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Introduction 

 
 Radiation affects people by depositing energy in body tissue, which 

can cause cell damage or cell death. In some cases there may be no 

noticeable effect. In other cases, the cell may survive but become abnormal, 

either temporarily or permanently. Additionally, an abnormal cell may 

become malignant. Both large and small doses of radiation can cause 

cellular damage. The extent of the damage depends upon the total amount of 

energy absorbed, the time period and dose rate of the exposure, and the 

particular organs exposed (U.S. Environmental Protection Agency, 2007b).  

 

The relatively high incidence of carcinoma of the head and neck 

including those of the oral cavity has been reported. Gamma radiation as a 

primary or supplementary treatment regimen has always been, and is still 

utilized for oral cancer patients. These patients commonly have dental 

restorations fabricated of a variety of dental materials. Any interactive effect 

by the incident therapeutic beam on such dental materials might be of 

clinical significance if properties of these materials are adversely affected 

(Hassan and khier, 1997).  

 

 The most popular direct restorative materials used are amalgam, resin 

composite and glass ionomer. Tooth coloured synthetic materials, unlike 

metallic restoration, had no influence on the radiation dose distribution. 

However, their exposure to a γ- radiation therapeutic dose during treatment 

might cause structural and compositional changes that consequently alter 

their mechanical and physical properties (Reitemeier et al, 2002). 
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 Thus, it is essential to explore the effect of γ- radiation on the 

properties of some aesthetic restorative materials that employ 

nanotechnology in their manufacturing. As well, the exact alteration in the 

compositional identity of these materials is a point of interest. 
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I-Radiation: 

 Complete elimination of radiation exposure is impossible. The 

radiation surrounded our world. It comes up from the ground, down through 

the atmosphere, and even from within our own bodies. Even small amounts 

of the radioactive gas ‗radon‘ are breathed. The ground and buildings are 

slightly radioactive. Bodies contain natural radioactivity from food and 

drink, and cosmic rays fall all the time. Natural sources of radiation account 

for about 82% of all public exposure while man-made sources account for 

the remaining 18%. Radiation has been present since the birth of the planet 

as a part of life (U.S. Environmental Protection Agency, 2007a).                                                                           

 

Exposure to radiation is measured in millirems. An average 

Americans exposure is about 360 millirems per year. Roughly 300 millirems 

from natural sources, 60 millirems come from man-made sources, primarily 

medical applications such as x-rays. Less than one millirem comes from 

nuclear power generation and nuclear weapons production (U.S. 

Environmental Protection Agency, 2007b).                                                                          

Most people feel uncomfortable with radiation because it cannot be 

seen, tasted, smell or felt. Exposure to a lot of radiation or even to a small 

amount over a long period of time can cause many health problems (Botkin 

& Keller, 2000). 

 Radiation is classified according to its energy into ionizing and non- 

ionizing radiation. Ionizing radiation is any radiation consisting of moving 

particles or electromagnetic waves that has sufficient energy to produce ions 

in matter and tissues. Non-ionizing radiation is any radiation that has 
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insufficient energy to produce ions in matter and tissues, such as ultraviolet, 

infrared, visible light, ultrasound and radio waves (Vyas et al, 1994). 

 According to their nature, ionizing radiations may be electromagnetic 

or corpuscular radiation. Electromagnetic radiations consist of stream of 

high photons and have no mass or charge. They include X-rays and gamma-

rays which can easily penetrate the body tissues and deposit their potentially 

harmful energy deep in the body. Corpuscular radiations consist of particles 

that have an electric charge and mass. They include α and β particles, 

electrons, protons and neutrons (Behrman et al, 2000).  

Non-Ionizing radiation refers to radiative energy that, instead of 

producing charged ions when passing through matter, has sufficient energy 

only for excitation. The NIR spectrum is divided into two main regions, 

optical radiations (ultraviolet, visible, and infra-red) and electromagnetic 

fields (microwave, very high frequency and low frequency radio wave). 

Non-Ionizing radiation originates from various sources: Natural origin (such 

as sunlight or lightning discharges etc.) and man-made seen in wireless 

communications, industrial, scientific and medical applications (Kwan-

Hoong, 2003). 

Alpha particles are the slowest in motion and can easily be stopped 

by a sheet of paper or the outer layer of person‘s skin. They are only harmful 

if their source is swallowed or inhaled. Beta particles have more penetrating 

power and can pass through a sheet of paper but stopped with a sheet of 

aluminum foil or glass as with alpha particles they are harmful if swallowed 

or inhaled. Gamma rays are pure energy and are identical to high energy x- 

rays. It penetrates and requires shielding materials such as concrete, lead, 
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steel or water to absorb energy On the other hand, X-rays are forms of 

radiation produced mainly by artificial means rather than by naturally 

occurring radioactive substances. Neutron radiation occurs when neutrons 

are ejected from the nucleus by nuclear fission and other processes. The 

nuclear chain reaction is an example of nuclear fission (Canadian Nuclear 

Safety Commission, 2002).                                                                                                          

II-Development and Advancement of Direct Aesthetic 

Restorative Materials: 

 The decline of amalgam use among clinicians and patients, however, 

began in the early 1980s due to some inherent problems. For instance, 

amalgam‘s tendency to corrode and difficulty bonding to tooth structure, 

along with the necessity to remove sound tooth structure for retention, are 

problematic (Jokstad et al, 2001). 

   

 Also at issue for some people are its lack of aesthetics and fears about 

potential mercury toxicity. As a result, the need for amalgam alternatives has 

been an issue in the dental literature for several years. Amalgam has been a 

public health concern in recent years in several countries and some clinicians 

have advocated the replacement of metal restorations with mercury-free 

restorations such as resin composite (Lutz and Krejci, 1994). 

   

 In January of 2008, Norway‘s government imposed a ban on the use 

of mercury products, including amalgam restoration, due to environmental 

concerns (Larose and Basciano, 2008). Resin-based composites were 

advocated as a possible alternative to amalgam restorations because they 

were mercury-free and thermally nonconductive; further, they matched the 
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shade of natural teeth and easily bonded to tooth structure (Wilder et al, 

1999). 

 

i- Resin composites: 

 During the first half of the 20th century, silicates were the only tooth-

colored aesthetic materials available for direct cavity restorations. Although 

silicates release fluoride, they are no longer used for permanent teeth 

because the silicate material becomes severely eroded within a few years. 

Acrylic resins, similar to those used for custom impression trays and 

dentures (polymethacrylate [PMMA]), replaced the silicates during the late 

1940s and the early 1950s because of their more tooth-like appearance, 

insolubility in oral fluids, ease of manipulation, and low cost (Mohamed,  

2009). 

   

 Unfortunately, these acrylic resins also have relatively poor wear 

resistance and they shrink severely during curing, which causes them to pull 

away from the cavity walls and produce leakage along the margins. Their 

excessive thermal expansion and contraction causes further stress to develop 

at the cavity margins when hot or cold beverages and foods are consumed. 

These problems were reduced somewhat by the addition of quartz powder to 

form a composite structure. Commonly used fillers have an extremely low 

thermal expansion coefficient, approaching that of tooth structure. 

Incorporation of filler particles became a practical means of reducing both 

curing contraction and thermal expansion (Anusavice, 2003). 

   A major advance was made when Dr. Bowen (1962) developed a new 

type of resin composite material. Bowen‘s main innovations were bisphenol 
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glycidyl methacrylate (BIS-GMA), a dimethacrylate resin, and an organic 

silane coupling agent to form a bond between the filler particles and the 

resin matrix (O’Brien,   2008). 

 

 In 1960s, composite resins were chemically cured and their uses were 

limited for class III, IV, V cavity preparations .The filler particles were large 

(mean diameter 0.8 to 100 micrometers). The high wear rates and marginal 

leakage made such composites unacceptable for long term restorations .In 

the 1970s, a major step in composite technology occurred with the 

introduction of light-cured composite resins are more wear resistant and 

more color stable than self-cured composite resins .The improved wear 

resistance was the result of using smaller filler particles (mean diameter 0.5 

to 8 micrometers) and less air incorporation during placement of the 

restoration (Leinfelder, 1997). 

  

  In the early 1980s, resins specifically for posterior use appeared in 

the market .They were relatively high wear resistant because of reduced 

particle size and increased filler loading .In the mid-1980s, significant 

improvement in the light-cured composite resins occurred. They were called 

hybrid composites because they had a mixture of particle sizes (from 0.04 to 

3 micrometer). Further refinements in these materials led to the term micro-

hybrid, being used to describe resins with mean particle sizes in the 0.6-0.7 

micrometer range .Many hybrid composites are difficult to manipulate 

because of inherent stickiness and slumping. Stickiness can result in voids 

and porosity as materials are manipulated. The slumping increases the 

difficulty of creating proper anatomical form during increment placement of 

the material (Jackson and Morgan, 2000).  
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 When methacrylate monomers in the resin composites react to 

establish a covalent bond, the distance between the two groups of atoms is 

reduced by their shifting closer together in linear response, resulting in 

substantial reduction in the free volume which is translated into volumetric 

shrinkage (Anusavice , 2003). 

 

 Low polymerization shrinkage materials currently introduced on the 

market is based on silorane obtained from the reaction of oxirane and 

siloxane molecules. The novel resin is considered to have combined the 

advantages of the individual components low polymerization shrinkage due 

to the ring-opening oxirane monomer and increased hydrophobicity due to 

the presence of the siloxane species. The mechanism of compensating stress 

in this new system is achieved by the opening of the oxirane ring during 

polymerization .The silorane composite polymerizes by a cationic ring-

opening process which is insensitive to oxygen , this overcome the 

disadvantage of the oxygen inhibition layer found in methacrylate-based 

composites ( Weinmann et al , 2005). 

                                                                                                         

 Silorane- based composite has ring-shaped monomer particles instead 

of the linear ones that found in the methacrylate-based composite. The 

reaction between the ring-shaped monomers is initiated by their opining and 

extending toward each other, which theoretically results in low 

polymerization shrinkage (<1%) (Mohammed, 2009). 
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ii- Glass ionomer: 

 In general, glass ionomer cements are classified into three main 

categories: conventional, metal-reinforced and resin-modified (Burgess et 

al, 1994).                                                                                                                                                                                               

  Conventional glass ionomer cements were first introduced in 1972 by 

Wilson and Kent. They are derived from aqueous polyalkenoic acid such as 

polyacrylic acid and a glass component that is usually a 

fluoroaluminosilicate. When the powder and liquid are mixed together, an 

acid-base reaction occurs. As the metallic polyalkenoate salt begins to 

precipitate, gelation begins and proceeds until the cement sets hard (Mount, 

1991). 

           Recently, several faster setting, high-viscosity conventional glass 

ionomer cements have become available. These restorative materials were 

originally developed in the early 1990s. They set faster and are of higher 

viscosity because of finer glass particles, anhydrous polyacrylic acids of 

high molecular weight and a high powder-to-liquid mixing ratio. The setting 

reaction is the same as the acid-base reaction typical of conventional glass 

ionomer cements (Berg, 1998).                                            

  Despite the beneficial properties of glass-ionomer cements, this 

material presented several disadvantages which led to limitation of its use. 

