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INTRODUCTION 

Polymers now play an indispensable role in dentistry. 

For dental fillings and prostheses fixed to teeth or other 

hard tissue, interfacial phenomena again dominate the 

outcome. Indeed, a clear distinction is difficult to make 

between mechanical failure and problems of bio 

compatibility at the interface. 

 

Although mechanical strength and modulus may be 

tailored for dental polymers, adhesion is one of the most 

challenging problem area. Bonding to dentin is 

particularly difficult because acid etching techniques 

cannot be used. Secondary, carries and prosthetic failures 

most often occur because of percolation of 

microorganisms, liquid and other matter into marginal 

unfilled areas. The development of improved interfacial 

bonding polymers, such as covalently reactive acrylics 

will lead to simpler dental procedures (with less etching 

and grinding) and inhibition of subsequent carries. 

Additionally opportunities exist for new fissures sealants 

of act as plaque barrier and minimize harmful deposition 

of calculus. 

 

A fruitful and extensive area of research on dental 

materials involves the development of improved 

composites from which new products appears frequently. 

These materials, like amalgams, may be formed and cued 

in the mouth without the need for dental laboratory 

facilities. Dental composites consist of a reinforcing 

filler of small inorganic particles, usually glass or quartz. 

These are embedded in a matrix of organic polymer. A 

currently popular matrix constituent is bisphenol A-

glycidal methacrylate (bis-GMA). Since this 

dimethacrylate monomer is difunctional, cross-linking 

and polymerization occur simultaneously, producing a 

hard durable material required for occlusive applications. 

 

Except for pure gold filling in the teeth, all dental 

material are multiphase and having composite 

microstructure involving one or more interfaces The use 

of antibiotic-containing nanofiber-based polymeric films 

on dental implants has been investigated to minimize 

implant loss, especially in periodontally compromised 

patients. particularly tensile Young’s modulus, tensile 

strength, and flexural strength) compared with 
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ABSTRACT 
Polymer has now become very useful for the treatment of dental problem. A fruitful and vast area of research on 

dental material is very important. Dental composites consists of a reinforcing filler of small inorganic particles, 

generally glass or quartz. Such materials are mixed in matrix of organic polymer A recently well known matrix is 

bis phenol A-glycidal methacrylate(bis-GMA). This is used because its di methacrylate monomer is difunctional, 

crosslinking and polymerization take place simultaneously, a product is obtained which is very hard material used 

in occlusive application. Methyl methacrylate(MMA)polymer is commonly used as group of polymers. It contains 

good mechanical properties like rigidity, wear resistance and strength and also has many useful processing 

properties as easy to mix, simple to process, cure and shapable. It is biocompatible i.e., non –toxic, non-irritating, 

tasteless, odourless and resistance to microbial colonization. MMA has aesthetic properties like translucency, 

transparency. It is chemically resistant in oral part of body. It had acceptable cost. Its density is 0.945g/Ml with 

54.3KJ/mol heat of polymerization, colourless, immiscible with water but miscible in organic solvent and 

flammable in nature. 

 

KEYWORDS: A-glycidal methacrylate (bis-GMA), Methyl methacrylate(MMA), Rigidity, Biocompatible. 

 

https://www.sciencedirect.com/topics/engineering/tensiles
https://www.sciencedirect.com/topics/engineering/tensile-strength
https://www.sciencedirect.com/topics/engineering/tensile-strength


Awasthi et al.                                                                  European Journal of Biomedical and Pharmaceutical Sciences 

 

 

www.ejbps.com 

 

 

89 

polyethylene and polysulfide PLLA has wide 

applications in medical sciences. These fibers inhibited 

the growth and biofilm formation of peri-implantitis 

associated pathogen such as Fusobacteriumnucleatum, 

Porphyromonas gingivalis, Prevotellaintermedia 

and Aggregatibacter actinomycetemcomitans. They 

suggested that tetracycline-containing fibers have 

potential to use as an antibacterial film on dental 

implants For dental fillings and prostheses fixed to teeth 

or other hard tissue, interfacial phenomena again 

dominate the outcome. Indeed, a clear distinction is 

difficult to make between mechanical failure and 

problems of biocompatibility at the interface. 

 

Although mechanical strength and modulus may be 

tailored for dental polymers, adhesion is one of the most 

challenging problem area. Bonding to dentin is 

particularly difficult because acid etching techniques 

cannot be used. Secondary, carries and prosthetic failures 

most often occur because of percolation of 

microorganisms, liquid and other matter into marginal 

unfilled areas. The development of improved interfacial 

bonding polymers, such as covalently reactive acrylics 

will lead to simpler dental procedures (with less etching 

and grinding) and inhibition of subsequent carries. 

