedure for 

preventing cross-contamination and the maintenance of a health. Ideally, a disinfection 

method should be effective without detrimental effects on the properties of materials used for 

fabrication of denture base 

Objectives: To evaluate the effect of Hypochlorous acid disinfectant  

on the surface roughness and hardness of heat cured and flexible acrylic resin denture base 

material.  

Materials and Method: A total of 40 specimens were prepared ,they divided into two main 

groups according to the types of denture base material (heat cured acrylic resin & flexible 

resin) , (20 specimens for each) then each group was subdivided into two subgroups (10 

specimens for each) according to test that was measured ,(10) specimens were used to 

measure the hardness, and (10) specimens were used to measure the  roughness before and 

after disinfection.   

Results: T-test indicate there was highly significant difference in hardness of heat cured and 

flexible denture base material after disinfection by Hypochlorous acid while there was no 

significant difference in roughness of heat cured and flexible denture base material after 

disinfection by Hypochlorous acid.   

 

Conclusion: The hardness of  heat cured and flexible acrylic resin denture base material 

decreased by Hypochlorous acid disinfectant, while Roughness of  heat cured and flexible 

acrylic resin denture base material not affected by Hypochlorous acid disinfectant 
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1.1.Introduction 

      Important factors contributing to the success of  Prosthodontic Restorations is the skill 

and expertise of the prosthodontist and the clinician. At the same time, the equal important 

significance is given to the adequate selection of the desired denture base resin (Singh, 

Reshu,2018). Poly-methyl methacrylate (PMMA) resin has been the material of choice for 

the fabrication of removable dentures due to its numerous advantages including optimal 

aesthetics, biocompatibility, favorable physical and chemical properties as well as ease of 

fabrication and repair(Shihab,Reem , 2017) . Conversely, some disadvantages have been 

described that affect the clinical performance of  PMMA prosthetics such as dimensional 

inaccuracies, microbial adhesion, inadequate mechanical properties and allergic to monomer 

(Matar, Iman, 2017).  

      Studies has been done to improve the mechanical properties of (PMMA), In recent years, 

nylon polymer has been attracting attention as a denture base material because of a host of 

advantages: favorable esthetic outcome, toxological safety to patients allergic to 

conventional metals and resin monomers, higher elasticity than conventional heat-

polymerizing resins, sufficient strength for use as a denture base material (Vojdani , 

Giti,2015).  

      Dentist and dental staff are faced to a several kinds of pathogenic microbes. The 

utilization of successful contamination control methods in the dental office and dental lab 

could forestall cross-contamination on dentists, dental office staff, dental specialists and the 

patients (Shihab,Reem , 2017). An ideal disinfectant solution in addition to have good 

antibacterial and antifungal effects must not have destructive effects on the physical and 

mechanical properties  such as roughness and hardness of denture base material (Porwal, 

Anand, et al ,2017).also,  must be nontoxic to surface contact, noncorrosive, effective in 

various forms, and relatively inexpensive (Block , Rowan,2020).  

      Hypochlorous acid (HOCl) is approved by the Australian Therapeutic Goods 

Administration (TGA) as a disinfectant against COVID-19. The US Food and Drug 

Administration (FDA) has approved the use of hypochlorous acid for eye and dental spray 

application and as a no-rinse sanitiser for fruit and vegetables. Also Hypochlorous acid 

containing solution has been listed by the United States Environmental Protection Agency 



 

(EPA) for disinfectants for use against SARS-CoV-2 (Nguyen, Bui, et al ,2021). HOCl is an 

endogenous substance in all mammals and is effective against a broad range of 

microorganisms. Neutrophils, eosinophils, mononuclear phagocytes, and B lymphocytes 

produce  HOCl in to injury and infection through the mitochondrial membrane–bound 

enzyme known as ‗‗respiratory burst nicotinamide adenine dinucleotide phosphate oxidase 

(Block , Rowan,2020). 

 

1.2.Aims of study: 

The aims of this study were to: 

1-The effect of Hypochlorous acid disinfectant on surface roughness of conventional heat 

cured acrylic resin and flexible resin denture base material.  

2-The effect of Hypochlorous acid disinfectant on hardness of conventional heat cured 

acrylic resin and flexible resin denture base material. 
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  Literature Review  

2.1.Denture base-materials classification : 

   The material used for construction of dentures or denture bases may be divided into two 

groups: (Craig , 2002) 

 •Metallic denture base material: (Cobalt-Chromium alloy, Aluminum, Gold, Titanium, 

Nickel chromium). ) Manaranche ,Hornberger, 2007) 

• Non-metallic denture base material:  

Non - metallic bases like plastic materials may be divided into two groups: 

1-Thermo-hardening (vulcanite and phenol-formaldehyd). 

2-Thermo-plastic (celluloid, vinyl resin, nylon and acrylic resin). (McCabe and Walls, 

2008). 

2.1.1.Ideal requirement of denture base materials: 

   These are listed by (McCabe and Walls , 2008 ; Craig and Power, 2002 ; Noort, 2002 ; 

Manappallil, 2007 ) as follows :  

1. Adequate strength and resistance to wear and abrasion and high toughness. 

2. Good thermal conductivity.  

3. Dimensional stability (it should not expand, contract or warp during Processing and 

subsequent use by the patient). 

4. Insoluble and low sorption of oral fluids. 

5. Absence of test and odor. 

6. Tissue compatibility (non- toxic or allergic) 

7. Natural appearance. 

8. Color stability. 

9. Reasonable adhesion to plastic, metals and porcelain. 

10.  Easy and accurate to fabricate and repair. 

11.  Low specific gravity (Light in weight). 

12.  Radio – opaque 



13. Takes up and retains high polish and should not be porous (easy to Clean). 

14. Not deteriorate during use in the oral environment. 

15. Able to duplicate the oral tissues. 

16. Could be disinfected and not provide culture for growth of bacteria and Fungi. 

17. Moderate cost. 

18. Good shelf life. 

2.2.Acrylic resin denture base : 

   Polymethyl methacrylate (PMMA) was first introduced as a denture base in the early 1930 

when it was employed as a true thermoplastic material and being molded by injection under 

heat and pressure from completely polymerized blank into the shape of the denture (Stafford 

et al, 1980). 

   PMMA is the most commonly used material in construction of denture base due to its 

satisfactory mechanical and physical properties, biocompatibility with oral tissues, 

aesthetics, ease of repair and  low cost (Meng and Latta, 2005). 

   The method of using acrylic resin in the form of liquid monomer and powder polymer was 

introduced in 1937 and known as "dough method" (Wilson et al,1987). 

   This material is not ideal in every respect and it is the combination of virtues rather than 

one single desirable of properties that accounts for its popularity and usage. However, 

despite its popularity, the main problems associated with PMMA as denture base material 

are poor strength particularly under fatigue failure inside the patient mouth, impact failure 

outside the patient mouth and lack of radiopacity  (Jagger et al, 1999). 

   In 1946 (98%) of all denture bases were constructed from methyl methacrylate polymer or 

copolymers (Powers and Sakaguchi, 2006).  

   Different denture base materials like epoxy resin, high impact methacrylate and 

polypropylene were used from 1951-1967 but could not be used as absolute substitutes of 

PMMA (Khindria et al, 2009).  

   Currently research is ongoing to incorporate various materials to increase the strength of 

PMMA. The polymers; especially acrylic resins after entering this field more than 70 years 



ago; seem to be undergoing constant changes and are the materials of choice (Craig, 2003; 

Philips, 2005; Khindria et al, 2009). 

2.2.1.Physical form of acrylic resin: 

    Denture base plastics are commonly supplied in forms: powder and liquid; Gel or plastic 

cake. The most popular denture base resin is supplied in the form of free running powder and 

liquid. Because it has long shelf life under normal storing conditions and 

temperatures(Powers and Sakaguch, 2006). 

2.2.2.Chemical composition of acrylic resin: 

   The most poly(methyl methacrylate) resin systems consist of powder and  liquid 

components.(Anusavice, 2007). 

A-The Powder (Polymer): 

Acrylic resin powder consists of the following components: 

1. Particles of pre-polymerized poly (methyl methacrylate): serve as a major structural 

component in the polymerized resin, found as a small sphere or granules called "beads" or 

"pearls" of different sizes modified with small amount of ethyl or butyl-methacrylate to 

produce stronger denture to impact (Anusavice, 1996; Craig et al, 2004; Manapallil, 

2007). 

2. Initiator: as benzyl peroxide presents in amount of about 0.5-1.5 %, when it is 

decomposed by heat or chemicals, it initiates the polymerization reaction  Also, it is 

usually included to overcome the effect of inhibitor (Craig and Powers, 2002).  

3. Plasticizer: such as dibutyl phthalate may be incorporated in the powder or monomer to 

facilitate molding the plastic by heat and pressure (Craig and Powers, 2002(. 

4. Inorganic pigments: usually added in small amounts such as cadmium sulfide (yellow) 

or ferric oxide (brown) or mercuric sulfide (red) in order to match the shade of denture 

base to the soft tissues. Dyed synthetic fibers made from nylon or acrylic fibers are added 

to the denture material to simulate the minute blood vessels underlying the oral mucosa 

(Anusavice, 2008; Powers and Sakaguchi, 2012). 



5. The addition of glass fibers and alumina (Sapphire) whiskers increase stiffness & 

decrease thermal coefficient of expansion (Criag, 1997). 