They are sensitive to moisture during initial setting, brittle, lack strength, 

toughness and exhibit poor resistance to wear (Van Noort, 1994).                                                                                                                                         

  Metal-reinforced glass ionomer cements were first introduced in 

1977. The addition of silver-amalgam alloy powder to conventional 
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materials increased the physical strength of the cement and provides 

radiopacity. Subsequently, silver particles were sintered onto the glass, and a 

number of products then appeared where the amalgam alloy content had 

been fixed at a level claimed to produce optimum mechanical properties for 

glass cermet cement (Williams et al, 1992).                                               

  In 1992, resin-modified glass ionomer cements were developed that 

could be light cured. In these materials, the fundamental acid-base reaction 

is supplemented by a second resin polymerization usually initiated by a 

light-curing process. In their simplest form, they are glass ionomer cements 

that contain a small quantity of a water-soluble, polymerizable resin 

component. More complex materials have been developed by modifying the 

polyalkenoic acid with side chains that could polymerize by light curing 

mechanisms in the presence of photo initiators, but they remain glass 

ionomer cements by their ability to set by means of the acid-base reaction 

(Burgess et al, 1994).                                                       

  Addition of resin was able to solve the problem of moisture 

sensitivity and low early mechanical strength associated with the 

conventional glass ionomer cements and at the same time maintains their 

clinical advantages. Their capability to release fluoride makes them an 

attractive option over resin composites in class III and V restorations which 

are non-stress bearing areas. But still they are inferior in mechanical 

properties and appearance to the resin composites due to inherent opacity of 

the set glass-ionomer materials (Sidhu and Watson, 1995).                                                                                                                                                                                              
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III-Nanotechnology: 

 Nanotechnology, or nanoscience, refers to the research and 

development of an applied science at the atomic, molecular, or 

macromolecular levels (i.e., molecular engineering, manufacturing). (Choi 

and Charles, 2005).   

  

 The prefix ―Nano‖ is defined as a unit of measurement in which the 

characteristic dimension is one- billionth of a unit. Although the nano scale 

is small in size, its potential is vast. Recent advances by scientists and 

engineers in manipulating matter at this small magnitude indicate potential 

applications of this nanoscience through developments of materials and 

systems in every economic arena (e.g., telecommunications, aerospace, 

computers, textiles, homeland security, microelectronics, biomedical, dental) 

( Myshko ,  2004). 

  

 A nanomer is 1/1,000,000,000 (one-billionth) of a meter or 1/1000 of 

a micron. This is about 10 times the diameter of a hydrogen atom or 

1/80,000 of a human hair. Frequently, nanotechnology is used to describe 

research or products where critical component dimensions are in the range of 

0.1 to 100 nanomers. In theory, nanotechnology can be used to make 

products lighter, stronger, cheaper, and more precise. If this type of material 

was used to make an airplane instead of metal, the airplane could weigh 50 

times less but be just as strong (Douglas and Terry, 2005). 

 Materials at the nanoscale often exhibit very different physical, 

chemical, and biological properties than their normal size counterparts. 

While we know little about possible adverse effects of nanotechnology, we 
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know enough to recognize that they need to be some type of governmental 

oversight to ensure the public health and safety are not adversely affected 

(Maynard and Andrew, 2004).  

  

 Nanodentistry will make possible the maintenance of near perfect oral 

health through the use of nanomaterials, biotechnology including tissue 

engineering and nanorobotics. Oral health and disease trends may change the 

focus on specific diagnostic and treatment modalities (Treitas, 2000). 

  

 Nanotechnology can be used in dentistry in local anesthesia, 

hypersensitivity cure, nanorobotic dentifrice (dentifrobots), dental durability 

and cosmetics, orthodontic treatment, photosensitizers and carriers and 

diagnosis and treatment of oral cancer (Saravanakumar and Vijaylakshmi, 

2006). 

 

IV-Application of nanotechnology in dental materials: 

 

i- Nanofilled Composite Resins: 

 Nanofilled composite resins were designed to combine the 

polishability and esthetics of microfilled composites with the strength and 

wear resistance of microhybrid composites. They contain nanofillers that are 

heavily loaded into the composite; these improve the translucency and 

opalescence of the composite, making it more natural looking and better 

able to blend in with the surrounding area (Mitra et al, 2003). 
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 The addition of nanosized particles to composite resins increases their 

polishability. Nanofilled composites offer improved strength compared to 

microfilled composites and equal to or better than other composites (Beun et 

al, 2007).  The addition of pre-polymerized nanofillers forming nanoclusters 

has been found to reduce polymerization shrinkage, further increase strength 

and esthetics, and offer a smoother surface that is less subject to wear 

(Azevedo et al, 2009). 

 Suzuki, 2004 evaluated the relative wear resistance of several types of 

denture teeth using an in vitro wear testing device. The nano-composite 

tooth was harder and more wear resistant than the acrylic teeth but not 

significantly different from most of the cross-linked and micro-filled 

composite teeth tested. 

 Shivaughn et al, 2009 compared the mechanical properties of two 

commercially available nanocomposite restorative materials (Z350 and 

Grandio). They were cured with light emitting diodes (LED) curing unit for 

20 seconds. Flexural strength and diametral tensile strength was measured 

by Hounsfield tensometer, while fracture toughness was measured using the 

single edge notch beam (SENB) method. Microhardness (top and bottom) 

was measured by Vickers microhardness. The results revealed that (Grandio) 

has higher flexural strength and hardness when compared with (Z350). 

However, there was no significant difference between the two materials in 

respect to their fracture toughness and diametral tensile strength.   

 ii- Nano-glass ionomer: 

  Nano-glass ionomers were developed with the desire to combine the 

proven benefits of glass ionomers, in particular fluoride release, with the 
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proven benefits of nanotechnology available in resin-based composites 

discussed above – notably improved esthetics, surface smoothness, strength 

and wear resistance. The nano-glass ionomer consists of one paste 

containing water, polycarboxylic acid, nanofillers and reactive resins. With 

the exception of the nanofillers, these components are contained in resin-

modified glass ionomers and compomers. The other paste contains a 

combination of nanofillers (based on silica and zirconia) and nano-clusters 

of these fillers, together with reactive resins and 27% fluoroaluminosilicate 

glass particles. The nano-glass ionomer is placed and light-cured after use of 

its corresponding primer. It is essential that the primer be used to optimize 

tensile shear bond strength. In assessing the interface and the material, nano-

clusters with a high filler load and good distribution of the filler through the 

nano-glass ionomer (KetacTM Nano, 3M ESPE) have been observed, 

together with bonding through micromechanical locking (Coutinho et al, 

2009). 

  

 Coutinho et al, 2009 conducted a study to clarify the bonding 

effectiveness of nano-filled RMGIC and to characterize its interfacial 

interaction with enamel and dentin. These specimens were randomly 

assigned into 4 groups according to the material used; nano-RMGI applied 

with primer, nano-RMGI applied without primer, conventional GI and 

conventional RMGI. .The specimens were tested in tension till failure using 

a universal testing machine at a cross head speed of 1mm/min. The 

debonded specimens were examined using an optical stereomicroscopy. The 

modes of failure were estimated as adhesive, cohesive and mixed. 

Transmission electron microscope (TEM) was used for interfacial 
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characterization of additional dentin and enamel specimens. It was 

concluded that the nano-RMGI bonded as effectively to enamel and dentin 

as conventional GI, but bonded less effectively than conventional RMGI. Its 

bonding mechanism should be attributed to micro-mechanical interlocking 

provided by the surface roughness, most likely combined with chemical 

interaction through its acrylic/itaconic acid copolymers.   

V-The effect of gamma radiation on the properties of 

dental materials: 

   

 VonFraunhofer et al, 1989 studied the effect of gamma radiation at 

therapeutic dosage levels on the physical properties of three anterior (two 

light-cured and one autocure) composites and a light cured posterior 

composite. They found that Gamma radiation had no effect on the autocured 

composite but had varied effects on the light cured systems. The diametral 

tensile strength and dimensional stability were unaffected; water sorption 

and solubility were reduced but surface and bulk hardnesses were increased 

with the hardness increases linearly related to the radiation dosage. These 

effects may arise from continued polymerization of the air-inhibited surface 

layer and possibility of low molecular weight entities within the matrix. 

Overall, therapeutic levels of gamma radiation had no detrimental effects on 

the physical properties of the composite resin.                                                                                        

  

 Curtis et al, 1991 studied the effect of gamma radiation at therapeutic 

dosage levels on the wear of three anterior (two light-cured and one 

autocured) composites and a light-cured posterior composite. The data 

showed that there were no significant effects on the wear rates of any of the 
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materials tested. The rate of height loss was similar for the two hybrid 

composites tested, as was that for the microfilled and conventional material. 

There was, however, a significant difference in the wear behavior between 

the two groups.                                                                                         

  

  Hassan and Khier, 1997 investigated the effects of gamma radiation 

at three therapeutic dosage levels on the diametral tensile strength (DTS) and 

microhardness of three photo-cured glass ionomer restorative cements. They 

also studied characteristic of the materials before and after gamma radiation 

using infrared spectroscopy. The results showed a significant increase in 

DTS of all investigated materials upon exposure to gamma radiation. 

Microhardness results for all materials showed, in general, an increase after 

irradiation. These findings were attributed to an increase in the degree of 

polymerization of these resin-containing photopolymerizable restorative 

cements. Infrared analysis of the three materials showed no change in their 

molecular structure (resin component) as a result of irradiation. 

 

  Sperandio et al, 2001 studied the effect of gamma radiation on dentin 

bond strength and morphology. In this study, the roots were removed from 

extracted human bicuspids and their crowns divided into two groups: an 

untreated control and crowns submitted to gamma radiation sterilization. 

The crowns were mounted in epoxy resin and the buccal enamel removed 

exposing the subjacent dentin. An adhesive system was applied after acid 

etching. The samples were mounted in composite resin cylinders and stored 

in distilled water at 37
0
C for 24 hrs until shear test. Dental fragments from 

both groups were prepared for SEM analysis. Shear bond strength analysis 

indicated no significant differences between the two groups. For SEM, the 
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dentin next to the pulp chamber, showed organic matrix as a wide collagen 

fiber network surrounding the dentinal tubule openings in both control and 

gamma radiation groups. The alterations detected in the teeth submitted to 

gamma radiation probably consisted of cellular remnants due to the 

proximity to the pulp chamber. As a conclusion, shear bond strength was not 

affected by gamma radiation and SEM analysis of the dentin surface showed 

a normal pattern thus there was no alteration in the dentin morphology.  

  

  Gernhardt et al, 2001 evaluated the influence of irradiation on dentin 

bond strength. Sixty irradiated and 60 non-irradiated human third molars 

were used. The irradiation dose of 60 Gy was fractionally applied over 6 

weeks (2 Gy, 5 days/week); the specimens were randomly assigned to four 

experimental groups. Tensile bond strength of four different dentin bonding 

agents (Scotchbond 1, Solobond Plus, Prime&Bond 2.1 and Syntac) was 

evaluated using an Instron Universal testing machine. Pairwise comparison 

did not show any significant differences between the irradiated and non-

irradiated groups. The influence of the different dentin adhesives was 

significant. Compared with Solobond Plus and Prime&Bond 2.1, the use of 

Scotchbond 1 resulted in significantly higher tensile bond strength in non-

irradiated specimen. They concluded that adhesive restoration procedures 

can be successfully used in patients irradiated for cancer of the head and 

neck.  

  

 El-maghraby et al, 2005 studied some mechanical properties namely; 

diametral tensile strength, abrasion wear resistance and hardness of six 

different tooth colored restorative materials (conventional chemically, light 

cured composite, compomer, ormocer, conventional glass ionomer and 
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polyacid modified glass ionomer). They were exposed to gamma radiation 

similar to that used in radiotherapy of the neoplasms of head and neck (60 

Gy). The results showed an enhancement in diametral tensile strength for all 

tested materials except for ormocer which showed reduction of its strength. 

Although wear resistance of all polymeric-based materials are improved 

insignificantly and significantly for light cured composite, glass ionomer 

based materials showed high significant reduction of wear resistance. On the 

other hand, radiation had detrimental effect on the hardness of polymeric 

based materials but glass ionomer based materials had insignificant increase 

of their hardness. It was concluded that the colored tooth restorative 

materials can be used in conservative treatment of patients who would 

receive radiotherapy.         

 Bulucu et al, 2006 evaluated the shear bond strength of two adhesive 

systems: Prime & Bond NT (PBNT) (Groups A1, A2, C1) and Clearfil SE 

Bond (CSEB) (Groups B1, B2, C2) to dentin irradiated before or after 

adhesive application. In groups A1 and B1, a radiation dose of 60 Gy was 

applied to the dentin surfaces before application of composite resin. Groups 

A2 and B2 received 60 Gy of radiation after application of composite resin, 

and groups C1 and C2 remained as nonirradiated controls. Irradiation 

significantly affected adhesion of composite to dentin in groups A1 and A2. 