Additionally opportunities exist for new fissures sealants 

of act as plaque barrier and minimize harmful deposition 

of calculus. 

 

A fruitful and extensive area of research on dental 

materials involves the development of improved 

composites from which new products appears frequently. 

These materials, like amalgams, may be formed and cued 

in the mouth without the need for dental laboratory 

facilities. Dental composites consist of a reinforcing 

filler of small inorganic particles, usually glass or quartz. 

These are embedded in a matrix of organic polymer. A 

currently popular matrix constituent is bisphenol A-

glycidal methacrylate (bis-GMA). DIMETH 

ACRYLATE having difunctional, crosslinking and 

polymerisation properties is used in dental medication. 

 

In many composites, the micro structure is characterized 

by a broad, more gradient like transition zone which 

forms between the continuous and dispersed phases. It is 

more accurately referred to as an interphase. MPC 

reduced the retention of human pathogenic 

microorganisms. Kang et al. immobilized MPC on the 

tooth surface to prevent oral bacterial adhesion. The 

synthesized MPC-ran-2-methacryloyloxyethyl phosphate 

(PMP) copolymer with zwitterionic and Ca
2+

 binding 

moieties formed a highly effective biofilm inhibiting 

surface on the HA of the tooth surface. It showed that 

HA surfaces coated with a copolymer containing 50% 

MPC (PMP50) reduced protein adsorption and 

subsequent cell adhesion and S. mutans adhesion 

compared with other polymer combinations. Thus, 

highly stable anti-adsorptive and anti-bacterial PMP 

films can be used in dentistry and medicine. 

 

polysaccharides and copovidone is a non-ionic 

copolymer. These polymers transport F to the enamel 

surface. The use of antibiotic-containing nanofiber-based 

polymeric films on dental implants has been investigated 

to minimize implant loss, especially in periodontally 

compromised patients. PLLA has wide applications in 

medical sciences and is used in a range of devices, 

including degradable sutures, drug releasing micro-

particles, nano-particles, and porous scaffolds for cellular 

applications Shahi et al. used a tetracycline 

hydrochloride PLLA, poly(e-caprolactone), and gelatin 

polymer solution to synthesize tetracycline-containing 

fibers. These fibers inhibited the growth and biofilm 

formation of peri-implantitis associated pathogen such 

as Fusobacteriumnucleatum, Porphyromonas gingivalis, 

Prevotellaintermedia and Aggregatibacter 

actinomycetemcomitans. They suggested that 

tetracycline-containing fibers have potential to use as an 

antibacterial film on dental implants. However, 

the elongation at break and impact strength of PLLA are 

lower than that of polyethylene, polyethylene 

terephthalate and polyamide (PA), and PLLAS’s poor 

toughness limits its use in applications requiring plastic 

deformation at higher stress levels; this requirement has 

stimulated investigation on toughening PLLA Inhibiting 

biofilm formation on tooth enamel is an important 

technique for preventing dental and periodontal diseases. 

The 2-methacryloyloxyethyl phosphorylcholine (MPC) 

is a polymer that is water-soluble, biocompatible and has 

good hemocompatibility. MPC reduced the retention of 

human pathogenic microorganisms. Kang et al. 

immobilized MPC on the tooth surface to prevent oral 

bacterial adhesion. The synthesized MPC-ran-2-

methacryloyloxyethyl phosphate (PMP) copolymer with 

zwitterionic action. 

 

 
Fig-1. 
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Applications of Polymers in Dentistry: Polymers 

consist of various applications in dentistry, such as. 

(a) Dentures: It includes bases, artificial teeth and 

relining materials. 

(b) Filling material: polymers are used to fill the teeth. 

Filling materials contain composites, cements and 

adhesives. 

(c) As impression materials. 

(d) Polymers are used as obturation materials, i.e., 

endodoncy. 

(e) The other application is in equipment such as 

spatulas, measures etc. 

 

The modern development of dental composites was 

studied by an American dentist R.L. Bowen. His 

recognition of the excellent matrix forming potential of 

epoxy resins as well as their poor ambient 

polymerization characteristics led him to the discovery of 

a unique hybrid monomer which combined the low 

polymerization contraction of epoxy resins with the 

excellent setting behavior of acrylic acid. 

 

Materials Used in Dentistry: The following materials 

are used for dentistry: 

1. Inorganic Materials: The inorganic dental 

materials include cements, gypsum products, 

ceramics and investment materials etc. Some metals 

are also used for denture frame works, 

supraconstructions, implants, amalgams orthodontic 

brackets and wires. 