6. The incorporation of  heavy metal compound of elements (Opacifier) into acrylic powder 

provides good biocompatibility, increase the radiopacity of the denture base material and 

control translucency. Since the radiopacity of denture plastics is helpful in locating 

fractural fragments in the upper respiratory or digestion tract; Therefore, the radiopacity 

of  PMMA had been increased by incorporation of heavy metal compounds of elements 

such as small amounts of titanium dioxide (Craig and Powers, 2002), titanium and zinc 

oxide (Abdul Ameer, 2006), small amount of strontium and zirconium (Anusavice, 

2008) or modified zirconium nano particles in small different percentage (Safi, 2011). 

B-The Liquid (Monomer):  

  The liquid of the powder-liquid form of acrylic resin has the chemical formula as in 

figure(2.1). 

                                                        

                    Fig(2.1) chemical formula of the methyl methacrylate( Anusavice , 2007). 

   The monomer consists of the following component: 

1. Unpolymerized methyl methacrylate monomer (mma): it provides the building block 

for polymerization and characterized by clear, colorless transparent and flammable highly 

volatile liquid at room temperature, has low viscosity and has a distinct odor (Craig et al, 

2004; Powers and Sakaguchi, 2006; Choudhary, 2009). 

2. Inhibitor: because monomer may be polymerized if activated by heat or exposed to 

visible or ultraviolet light, therefore; it is stored in dark brown bottle and organic inhibitor 

such as hydroquinone which has an important function of preventing the monomer from 



premature polymerization during several years of storage at room temperature 

)Anusavice , 1996; Craig et al., 1996; Mitchell and Mitchell, 1999). 

3. Accelerator: when chemical accelerator rather than heat is to be used to speed up the 

peroxide decomposition, an accelerator is included in the concentration of l% to the 

liquid, it is chemical activator added to the liquid when polymerization is to be 

accomplished at room temperature. These are usually tertiary amines (Craig and Powers, 

2002). 

4. Plasticizer: such as dibutyl phthalate (low molecular weight acrylic esters may be 

incorporated to the monomer to produce a softer, more resilient polymer (Craig and 

Powers, 2002). The main disadvantage in using plasticizers is that they may gradually 

leach out of the plastic by oral fluids, resulting in hardening of the denture base and 

decrease strength & softening point (Manappallil,2007). 

5. Cross-linking agent: monomer liquid may contain cross-linking agent which provides a 

sufficient number of bridges between the linear macromolecules to form a three-

dimensional network that alters the strength, solubility & water sorption of the resin. The 

most common cross-linking agent is dimethacrylate, either ethylene glycol dimethacrylate 

or 1,4-butylane glycol dimethacrylate (Dhuru, 2003; Anusavice, 2008). 

 

2.2.3.Mixing Ratio 

   The polymer to monomer is usually 3-3.5/1 by volume or 2.5:1 by weight, the accepted 

polymer to monomer ratio is 3:1 by volume. This provides sufficient excess monomer that 

would lead to polymerization shrinkage limited to approximately 6% or 5% liner shrinkage 

(Anusavice,2008). 

   There must be sufficient monomer to wet polymer bead thoroughly polymerization 

reaction is to be maximized .Furthermore, if too much polymer powder was used ,less 

reaction time will be for the polymer and monomer, more unreacted granules of original 

polymer will be found in the cured acrylic and less strength will be obtained .On the other 

hand, too much monomer can result in porosity and longer doughing time in addition to the 

great curing shrinkage , which will lead to dimensional changes (Craig,1997). 



   The speed with which the polymer and monomer mixture reaches dough stage depends 

upon solubility of the polymer beads in the monomer, increasing in the temperature and the 

size of polymer particles .However a polymer of high molecular weight is more difficult to 

soften than one of short chain length as the forces of attraction between the chains are greater 

(Craig, 1997). 

2.2.4.Polymerization process of poly methyl methacrylate: 

   The term ‛‛ polymer ‘‘ is a molecule that is made up of many ( poly ) parts ( mers ). The 

mer ending represents the simplest repeating chemical structural , from which the polymer is 

composed ( Stevens , 1975 ;McCabe , 1985 ; Craig , 1997). 

   Polymers are high molecular weight, chain-like molecules. A polymer chain dose not 

consist of random arrangement of atoms, but of distinct repeating groups of atoms, derived 

from the small molecules or monomers, from which the chain is built up. The process by 

which monomers are converted into polymer is called polymerization ( Phillips,1967; 

Stevens,1975; McCabe,1985; Craig,1989; McCabe,1990; Anusavice, 1996 ).  

   PMMA is prepared from MMA monomer through process of addition polymerization. This 

process involves the addition of reactive species with monomer to form a larger reactive 

species, capable of further addition with monomers. These reactive species are produced 

from decomposition of reactive agents called initiator. Benzeyl peroxide is the initiator used 

in dental polymer ( McCabe,1990 ). 

   This decomposition could be activated by heat during curing the acrylic or by the addition 

of chemical activator as dimethyl-p-toludine (DMPT) in cold-cure acrylic or by the 

combination of heat and (DMPT) in the rapid curing resins (McCabe,1985; Craig,1989 ).  

   An alternative activation involves the use of ultraviolet radiation to cause decomposition of 

a suitable radiation sensitive initiator ( Anusavice,1996; Craig,1997 ). 

   Thus, the polymerization process consists of four main stages, these are :- 

1- Activation :- It involves the decomposition of the peroxide initiator, which creates free 

radicals to start polymerization chain reaction.  



2- Initiation :- The polymerization reaction is initiated when the radical formed on 

activation reacts with monomer molecule, reaction of benzoyl peroxide radical with MMA to 

form a new radical species. Reactive species are either ionic type of free radical. 

3- Propagation :- The new free radical is capable of reaction with further monomer 

molecules. Each stage of reaction produces a new reactive species capable of further 

reaction. 

4- Termination :- Propagation reaction continues until the supply monomer molecules is 

exhausted. Other reactions may result in termination of a polymer chain, these reactions 

produce ‛‛dead‘‘ polymer chains which are not capable of further additions, one example of 

termination is the combination of two growing chain to form one dead chain. ( O’Brien and 

Ryge,1978;McCabe,1990 ). 

2.2.5.Types of Polymerization 

A-Addition Polymerization:- 

   Resins polymerized by this mode of reaction are characteristically thermoplastic and are 

soluble in certain organic solvents. This procedure is the most simple of all mechanisms of 

polymerization (Phillips , 1973). 

B-Condensation Polymerization :- 

   Resins polymerized by this mode of reaction are thermoset in nature. This type of reaction 

differs from addition reaction in that joining of the ‛‛mers‘‘ progresses by means of a 

chemical reaction, accompanied by the formation of by product : such as water, hydrochloric 

acid, ammonia, etc. ( Anderson,1972 ). 

2.2.6.Stages of polymerization  

When monomer and polymer are mixed in the proper proportion, a workable mass is 

produced. The resultant mass passes through five distinct stages ( Anusavice,1996 ) :- 

1- Sandy stage: Little interaction occurs on a molecular level, and the polymer beads remain 

unaltered, the consistency of the mixture is described as ‛‛coarse‘‘ or ‛‛grainy‘‘ 



2- Stringy stage: The monomer attacks the surface of the polymer beads and some polymer 

chains are dispersed in the liquid monomer.  The polymer chains uncoil, so the viscosity of 

the mix will increase. This stage is characterized by ‛‛ stringiness ‘‘ or ‛‛ stickiness ‘‘. 

3- Dough stage: When the mix is no longer tacky and not adhere to the surface of the 

mixing vessel, so one can say that the mix entered the dough stage when the mass behaves as 

a pliable dough. Here, more polymer chains enter the solution and large quantities of 

monomer and dissolved polymer is formed and the material should be packed into the mould 

cavity during the last phase of the dough like stage. 

4- Rubbery ( elastic ) stage: During this stage the monomer is dissipated by evaporation 

and by further penetration into the remaining unreacted polymer beads. The mass no longer 

flows freely to assume the shape of its container, it will rebound on compression or 

stretching, so it cannot be molded by conventional compression technique. 

5- Stiff stage: The mixture appears very dry and resistant to mechanical deformation. 

2.2.7.Mode of activation  

2.2.7.1.Heat -cured activation 

   This method involves decomposition of benzoyl peroxide by the application of heat. A 

water bath curing unit was most commonly used to process acrylic resin. In addition there 

are several methods for supplying heat to accelerate the polymerization reaction , processing 

with dry heat, steam , infra-red induction or dielectric heating have also been successful , 

Water vapor technique for curing acrylic resin (Vernonite, 1949). 

  Payton in 1950 used dry heat developed by two electrically heated plates applied to the 

flask under compression, a dry air oven, and infra-red light bulbs as a heat source and 

induction heating by an electronic generator. But none was considered superior to the 

conventional water - bath method (Peyton et al, 1960). 

A- Water bath curing 

   This is the most common method for curing acrylic resin (Craig, 1997). The 

polymerization process of acrylic resin was brought by the application of external heat, the 

flask containing the denture was immersed in water bath at specific temperature for a 



specific period of time (Curing cycle); the strength of the polymerized resin is definitely 

dependent on the time and temperature of the curing procedure (Skinner, 1951) . The most 

satisfactory method for curing acrylic resin is the slow and fast method. The slow method 

involved a temperature of 72C° for 9 hours, while the fast method included an initial curing 

at 65 C° for 90 minutes, then raised to boiling for 60 minutes (Philips, 1996). 