Group A1 showed statistically lower bond strength than group A2. There 

were no significant differences among the other groups. They concluded that 

the time point of irradiation can have an adverse effect on bond strength, 

depending on the type of adhesive material. 

 Yesilyurt et al, 2008 evaluated the influence of irradiation on the 

dentin shear bond strength of two conventional glass ionomer cements 



 

19 
 

(GICs). Thirty extracted molars were bisected in the mesio-distal direction. 

One-half of 20 teeth were irradiated with 60 Gy (5 days/week) for 6 weeks, 

and then GIC was placed on the irradiated dentin surface (Groups A1, B1). 

For the other halves of these tooth specimens, the GICs were first placed on 

their dentin surfaces and then the specimens irradiated (Groups A2, B2). The 

remaining 10 teeth were bisected and used as non-irradiated controls 

(Groups C1, C2). The GIC dentin shear bond strengths were examined. 

Groups A2 and B2 had significantly lower bond strengths than groups A1, 

B1, C1, and C2. No significant differences were found among groups A1, 

B1, C1, and C2. They concluded that if irradiation were applied after a GIC 

is bonded to dentin, radiation may affect the chemical bonding of GIC to 

dentin. Conversely, if GIC is bonded to dentin after radiation is applied, the 

GIC-dentin bond strength will not be adversely affected.  

 

           Dibo et al, 2008 studied the effect of therapeutic dose X-rays on 

mechanical and chemical properties of esthetic dental materials. The aim of 

this study was to investigate the influence of therapeutic dose X rays on the 

microhardness (MH) and degree of conversion (DC) of two different esthetic 

restorative dental materials. The materials were photo-activated with a LED 

light-curing unit using three cure-times: 5, 20 and 40 seconds. The photo-

activation was carried out in two distinct periods: before and after irradiation 

with doses of 5, 35 and 70 Gy, from a 6 MV X-rays beam. In accordance 

with the methodology used, it was conclude that a therapeutic dose does not 

have a detrimental effect on the photo initiator molecules, because the 

photo-activation occurred after they were irradiated. When the irradiation 

was applied before photo-activation, the materials showed MH 
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improvement, but when photo-activation was performed after irradiation, 

there was less improvement. However, there was no correlation between 

MH and DC. Thus, a therapeutic dose applied to cured material can promote 

linking and breaking of chain bonds in a non-linear way.     

                                                                                                                                                        

 Naves et al, 2012 evaluated the effect of gamma radiation on the 

microtensile bond strength of resin-based composite restoration to human 

enamel and dentin performed either before or after radiotherapy. 

Restorations were carried out using Adper Single Bond adhesive system and 

Filtek Z250 resin composite. The specimens were sectioned producing 4 

sticks per specimen and submitted to microtensile on a testing machine. 

Failure modes were examined under optical microscopy and scanning 

electron microscope (SEM). Bond strength to enamel was significantly 

higher than to dentin irrespective radiation therapy. Radiotherapy applied 

before restoration significantly reduced the bond strength to both substrates. 

A predominance of adhesive failures was detected for control groups and 

groups restored before radiotherapy. Cohesive failures in dentin and enamel 

increased when the specimens were restored after irradiation. They 

concluded that gamma radiation had a significant detrimental effect on bond 

strength to human enamel and dentin when the adhesive restorative 

procedure was carried out after radiotherapy.                                                                                                                                                                                                                                                                                                                                                                                                                          

                 

  Mohamed et al, 2012 evaluated the effect of gamma radiation on 

shear bond strength of zirconia ceramic cemented to dentin using three types 

of luting agents, and evaluated micro-hardness of zirconia. The buccal 

surface of forty-five extracted molars were prepared, 15 teeth were 
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irradiated with 60 Gy for 1 week (3 days/week), and then self-adhesive, 

adhesive and glass ionomer cement (GIC) were placed on the irradiated 

dentin surface (Groups BR, BA and BG). For another 15 of these tooth 

specimens, self-adhesive, adhesive and GIC cements were first placed on 

their dentin surfaces and then the specimens irradiated (Groups CR, CA, and 

CG). The remaining 15 teeth were used as non-irradiated controls (Groups 

AR, AA, and AG), for microhardness test ten zirconia discs were used. Half 

of them were subjected to 60 Gy (3 days/week) for 1 week (H1), and the 

other half weren‘t exposed to radiation (H2). The dentin shear bond 

strengths were examined. Groups BG and CG had significantly lower bond 

strengths than the others groups. Micro-hardness in group H1was higher 

than group H2. It was concluded that irradiation may have an adverse effect 

on the bond strength of GIC depending on the application sequence but it 

has a positive effect on self-adhesive and adhesive resin cements. Micro-

hardness was increased when zirconia discs were irradiated.  

VI-Shear bond strength : 

   One of the most important aspects of restorative dentistry is the 

attachment of aesthetic replicas to the remaining part of the dentition. 

Adhesion can be defined as the attraction exhibited between the molecules 

of different materials at their interface. Chemical variations of the substrate, 

difference in the coefficient of thermal expansion, volume and wetting 

changes on solidification will all affect the final performance of the adhesive 

(Lin et al, 1992). 

  

 Enamel bonding is one of the most significant advancements in 

dentistry in the twenty and twenty one century, and it is the main reason for 
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the clinical success of several restorative procedures. Bonding to dentin has 

had a different, less successful and more erratic history than that of enamel 

bonding. Many generations of dentinal bonds were created, dentinal bonding 

products became better, dentinal bonds to tooth structure reported from in 

vitro studies were favorable and clinical dentists began awakening to the 

apparent value of dentinal bonding (Christensen, 2005). 

   

 Bond strength tests are the most frequently used tests to screen 

adhesives. The rationale behind this testing method is that the stronger the 

adhesion between tooth and biomaterials, the better it will resist stress 

imposed by resin polymerization and oral function. Different bond strength 

tests have been developed. It is important to note that a bond strength value 

cannot be considered as a material property. The data recorded depend 

largely upon experimental factors such as the type of material, strain, sample 

size and geometry, and the actual test method. Therefore, the absolute test 

values cannot be used to draw conclusions from, or be compared with, data 

gathered in other studies. Nevertheless, bond-strength testing can reveal 

valuable clinical information, when gathered in a well-controlled design (De 

Munck et al, 2005). 

  

  Most in vitro shear bond strength testing is done by applying a force 

perpendicular to the long axis of a composite cylinder that has been bonded 

to the flattened tooth surface. It is impossible to load this apparatus in shear 

without a component of tensile load being introduced as well (Barkmeier et 

al, 1994). 

 The shear push test in operative dentistry was originally introduced by 

Roydhouse in 1970 through pushing out composite cylinders from dentin 
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discs (Watanabe and Nakabayashi,   1994). Push out test for measuring 

bond strength is preferred due to simplicity, ease of which good quality 

specimens can be produced from small volume of material. Multiple 

specimens can be obtained from a single tooth and the development of a 

uniform shear stress without the presence of a tensile component (Wakefield 

el al, 1998). Mason et al, 1998, reported that the results of the push out test 

showed insignificant differences between in-vivo and in-vitro testing. 

          Korkmaz et al, 2010a studied the shear bond strength of three 

different nano-restorative materials to dentin. The teeth were randomly 

assigned into 5 groups according to the adhesives and the restorative 

materials used (n=12). Group 1 :Nano-filled composite (Filtek Supreme XT 

)+ self-etch adhesive (Adper SE Plus ); Group 2 : Nano-filled composite 

(Filtek Supreme XT )+total-etch adhesive (Adper Single Bond 2 ); Group 3 : 

Flowable nano-composite (Filtek Supreme XT Flow )+ Adper SE Plus; 

Group 4: Flowable nano-composite (Filtek supreme XT Flow )+Adper 

Single Bond 2; Group 5 : nano-filled resin modified glass ionomer (Ketac 

N100)+Ketac Nano primer . It was found that the nano-composite with the 

self-etch adhesive showed the highest shear bond strength (SBS) values 

while the nano-filled RMGIC showed the lowest values. Self-etch adhesive 

revealed higher results than total-etch adhesive with both types of 

composite. The failure modes in all groups were primarily adhesive. 

          Korkmaz et al, 2010b investigated the shear bond strength (SBS) of a 

novel light curing nano-ionomer restorative to enamel and dentin with 

different conditioning methods. The specimens were further subdivided into 

4 groups according to the conditioning system (n=10). Group 1:37 

%phosphoric acid +Ketac N100 nano-ionomer primer, Group 2: Er: YAG 
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laser etching +37% phosphoric acid + Ketac N100 nano-ionomer primer, 

Group 3: ER: YAG laser etching + Ketac N100 nano-ionomer primer and 

Group 4: Ketac N100 nano-ionomer primer. Regarding enamel substrate 37 

% phosphoric acid + Ketac N100 primer showed the highest SBS results 

followed by Ketac N100 primer and then the two conditioning methods 

including Er:YAG laser etching which was insignificant from each other 

.For the dentin groups , Ketac N100 primer exhibited the highest SBS results 

. 37% phosphoric acid showed higher results than Er: YAG laser etching. It 

was concluded that Er: YAG laser adversely affected the adhesion of the 

nano-ionomer restorative to both enamel and dentin.          

  Uysal et al, 2010 tested the shear bond strength and failure site 

location of nano-composite and nano-ionomer restorative in comparison 

with a conventional light cure orthodontic bonding adhesive. The teeth were 

divided into 3 groups according to the material being used; 1- Transbond 

XT, 2- Filtek Supreme Plus Universal and 3- Ketac N 100 light curing 

Nano-ionomer. All the materials were applied according to the 

manufacturers' instructions. After application of the ceramic brackets, the 

specimens were tested in shear using a universal testing machine till failure. 

The debonded specimens were examined under a stereomicroscope .The 

results revealed that nano-composite and nano-ionomer restoratives showed 

lower shear bond strength values than conventional orthodontic adhesive 

with no significant difference between them. No significant differences were 

found in the debonded locations among the three tested groups. 

         Suprabha et al, 2012 evaluated the shear bond strength of two 

adhesive liners to nanocomposite. In this in vitro study, specimens were 

prepared in acrylic blocks. Group I consisted of resin‑modified glass 
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ionomer liner (GC Fuji II LC Improved) bonded to a cylinder of 

nanocomposite (Z350 Universal Restorative) whereas in Group II flowable 

composite liner (Filtek Z350 Flowable Restorative) was bonded to a cylinder 

of nanocomposite (Z350 Universal Restorative). Shear bond strength was 

determined using Instron Universal testing machine. The mean shear bond 

strength value of Group I was greater than Group II and the difference was 

statistically significant. They concluded that resin‑modified glass ionomer 

appears to be a more compatible liner under nanocomposite restoration than 

flowable composite as it exhibited significantly higher shear bond strength. 

 

VII-Microleakage:  

  Microleakage is defined as a clinically undetectable passage of 

bacteria, fluid, molecules, or ions between the cavity wall and the restorative 

material, and often manifests itself as postoperative hypersensitivity, the 

result of the hydrodynamic fluid movement within the dentin tubules 

complex (Kidd, 1976). 

  

 The symptoms of microleakage range from postoperative 

hypersensitivity or loss of the restoration due to bond failure, to damage to 

vital dentin and pulp tissue which in some cases may be irreversible. The 

effects of microleakage include marginal discoloration and secondary caries. 

These effects are due to the presence of bacteria, their nutrients or hydrogen 

ions, originating from plaque on the surface and leaking into the interfacial 

space. Bacterial marginal leakage has been implicated as an etiological 

factor in recurrent caries and pulp irritation following the application of 

restorations (Gonzalez et al, 2002). 
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 Many different techniques may be used to evaluate microleakage: air 

pressure, bacterial studies, radioisotope studies, neutron activation studies 

scanning electron microscope, chemical tracers and dye penetration studies 

(Pradelle el al, 2004). 

 

 Yamazaki et al, 2006 compared the microleakage of an experimental 

low-shrinkage resin composite (Hermes, 3M ESPE), a nanofilled resin 

composite material (Filtek Supreme, 3M ESPE) and a hybrid resin 

composite (Tetric Ceram, Ivoclar-Vivadent) using a dye penetration method. 