 

2. Organic (Polymer-based) Materials: Organic 

polymers used in dentistry are of two types. 

(i) Natural polymers  (ii) Synthetic polymers. 

(i) Natural Polymers: Natural polymers involve in 

dentistry are: 

(a) Polysaccharides: Examples are agar and aliginates. 

(b) Polyisoprene: Its examples are. 

 

Natural rubber: i.e., cis-poly (1, 4-isoprene). It is an 

impression material. 

Gutta percha, i.e., transpoly (1, 4-isoprene) 

(ii) Synthetic Polymers: Synthetic polymers are 

prepared via polymerization reactions, e.g. 

Addition: (Chain-growth) Polymerization of monomers 

with a double bond. 

Step-growth: Polymerization of bifunctional monomers, 

frequently with release of low molecular compounds. 

 

Most Frequently used Group of Polymers in 

Dentistry 

It is the methyl methacrylate (MMA) polymer which is 

most frequently used group of polymers; because these 

materials can be easily adopted to individual purposes, 

i.e., fillings, prostheses etc; and can be in contact with 

human body. 

 

Methyl methacrylate contains good mechanical 

properties such as rigidity, wear resistance and strength. 

If consists of various processing properties like, easy to 

mix, simple to process, cure and shapable. MMA is 

biocompatible, i.e., tasteless, odourless, non-toxic, non-

irritating, and resistance to microbial colonization. It also 

contains some aesthetic properties translucency, 

transparency (odour and optical properties of tooth 

tissue). It is chemical resistant in oral environment. 

Methyl methacrylate consists of acceptable cost also. 

 

Properties of MMA: The melting point of MMA is -

48
oC

 and boiling point is 100.3
oC

. Its density is 0.945 

g/mL with 54.3 kJ/mol heat of polymerization. MMA is 

a colourless liquid, which is immiscible with water but 

miscible in organic solvents. It is non-irritant and 

flammable in nature. 

 

Methyl methacryiate polymer was first used for dentures 

(thermoplastic compression molding) of molten poly 

MMA powder. But the processing wastoo expensive and 

highly complicated.  

 

 
Figure 2: MMA polymer. 
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Fig-3: Polymerization of MMA Monomers. 
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Mechanism 

Initiation: In first step, initiations occurs which involves decomposition of dibenzoyl peroxide (DBP) during heating. 

 
Fig-4: Mechanism of polymerization. 

 

Thermal decomposition of peroxides 

C = concentration of peroxide 

k = kinetic constant 

t = time 

C = C 0.e
-kt 

 

Effect of temperature: The temperature dependence of 

kinetic constant is given by an Arhenius law. 

k(T) = A e 
–Ea/RT

 

with: k(T) = kinetic constant at temperature T(K) 

Ea = Activation energy 

R = Gas constant 

T = Temperature in K 

 

The higher T- the higher k and higher conc. of radicals. 

 

Polymers inhibitors are added usually 0.01 to 0.005 

percent by weight. Inhibitors are used (a) to extend 
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monomer shelf life by restricting spontaneous 

polymerization, (b) to decrease sensitivity to ambient 

light and (c) to prolong working time. In above case, 

phenol inhibits polymerization. 

 

Process for PMMA Modifications:- For dental 

applications PMMA is modified by cross-linked, 

copolymerization, blending and plasticization which 

provides following characteristics to polymer as. 

 

Cross-Linking 

1. It improves hardness, stiffness and increases 

molecular weight. 

2. Cross-linking results an increase in crazing 

resistance, i.e., small cracks originating at the teeth-

denture margin, wear and solvent resistance, but it 

increases brittleness. 

3. Modified-polymers can be easily finished, grinded 

and polished without melting, i.e., thermal resistance 

is increased. 

 

Example: MMA cross-linked with ethylene glycol 

dimethacrylate (EDGMA). 

 

Copolimerization: Modification of PMMA by 

copolymerization with acrylic and homo-acrylic 

monomer, PVC, PVAc, butadiene etc; disturb regular 

intermolecular order of a homo-polymer. 

Copolymerization decreases softening temperature, 

improves fatigue and impact resistance and increase 

dissolution rate in MMA. 

 

Blending: Modification of various MMA polymers by 

blending causes increase in rate of dissolution of MMA 

and decreases and softening temperature. 

 

Plasticization: It is combinations of MMA copolymers 

with plasticizers. In this process high-boiling compounds 

swell the polymer (Phthalates-dibutyl/dioctyl phthalates). 