The temperature was than raised to 100 C° and heating continued for further 2 hours 

(Combe, 1975). 

Jagger in 1978 concluded that the initial low temperature at 70 C° ensure that the porosity 

was avoided and the subsequent period at 100 C° reduces residual monomer quickly. 

The curing cycle of 70 C° for 7 hours plus 1 hour at 100 C° for producing the best hardness 

and tensile strength . 

Dogan et al in 1995 who found that improved tensile strength observed and low level of 

residual monomer would be obtained when longer curing time was employed.  

Hugget et al in 1984 suggested that 7 hours at 70 C° followed by 3 hours at 100 C° achieved 

minimal level of residual monomer. 

   The polymerization was an exothermic reaction, when a large mass of dough within a flask 

is heated the temperature at the center will rise above that of flask and investing plaster. Both 

the polymer and plaster molds are poor conductors of heat, and the heat slowly dissipated 

throughout the flask. The boiling point of pure monomer is 100.3 C° when a large mass of 

dough was heated quickly, the internal temperature rises above this temperature, and the 

monomer will boil producing spherical voids in the hottest part of the curing dough, this lead 

to gaseous porosity in the cured denture base (Anderson, 1972; McCabe, 1985). So gradual 

rising of temperature for a longer time would reduce the porosity.  

Skinner, 1951, stated that monomer dose not boil in clamped denture flasks under sufficient 

pressure therefore; adequate clamp pressure prevents gaseous porosity irrespective of curing 

cycle used.  

   Polymerization can also occur by submerging the flask at 73° C for 90 minutes then in 

boiling water for 30 minutes (Ming et al, 1996; Kobayashi et al, 2004).ADA specification 



No-12-1999 recommended the technique involving processing at 73° C for 90 minutes and 

then boiling water for 30 minutes. 

   The choice of curing cycle had greater influence on dimensional accuracy and impact 

resistance of PMMA than did the mixing ratio. It was found that curing including long 

terminal boiling period showed significantly better physical and mechanical properties 

(Jerolimove, 1989). 

Craig and Power in 2002 suggested two curing cycles for acrylic denture base materials: 

1-Long curing cycle: involve constant temperature water bath at 74°C for 8 hours or longer 

(Overnight curing) 

2-Short curing cycle: involve processing the resin at 74°C for 1.5 hours followed by a 

period at 100°C for additional 1 hour since the residual monomer result from incomplete 

conversion of monomer to polymer (Jorge et al, 2003). 

B- Microwave curing: 

Nishi in 1986 used microwave energy to polymerize acrylic resin. It was an important 

addition to the methods of curing that proved to be an acceptable heat source.  

The problems of reflection of microwave by metallic flasks were solved by Kimura by 

introduction fiber reinforced plastic flasks but their high cost and ease of breaking was 

considered as disadvantage of the microwave curing method(Kimura et al, 1984; Levin 

etal, 1989). 

This method does not affect the physical properties, is less time consuming, easily 

manipulated, a clean method (AlDoori, 1987) and results in minimal color changes and 

superior denture base adaptability (Levin, 1989). 

Several authors compared the physical and mechanical properties of acrylic resin cured by 

microwave and conventional water bath. The result of their studies showed no statistical 

difference between the two methods in respect to some of the mechanical and physical 

properties like Indentation hardness, transverse deflection, impact strength, water sorption 

and solubility. However, residual monomer was found higher with microwave curing but it's 



considered low and comparable to those obtained by the conventional rapid curing method 

(Al Khafaji , 2004). 

Yannikakis et al in 2002 investigated the effect of microwave energy on the porosity of a 

heat-cured denture base resin and they found that the resin designed especially for 

microwave curing exhibited no clinically significant porosity. 

Jorge et al in 2003 regarded less residual monomer as one of the advantages of microwave 

polymerization compared with heat cured and chemical cured acrylic resin. 

2.2.7.2.Chemically accelerated resin(chemical curing): 

   Often called chemically curing resin, self-curing resin, cold-cure resins or auto 

polymerizing resins are similar to heat cured resin. The principle difference is that the 

polymerization reactions is accelerated by a chemical , such as N , N-dihydroxyethyl - para - 

toluidine rather than by heat as indicated by equation below (Craig & Power , 2002). 

Polymer + peroxide initiator + monomer + inhibitor + Amine accelerator =polymer + heat 

(reaction) 

   The polymerization starts almost as soon as the powder and liquid are mixed and precede 

more rapidly, through the various consistency stages. So its problem is short working time 

for adequate trail packing (Woelfel, 1977).    

Generally, the degree of polymerization of cold cured resins is not as complete as that 

achieved using heat cured system. This lead to a higher degree of residual monomer (Craig, 

Powers,et al 2002). 

These unreacted monomers serve as a potential tissue irritant and act as a plasticizer which 

results in lower transverse strength (Anusavice, et al, 1996). 

   The self-cured acrylic stained more than heat-cured acrylic, which may be attributing to the 

greater porosity of self-cured acrylic resulting in an increased surface area exposed to 

solution (Wozniak et al, 1981).Chemically activated acrylic resin displays less shrinkage 

and has greater dimensional stability (McCabe and Wilson, 1978). 

   Tsuchiya et al, 1994 ; Sheridan et al, 1997 showed that the cytotoxicity was greater for 

chemical cured denture base resin due to significant amount of formaldehyde and MMA 



leaching to saliva, to reduce such leaching , it's recommended that acrylic denture should be 

stored in hot water 50 C° prior to insertion  .  

2.2.7.3.Light activated acrylic resin: 

   It is an alternative method of initiation of PMMA polymerization. This system 

recommended in curing of denture base resin with radiation energy (Wilson et al, 1987).This 

system consists of special resin and curing unit which emits high intensity light in the shorter 

blue wave length (Fellman, 1989). 

    The interest in VLC has been increased due to ease of fabrication , ease of manipulation , 

complete denture can be made in a few hours , processing errors inherent in flasking and heat 

curing are eliminated also elimination of traditional mixing, flasking, deflasking (Andreo 

poulose et al , 1991)  .  

   Ogle et al in 1986 found that the VLC was not toxic have close physical properties 

compared to the conventional heat cured resin while Ishigami et al in 1986 found that VLC 

resin with inferior mechanical properties as compared to conventional denture base 

materials,(Khan, 1989) stated that the VLC resin showed greater staining, it's staining might 

be considered a limiting factor in its suitability as a denture base materials. Studies indicated 

that this material possess significantly higher flexural strength but also higher water sorption 

than the conventional material (Tateosain, 1990), also it has poor adhesion to plastic teeth. 

(Andreo poulos etal, 1991). 

Light polymerized material has marked either as a VLC or as a combination of a VLC and 

chemical cure ―dual - cured resin (Arena et al, 1993).  

2.2.7.4.Rapid heat polymerized resins ( mixed cure system): 

   The rapid heat polymerized materials are hybrid acrylic that is polymerized in boiling 

water immediately after being packed into a denture flask. This is done by addition of special 

activator which allows polymerization to start during mixing of polymer and monomer. This 

technique enable the acrylic resin to be cured with less than 20 min. on boiling water (the 

initiator is formed from both chemical and heat activated initiator to allow rapid 

polymerization without porosity that might be expected (Craig and Power, 2002).  



The adverse tissue responses occur due to relatively higher residual monomer considered one 

of the disadvantages of this material (Bartoloni et al, 2000). 

2.3. Flexible denture base material  

   Valplast (Valplast Int. Corp.- USA) and Flexiplast (Bredent - Germany), were first  

introduced to dentistry in the 1950s(Lowe, 2004). 

  Nylon is a generic name for certain types of thermoplastic polymers belonging to the class 

known as polyamides. These polyamides are produced by the condensation reactions 

between a diamine NH2-(CH2)6-NH2 and a dibasic acid, CO2H-(CH2)4-COOH (Watt 

,1955).  

   Nylon is a crystalline polymer, whereas PMMA is amorphous. This crystal-line effect 

accounts for the lack of solubility of nylon in solvents, as well as high heat resistance and 

high strength coupled with ductility(Munns ,1962;Hargreaves,1971).  

   Thermoplastic nylon is unlike acrylics in which they are hot-pressed into shape.  During 

moulding or setting, there is no polymerization which takes place. Nylon, which is a 

polyamide with repeating amide groups rather than carbon chains, is translucent, tough, 

hypoallergenic, and very resistant to fracture. Nylon RPDs are known as "unbreakable"; 

however, they are predisposed to creep to a lesser degree compared with plasticized meth 

acrylates. Nylon bonds to acrylic very poor and cannot be incorporated to itself, which 

makes repair and relining very hard (Negrutiu et al., 2005). The main benefit of nylon is the 

ability to resist shock and stress (John et al., 2001). 

   Moreover, it was claimed that nylon materials have other advantages including higher 

elasticity than common heat-polymerizing resins(Matthews,1955 ; MacGregor .1984), 

toxicological safety for patients with resin monomer and metal allergy(Hargreaves,1971), 

use of heat-molding instead of chemical polymerization to control the polymerization 

shrinkage and its related deformation(Stafford ,1986).  

   Thermoplastic nylon has a specific gravity of 1.14 m/sec2, such material is injected at 

temperatures from 274°C to 293°C. Mold shrinkage sums to about 0.014. Nylon is a slight 

more hard to polish and adjust; however, the resin offers excellent esthetics for flexible 



tissue born partial dentures; and can be semi translucent (Keenan et al., 2003 ,  Parvizi et 

al., 2004). 