The study showed that all restorative systems had microleakage, regardless 

of the insertion technique and mechanical cycling load. They concluded that 

incremental placement significantly reduced microleakage as compared to 

the bulk technique, regardless of the restorative system used.  

 Attar et al, 2008 evaluated the microleakage of nanofilled resin 

composite restorations using two different adhesives prepared using 

diamond instruments versus ER: YAG laser. Class V cavities were prepared 

on the buccal and lingual surfaces .The cavities were treated using Adper 

Single Bond 2 and Adper prompt L-Pop and then filled with nanofilled 

Filtek Supreme XT. Five groups prepared with each adhesive system, 4 

groups prepared using Er: YAG laser with different parameters and 1 group 

with diamond instrument. The specimens were immersed in 0.5 % aqueous 

basic fuchsin dye for 24 h. It was found that none of the used adhesives 

completely eliminate leakage. The gingival margin showed higher leakage 

than the occlusal margins. The use of Er: YAG laser with different 

parameters and different adhesives influenced the marginal sealing of the 

nanofilled resin composite restorations. 
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 Bulucu et al, 2009 evaluated the effect of radiotherapy on the 

microleakage of three adhesive systems: a one-step self-etching, a two-step 

self-etching, and an etch-and-rinse system. Box-shaped Class V cavity 

preparations were prepared on the buccal surfaces of 84 extracted human 

molars. The dye penetration at the enamel and dentin margins was examined 

using a stereomicroscope, and a score of 0 to 3 was assigned. No statistically 

significant difference existed between the irradiated and nonirradiated 

groups. Significant differences in microleakage were observed between 

enamel and dentin. The microleakage at the dentin margins was greater than 

at the enamel margins. They concluded that irradiation application did not 

affect the microleakage of dental adhesive systems. 

  Korkmaz et al, 2010c studied the microleakage and scanning electron 

microscopy (SEM) of all-in-one adhesives and their respective 

nanocomposites prepared by bur and Er: YAG laser. The results revealed 

that bur prepared cavities presented less microleakage in all groups for 

enamel. In cervical margins, there were no differences between laser 

prepared and bur prepared cavities. SEM observations of restorative 

material/dentin interfaces showed greater microleakage at the cervical 

interfaces than that at the occlusal interfaces.  

         

   Ibrahim et al, 2011 evaluated microleakage of nanofilled composite 

resin in comparison to the conventional hybrid composite. Twenty extracted 

sound molars were selected. Class II cavities were prepared. All cavities 

were etched (enamel and dentin) with 37% phosphoric acid. Dentin bonding 

agents were applied to etched tooth surfaces and restored with nanofilled and 

hybrid composite restorative materials. Specimens were immersed in 2% 
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methylene blue dye, sectioned along the mesio-distal direction; dye 

penetration of occlusal and gingival margins of each section was evaluated 

using a stereo-microscope. No significant difference was found between the 

microleakage of nanofilled and hybrid composite restorations. On the other 

hand, there were a significant differences for hybrid composite restorations 

at occlusal / enamel margins and gingival / dentin margins.  

       

   Upadhyay and Rao, 2011 evaluated the microleakage of nanofilled 

resin-modified glass ionomer cement compared with the conventional and 

resin-modified glass ionomer cements. Standard class V cavities of size (3 x 

2 x 2 mm) were made on a total of 30 extracted teeth and restored with the 

conventional glass ionomer, resin-modified glass ionomer or nano ionomer. 

After thermo cycling, teeth were immersed in 0.5% methylene blue dye for 

24 h. They were then sectioned buccolingually. Microleakage was assessed 

for the occlusal and gingival walls using a compound microscope by two 

examiners independently. They concluded that none of the three glass 

ionomer cements was free from microleakage. Nanofilled resin-modified 

glass ionomer cement demonstrated the least microleakage and proved to be 

better than the conventional and resin-modified glass ionomer cements. 

They suggested that better efficacy of the nanofilled resin-modified glass 

ionomer cements in terms of cavity sealing.                                                    

         

  Simi and Suprabha, 2011 compared the microleakage in class II 

nanocomposite restorations without liner, with resin-modified glass ionomer 

liner and flowable composite liner. Thirty-six sound premolars were 

assigned into three groups. Cavities in group I were lined with resin 

modified glass ionomer (GC Fuji II LC-Improved), group II were lined with 
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flowable composite (Filtek Z350 Flowable Restorative) and no liner was 

placed for cavities in group III. All the teeth were restored with 

nanocomposite (Z 350 Universal Restorative). The teeth were immersed in 

0.5% methylene blue dye, sectioned mesiodistally and observed under 

stereomicroscope. Group III showed maximum leakage compared to group I 

and II which was statistically significant. They concluded that placement of 

resin-modified and flowable composite liners under nanocomposite 

restorations result in comparable reduction of microleakage. 

 

        Saeed et al, 2013 studied the effect of surface sealant on microleakage 

in class V cavities filled by different restorative materials. 

The aim of this study was to evaluate the effect of unfilled resin sealant 

coating on marginal leakage in decreasing microleakage in class v cavities 

using nano-ceramic composite and nano-glass ionomer filling material. 

Twenty extracted sound human upper premolars has been selected, 

Standardized class v cavity with butt-joint marginal configuration were 

prepared in the middle third of the buccal and palatal surfaces of the tooth. 

Cavities of group 1 were restored with nano composite only , group 2 were 

restored with nano composite coated with unfilled resin sealant,group3 were 

restored with light curing nano glass ionomer filing only, and group4 were 

restored with light curing nano-glassionomer filing . After rinsing and drying 

one thin coat of unfilled resin sealant was applied and were light 

polymerized for 15 seconds. The procedures for dye penetration using 

Methylene Blue dye were followed and examined under stereomicroscope 

for evaluation. Results showed that restorations were coated with resin 

sealant showed significantly less dye penetration in comparison with 

uncoated surfaces.  They concluded that the coating of unfilled resin sealant 
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did not completely eliminated microleakage; unfilled resin sealant was 

effective in reducing microleakage of the esthetic restorations in class V 

restorations. 

       

VIII-  Molecular structure: 

 Infrared Spectroscopy is the analysis of infrared light interacting with 

a molecule. This can be analyzed in three ways by measuring absorption, 

emission and reflection. The main use of this technique is in organic and 

inorganic chemistry. It is used by chemists to determine functional groups in 

molecules. IR Spectroscopy measures the vibrations of atoms, and based on 

this it is possible to determine the functional groups. Generally, stronger 

bonds and light atoms will vibrate at a high stretching frequency 

(wavenumber) (Vollhardt, 2007). 

 

 The use of infrared spectroscopy began in the 1950's by Wilbur Kaye. 

He had designed a machine that tested the near-infrared spectrum and 

provided the theory to describe the results. Karl Norris started using IR 

Spectroscopy in the analytical world in the 1960's and as a result IR 

Spectroscopy became an accepted technique. There have been many 

advances in the field of IR Spectroscopy; the most notable was the 

application of Fourier Transformations to this technique thus creating an IR 

method that had higher resolution and a decrease in noise. The year this 

method became accepted in the field was in the late 1960's (F. E. Barton, 

2002). 
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 Infrared spectroscopy is the most widely used, simple, reliable and 

rapid technique for quantitative and qualitative analysis and characterization 

of biomaterials including polymers. Since each molecule has uniquely 

characteristic pattern of vibrations, it produces a unique characteristic set of 

absorption bands in the IR spectroscopy. This pattern serves as a fingerprint 

of the molecule. The aliphatic C=C bonds have a specific absorption band at 

1638 cm-1, and is usually used as a direct indicator to the degree of 

polymerization (Halvorson et al,2003). 

          

 Al- Saif, 2011 studied the effect of therapeutic gamma radiation on 

microhardness and structure of composite restorative materials. In this 

investigation the effects of gamma radiation at three therapeutic dosage 

levels on microhardness of three current composite restorative materials 

were determined. It was also the objective of this study to detect any 

possible alterations in the chemical structure of these materials after gamma 

radiation using infrared spectroscopy. The results showed, in general, a 

significant increase in mean microhardness values of all investigated 

materials upon exposure to gamma radiation with the exception of Point-4 

composite resin at the dosage level of 2000 rads.  Infrared analysis of the 

tested materials showed no change in the molecular structure of their resin 

component as a result of gamma irradiation. He concluded that the 

nanofilled Filtek Supreme composite resins exhibited the highest 

microhardness values before and after exposure to gamma radiation, 

followed by Point-4 and Artemis composites and that gamma radiation did 

not cause molecular degradation of the investigated composite resin 

materials result in no alteration of their chemical structure. 

 



 

32 
 

 Aim of the study 

 This study aimed at: 

1- Evaluation of the bond strength of two recent aesthetic restorative 

materials to tooth structure before and after gamma radiation. 

2- Assessment of the microleakage of these materials before and after 

gamma radiation.  

3- Detection of any possible alterations in the molecular structure of the 

investigated materials due to gamma radiation. 
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Materials and Methods 

 

I-Materials:                                                                         

 Two commercially available types of aesthetic restorative materials of 

the same color shade (A3) were used in this study.  One of them was nano-

filled resin composite (Filtek Z350) with one self-etch adhesive system 

(Adper easy one) preceded the use of nano-composite as recommended by 

manufacture (Figures 1 and 2).The other one was nano-filled resin modified 

glass ionomer (Ketac N100) supplied with its individual pretreatment which 

is methacrylate-modified polyalkenoic acid (Figure 3).The materials, 

composition and manufacturer of aesthetic restorative materials used in the 

study are shown in (Table 1). 
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Table (1): The materials, composition and manufacturer of aesthetic 

restorative materials used in the study: 

 

Material and 

Trade name 

 

Composition 

 

 

Manufacturer 

 

 

Nano-composite 

(Filtek Z350) 

Bis-GMA (10-15), UDMA, TEGDMA (10-15) 

and Bis-EMA (1-5) 

 

Nano-agglomerate of zirconia, silica (0.6 µm); 

Silica not agglomerated /not aggregated (20 

nm) the filler loading is 78.5% by weight. 

 

 

 

 

3M ESPE, 

Dental 

Products, 

St. Paul, 

MN, 

USA 

 

Self-etch 

adhesive 

(Adper™ Easy 

One) 

HEMA, Bis-GMA , Methacrylated phosphoric 

esters ,1,6 hexanediol methacrylate , Vitrebond 

copolymer , finely dispersed bonded silica with 

7 nm filler particles , ethanol, water, initiators 

based on camphorquinone , stabilizer. 

Nano-glass 

ionomer 

(Ketac N100) 

Modified polyalkenoic acid Vitrebond ™ 

Copolymer (VBCP), HEMA ,De-ionized water 

The total filler load is 69 wt. %. 27 % 

Fluoroaluminosilicate glass and 42% 

Nanofillers: Nanomers (5-25 nm)and 

Nanoclusters (1-1.6 µ) 

Self-etch primer 

(Ketac nano 

primer) 

 

Vitrebond™ copolymer ,HEMA, water and 

photo initiator 

 

Bis-GMA: bisphenol A diglycidyl ether dimethacrylate, 

Bis-EMA: bisphenol A polyethylene glycol diether dimethacrylate, 

TEGDMA: triethyleneglycol dimethacrylate,   

UDMA: urethane dimethacrylate, 
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Figure (1): Filtek Z350 nanocomposite 

 

Figure (2): Adper ™ Easy One 

 

Figure (3): Ketac N100 nano-glass ionomer 
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II-Methods: 

1- Selection of teeth: 

          Natural extracted molars for periodontal reasons free of caries and 

cracks were collected from the Oral Surgery Department, Faculty of Oral 

and Dental Medicine, Cairo University. The teeth were thoroughly washed 

under running water, scaled to remove any soft tissue or calculus deposits 

using hand scaler. The teeth were examined to ensure that they were free 

from any visible hypoplastic defects or cracks, using magnifying lens. Teeth 

were then stored in distilled water at room temperature (23 ± 1C) until their 

use for 1 month. 