 

Plasticizing reduces stiffness and hardness of polymers. 

It causes flexibility and softening in the material. 

 

Glass Transition Temperature (Softening) of Various 

methacrylic polymers. Polymers inhibitors are added 

usually 0.01 to 0.005 percent by weight. Inhibitors are 

used (a) to extend monomer shelf life by restricting 

spontaneous polymerization, (b) to decrease sensitivity to 

ambient light and (c) to prolong working time. In above 

case, phenol inhibits polymerization. 

 

Process for PMMA Modifications: - For dental 

applications PMMA is modified by cross-linked, 

copolymerization, blending and plasticization which 

provides following characteristics to polymer as. 

 

Glass Transition Temperature (Softening) of Various 

methacrylic polymers. 

 

Classification of Polymers/Resins According to Initiation 

Reactions. 

 

On the basis of initiation reactions, the polymers/resins 

are divided as. 

(a) Heat activated resins. 

(b) Chemically activated resins. 

(c) Light activated resins. 

(a) Heat Activated Resins: There are two components 

in heat cured resins. Such type of resins are used for 

artificial acrylic teeth. These are known as denture 

base resins. 

 

Composition 
Powder: PMMA prepolymer with dibenzoyl peroxide 

(upto 0.5-0.6 wt%) 

Liquid: MMA, cross-linking agent (app. 1-6 wt%), 

inhibitors, additives (plasticizers), regulators. 

Volume mixing ratio:- (Power/liquid) 3-2.5/1.0. 

In above process, the regulators decrease the rate of 

polymerization-heat release. 

(b) Chemically activated Resins: These are self-cured, 

auto polymerizing, two component resins. Such types of 

resins are involved in denture preparations, relining and 

orthodontic appliances. 

 

Composition 
Powder: PMMA prepolymer or copolymer (fine particle 

size) dibenzoyl peroxide (DBP). 

Liquid: MMA, cross-linking agents, inhibitors 

accelerators (1-4 wt%), UV absorbers. In this process 

accelerators are used as. 

(i) tertiary aromatic amines 

(ii) barbituric acid derivatives combined with aliphatic 

amine and Cu cations. 

(iii) Sodium p-toluene sulfinate (for the system which 

contains methacrylic acid) and Cu-cations. 

(c) Light Activated Resins: These are one component 

resins. 

 

Composition 
1. Dimethacrylate resins, and contains light initiating 

system, e.g., camphor quinone (CQ) amine, 

inhibitors. 

2. Filler Particles 

 

TYPICAL DIMETHACRYLATE RESINS 

1. BIS-GMA 2,2 bis [4-(2 hydroxy-3-

metacryloyloxypropoxy) phenyl] propane 

2. Urethane dimethacrylate (UDMA) (2, 2, 4-

trimethylhexamethyle-bis-(2-carbamoyl-oxyethyl) 

dimethacrylate. 

3. Triethylene glycoldimethacrylate TEGDMA (low 

viscosity dilutent). 

4. 1, 6 hexane dioldimethacrylate 

5. Ethoxylated bis-G MA 

 

Other polymers: alternatives to acrylic denture base 

polymers 
These are thermoplastic, semicrystalline polymers. 
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Polymeric Dental Composites 

Polymeric dental composites are interconnected 

heterogeneous materials which generally have three 

phases. 

1. Polymeric Matrix or Continuous Phase: 

Polymeric matrix or continuous phase formed by 

polymerization of a resin system consisting of one or 

more monomer/oligomers, which activated for 

chemical/photochemical polymerization. 

2. Higher Modulus Dispersed Phase: This phase 

consisting of fillers of various types (silica, ceramic, 

organic, etc.) in sizes, shapes and morphologies. 

3. Interfacial or Interphasial Phase:- This phase 

bonds both the continuous and dispersed phases, 

therefore, enhancing the moduli and mechanical 

properties of the weaker polymers phases. It also 

facilitates stress transfer between theses phases by 

forming a unitary material. 

 

Polymers inhibitors are added usually 0.01 to 0.005 

percent by weight. Inhibitors are used (a) to extend 

monomer shelf life by restricting spontaneous 

polymerization, (b) to decrease sensitivity to ambient 

light and (c) to prolong working time. In above case, 

phenol inhibits polymerization. 

 

Process for PMMA Modifications:- For dental 

applications PMMA is modified by cross-linked, 

copolymerization, blending and plasticization which 

provides following characteristics to polymer as. 

 

Cross-Linking 

It improves hardness, stiffness and increases molecular 

weight. 

Cross-linking results an increase in crazing resistance, 

i.e., small cracks originating at the teeth-denture margin, 

wear and solvent resistance, but it increases brittleness. 