   On the other side, it is reported that this material has several problems such as water 

sorption, surface roughness, bacterial contamination, warpage, color deterioration, and 

difficulty in polishing (Stafford ,1986).  

2.3.1.Physical Properties of the flexible  

   Nylon is a crystalline polymer, thus in solid nylon there is more or less ordered parallel 

packing of the long chain molecule which is due to strong attractive forces between the 

chains. This crystrallinity account for the nylon characteristics of lack of solubility in 

solvents, high heat resistance, and high strength coupled with ductility. The outstanding 

features of the nylons are their toughness, low density, abrasion resistance, higher melting 

point and resistance to chemical attack. Since nylon is insoluble in almost all common 

solvents it cannot be dough moulded by usual dental techniques, but molten material must be 

injected into the flask under pressure. The high mould shrinkage is a serious issue. The 

flexibility coupled with its strength, enables it to resist all normal attempts to fracture. 

Previous workers have criticized the flexibility of nylon on the basis that this flexibility can 

lead to uneven loading of the supporting mucosa and bone particularly in the mandible 

(Kanie T et al,2004) 

2.3.2.Mechanical Properties of the flexible  

   The chief advantage of nylon lies in exceptional mechanical properties of resistance to 

shock and repeated stressing, it has higher fatigue resistance compared to PMMA. Nylon has 

higher fatigue resistance than poly methyl methacrylate, although no comparative data under 

mouth conditions are yet available. Though nylon has superior mechanical properties than 

any other non-metallic base yet there are some serious limitations such as processing 

difficulties and dimensional changes(Matthews , Smith ,1955).  

   The chief advantages of nylon denture bases are strength and lightness. The chief 

advantages of nylon denture bases are strength and lightness. The ultimate tensile strength of 

nylon AI00/M is 10,000-11,500lb./sq. in. as compared with 7,000-8,000 ib./sq. in. for 

acrylic. This makes skeleton denture designs, which would be impracticable if made in 



acrylic, a feasible proposition when made with nylon(Phoenix et al,2004, Parvizi  et 

al,2004). 

2.3.3.Thermal Properties, Bacterial Growth, Staining 

   Nylon has low coefficient of linear expansion and galvanic conductance. polyamide 

denture base material when polished with conventional laboratory technique became 

smoother than PMMA when using the same polishing technique. However the surface 

roughness of polyamide was well within the accepted norm and was clinically acceptably 

smooth after conventional polishing by lathe(Abuzar et al,2010). 

   It seems likely that at least part of the surface roughness may be due to growth of bacterial 

plaques on the surface of the nylon. In few cases smear layer were made from surface 

scrapings of the nylon denture bases and of the acrylic teeth on the bases which resulted in 

clinically noticeable staining. The highest Candida species biofilm growth was shown to 

occur on polyamide resin when compared with PMMA(Stafford et al ,1986; Takabayashi 

,2010). Although flexible resins present advantages in terms of esthetics and comfort, studies 

assessing chromatic and micro hardness alterations of these materials are still scarce in the 

related literature(Goiato et al,2010). 

2.3.4.Applications of flexible in Removable Dentures 

Nylon denture bases may be indicated in  

1- Patient‘s requiring replacement of teeth in esthetic zone, patient‘s with restricted mouth 

opening (Shah et al,2014). 

2-Severe soft and hard tissue undercuts (Abuzar et al,2010).  

3-Sensitivity to PPMA monomer or metal(Mustafa ,2011). 

4-Bruxism cases, thin mucosa and excessive bone resorption, cases where the patient cannot 

tolerate the force applied by the denture, very old patients with low motor capacity (Durkan 

et al ,2013). 

5-Temporary prosthesis after implants(Shah et al,2014). 



6-Precision attachment, combination with metal framework, single cast partial dentures, 

preformed partial denture clasp, immediate dentures (Kohli , Bhatia,2013). 

7-Space maintainers, occlusal appliances ,flexible tooth born partial denture framework, 

denture bases of RPDs without metal clasps, the flexibility of polyamide allows retentive 

elements that match the color of the gums or teeth(Mustafa, Amir ,2011 ,  Kohli , 

Bhatia,2013). 

2.3.5.Advantages of flexible denture base: 

   Nylon dentures have various advantages over the conventional acrylic denture (Shamnur 

et al., 2010; Thakral  et al., 2012) : 

1-Better aesthetic, the translucency of material picks up the tissue undertones. 

2-Metal-free restoration, that no clasp is visible on the tooth . 

3-The material has more flexibility that can be easily inserted in the patient mouth with 

undercuts . 

4-Able to engage the undercuts giving it better retention and stability . 

5-No need for adjustment for the clasp to keep them tight . 

6-Good biocompatibility . 

7-More comfortable, less bulky and lighter . 

8-Possible to insert the prosthesis over the angulated teeth due to the flexibility of the 

material. 

9-Rebasing is possible. 

10-Not cause sore spots due to negative reaction to acrylic resins and will absorb small 

amounts of water that make the denture more compatible with soft tissue . 

2.3.6.Disadvantages of flexible denture base: 

Flexible dentures have various disadvantages over the conventional acrylic denture (Goiato 

et al., 2010; Thakral  et al., 2012):  



1-Intended generally for provisional applications . 

2-De-bonding of the acrylic teeth from the nylon denture due to there are no chemical 

bonding between them. 

3-Extreme caution needs to be taken during processing to not come in contact with any of the 

heated materials . 

4-Instruments that adjust- trim the flexible denture so it might add to the cost . 

5-The nylon shows clinically significant chromatic instability, so the flexible RPD might 

show staining and discoloration with time . 

6-Difficult to reline, repair or add teeth . 

7-The patients that have periodontal problems may have mobility in several due to bone loss. 

That leads to the whole area keeps on flexing causing unfavorable forces that turn the result 

into more bone loss.    

2.1.2.Some properties of denture base material: 

2.1.2.1.Hardness 

   Hardness defined as the resistance of material to plastic deformation typically measured 

under an indentation load. This property is so important in dentistry, since it is an indication 

of the ease of finishing of a structure and its resistance to service scratching. (Anusavice, 

2008).  

Hardness of the material is an indication of its general mechanical behavior and indirectly 

indicates how the material will indent or respond to abrasion (Craig, 1997; Dhuru, 2003). 

Craig in 1985 stated that the hardness of the material is related in a general way , to scratch 

and abrasion resistance , through the relationship is not always simple   .  

Livingstone in 1967 stated that the hardness is widely used in quality control applications 

and as an indication of surface durability . 



According to (Waters and Jagger, 1999) hardness measurement is considering a simple 

method to measure the elastic modulus of materials. So hardness gives notion about quality 

of material (Kulak-Ozkan et al., 2003). 

The differences in hardness between different materials may be related to the composition 

differences of these materials (Huang et al., 2003).  

   The Brinell, Knoop, Vickers, Rockwell, Barcol and Shore hardness are the most common 

methods used for testing the hardness of the restorative materials, each of these tests differs 

slightly from the others, and they have a common quality, however, each test depends on 

penetration of small, symmetrically shaped indenter in to the surface of the materials were 

tested, the choice of test depend on the material of interest and the expected hardness range 

(Powers and Sakaguchi, 2006;Craige and Powers, 2002).  

Shore (Durometer) hardness test is commonly presented in two models; shore D is used for 

assessing harder materials while shore A is for softer materials (Israa, 2009).   

(Craig and Powers, 2002), stated that the smaller the area of indentation, the hardness the 

material and the larger is the hardness number values. 

(Von Fraunhofer  and Suchatlampong ,1975 ) concluded that in general the heat cured 

material is significantly harder than the  cold cured material under all conditions. It was also 

found that some form of polishing or other mechanical finishing procedure would be  

advantageous for all dental polymers that might be subject to wear , or abrasion in service . 

2.1.2.2.Roughness 

   Surface roughness is defined as fine irregularity present on the surface due to 

manufacturing process. Surface roughness is known to be factor in the entrapment of 

microorganism on acrylic surfaces, significantly higher numbers of microorganism cells 

were observed on roughened surface than on smooth surface (Verran and Maryan, 1997). 

Denture may function as a reservoir of infection, and surface irregularities would increase 

the probability of  microorganism remaining on the surface even after the prosthesis has been 

cleaned (Azevedo et al., 2006). 



 Irregularities and porosities existing on the denture surface play a great role in reducing the 

effectiveness of denture cleansing agent and hence increase stain and plaque retention, 

materials surface roughness might affect plaque formation or inhibit its removal, so it could 

therefore be assumed that abrasive denture cleansers create a proper surface for plaque to 

accumulate and rest (Zissis et al, 2000;Jagger et al., 2002).  

Ogle et al in 1986 studied the surface of the dental stone, surface of heat-cured acrylic resin, 

auto polymerizing acrylic resin and visible light cure acrylic resin. The result showed that 

heat - cured resin had the smoothest surface. 

Disinfection by immersion in 4%chlorhexidine solution did not cause an adverse effect on 

the surface roughness of the materials assessed (Machado1 et al ,2011). 

The morphological transformation between fungal blastospores and hyphae in Candida 

albicans coincides with an increase of surface roughness of acrylic resin (Jackson et al., 

2014; Mayahara et al., 2014). 

The surface roughness of any denture base material influences microbial colonisation and 

biofilm formation (Radford,1998). 