2- Shear bond strength: 

a- Preparation of the dentin disc specimens: 

          The stored teeth were sectioned on a horizontal plane just below the 

dentinoenamel junction so that no enamel remained, then with the tooth in 

position, the diamond disc (slow-speed, water-cooled diamond coated disc 

Buehler, Germany) was moved apically and another section was cut to 

obtain a 2 mm thick wafer. The blade was moved further apically and the 

same procedure followed to yield another 2 mm thick wafer. The thickness 

of each specimen was further checked using micrometer. Cylindrical holes 

of 3 mm diameter were drilled through the wafers with 1-2 mm intact dentin 

remaining between holes, (Figure 4).The area of each wafer allowed three 

or four holes to be placed in most sections. All wafers were stored in 37
o 

C 

distilled water for 7 days prior to restoration. 
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b- Grouping of disc specimens:  

            Forty samples were prepared; the samples were divided as follows 

(10 samples for each):          

Group A1: restored with nano-composite then tested before gamma 

radiation.            

Group A2: restored with nano-composite then tested after gamma radiation.               

Group B1: restored with nano-glass ionomer then tested before gamma 

radiation.            

Group B2: restored with nano-glass ionomer then tested after gamma 

radiation.  

c- Application of the restorative materials: 

Packing of the nano-composite: 

            The adhesive system (Adper easy one) was applied according to the 

manufacturer's instructions. It was applied to the tooth surface for 20 

seconds; dried for 5 seconds then light cured for 10 seconds. The nano-

composite was packed in a bulk increment in the drilled central holes of the 

dentin disc specimens using a plastic instrument. The dentin disc specimens 

were placed on a celluloid matrix strip placed on a glass slide and covered 

with another matrix strip and glass slide. The excess material was extruded 

to obtain smooth surface. The nano-composite was light cured for 40 

seconds from the top and bottom with the tip of a halogen light curing unit 

(Polofil Lux, halogen light, voco, Germany) at a zero distance from the 

surface. It should be mentioned that the visible light curing unit was checked 
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for light output each five curing sessions using a radiometer. The intensity of 

the light source was not less than 600mW/cm
2
. 

Packing of the nano-glass ionomer: 

            Following the manufacturer's instructions, two coats of the primer 

were applied using a micro-applicator brush, left for 15 seconds, gently air 

dried and light cured for 10 seconds using the light curing unit. The clicker 

dispenser was used to dispense two equal amounts of the pastes on a glass 

slab. The two pastes were mixed thoroughly using a plastic instrument till a 

uniform color was reached. The material was applied in a bulk to the drilled 

central holes of the dentin disc specimens using the same plastic instrument 

and pressed. The nano-glass ionomer was light cured for 40 seconds from 

the top and bottom with the tip of the light curing unit at a zero distance 

from the surface in the same manner as previously mentioned on application 

of nano-composite, (Figure 5). 

d- Exposure to gamma radiation: 

  The specimens proposed for irradiation were subjected to fractionated 

gamma-radiation at a dose of 60 Gy, three times a week (day after day) for 1 

week (20 Gy/ 3 fractions/ week). The irradiation was performed at National 

Centre of Radiation Research and Technology (NCRRT), Cairo, Egypt, 

using 137 Cesium Gamma Cell 40 giving a dose rate of 0.912 Gray/minute 

at the time of experiment (Figure 6).  
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Figure (4): Two millimeter thickness dentin wafer specimen 

 

              Figure (5): Dentin specimens after application of restorative materials 

 

Figure (6): 137 Cesium Gamma Cell 
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e-Evaluation of shear bond strength: 

  After mounting the sample in loading fixture such that the overlaying 

dentin was sufficiently supported during the loading process, load was 

applied by 2.9 mm plunger size. The selected diameter of the plunger was 

positioned centrally so that it only touched the top surface of the restorative 

material to displace it downward. By this way, it was guaranteed that no 

friction occurred between the plunger side wall and the circumference of the 

dentin hole. Each sample was subjected to compressive loading via a 

computer controlled materials testing machine (Model LRX-plus; Lloyd 

Instruments Ltd., Fareham, UK) with a load cell of 5 KN and data were 

recorded using computer software (Nexygen-MT; Lloyd Instruments); 

(Figure 7) and loaded at a crosshead speed of 0.5 mm/min.  

 The maximum failure load was recorded in N. Failure manifested by 

extrusion of filling material and confirmed by sudden drop along load-

deflection curve recorded by computer software (Nexygen; Lloyd 

Instruments Ltd). The bond strength was calculated from the recorded peak 

load divided by the computed surface area as calculated by the following 

formula:                      

Bond Strength= F/A 

A = π dh, 

Where,       π is the constant =3.14, 

d is the hole diameter (3mm) 

and h is the thickness of the sample in millimeters (2mm). 
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Figure (7): A testing machine used for measuring failure load 

f-Statistical analysis: 

 Data analysis was performed in several steps. Initially, descriptive 

statistics for each subgroup results was done. Two-way analysis of variance 

ANOVA tests of significance comparing variables affecting mean values. 

Student t-test was performed to detect significance between paired 

subgroups. One way ANOVA followed by pair-wise Duncan post-hoc tests 

were performed to detect significance between groups. Statistical analysis 

was performed using Aasistat 7.6 statistics software for Windows. 

Significance level (P) value was expressed as follows: 

 P > 0.05 = non-significant. 

 P < 0.05 = Significant. 

 P < 0.001 = Highly significant. 
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3-Microleakage: 

a-Grouping of teeth: 

 Ten natural teeth were collected and two Class V cavities were 

prepared buccally and lingually. The two cavities were restored by the 

investigated restorative materials; one restored with nano-composite and the 

other one with nano-glass ionomer for each tooth. The teeth with restored 

cavities were divided into four main groups (n=5) similarly to those of shear 

bond strength testing groups. 

b-Samples preparation: 

 All samples were cleaned from soft and hard deposits. For 

standardization of Class V cavities preparation, a rectangular hole of 

dimension 3 mm long and 2 mm wide was cut in a matrix band. The band 

was secured into a tofflemire matrix retainer and tied firmly around each 

tooth so that; the hole was situated to the tooth surface.  The depth was 

predetermined using a rubber stopper fixed to the bur and drilled to 1.5 mm. 

The  standardized Class V cavities were  prepared  on  the  buccal  and  

lingual surfaces  of  each tooth using an  330 diamond bur (Komet Dental, 

Technical profile) contra angle with high speed under air-water cooling. The 

bur was replaced after every five preparations. Finally, the prepared cavities 

of 3 mm length in mesio-distal direction; 2 mm width in occluso-cervical 

direction and 1.5mm depth were obtained. After preparation, the teeth were 

stored in distilled water in glass containers until restoration. 
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c-Application of the restorative materials: 

 The nano-composite and nano-glass ionomer were applied in the same 

manner as for the push out bond strength test. The restorative materials were 

placed in one increment since the depths were less than 2 mm. They were 

finished with fine-grit finishing diamond burs (Diatech) and polished with a 

graded series of flexible discs (sof-lex, 3M) (Figure 8). 

 

Figure (8):  The tooth after application of restoration 

 

d-Exposure to gamma radiation:  

 Half of the teeth were exposed to gamma radiation performed as 

previously mentioned in evaluation of bond strength. 

e-Microleakage assessment: 

 All groups were prepared for assessment of microleakage. The teeth 

were coated completely by one application of nail varnish except for 1 mm 

around Class V restoration margins. The teeth were placed in 2 % methylene 
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blue dye solution for 24 hours at room temperature, rinsed with water and 

gently brushed with pumice slurry to remove the superficial dye. Each tooth 

was sectioned longitudinally in a buccolingual direction along a central line 

passing through each restoration with slow-speed, water-cooled diamond 

disc (Buehler, Germany). The cut surfaces exhibiting the tooth/ restoration 

interface were examined at the occlusal, axial and gingival margins using a 

stereomicroscope (Leica, Leica Microsystem Ltd., Germany) with a 

magnification x 25. 

 The staining along with the tooth / restoration interface was examined; 

(Figure 9), the scoring system of dye penetration as suggested by 

Koenigsberg et al, 1989 was employed as follows: 

0:  No dye penetration. 

1: Dye penetration in enamel till dentino-enamel junction (D.E.J.). 

2: Dye penetration in dentin midway before axial wall. 

3: Dye penetration up to the axial wall.  

 

Figure (9): The stereomicroscope used in observation of dye penetration grade. 
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f-Statistical analysis: 

 Data analysis was performed in several steps. Initially, descriptive 

statistics for each subgroup results was done. Two-way analysis of variance 

ANOVA tests of significance comparing variables and interactions of 

variables affecting mean values. Student t-test was performed to detect 

significance between paired subgroups. One way ANOVA followed by pair-

wise Duncan post-hoc tests were performed to detect significance between 

groups. Statistical analysis was performed using Aasistat 7.6 statistics 

software for Windows.  

Significance level (P) value was expressed as follows: 

 P > 0.05 = non-significant. 

 P < 0.05 = Significant. 

 P < 0.001 = Highly significant. 

4- Determination of the molecular structure and 

calculation of degree of conversion (DC):                   

a-Preparation of the specimens: 

         The specimens were prepared using a split Teflon mold with five 

machined holes where each hole has 3 mm diameter and 2 mm thickness, 

both halves of the mold were assembled by aluminum frame and firmly held 

on glass slide covered by Mylar strip .Each investigated restorative material 

was manipulated according to manufacturer's instructions .The restorative 

materials were packed in holes until overfilled, covered by another Mylar 

strip and glass slab. These Mylar strips were used to ensure smooth surfaces 
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and to prevent formation of oxygen inhibited layer. The specimens covered 

with Mylar strips were exposed to light curing unit. 

 A bulk of each cured restorative materials were ground to fine 

particles of size 150 um. Three mg of the ground powder were thoroughly 

mixed with 197 mg of KBr and then the mixture was hydraulically pressed 

in vacuum press to get 1.5 % concentration transparent pellet (Figure 10) to 

be analyzed by infrared spectroscopy (Infinity Gold
TM

 FTIR-Mattson) 

(Figure 11).  

      

Figure (10): The ground restorative material and the transparent pellet 

 

Figure (11): The FTIR used in determination of the molecular structure 
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b-Grouping of specimens:  

              Twenty disc shaped samples were prepared. Each five samples were 

corresponding to one of the tested groups (n=5). 

c-Exposure to gamma radiation: 

 Exposure to gamma radiation was performed as previously 

mentioned. 

d-Assessment of the molecular structure and calculation of 

degree of conversion (DC): 

 The absorbance peaks were recorded at wave length ranged from 400 

and 4000 cm
-1

. For interpretation and comparison of the recorded spectra, 

any possible effect of gamma radiation on the investigated materials was 

determined. In addition, comparison of the spectra, before and after radiation 

was made for any alteration in peak position, magnitude or width also they 

were compared with the spectra of uncured materials. For all the tested 

materials, the degree of conversion (DC %) was calculated by using the base 

line technique. The ratio of the absorbance intensities of aliphatic C=C / 

aromatic C=C as reference peak was compared before and after irradiation to 

determine the unreacted percentage of aliphatic C=C bond .The DC was 

calculated by subtracting this ratio from100% (El-Maghraby et al, 2005) as 

follow : 

DC%=1-[Abs. of aliphatic/Abs. of aromatic (polymer)]x100 

               [Abs. of aliphatic / Abs. of aromatic (monomer)] 
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e- Statistical analysis: Data analysis of DC% was performed in several 

steps. Initially, descriptive statistics for each subgroup results was done. 

Two-way analysis of variance ANOVA tests of significance comparing 

variables affecting mean values. Student t-test was performed to detect 

significance between paired subgroups. One way ANOVA followed by pair-

wise Duncan post-hoc tests were performed to detect significance between 

groups. Statistical analysis was performed using Aasistat 7.6 statistics 

software for Windows. Significance level (P) value was expressed as 

follows: 

 P > 0.05 = non-significant. 

 P < 0.05 = Significant. 

Table (2): The factorial design of this study.             