 

Modified-polymers can be easily finished, grinded and 

polished without melting, i.e., thermal resistance is 

increased. 

 

Example: MMA cross-linked with ethylene glycol 

dimethacrylate (EDGMA). 

 

Copolimerization: Modification of PMMA by 

copolymerization with acrylic and homo-acrylic 

monomer, PVC, PVAc, butadiene etc; disturb regular 

intermolecular order of a homo-polymer. 

Copolymerization decreases softening temperature, 

improves fatigue and impact resistance and increase 

dissolution rate in MMA. 

 

Blending: Modification of various MMA polymers by 

blending causes increase in rate of dissolution of MMA 

and decreases and softening temperature. 

 

Plasticization: It is combinations of MMA copolymers 

with plasticizers. In this process high-boiling compounds 

swell the polymer (Phthalates-dibutyl/dioctyl phthalates). 

Plasticizing reduces stiffness and hardness of polymers. 

It causes flexibility and softening in the material. 

Glass Transition Temperature (Softening) of Various 

methacrylic polymers. 

 

Classification of Polymers/Resins According to Initiation 

Reactions 

On the basis of initiation reactions, the polymers/resins 

are divided as. 

Heat activated resins. 

Chemically activated resins. 

Light activated resins. 

 

Heat Activated Resins: There are two components in 

heat cured resins. Such type of resins are used for 

artificial acrylic teeth. These are known as denture base 

resins. 

 

Composition 
AMORPHUS POWDER: Approx 0.7% by 

wt.Dibenzoyl peroxide with PMMA. 

Liquid: MMA, cross-linking agent (app. 1-6 wt%), 

inhibitors, additives (plasticizers), regulators. 

Volume mixing ratio:- (Power/liquid) 3-2.5/1.0. 

In above process, the regulators decrease the rate of 

polymerization-heat release. 

Chemically activated Resins: These are self-cured, 

autopolymerizing, two component resins. Such types of 

resins are involved in denture preparations, relining and 

orthodontic appliances. 

 

Composition 
Powder: PMMA prepolymer or copolymer (fine particle 

size) dibenzoyl peroxide (DBP). 

Liquid: MMA, cross-linking agents, inhibitors 

accelerators (1-4 wt%), UV absorbers. In this process 

accelerators are used as. 

tertiary aromatic amines 

barbituric acid derivatives combined with aliphatic 

amine and Cu cations. 

Sodium p-toluene sulfinate (for the system which 

contains methacrylic acid) and Cu-cations. 

 

Light Activated Resins: These are one component 

resins. 

 

Composition 
3. Dimethacrylate resins, and contains light initiating 

system, e.g., camphor quinone (CQ) amine, 

inhibitors. 

4. Filler Particles. 

 

TYPICAL DIMETHACRYLATE RESINS 

6. BIS-GMA 2,2 bis [4-(2 hydroxy-3-

metacryloyloxypropoxy) phenyl] propane. 

7. Urethane dimethacrylate (UDMA) (2, 2, 4-

trimethylhexamethyle-bis-(2-carbamoyl-oxyethyl) 

dimethacrylate. 

8. Triethylene glycoldimethacrylate TEGDMA (low 

viscosity dilutent). 



Awasthi et al.                                                                  European Journal of Biomedical and Pharmaceutical Sciences 

 

 

www.ejbps.com 

 

 

95 

9. 1, 6 hexane dioldimethacrylate. 

10. Ethoxylated bis-G MA. 

 

Other polymers: alternatives to acrylic denture base 

polymers 
These are thermoplastic, semicrystalline polymers. 

 

Higher Modulus Dispersed Phase: This phase 

consisting of fillers of various types (silica, ceramic, 

organic, etc.) in sizes, shapes and morphologies. 

 

Interfacial or Interphasial Phase:- This phase bonds 

both the continuous and dispersed phases, therefore, 

enhancing the moduli and mechanical properties of the 

weaker polymers phases. It also facilitates stress transfer 

between theses phases by forming a unitary material. 

 

CONCLUSION 

A recently well-known matrix is bis phenol A-glycidal 

methacrylate(bis-GMA). This is used because its di 

methacrylate monomer is difunctional, crosslinking and 

polymerization take place simultaneously, a product is 

obtained which is very hard material used in occlusive 

application. Methyl methacrylate (MMA) polymer is 

commonly used as group of polymers. It contains good 

mechanical properties like rigidity, wear resistance and 

strength and also has many useful processing properties 

as easy to mix, simple to process, cure and shape able. 
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