Zissis et al in 2000 evaluated the roughness of denture base resins, as well as the hard and 

soft denture lining materials, they found that the overall roughness (Ra) value ranged from 

0.7 to 7.6 micron, and the roughness exhibited by all of the materials tested roughness value 

greater than 0.7 micron indicated that there is possibility for plaque accumulation, since 0.2 

micron is considered the threshold below which no further bacterial adherence can be 

expected (; Parker and Braden, 2001; Harrison , Johnson , Douglas,2004; Rodrigues et 

al., 2013). 

2.4.Disinfection  

   Describes a process that eliminates many or all pathogenic microorganisms, except 

bacterial spores, on inanimate objects .In health-care settings, objects usually are disinfected 

by liquid chemicals or wet pasteurization. Each of the various factors that affect the efficacy 

of disinfection can nullify or limit the efficacy of the process (Favero , Bond ,2001). 



Disinfection aims to remove microorganisms from the surface without affecting accuracy 

and surface quality(Berg , Nielsen , Skaug,2005). 

   Disinfection of denture is a routine procedure in dental offices and laboratories. Spray and 

immersion disinfection using solutions and the incorporation of antibacterial chemicals 

influence the mechanical properties including hardness and roughness (Ahila et al,2014) 

  Immersion disinfection ensures that all surfaces of the denture are exposed to the 

disinfectant. Immersion disinfectants should be discarded after every use (except for 

glutaraldehydes)( Bhat et al ,2013). 

  The spray method of disinfection reduces the chance of distortion, and also uses less 

disinfectant solution, but it may not reach the areas of undercuts and also releases air, leading 

to occupational exposure (Herrera, Merchant ,1986). 

  Immersion disinfection is time consuming and expensive. Additionally, chemical 

disinfectants must be freshly prepared and have a limited shelf life, for these reasons the 

spray method of disinfection is preferred ( Egusa et al ,2008). 

  Cahn in 1936 was the first who reported on anti- inflammatory effect of disinfecting the 

dentures while( Budtz and Loe ,1972) found that application of 2 % chlorohexidine 

gluconate to the fitting surface of maxillary denture for 2 week eliminated hyphae in 90 % of 

27 patients with denture stomatitis . 

Dixon et al in 1999 investigated the efficacy of microwave irradiation a gins Candida 

albicans colonized on three soft denture liners and one heat cured denture base resin and they 

found that irradiation of specimens immersed in water in microwave oven for 5 mins killed 

all Candida albicans present in the materials tested . 

2.4.1.Factors that affect the efficacy of disinfection  

   Include (Garner JS, Favero MS,1986): 

 prior cleaning of the object; organic and inorganic load present. 

  type and level of microbial contamination. 

  concentration of and exposure time to the germicide. 



 physical nature of the object (e.g., crevices, hinges, and lumens). 

 presence of biofilms. 

  temperature and pH of the disinfection process; and in some cases, relative humidity 

of the sterilization process (e.g., ethylene oxide). 

2.4.2.Levels of disinfection 

   Chemical disinfectants can be classified into three categories based on their efficiency 

against vegetative bacteria, tubercle bacilli, fungal spores, and viruses: (Rutala,1996; 

Chinn, Sehulster , 2003). 

 High-level disinfectants: are capable of inactivating bacterial spores and all other 

microbial forms, an essential criteria for high-level disinfectants like ethylene oxide 

gas or glutaraldehyde solutions.  

 Intermediate- level disinfectants: namely formaldehyde, chlorine compounds, 

iodophors, alcohols, and phenolic compounds, destroy microbes like tubercle bacilli, 

but they do not inactivate spores.  

 Low-level disinfectants: are chemical agents with narrow antibacterial activity 

namely, quaternary ammonium compounds, simple phenols. 

2.4.3.Disinfection solutions used in dentistry 

A)Iodophor 

   Iodophor, discovered by H. A. Shelanski and M. V. Shelanski ,is a complex of polyvinyl 

pyrolidone (povidone, PVP) and elemental iodine. These compounds are bactericidal, 

sporicidal, virucidal, and fungicidal but require more disinfection time. They also have been 

used for the disinfection of blood culture bottles, hydrotherapy tanks, thermometers, and 

endoscopes. The disinfective ability of iodine is neutralized in the presence of organic 

material, and hence frequent applications are needed for thorough disinfection (BC Centre 

for Disease Control Laboratory Services,2003). 

 



B)Glutaraldehyde 

   Glutaraldehyde is a pungent colorless oil used to sterilize medical and dental instruments. 

It is used as preservative in industries. Glutaraldehydes are bactericidal, virucidal, fungicidal, 

sporicidal, and parasiticidal and can be highly toxic. They are used as disinfectant in both 

liquid and gas forms. They are more effective in the presence of lower amounts of organic 

material, and hence should be used as a last resort under trained supervision in a ventilated 

setting with appropriate protective equipment (BC Centre for Disease Control Laboratory 

Services,2003). 

C)Sodium hypochlorite 

   Sodium hypochlorite is a chemical with the formula of NaOCl. It is composed of sodium 

cation and hypochlorite anion. It is soluble in water. NaOCl is a compound that can be used 

for purification. It is used for surface purification, bleaching, odor removal, and water 

disinfection in industry. Hypochlorite re- moves stains from clothes at room temperature. In 

household, hypochlorite is used for purification and disinfection. By adding hypochlorite to 

water,  NaOCl  H2O HOCl  NaOH−is formed. Hypochlorous acid is further divided into 

hydrochloric acid (HCl) and oxygen (O). The oxygen atom is a very strong oxidator (BC 

Centre for Disease Control Laboratory Services,2003). 

D)0.25% Benzalkonium chloride  

   This is a quaternary ammonium (QA) chloride salt in which the nitrogen is substituted by a 

benzyl group, two methyl groups, and even alkyl chains. It has antibacterial, antiseptic, 

detergent, and surfactant action. BC is not effective against viruses, fungi, and bacterial 

spores. QA disinfectants have a strong positive charge that makes good contact with 

negatively charged surfaces. Hence, they are good cleaning agents. QA compounds are low 

toxicity, but prolonged contact may irritate the tissues. Usually they are used for 

environmental sanitation like floors, furniture, and walls (BC Centre for Disease Control 

Laboratory Services,2003). 

E)Alcohols 

a)Isopropyl alcohol 



   Isopropyl alcohol is a 2-propanol with the formula of C3H8O or C3H7OH. It is a colorless 

chemical compound with strong odor. It is commonly used as a topical antiseptic. It is also 

used to disinfect the surface of medical equipment. Alcohols are flammable, hence must be 

stored in a cool, well-ventilated area. Alcohol irritates the tissues and evaporates rapidly. It is 

very expensive for general use as a surface disinfectant (BC Centre for Disease Control 

Laboratory Services,2003). 

b)Ethyl alcohol 

   Ethyl alcohol is more bactericidal than bacteriostatic, also tuberculocidal, fungicidal, and 

virucidal against enveloped viruses. Alcohols are not effective against bacterial spores and 

non-enveloped viruses. They denature the bacterial proteins, thereby inactivating the 

microorganisms. The optimum bactericidal concentration in water is 60% to 90%, and the 

cidal activity drops when diluted below 50% concentration. Ethyl alcohol also can be used 

for hand washing. The drying effect of alcohols on the hands can be blocked by the addition 

of emollients and skin-conditioning agents. Ethanol has shown clear bacterial growth 

inhibition, especially when used in high concentrations against S. mutans and S. aureus 

(Peters BM, Ward RM, Rane HS, et al,2013). 

F)Chlorhexidine 

    Chlorhexidine (CHX) is a positively charged molecule that binds with the negatively 

charged sites of the cell wall and destabilizes. Hence, it interferes with osmosis of the cell 

wall. The CHX then attacks the cytoplasmic membrane and leaks the components that lead 

to cell death. In high concentrations, CHX causes the cytoplasm to congeal or solidify. The 

bacterial intake of CHX is very rapid (<20 seconds) (McDonnell , Russell,1999). No 

antifungal activity of CHX has been observed in the agar diffusion test in low 

concentrations,(Rathore et al,2009; Shinde , et al,2012) but 2% CHX showed antimicrobial 

activity against S. aureus, E. coli, and B. subtilis, but not C. albicans (Nakagawa et al,2006). 

G)Ozone water 

   Ozone, or trioxygen, is a gaseous inorganic molecule with the chemical formula of O. It is 

less stable than O and easily breaks down to normal dioxygen in the lower atmosphere. 

Ozone is formed by the action of atmospheric electrical discharges and ultraviolet (UV) light 



from dioxygen. It is present in low concentrations (0.6 ppm) in the atmosphere 

(Strebg,1961). It is a potent oxidizing and antimicrobial agent(Victorin,1992) and has been 

used as a disinfecting agent since the 19th century (Vosmaer,1916; Azarpazhooh , 

Limeback,2008). Ozone is  an unstable compound that decomposes very quickly (half-life 

40 minutes at 20°C) ( Bocci,2002). It derives from ozone generators, either corona discharge 

technology, UV light, or electrolysis(Park et al,2006). Ozone affects the cell membrane, 

vital proteins, unsaturated lipids, and the intracellular enzymes of microorganisms. The DNA 

degradation effect of ozone had been reported in many studies (Cataldo,2006). 