Groups         

Material 

 

 

Test 

 

A 

 

B 

 

 

 

Total 

A1 A2 B1 B2 

Group I Bond strength IA1 

(n=10) 

IA2 

(n=10) 

IB1 

(n=10) 

IB2 

(n=10) 

 

Group II Microleakage IIA1 

(n=5) 

IIA2 

(n=5) 

IIB1 

(n=5) 

IIB2 

(n=5) 

Group III Molecular 

structure and 

DC% 

IIIA1 

(n=5) 

IIIA2 

(n=5) 

IIIB1 

(n=5) 

IIIB2 

(n=5) 

 

Total 

 

20 

 

20 

 

20 

 

20 

 

80 

A: Nano-composite.                                            A1, B1: Before irradiation. 

B: Nano-glass ionomer.                                        A2, B2: After irradiation. 
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Results 

I-Shear bond strength:  

 The descriptive statistics of shear bond strength results measured in 

(MPa) for all groups analyzed by ANOVA test followed by pair-wise 

Duncan post-hoc test at level of significance P>0.05. The results are 

summarized in (Table 3) and graphically drawn in (Figure 12).  

The irradiated nano-composite group (A2) recorded the highest 

significant shear bond strength mean value (20.67±4.651MPa). Meanwhile, 

irradiated nano-glass ionomer group (B2) recorded the least significant shear 

bond strength mean value (12.01±1.172 MPa). 

Non-irradiated groups A1 and B1 recorded shear bond strength 

insignificant intermediate values (13.75±2.689 MPa and 12.58±2.170 MPa) 

respectively. There was no significant difference between nano-glass 

ionomer groups B1 and B2.  
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Table (3): The descriptive statistics of shear bond strength results for all 

tested groups. 

Variables 

Before irradiation After irradiation 

Composite 

 (A1) 

Glass Ionomer  

(B1) 

Composite  

(A2) 

Glass Ionomer  

(B2) 

Min.-Max. 9.624-18.68 9.247-15.66 14.81-27.67 10.20-14.24 

Median 13.12 12.91 20.00 12.14 

Mean± SD. 13.75±2.689 B 12.58±2.170 BC 20.67±4.651 A 12.01±1.172  C 

 

 

 

Figure (12): A histogram of shear bond strength mean values for the tested groups  
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 The regression analysis using two-way ANOVA was used to study the 

effect of both variables; the restorative materials and irradiation on shear 

bond strength mean values; (Table 4). 

a - Effect of restorative material on shear bond strength: 

           Regardless to irradiation, it was found that group (B) recorded 

statistically significant lower shear bond strength mean value than group (A) 

at (p < 0.05); (Table 5) and (Figure 13). 

b- Effect of irradiation on shear bond strength: 

         Regardless to restorative materials, it was found that irradiated groups 

(A2, B2) recorded statistically significant higher shear bond strength mean 

value than non-irradiated groups (A1, B1) at (p < 0.05); (Table 6) and 

(Figure 14).  

c- Interaction between variables: 

            Unpaired t-test at (P < 0.05) shows that; irradiated nano-composite 

material Group A2 recorded statistically significant higher shear bond 

strength mean value than non-irradiated Group A1. Meanwhile, irradiated 

nano-glass ionomer material Group B2 recorded statistically non-significant 

lower shear bond strength mean value than non-irradiated Group B1. On the 

other hand, after irradiation; nano-composite (Group A2) recorded 

statistically significant higher shear bond strength mean value than nano-

glass ionomer (Group B2). However, before irradiation; nano-glass 

ionomer (Group B1) recorded statistically non-significant lower shear bond 

strength mean value than nano-composite (Group A1); (Table 7) and 

(Figure 15).                 
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Table (4): Two-way ANOVA showing the effect of both variables on shear 

bond strength mean values. 

Source of Variation DF SS MS F (P value) 

Effect of rest. material 1 217.6 217.6 39.76 0.0015* 

Effect of irradiation 1 91.11 91.11 16.64 0.0301* 

Interaction  1 126.0 126.0 23.02 0.0003* 

    DF; degree of freedom.                 SS; sum of squares.            MS; mean squares.      

    NS; non-significant (p>0.05)        *; significant (p<0.05) 

Table (5): Comparison of total shear bond strength mean values as function 

of restorative material. 

Variable  Mean ± SD (P value) 

Restorative 

material  

Composite (A) 17.21 ± 5.13 
0.0015* 

Glass ionomer (B) 12.30 ± 1.7 

                NS; non-significant (p>0.05)                         *; significant (p<0.05) 

 

Table (6): Comparison of total shear bond strength mean values as function 

of irradiation. 

Variable  Mean ± SD (P value) 

Irradiation  
Before (A1,B1) 13.16 ± 2.45 

0.0301* 
After (A2, B2) 16.34 ± 5.5 

    NS; non-significant (p>0.05)                         *; significant (p<0.05) 

 

Table (7): Interaction between variables of  shear bond strength results. 

Variable Before Irradiation After Irradiation  (p value) 

Composite 13.75 ± 2.689 20.67 ± 4.651 0.0003 * 

Glass ionomer 12.58 ± 2.17 12.01 ± 1.172 0.5880 NS 

(p value) 0.5051 NS <0.0001*  

NS; non-significant (p>0.05)              *; significant (p<0.05) 
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Figure (13): A histogram of shear bond strength mean values as function of restorative 

materials 

 

Figure (14): A histogram of shear bond strength mean values as function of irradiation 

 

Figure (15): A histogram of shear bond strength mean values showing interaction 

between variables 

0

5

10

15

20

Composite (A) Glass Ionomer (B)

Restorative material

Sh
ea

r 
B

o
n

d
 S

tr
en

g
th

 (
M

P
a

) 

0

5

10

15

20

Before After

Irraddiation

S
h

ea
r 

B
o

n
d

 S
tr

en
g

th
 

(M
P

a
) 

0

5

10

15

20

25

Composite Glass IonomerSh
ea

r 
B

o
n

d
 S

tr
en

g
th

 (
M

P
a

) 

Before irradiation After irradiation



 

54 
 

II -Microleakage: 

The descriptive statistics of microleakage results for all groups 

analyzed by ANOVA test followed by pair-wise Duncan post-hoc test at 

level of significance P>0.05. The results are summarized in (Table 8) and 

graphically presented in (Figure 16).  

The non-irradiated nano-glassionomer group (B1) recorded the highest 

significant microleakage mean value (1.94±0.24). Meanwhile, irradiated 

nano-composite group (A2) recorded the least significant microleakage mean 

value (0.22±0.14). Groups A1 and B2 recorded intermediate significant 

microleakage mean values (0.309±0.142) and (1.88±0.30) corresponding to 

nano-composite before irradiation and nano-glass ionomer after irradiation 

respectively. 

Both nano-composite groups A1, A2 were insignificantly different. As 

well, nano-glass ionomer groups B1, B2 had no significant difference. 

In non-irradiated nano-composite 70 % of the samples scored (0) 

while the remaining 30 % scored (1). After irradiation 80% scored (0) while 

the remaining 20% scored (1). 

In non-irradiated nano-glassionomer 20% of the samples scored (1), 

60% scored (2) and 20% scored (3). After irradiation 30% scored (1), 40% 

scored (2) and 30% scored (3).   
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Table (8): The descriptive statistics of microleakage results for all groups. 

Variables 

Before irradiation After irradiation 

Composite  

(A1) 

Glass Ionomer  

(B1) 

Composite 

 (A2) 

Glass Ionomer  

(B2) 

Min.-Max. 0.0-1.0 1.0-3.0 0.0-1.0 1.0-3.0 

Median 0.0 2.0 0.0 2.0 

Mean± S D. 0.309±0.142 B 1.944±0.242 A 0.222±0.147 B 1.889±0.309 A 

 

 

Figure (16): A histogram of microleakage score mean values for the tested groups 

  

Figure (17): Microleakage score 0  
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Figure (18): Microleakage score 1  

 

Figure (19): Microleakage score 2 

 

Figure (20): Microleakage score 3  
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The regression analysis using two-way ANOVA was used to study the effect 

of both variables; the restorative materials and irradiation on microleakage 

mean values; (Table 9). 

a - Effect of restorative material on microleakage: 

           Regardless to irradiation, it was found that group (A) recorded 

statistically significant lower microleakage mean value than group (B) at (p 

< 0.05); (Table 10) and (Figure 21). 

b- Effect of irradiation on microleakage: 

         Regardless to restorative materials, it was found that irradiated groups 

(A2, B2) recorded statistically non-significant lower microleakage mean 

value than non-irradiated Groups (A1, B1) at (p > 0.05); (Table 11) and 

(Figure 22).  

c- Interaction between variables: 

            Unpaired t-test at (P < 0.05) shows that; irradiated nano-composite 

material group A2 recorded statistically non-significant lower microleakage 

mean value than non-irradiated group A1. Also, irradiated nano-glass 

ionomer material group B2 recorded statistically non-significant lower 

microleakage mean value than non-irradiated group B1. On the other hand, 

nano-composite (groups A1, A2) recorded statistically significant lower 

microleakage mean value than nano-glass ionomer (groups B1, B2) before 

and after irradiation. (Table 12) and (Figure 23). 
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Table (9): Two-way ANOVA showing the effect of both variables on 

microleakage mean values. 

Source of Variation DF SS MS F (P value) 

Effect of rest. Material 1 24.52 24.52 55.51 0.0001* 

Effect of irradiation 1 0.04556 0.04556 0.1031 0.7502 NS 

Interaction  1 0.002347 0.002347 0.005313 0.9423 NS 

    DF; degree of freedom.                 SS; sum of squares.            MS; mean squares.      

    NS; non-significant (p>0.05)        *; significant (p<0.05) 

Table (10): Comparison of total microleakage mean values as function of 

restorative material. 

Variable  Mean ± SD (P value) 

Restorative 

material  

Composite (A) 0.26±0.099 
<0.0001* 

Glass ionomer (B) 1.917± 0.1907 

                NS; non-significant (p>0.05)                         *; significant (p<0.05) 

Table (11): Comparison of total microleakage mean values as function of 

irradiation. 

Variable  Mean ± SD (P value) 

Irradiation  
Before (A1,B1) 1.127±0.2406 

0.7502 NS 
After (A2, B2) 1.056 ± 0.2616 

    NS; non-significant (p>0.05)                         *; significant (p<0.05) 

Table (12): Interaction between variables of microleakage results. 

Variable Before Irradiation After Irradiation   

(p value) 

    Composite 0.3095 ± 0.1429 0.2222 ± 0.147 0.6356 NS 

Glass ionomer 1.944± 0.2422 1.889 ± 0.3093 0.9097 NS 

(p value) <0.0001* 0.0002*  

  NS; non-significant (p>0.05)              *; significant (p<0.05) 
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Figure (21): A histogram of total microleakage score mean values as function of 

restorative material 

 

Figure (22): A histogram of total microleakage mean values as function of irradiation 

 

Figure (23): A histogram of microleakage score mean values showing interaction 

between variables  
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III-Determination of  degree of conversion (DC %) : 

 The before and after spectra of both materials were compared for 

detection of any alteration in their chemical structure after exposure to 

gamma radiation, variations in the absolute position by up to 5 cm-1 are 

within the accuracy of the experimental setup. As well, the uncured spectra 

of both restorative materials were inspected. 

 The graphs showed no shift in the position of the peaks, also no 

detectable changes in the width of the peaks or their magnitude were noted 

Figures 24,25,26,27. 

 Using Fourier transform infrared spectroscopy (FTIR) analysis results 

there were no change in the chemical structure of both materials after 

gamma radiation. 
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Figure (24): The molecular structure of nano-composite before irradiation 

 

Figure (25): The molecular structure of nano-composite after irradiation 
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Figure (26): The molecular structure of nano-glass ionomer before 

irradiation 

 

Figure (27): The molecular structure of nano-glass ionomer after irradiation 
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 The corresponding degree of conversion percentage (DC %) were 

calculated and statistically analyzed. 