2.5.Hypochlorous acid  

    Is an endogenous substance in all mammals and is effective against a broad range of 

microorganisms. Neutrophils, eosinophils, mononuclear phagocytes, and B lymphocytes 

produce HOCl in response to injury and infection through the mitochondrial membrane–

bound enzyme known as ‗‗respiratory burst nicotinamide adenine dinucleotide phosphate 

oxidase.‘‘(Kettle ,Winterbourn,1997).HOCl selectively binds with the unsaturated lipid 

layer and subsequently disrupts cellular integrity. Between pH levels of 3 and 6, the 

predominant species is HOCl that has maximal antimicrobial properties (Biology Stack 

Exchange,2020). 

   HOCl is a powerful oxidizing agent. In aqueous solution, it dissociates into H+ and OCl–, 

denaturing and aggregating proteins (Biology Stack Exchange,2020). HOCl also destroys 

viruses by chlorination by forming chloramines and nitrogencentered radicals, resulting in 

single- as well as double stranded DNA breaks, rendering the nucleic acid useless and the 

virus harmless(Winter et al,2008). 

   HOCl is approved by the Australian Therapeutic Goods Administration (TGA) as a 

disinfectant against COVID-19. The US Food and Drug Administration (FDA) has approved 

the use of hypochlorous acid for eye and dental spray application and as a no-rinse sanitizer 

for fruit and vegetables (Nguyen, Bui, et al ,2021). 

   HOCl is one disinfectant that, when combined with adequate personal protective 

equipment, screening and social-distancing techniques, hand washing, and high-volume 

evacuation suction, may help reduce the transmission of COVID-19 in the outpatient OMS 

setting. It comprises many of the desired effects of the ideal disinfectant: It is easy to use, is 



inexpensive, has a good safety profile, and can be used to disinfect large areas quickly and 

with a broad range of bactericidal and virucidal effects(Block, Rowan ,2020). 

HOCl has been shown to inactivate a variety of viruses including coronaviruses in less than 1 

minute(Kampf, et al ,2020). 

   At a concentration of 200 ppm, HOCl is effective in decontaminating inert surfaces 

carrying noroviruses and other enteric viruses in a 1-minute contact time. When diluted 10-

fold, HOCl solutions at 20 ppm were still effective in decontaminating environmental 

surfaces carrying viruses in a 10-minute contact time(Park et al,2007). 

2.5.1.How is HOCL made 

   HOCl can be made on-site combining non-iodinated salt, water, and electrolysis. The 

system to make HOCl on-site is a 1-L container that is filled with water, to which 1 g of non-

iodized salt and 1 teaspoon of vinegar are added. The system has the ability to make 

concentrations of 50 to 200 ppm(in which 1 ppm is equal to 1 mg/ L) depending on its use, 

which is chosen by pressing a button on the instrument. The electrolyzed solution is 

completed in 8 minutes, when it is ready for use. The parameters that contribute to HOCl‘s 

efficacy as a disinfectant include contact time and concentration. The method of application 

also will affect its efficacy to disinfect(Hawkins,Davies,2002). 

2.5.2.Stability of HOCL 

Rossi-Fedele ,et al,2011 investigated the shelf life of HOCl by being either exposed to or 

protected from sunlight. When the HOCl solution was exposed to sunlight, the chlorine 

reduction started on day. When it was sheltered from sunlight, the chlorine reduction started 

after day 14. The half-life increases with decreasing pH owing to the decreasing ratio of 

OCl–to HOCl. The parts per million (ppm) is the concentration of the –OCl, which is the 

active ingredient and is known as the available free chlorine (AFC) in the solution. HOCl 

solutions are less stable when exposed to UV radiation, sunlight, or contact with air or when 

the temperature of the solution is elevated greater than 25C (Nowell,Hiogne,1992). HOCl 

solutions should be stored in cool, dark places, and contact with air should be minimized. 

The water for fabrication should be water that contains organic and inorganic ion 



 

concentrations that are as small as possible (Ishihara, Murakami, Fukuda, et al,2017 

;Kampf, Todt, Pfaender, Steinmann,2020). 

 

 

2.5.3.Application of HOCL 

Shown in table(2.1) 

 

                                                                Table(2.1) Application of HOCL  

  

      
 [ىيَسخْذ اىفزعً اىعْىاُ امخب]

       

 



3.1.Materials and Methods

3.1.1.Materials 

The materials utilized in this study are listed in Table (3.1) 

Table (3.1): Materials used in the Study 

 

3.1.2.Equipment and Instruments 

The equipment and instruments used in this study are listed in Table (3.2). 

Table (3.2): Equipment and Instruments used in the Study 

No. Equipment and Instruments source 

1.  Dental metal flask&clamp Border, Sweden 

2.  Wax knife, lacron carver, spatula, rubber bowel China 

3.  Hardness tester (Shore D) Italy 

4.  Roughness tester (profilometer) China 

5.  Dental Vibrator  Germany 

6.  Water bath machine Italy 

7.  Lathe polishing machine  England 

8.  Plastic injection system  China 

9.  Hydraulic press  England 

3.2.Methods 

3.2.1.Mold preparation 

Rectangular shape of plastic pattern was constructed by cutting flexible nylon sheet by disc 

into desired shape and dimension (10mmx65mmx3mm) width, length and thickness 

consecutively with regarding to (ADA specification No.12, 1999) (MSaied, Hussam, 

2011),plastic pattern Fig(3.1) 

No. Material Source 

1.  HOCL Disinfectant Movity, Turkey 

2.  Heat –curing acrylic (powder and liquid) Spofa dental, Czech 

Republic 

3.  Flexible Acrylic resin(Valplast) Lichen Dental, China 

4.  Separating medium Spofa dental, Czech 

Republic 

5.  Dental stone Spofa dental, Czech 

Republic 

6.  Distilled water Iraq 

7.  Dental pumice   England 



 

Figure(3.1) plastic pattern 

3.2.2.Specimen grouping     

A total of 40 specimens were prepared ,they divided into two main groups according to the 

types of denture base material (heat cured acrylic resin &thermoplastic flexible resin) , (20 

specimens for each),then each group was subdivided into two subgroups (10 specimens for 

each) according to test that is measured  as follows figure(3.2) :-  

1-Heat cured acrylic resin 

-Group A :10 specimens to measure  roughness before and after disinfection.  

-Group B :10 specimens to measure  hardness before and after disinfection. 

2-Flexible acrylic resin 

-Group C :10 specimens to measure  roughness before and after disinfection. 

-Group D:10 specimens to measure  hardness before and after disinfection. 



 

Figure (3.2): Diagram Illustration the Design of the Study 

3.2.3.Heat cured acrylic resin specimens preparation 

3.2.3.1.Mould preparation  

During preparation of the mould, conventional flasking technique for complete denture 

processing was followed: 

The lower portion of the flask which was filled with dental stone mixed according to the 

manufacture instruction (20g/100ml), and the 4 plastic patterns were inserted to one half of 

their depth carefully Fig.(3.3). After the stone was set, it was coated with separating medium 

and allowed to dry, then the upper portion of the flask was positioned on top of the lower 

portion and filled with stone, with vibration to get rid of the trapped air by dental vibrator. 

After the complete setting of the stone, we open the flask and remove the plastic patterns 

Fig.(3.4),then coated with a separating medium to be ready for packing. 

 

    Figure3.3)Plastic patterns inserted in flask.               

Figure(3.4)The flask after set of stone   and  remove the plastic pattern 

                                                                                                             

3.2.3.2.Packing 

Denture base material  

(40 specimens) 

Heat cured acrylic resin 

(20 specimens)  

Roughness test 

(10 specimens) 

Hardness test 

(10 specimens) 

Thermoplastic flexible resin  

(20 specimens) 

Roughness test 

(10 specimens) 

Hardness test 

(10 specimens) 



The powder and liquid Fig(3.5) were mixed according to the manufacturer‘s instructions in a 

prescribed ratio (2:1 by weight) in a ceramic jar for 30sec and was left until the dough stage 

was reached. Then the mixture separates from the wall of the container .Then the material 

was packed into the stone mold that was formerly coated with separating medium Fig(3.6) 

then together closed the two halves of the flask, and allowed to stand for 5 minutes under the 

hydraulic press Fig(3.7) 20 bar, then clamped and cured (Abdul-Karim, 2001). 

         

 Figure(3.5)Heat cure acrylic     Figure(3.6)separating medium   Figure(3.7) hydraulic press     

                           

3.2.3.3.Curing 

Curing was carried out by placing the clamped flask in a water bath Fig(3.8) and processed 

by short curing cycle 90min at 74C° then temperature was increased to the boiling point 

100°C for 30 minutes. Once processed, the flask was allowed to bench cool for 30 minutes, 

followed by immersion in running water for 15 minutes before deflasking (Philips,1996). 

Then the flask was open and the specimens were removed from the stone mould. Fig(3.9)  

                              

        

       Figure(3.8)Water bath                                    Figure(3.9)The flask after curing                         

3.2.3.4.Finishing and Polishing 



All the specimens were finished ; flashes of acrylic were removed with an acrylic bur to get a 

smooth surface, stone bur was used Fig(3.10)followed by (120) grain size sand paper with 

continuous water cooling. Polishing was accomplished by using bristle brush and rag wheel 

with pumice Fig(3.11) in dental lathe polishing machine Fig(3.12). A gloss surface was 

obtained by using polishing soap on dental lathe using low speed (1500rpm) with continuous 

cooling with water to avoid over heating which may lead to distortion of the specimens. 

After completing the finishing and polishing of the specimens, all the specimens were kept in 

distilled water at 37 C˚ for 48 hours before the testing Fig(3.13) (ADA specification No. 12, 

1999).Total of 20 specimens were prepared in this manner. 

 

Figure (3.10)Finishing burs 

 

Figure(3.11) A:Pumice, B:Bristle brush, C:Rag wheel 

 

Figure(3.12)Polishing using dental lathe polishing machine  

A B C 



 

Figure(3.13)Heat cured acrylic specimens after finishing and polishing 

3.2.4.Flexible resin specimens preparation 

3.2.4.1.Mould Preparation 

For fabricating specimens of flexible denture base material, injection molding system was 

used:  

Four Rectangular plastic patterns were invested in injection molding flask and sprued with 

modeling wax in a manner so that pattern was connected with the sprues (major sprues with   

6-8mm in diameter, minor sprues 2-4mm in diameter)and attached to selected areas as show 

in Fig(3.14)so that polyamide denture base material could flow into each mold space 

(Rizgar, 2009).  

 

 

Figure(3.14)Plastic pattern inserted in flask 

 Then the upper portion of the metal flask was positioned on top of the lower portion and 

filled with stone, vibration was done to get rid of the air bubbles. Stone was allowed to 

harden before the metal flask was opened. The flask was kept for dewaxing after setting of 

dental stone, and the plastic patterns were removed to obtain the mold space Fig(3.15). Flask 

was closed and tightened with the screws and was placed on the bench press. 



                                        

Figure(3.15)The flask after set of stone and remove the plastic pattern 

3.2.4.2.Prepration and Injection of flexible resin  

Heating cylinder inserted into the slot present inside the electrical furnace Fig(3.16) and the 

furnace was allowed to warm up till it reaches the preset heating which was 280-290°C, then 

the heating cylinder removed from the furnace, then valplast cartridge Fig(3.17), metal disc 

and the short solid metal cylinder inserted into the heating cylinder and left inside the 

furnace for 13 minutes to allow the granules inside the cartridge to melt. 

 

 

         

     Figure(3.16) Electric Furnace                                 Figure(3.17) Valplast cartridge 

During that time the flask, that previously preheated inside an oven set at 65°C, removed 

from the oven and placed inside the injection unit Fig(3.18)in its correct position with the aid 

of the projection present at the base of the injection unit. In this position the injection 

opening was at the top surface of the flask. The material was injected inside the flask by the 

use of the manual injection unit the handle of the injection unit was tightened (until both 

springs on the top side of the unit were closed) to give a pressure of 5 bars Fig(3.19).  



       

    Figure(3.18)Injection unit                       Figure(3.19)The material injected inside the flask 

After 5 minutes the pressure was released and the flask is removed from the injection unit 

and allowed for cooling at room temperature, then the flask was opened Fig.(3.20). 

 

Figure(3.20)The flask after injection  

3.2.4.3.Finishing and Polishing 

The sprue formers are cut with a special type of disk and then all the specimens finished by 

stone burs and sand paper sheet, while polishing was accomplished by using bristle brush 

and pumice with dental lathe polishing machine using low speed (1500rpm). The final glossy 

surface was obtained with wool brush and polishing soap on the dental lathe, the specimens 

were continuously cooled with water to avoid over heating during polishing to prevent 

distortion of the specimens (Srividya et al; 2011, Mahroo, 2015).After completing the 

finishing and polishing of the specimens, all the specimens were kept in distilled water at 37 

C˚ for 48 hours before the testing (ADA specification No. 12, 1999) Fig.(3.21).Total of 20 

specimens was fabricated in this manner 



 

Figure(3.21) Flexible resin after finishing and poishing 

 

3.2.5.Disinfection Procedure 

The Hypochlorous acid Spray Fig(3.22) applied on the specimens at the distance 30 cm 

away from the surface of specimen Fig(3.23) (Block,Rowan,2020) , 10 puff for 10 sec  and 

remain 10 mins on the surface then the specimen washed and wiped to be ready for testing 

(Park et al,2007). 

                  

          Figure(3.22) Hypochlorous spray                        Figure(3.23)Disinfection procedure 

3.2.6.Roughness and Hardness Test 

3.2.6.1.Roughness Test  



The specimens of group (A&C) were subjected to roughness test before and after 

disinfection using profilometer device (surface roughness tester TR220 Portable TIME 

Group Inc, China) Fig(3.24), this device is supplied with a surface analyzer (sharp stylus) to 

trace the profile of the surface irregularities and recording all the peaks and recess by the 

needle passing across surface when specimen placed horizontally firm on smooth table 

according to device instruction which characterize the surface. For more accuracy three 

measurement were done for each specimen before and after disinfection and a mean is 

calculated. 

 

Figure (3.24) Profilometer device 

3.2.6.2.Hardness Test 

The specimens of group (B&D) were subjected to hardness test using durometer hardness 

tester from type shore D (hardness tester-TH 210, time group Inc. Italy) Fig(3.25) which is 

suitable for acrylic resin material. The instrument consists of blunt-pointed indenter 0.8mm 

in diameter that tapers to a cylinder 1.6mm. The indenter is attached to a digital scale that is 

graduated from 0 to 100 units; measurements were taken directly from the digital scale 

reading. Three indentation were done on each specimen before and after disinfection , and 

the mean was taken.  



 

Figure(3.25) Hardness tester (Shore D) 

3.2.7. Statistical Analysis 

In this study, SPSS (Statistical Package for Social Science) computer software (version 20) 

was utilized to analyze the data.  The following statistics were applied. 

I- Descriptive statistic which include: 

-Mean. 

-Standard deviation (S.D). 

-Minimum (min).  

-Maximum (max).       

-Graphical presentation by (bar –chart). 

II- Inferential statistics which include: 

- T-Test 

      



 

  

      

       

 



4.1. Test Results 
 

4.1.1.Hardness Test for Heat Cure Acrylic Resin and Flexible acrylic Resin Denture 

Base Materials 

Table (4.1) showed the descriptive statistics which includes (Mean, Standard deviation, 

Minimum and Maximum values) of hardness test for two denture base material before and 

after disinfection. The results indicated that the highest mean value of hardness of  both heat 

cure acrylic resin and flexible acrylic resin was obtained  before disinfection while the lowest 

mean value was obtained after disinfection as illustrated in Table (4.1) ,Fig. (4.1) and Fig. 

(4.2) 
 

Table(4.1):Descriptive Statistics of Hardness of two denture base material before and after 

disinfection. 

 

Denture base material N Mean Std. Min. Max. 

Hardness of heat cured acrylic resin Before 10 84.49 1.08 82.90 85.90 

Hardness of heat cured acrylic resin After 10 82.69 1.28 81.20 85.00 

Hardness of flexible resin Before 10 72.41 1.40 70.50 74.30 

Hardness of flexible resin After 10 70.80 1.11 69.50 73.10 

 

 
 
  Fig.(4.1):Bar chart  for Hardness of heat cured                Fig(4.2):Bar chart for Hardness of flexible 

  acrylic resin before and after disinfection.                         acrylic resin before and after disinfection. 

 

Table (4.2) showed the independent T-test which confirmed that there are highly significant 

differences (P<0.01) in hardness of  both  heat cure and flexible denture base  materials 

before and after disinfection as shown in Table (4.2) 

 



Table(4.2): The independent T-test for Hardness of two denture base material Before and After 

disinfection  

 

 t P-Value Sig.  

Hardness of heat cured acrylic resin(Before)&  

Hardness of heat cured acrylic resin(After) 
4.232 .002 P<0.01 (HS) 

Hardness of flexible (Before) &  

Hardness of flexible (After) 
3.755 .005 P<0.01 (HS) 

 

 

4.1.2.Roughness Test for Heat Cure Acrylic Resin and Flexible acrylic Resin Denture 

Base Materials 

Table (4.3) showed the descriptive statistics which includes (Mean, Standard deviation, 

Minimum and Maximum values) of roughness test for two denture base material before and 

after disinfection. The results indicated that the highest mean value of  roughness of  both  

heat cure acrylic resin and flexible acrylic resin was obtained  before disinfection while the 

lowest mean value was obtained after disinfection as illustrated in Table (4.3) ,Fig. (4.3) and 

Fig. (4.4). 

 

Table(4.3):Descriptive Statistics of Roughness of two denture base material before and after 

disinfection. 

 

Denture base material N Mean Std. Min. Max. 

Roughness of heat cured acrylic resin Before 10 1.55 0.34 0.74 1.98 

Roughness of heat cured acrylic resin After 10 1.48 0.37 0.59 1.90 

Roughness of flexible  Before 10 1.59 0.19 1.46 1.95 

Roughness of flexible  After 10 1.54 0.11 1.45 1.72 

 

 



       
   Fig.(4.3):Bar chart for Roughness of heat cured              Fig.(4.4):Bar chart for Roughness of flexible  

    acrylic resin before and after disinfection.                         acrylic resin before and after disinfection. 

 

Table (4.4) showed the independent T-test which confirmed that there are non-significant 

differences (P>0.05) in roughness of  both  heat cure and flexible denture base  materials 

before and after disinfection as shown in Table (4.4) 

  

Table(4.4): The independent T-test for roughness of two denture base material Before and After 

disinfection 

 

  t P-Value Sig. 

Roughness of heat cured acrylic resin(Before)&  

Roughness of heat cured acrylic resin(After) 1.164 0.275 P>0.05 (NS) 

Roughness of flexible (Before) &  

Roughness of flexible (After) 1.110 0.296 P>0.05 (NS) 

 

      
 ]امخب اىعْىاُ اىفزعً ىيَسخْذ[
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5.1.DISCUSSION  

    Technicians working in the dental laboratory can be exposed to infection through direct 

contact with the dentures during adjustment, repair or relining. These dentures may be 

contaminated with bacteria, viruses and fungi (Inayati, ,Indiani, Gofur,2021).  