 The descriptive statistics of degree of conversion percentage results 

for all groups analyzed by ANOVA test followed by pair-wise Duncan post-

hoc test at level of significance P>0.05 are summarized in (Table 13) and 

graphically drawn in (Figure 28).  

The Non-irradiated nano-composite group (A1) recorded the lowest 

significant degree of conversion (DC %) mean value (39.58±5.49%). 

Meanwhile, the irradiated nano-glass ionomer group (B2) recorded the 

highest significant DC % mean value (65.26±4.05%).  

Groups A2 and B1 recorded intermediate significant DC% mean values 

(54.2±4.32%) and (60.4±1.67) corresponding to nano-composite after 

irradiation and nano-glass ionomer before irradiation respectively. 
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Table (13): The descriptive statistics of  DC % results for all groups. 

Variables 

Before irradiation After irradiation 

Composite 

 (A1) 

Glass Ionomer  

(B1) 

Composite  

(A2) 

Glass Ionomer  

(B2) 

Min.-Max. 30-43 58-62 47-58 62-72 

Median 42.00 60.00 55.00 63.30 

Mean± SD. 39.58±5.49 C 60.4±1.67 A 54.2±4.32 B 65.26±4.05  A 

 

 

 

 

Figure (28): A histogram of DC % mean values for the tested groups 
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 The regression analysis using two-way ANOVA was used to study the 

effect of both variables; the restorative materials and irradiation on DC % 

mean values; (Table 14). 

a - Effect of restorative material on DC %: 

           Regardless to irradiation, it was found that group (B) recorded 

statistically significant highest DC % mean value than group (A) at (p < 

0.05); (Table 15) and (Figure 29). 

b- Effect of irradiation on DC %: 

         Regardless to restorative materials, it was found that irradiated groups 

(A2, B2) recorded statistically significant higher DC % value than non-

irradiated groups (A1, B1) at (p < 0.05); (Table 16) and (Figure 30).  

c- Interaction between variables: 

            Unpaired t-test at (P < 0.05) shows that; irradiated nano-composite 

material Group A2 recorded statistically significant higher DC % mean 

value than non-irradiated Group A1. Meanwhile, irradiated nano-glass 

ionomer material Group B2 recorded statistically significant higher DC % 

mean value than non-irradiated Group B2. On the other hand, after 

irradiation; nano-composite (Group A2) recorded statistically significant 

lower DC % mean value than nano-glass ionomer (Group B2). However, 

before irradiation; nano-glass ionomer (Group B1) recorded statistically 

significant lower DC % mean value than nano-glass ionomer  (Group A1); 

(Table 17) and (Figure 31). 
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Table (14): Two-way ANOVA showing the effect of both variables on DC % 

mean values. 

Source of Variation DF SS MS F (P value) 

Effect of rest. material 1 1270.418 1270.418 74.708 ≤1.111* 

Effect of irradiation 1 474.338 474.338 27.894 ≤1.111* 

Interaction  1 119.072 119.072 7.002 .018* 

    DF; degree of freedom.                 SS; sum of squares.            MS; mean squares.      

    NS; non-significant (p>0.05)        *; significant (p<0.05) 

 

Table (15): Comparison of DC % mean values as function of restorative 

material. 

Variable  Mean ± SD (P value) 

Restorative 

material  

Composite (A) 46.89 ± 9 
≤1.111* 

Glassionomer (B) 62.83 ± 3.88 

                NS; non-significant (p>0.05)                         *; significant (p<0.05) 

 

Table (16): Comparison of DC % mean values as function of irradiation. 

Variable  Mean ± SD (P value) 

Irradiation  
Before (A1,B1) 49.99 ± 11.62 

≤1.111* 
After (A2, B2) 59.73 ± 7.04 

    NS; non-significant (p>0.05)                         *; significant (p<0.05) 

 

Table (17): Interaction between variables of DC % mean percentage. 

Variable Before Irradiation After Irradiation  (p value) 

Composite 39.58 ± 5.49 54.2 ± 4.32 0.002 * 

Glassionomer 60.4 ± 1.67 65.26 ± 4.05 0.038* 

(p value) <0.001* 0.003*  

NS; non-significant (p>0.05)              *; significant (p<0.05) 
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Figure (29): A histogram of DC % mean values as function of restorative materials 

 

Figure (30): A histogram of DC % mean values as function of irradiation. 

 

Figure (31): A histogram of DC %  mean values showing interaction between variables 
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Discussion 

 Radiotherapy pertains to the delivery of the correct radiation dose to 

the tumor mass. The dose absorbed in radiotherapy is expressed in SI unit, 

the gray (Gy) (Andrews and Griffiths, 2001). The well-known wide-ranging 

side effects of ionizing radiation to the head and neck regions are related to 

cumulative therapeutic doses that range from 50 to 70 Gy (Nauntofte et al, 

2004). 

  

 Roothwell, 1987 stated that most orofacial complications are dose 

dependent and severe side effects occur when doses exceed 45 Gy. In this 

study, the specimens were irradiated with 60 Gy, applied fractionally, which 

corresponded to standard clinical procedures. However, it should be 

highlighted that inter-individual effects of radiotherapy may vary 

tremendously depending on differences in salivary flow, microbial flora and 

dietary changes (kielbasa et al, 1997). 

 

 Aesthetic materials are the unique choice for the restorations of 

anterior lesions, as well as for the smaller and medium sized defects in the 

posterior region. The direct aesthetic restorative materials are resin 

composites, glass ionomer or their recently developed modifications. 

Therefore, these materials were selected to study the effect of gamma 

radiation dose used in radiotherapy of head and neck malignancies on some 

properties of these materials which are relevant to serviceability. 

 

 Nanotechnology is one of the most important advancements in various 

fields. With the advent of nanotechnology in the dental field, nanofillers 

have been added to resin composites (Attar et al, 2008 and Korkmaz et al, 
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2010c). Addition of nanofillers dramatically improves clinical performance 

of restorative materials in term of mechanical properties, and aesthetic 

quality (Mitra et al, 2003). Therefore, two of the aesthetic restorative 

materials that employ nanotechnology in their manufacturing; nano-

composite and nano-glass ionomer, were selected for this study. 

 

 Self etch adhesive; Adper Easy One, was used with nano-composite in 

this study as it etches and bonds to enamel and dentin in one step with no 

mixing required to achieve a strong, reliable bond . It was also used due to 

its chemical bonding ability (Paradella, 2007).  On the other hand, nano-

glass ionomer was pretreated with primer which is acidic in nature. Its 

function is to modify the smear layer and adequately wet the tooth surface to 

facilitate adhesion to the hard tissue. Thus, the comparison between nano- 

glass ionomer with primer and nano-composite with adhesive system could 

be more reliable, as both restorative systems have the ability to bond 

chemically to tooth structure (Bayle et al, 2008). 

 

 The clinical efficacy of any restorative system is usually evaluated 

through its ability to maintain adequate adhesion to the tooth structure i.e. 

sufficient bond strength and its capacity to seal the cavity margins i.e. 

inhibition of microleakage in order to resist oral functional stresses and 

(Yehia, 2006). Consequently, shear bond strength and microleakage of 

nanocomposite and nano-glass ionomer were evaluated and compared after 

gamma radiation in the current study. 

 

 Retief, 1991 reported that the storage medium of extracted teeth 

before test specimen preparation is an important factor that influences the 

results of bond strength studies. Common storage media include formalin, 
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chloramine, ethanol, saline, thymol and sodium azide. In this study, distilled 

water is selected to store the teeth at room temperature until they were used 

at the laboratory to preclude differences due to storage medium among the 

test groups (Tanumiharja et al, 2000). 

 

I- Shear Bond Strength: 

  

 In the present study, shear test was applied for evaluating shear bond 

strength. Push out test has been shown to produce uniform distribution of 

stresses throughout the tooth/ restoration interfaces (Drummond et al, 1996) 

mainly shear stress without tensile component (Dhert et al, 1992).  

 

 The dentin wafer specimens were prepared 2 mm in thickness to gain 

two advantages. The first is that the aesthetic restorative materials specimens 

were prepared from single mix to avoid layering and manipulative errors and 

allowing total cure of the specimens through their full depth as stated by 

Mount et al, 1996. The second is to avoid lowering of fracture resistance of 

the tested materials especially, if their thickness were below 1.5-2 mm 

(Nour, 1996). 

 

 The results of this study showed higher bond strength values of the 

nano-composite than those of nano-glassionomer as shown in table (5) and 

figure (13). This could be referred to the self-etching adhesives (Adper Easy 

One) used with nano-composite that are able to partially remove the smear 

layer. Thus, for dentin, they would allow the resin to penetrate into the 

tubules and to infiltrate to the underlying demineralized dentin forming a 

hybrid layer. In addition the presence of an adhesive group, HEMA would 
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contribute for the higher significant bond strength. The hydrophilicity of 

HEMA makes it an excellent adhesion-promoting monomer by enhancing 

wetting of dentin (Roulet, 2000). 

 

 At the same time Adper Easy one also contains ethanol as a cosolvent. 

Ethanol removes water from interfibrillar spaces allowing the dental matrix 

to become more hydrophobic. As ethanol replaces water, some interpeptide 

hydrogen bonding (H-bonding) develops, within collagen, that stiffens the 

matrix enough to impede and minimize its shrinkage, thus enlarging the 

interfibrillar spaces and allowing more resin infiltration (Nishitani, 2009). 

 

 Nano-glass ionomer recorded lower values of shear bond strength. 

Adhesion relays on the wetting of the substrate which in turn is governed by 

the viscosity of the adhesive (Lin et al, 1992). Glass ionomer is 

manufactured with reasonable consistency to make it suitable for functioning 

as restorative materials. The increased viscosity reduces the ability of the 

material to penetrate through the full depth of the available irregularities of 

the pretreated surfaces (Davidson and Major, 1999). 

 

 Another explanation for the lower bond strength of nano-glass 

ionomer is that Ketac N100 consists of two pastes which should be mixed 

before application. This may lead to inclusion of air voids in the set cement 

which might adversely affect the strength of the nano-glass ionomer. It was 

believed that air inclusions act as stress raisers, thus increase incidence of 

failure (Burrow et al, 2002).  

  

 Nano-primer is a one-component acidic primer, which is essential to 

bond the nano-glassionomer to dentin.  El-Askary, 2011 evaluated nano-
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glass ionomer /dentin interface using Scanning Electron Microscope. When 

the material was applied according to manufacturer instructions it revealed 

no evidence of hybrid layer formation or resin tag extensions. A gap was 

detected between the restoration and underlying dentin, and the smear layer 

was observed over the dentin surface .This could be attributed to the 

inability of nano-primer to decalcify the underlying dentin, which might be 

due to the pH of the nano-primer ≈3 leading to lower bond strength 

(Coutinho, 2009). 

 

 The result of this study was in agreement with Korkmaz et al, 2010a 

who found that nano-composite showed higher shear bond strength 

compared to nano-glass ionomer. Also, Prabhakar et al, 2003 found that 

resin composite recorded higher shear bond strength results than resin 

modified glass ionomer (RMGIC) with permanent teeth. 

 

 The present results showed a significant increase in the bond strength 

values for the investigated nano-composite restorative materials after gamma 

irradiation as shown in table (7) and figure (15). This increase in post 

irradiation strength may be attributed to the continued polymerization arising 

from the incident therapeutic radiation beam which in turn may lead to 

increase in the degree of polymerization. The increased polymerization 

degree may be explained by the fact that the gamma radiation possesses 

short wave- length of high energy that would open the carbon-to-carbon 

double bond in the organic monomeric components connecting the 

polymeric molecules in a chain reaction, (Thonemannet al, 1995) result in 

increased bond strength. The short wave length of gamma radiation (0.001 - 

0.15nm) exhibits a greater intensity and higher penetration power (Selman, 
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1980)
 
than that of the visible light (470nm) used to achieve polymerization 

of these materials (Craig, 1991).  

        

  The results of this study showed non-significant decrease in the bond 

strength values for the investigated nano-glass ionomer restorative materials 

after gamma irradiation as shown in table (7) and figure (15). However, this 

slight reduction in shear bond strength may be due to that irradiation directly 

influenced the setting reaction of glass ionomer and its bonding to dentin. 