     Denture disinfection has been recommended as an essential procedure for preventing 

cross-contamination and the maintenance of a health. Several agents are indicated for 

denture disinfection and maintaining the health of denture, classified into mechanical and 

chemical agents. Ideally, a disinfection method should be effective without detrimental 

effects on the properties of materials used for fabrication of denture base (Porwal ,Anand 

,2017). 

      Hypochlorous acid (HOCL)disinfectant has excellent bactericidal and virucidal potential 

and cause less undesirable effects on biological tissues and the environment due to its ORP 

(Oxidation reduction potential), pH and residual chlorine .These desirable properties of 

HOCL make it suitable to be used for disinfecting denture base .Its application has been 

investigated in medical ,dental, animal husbandry, horticulture, restaurant and other areas 

where microbial growths are known to present potential health threats .However it has not 

yet been well established by multicenter study to determine the efficacy of HOCL in 

disinfecting the prosthesis. (Jnanadev, et al, 2011). 

       In this study, two denture base material (heat cured and flexible acrylic resins) were 

investigated with respect to their hardness and roughness before and after disinfection with  

HOCL . 

5.1.1 Hardness 

      Hardness is an important property that enables the use of acrylic materials as denture 

base resins due to its resistance to occlusal forces. This property also provides resistance to 

scratching and abrasion ,and is directly associated with material arrangement, chemistry and 

polymerization mode. Hardness is defined as the resistance to indentation and is determined 

by measuring the permanent depth of indentation using different test methods. Vickers, 

Knoop, Brinell, Shore and Rockwell are the commonly used hardness test methods (Ayaz 

,Turgut, et al,2015) 

       In the present study, disinfecting of heat cured and flexible acrylic resins with HOCL 

showed a highly significant decrease in surface hardness compared to distilled water. 

     The decrease in hardness of heat cured and flexible denture base material after 

disinfection by HOCL may be related to the acidity of HOCL which may be responsible for 

the greater softening of acrylic resin. Acid solutions weaken polymer molecule bonds, which 

makes them softer and more easily degraded (Golfeshan, Farzaneh,2020) 



      Another explanation  of  the  results  that  a disinfection  may  act  as  a plasticizing 

agent, which  permit  relaxation of stresses occurred  during  processing  and  consequently, 

hardness  is  decreased (Moussa , Amani,2016) 

      The current results were supported by (Alwaeli  & Alsegar,2021)They revealed that the 

disinfectants of acrylic resin which would decrease the acrylic resins surface hardness. 

       Also the research was supported by (Durkan, Rukiye, et al.2013) that after repeating 

immersion of denture base ,the hardness value decreased for both PMMA and Polyamides 

resin regardless of the kind of solution used. 

      Jyothi et al. in 2012 analyzed the influence of different mouthwashes on the micro 

hardness of restorative materials in an in vitro study. The conclusion of their research was 

the fact that the lowest pH in a mouthwash led to the greatest decrease in micro hardness. 

      But disagree with the results of reported by(Al-Abdulla,2015) that showed there is no 

significant difference on hardness of nylon by ethanol and  iodine disinfectant  

5.1.2 Roughness 

      The surface irregularities on denture base materials may act as a reservoir of infection 

and increase the possibility of hosting microorganisms even after the cleaning of dentures 

.Rough surfaces make easier the penetration of bacterial and fungal cells on the denture base 

resins. (Köroğlu, Ayşegül, et al,2016). 

       It is important that the surface roughness of materials used for dental prosthesis are 

determined before their use in the mouth  . Rougher surfaces can cause discoloration of the 

prosthesis , be a source of discomfort to patients and it may also contribute to microbial 

colonization and biofilm formation. Bacterial and fungal species have more of a propensity 

to adhere to rough denture base materials . Previous studies suggest a threshold level of 

surface roughness of dental materials used in the oral cavity of Ra = 0.2 µm where no further 

reduction in plaque accumulation is expected under that level (Abuzar, Menaka ,et 

al,2010). 

     In the present study, disinfecting of heat cured and flexible acrylic resins with HOCL 

showed a non-significant difference in surface roughness compared to distilled water. 

     This mean absence of the effect of disinfectant on surface geometry of two denture base 

material which may be related to the strong surface character of heat cured and flexible 

denture base material due to its  crosslinking structure (Durkan, Rukiye, et al, 2013).  

     This was in agreement with another study, which reported no significant change in the 

roughness after immersion of heat-cure acrylic resin denture base materials in sodium 

perborate solution, 0.2% chlorhexidine gluconate, and 1% sodium hypochlorite up to 240 

hours (Jeyapalan, ,Kumar, Azhagarasan,2015). 



 

     The current results were also supported by Salman, Saleem, (2011) which  reported there 

is no significant difference between pre and post soaking for nylon and heat cured acrylic 

groups after subjected to 4% oxalic acid ,4% tartaric acid. 

     But it Disagreed with other study that showed the alkaline peroxide effervescent denture 

cleansers should be used with caution because it cause significant changes in the surface 

roughness of the heat-polymerized acrylic resin(Peracini A, Davi , et al,2010) 

 

  

 

 

 

  

      
      

       

 



6.1.Conclusion 

Within the limitation of the study the following conclusion were drawn:  

1-Hypochlorous acid disinfectant may decrease the hardness of the heat cured and flexible 

resin denture base materials. 

2-Hypochlorous acid disinfectant may not affect the roughness of the heat cured and flexible 

resin denture base materials. 

 

 

 

 

 

 

 

 

6.2.Suggestions 

1-The effect of Hypochlorous acid disinfectant on the properties of long term soft liner. 

2-The effect of Hypochlorous acid disinfectant on the dimensional accuracy of different 

denture base materials. 

3- The effect of Hypochlorous acid disinfectant on the fracture strength of different denture 

base materials. 
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 الخالصة

 

األسْاُ مإجزاء أساسً ىَْع اّخقاه اىخيىد واىحفاظ عيى اىصحت. ٍِ اىْاحٍت اىَزاىٍت , ٌجب  خعقٌٍ طقٌ ٌىصى ب : المقذمة

 فعاىت دوُ آرار ضارة عيى خصائص اىَىاد اىَسخخذٍت فً حصٍْع قاعذة طقٌ األسْاُ. عقٌٍ أُ حنىُ طزٌقت اىخ

ٍادة قاعذة طقٌ أسْاُ األمزٌيٍل ة سطح دعيى خشىّت وصالس حَض هٍبىميىرو ٍعقٌ ىخقٌٍٍ حأرٍز الهذف من الذراسة:

 .اىَزُو اىحار 

طقٌ )راحٍْج اى ْىع ٍادة قاعذة عٍْت , حٌ حقسٍَهٌ إىى ٍجَىعخٍِ رئٍسٍخٍِ وفقًا ى 04: حٌ ححضٍز المىاد وطرق العمل

عٍْاث ىنو  04عٍْت ىنو ٍْهَا( رٌ قسَج مو ٍجَىعت إىى ٍجَىعخٍِ فزعٍخٍِ ) 04وراحْج ٍزُ( , ) اىحارأمزٌيٍل 

( عٍْاث اسخخذٍج ىقٍاس 04ة , و )د( عٍْاث ىقٍاس اىصال04ْهَا(. مو( وفقًا ىالخخبار اىذي حٌ قٍاسه , حٌ اسخخذاً )ٍ

 .عقٌٍاىخشىّت قبو وبعذ اىخ

ة اىَادة اىقاعذٌت اىَعاىجت باىحزارة واىَىاد اىَزّت ىطقٌ دإىى وجىد فزق ٍعْىي مبٍز فً صال Tاخخبار  اظهز  النتائج:

  اىَزُ سطح اىطقٌ االمزٌيل اىحار وبحَض هٍبىميىروس بٍَْا ىٌ ٌنِ هْاك فزق ٍعْىي فً خشىّت عقٌٍ اىخاألسْاُ بعذ 

 بحَض هٍبىميىروس. عقٌٍبعذ اىخ

حَض هٍبىميىروس  عقٌبىاسطت ٍ  وراحْج األمزٌيٍل اىَزُ االمزٌيل اىحار  قاعذة اىطقٌ ة اىَىاد اىدحقو صال االستنتاج:

 حَض هٍبىميىروس. عقٌوراحْج األمزٌيٍل اىَزُ بَ االمزٌيل اىحار قاعذة طقٌ , بٍَْا ىٌ حخأرز خشىّت 

     

 جمهورية العراق

 وزارة التعميم العالي والبحث العممي
 الجامعة التقنية الوسطى

/ بغداد كمية التقنيات الصحية والطبية  

  

 

 

 

ٍِ ٍىاد ة وخشىّت اىسطح ىَادحٍِ دحَض هٍبىميىروس عيى صال عقٌحقٌٍٍ حأرٍز ٍ

 قاعذة  طقٌ األسْاُ

 



ٍقذً اىى ميٍت اىخقٍْاث اىصحٍت واىطبٍت /بغذاد مجزء ٍِ اىَخطيباث ىٍْو درجت  بحذ

 اىبناىىرٌىس فً حقٍْاث صْاعت االسْاُ

 

 من قبل

 مالك راتب عياش

 

 

 بأشراف 

 م.م. فاطمة كاظم غذير
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