 

  Therefore, the setting reaction of glass ionomer is a long-drawn 

affair. Long-term interaction occurs through the slow diffusion of some 

elements of glass ionomer cement through dentin. Final maturity may not be 

reached for weeks or months for the fast-setting and slow-setting cements 

respectively (Mount, 1994). Initial setting is caused by the interaction of 

calcium ions with polyanions. Glass ionomer bond to the tooth surfaces 

chemically, producing adhesive bonds between the two surfaces (Lin et al, 

1992). Irradiation seems to interfere with the chemical adhesion of GIC to 

dentin.  

 

 Meanwhile, on the atomic level, exposure of glass to gamma radiation 

resulted in two principle interactions; the ionization of electrons and the 

direct elastic displacement of atom. The electrons are ionized from the 

valence band if the energy of radiation is greater than the bonding energy 

and the excess energy is converted into kinetic energy. Thus, the electron 

moves through the glass matrix and will either be trapped by pre-existing 

flaws to form defect centers in the glass structure or recombine with the 

positively charged holes. In case of high energy, a secondary electron 
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cascade by knock-on collisions with bound electrons and it would continue 

through the matrix ionizing additional bound electrons. Therefore, it seems 

possible that exposure of glass to gamma radiation produce displacement, 

bond breakage besides to electron rearrangement or radiolysis (El-

Maghraby et al, 2005). 

       

       Therefore, gamma irradiation may disrupt the chemical exchange lasting 

for weeks (long-term interaction) or bonding between the leached ions from 

the setting glass ionomer matrix and the calcium and phosphate ions in 

dentin. As stated by Cheung et al, 1990, gamma radiation may break the 

chemical bonds, thereby weakening the materials.  In this study, irradiation 

was applied after glass ionomer were bonded to the surfaces of dentin. As a 

result, incomplete acid-base reaction might have been occurred. 

      

 This result was in agreement with Yesilyurt et al, 2008 who found that 

if irradiation were applied after application of glass ionomer, the chemical 

bonding to dentin would be affected. Also, Mohamed et al, 2012 found that 

gamma radiation had improved dentin shear bond strength of composite 

resin cements while it had an adverse effect on glass ionomer. 
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II- Microleakage Assessment: 

  

 The integrity and the durability of the marginal seal have always been 

of prim concern in the performance of dental restorative materials (Gwinnett 

et al, 1995). Many factors have a great impact on microleakage such as 

polymerization shrinkage, coefficient of thermal expansion, cavity 

configuration factor (C- factor), thermal cycling, occlusal stresses and bond 

strength (Abdul majeed, 2005). Microleakage can be assessed by different 

methods including color producing microorganism, radioactive isotopes, air 

pressure method, electromechanical studies, scanning electron microscopy, 

chemical tracers and dye penetration studies (Taylor and Lynch, 1992). 

 

 A dye penetration method is still the most popular method used for 

microleakage assessment because it is simple, fast and non-destructive. 

Class V cavities were selected because they do not have any macro-

mechanical undercut, so that the sealing ability of restorations were 

evaluated just based on the bonding efficiency (van Meerbeek et al, 2005).  

 

 The results of the present study showed that none of the tested 

restorative materials completely eliminated microleakage as shown in table 

(8) and figure (16). One of the major factors leading to this result is the high 

C-factor (the ratio of the bonded surface area to the free unbonded surface 

area of the cavity) of class V cavities which intensify and accentuate the 

effect of the polymerization shrinkage stresses. This was supported by Price 

et al, 2003, who found that specimens with high C-factor had lower bond 

strength than those with lower C-factor. As a result, gaps were created and 

pathways become available for dye penetration. 
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 The dye penetration of nano-glass ionomer was significantly higher 

than nano-composite as shown in table (10) and figure (21). This finding 

was in agreement with Tulunoglu et al, 2000, Mali et al, 2006 and Xie et al, 

2008. 

 

 Nano-glass ionomer depends mainly on chemical bonding while 

micromechanical bonding plays a minor role in its bonding mechanism. The 

role of micromechanical bonding might be an important factor in resisting 

polymerization shrinkage stresses in high C-factor cavities as class V 

cavities (Coutinho et al, 2009). 

 

 Nano-glass ionomer showed higher dye penetration which could be 

due to its great susceptibility to water sorption and solubility than resin 

composite as reported by Toledano et al, 2003. 

 

 Yap and Lee, 1997, also found that RMGIC showed higher water 

sorption than resin composite and attributed this finding to the amount of 

HEMA content. This higher solubility results in gap formation with nano-

glassionomer which may explain its higher dye penetration.  

 

 De Munck et al, 2004, have observed that the local water absorption 

by the resin components of the RMGIC results in local swelling and 

enhancement of water diffusion through the material so consequently 

accelerate the aging process. This effect may be accentuated due to the 

porous nature of RMGIC. This porosity increased by time due to 

degradation of the material itself, facilitating diffusion of water toward the 

glass ionomer/dentin bond (Sidhu and Watson, 1998 and Mali et al, 2006). 
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On the other hand, nano-composite showed lower dye penetration 

which could be due to its micromechanical bonding .The pH of Adper Easy 

One used with nanocomposite is 2.7 which makes them ―mild‖ self-etch 

adhesives (Van Meerbeek et al, 2003). In the light of bonding durability, 

mild self-etch adhesives have unique property that all hydroxyapatite are not 

removed from the interaction zone, and much calcium is available for 

additional chemical interaction with specific adhesive monomers. Thus, the 

bonds are stable, even in the aqueous environment and the mechanism is 

supposed to prolong the clinical lifetime of the restorations. Also, the 

preservation of hydroxyapatite around the collagen in mild self-etch 

adhesives may protect the collagen against hydrolysis that prevents the early 

degradation of the bonds. Self-etch systems are typically aqueous-based and 

are less sensitive to varying levels of moisture on the tooth to provide more 

consistent adhesion (Chersoni, 2004). 

 

 At the resin-dentin interface, the adhesive layer has the lowest elastic 

modulus among the components of the bonded complex, and has been 

reported to be weaker than the hybrid layer (Sano et al ,1995).Therefore, the 

aim of filler addition to dentin adhesives are to increase the mechanical 

properties and elastic modulus of adhesive layer. The importance of this 

layer as an elastic buffer between resin composite and dentin. Incorporation 

of fillers with larger dimensions than the interfibrillar space of the etched 

dentin not only increases viscosity of the adhesive, but also might cause 

filler accumulation over the top of etched dentin surface. Therefore, it might 

reduce the adhesive penetration into the etched dentin and produce a 

defective hybrid layer (Nunes et al ,2001).However nanofillers are smaller 
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than the interfibrillar spaces, so can penetrate into the hybrid layer (Kim et 

al, 2005). 

          

  However, this adhesive includes phosphoric esters that etch the 

surfaces of enamel to allow for the micromechanical bonding of a restorative 

material. Moreover, the phosphoric esters and the Vitrebond copolymer in 

Adper Easy Bond self- etch adhesive form a chemical bond to the 

hydroxyapatite by forming a complex with the calcium ions (Yazıcı, 2013).  

 

 Moreover, in accordance to the elastic bonding concept, the resin 

dentin interdiffusion zone or hybrid layer has a relatively low young
‘
s 

modulus and may act as intermediary stress reliever which contributes to 

relieving some of the polymerization shrinkage stresses (Van Meerbeek et 

al, 2003).  

 

 The results of this study showed, in general, non-significant difference 

between the irradiated and non-irradiated groups; Table (11) and Figure 

(22). The results suggested that the irradiation does not affect the gap 

distance at tooth/ restoration interface. It was also proposed that any 

impairment in the quality of bonding due to irradiation of glass might be 

compensated by enhancement in resinous portion .It was in agreement with 

Bulucu et al, 2009 who found that irradiation application did not affect the 

microleakage of dental adhesive systems. 

 

 In the current study, statistical correlation between the bond strength 

results and the microleakage scores could not be established because of the 

cavity margins in push out test were located totally in dentin while in the dye 

penetration test, the occlusal margin of the cavities were located in enamel 
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and other margins are in enamel and dentin. In addition, the difference in C-

factor and consequently the polymerization shrinkage stresses of the tested 

specimens due to the difference in dentin location and quality (Kenshima et 

al, 2005).  

 

III- Molecular structure and the degree of conversion (DC%) : 

  

 In this study the effect of gamma irradiation on nanocomposite and 

nanoionomer was examined by FTIR spectroscopy. It was found that the 

spectra of irradiated and non-irradiated specimens were not different from 

each other as shown in Figures 24,25,26,27. 

 The infrared spectra of pre- and post-gamma radiated materials 

investigated in this study revealed no changes in the peaks position, 

magnitude or width. The unaffected peaks of the irradiated materials indicate 

no alteration in their chemical structure following gamma radiation. The 

unaltered chemical structure of the investigated materials after gamma 

radiation could be due to the high energy, borne by the strong carbon-to-

carbon bond in the organic monomeric additives, which may overcome any 

molecular disruption caused by the incident therapeutic radiation beam 

resulting in no degradation of the polymer molecules (Hassan and Khier, 

1997). 

 In summary, it was shown that the molecular structure of the 

examined materials was not affected by gamma irradiation, as seen from the 

recorded FTIR spectra of this study. 

 This result was in agreement with Hassan and Khier, 1997 who 

found that gamma radiation didn
‘
t alter the chemical structure of photo cured 

glass ionomer material as reflected by the infrared spectroscopy. Also 
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Yesilyurt el al, 2008 found that glass ionomer materials were not affected by 

gamma irradiation as seen from the recorded FTIR spectra. 

  

 For all the tested materials, the DC% was calculated by using the base 

line technique. The amount of double bonds were determined by chemical 

method or by spectroscopic analysis .The DC does not indicate the degree of 

polymerization of the resin content itself but rather indicate the conversion 

rate of the aliphatic double C=C bond into single -C-C- bond (Park and Lee, 

1996). 

 The results of this study showed, in general, significant increase in the 

DC% in both materials after exposure to gamma radiation; Table (13) and 

Figure (28). This increase in post irradiation DC % may be attributed to the 

continued polymerization arising from the incident therapeutic radiation 

beam which in turn may lead to increase in the degree of polymerization. 

The increased degree of conversion could be explained by the fact that the 

gamma radiation possesses short wave- length of high energy that would 

open the carbon-to-carbon double bond in the organic monomeric 

components connecting the polymeric molecules in a chain reaction, 

(Thonemannet al, 1995) that interpret for an increased bond strength in 

highly resinous material . The short wave length of gamma radiation (0.001 - 

0.15nm) exhibits a greater intensity and higher penetration power (Selman, 

1980)
 
than that of the visible light (470nm) used to achieve polymerization 

of these materials (Craig, 1991). In agreement with many studies that 

reported mechanical properties of the resin are influenced by the DC% 

(Ferracane and Greener, 1986). Even though, others had also reported that 

there was a little or no influence of increased DC% on mechanical properties 

(Kildal and Ruyter, 1997). 
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Summary and Conclusions 

 The purpose of this study was to determine the effect of therapeutic 

gamma radiation on the shear bond strength and microleakage of nano-

composite and nano-glass ionomer. Also to detect any alterations in their 

molecular structure due to gamma radiation. 

  A total of eighty specimens were used in this study as follow. Forty 

specimens were used for shear bond strength evaluation, twenty specimens 

were used for microleakage assessment, while the remaining twenty 

specimens were used for deducing of molecular structure. 

 These specimens were categorized according to the investigated 

restorative materials into two main classes; Class A and Class B 

corresponding to nano-composite and nano-glass ionomer respectively. Half 

of the specimens of each class either A or B was subjected to gamma 

radiation dose (60 Gray) which is used in the radiotherapy of head and neck 

tumors.   

 For shear bond strength testing, the twenty specimens of each class 

divided into two main groups (n=10) that were tested before and after 

radiation. A1 for nano-composite tested before radiation, A2 for nano-

composite tested after radiation, B1 for nano-glass ionomer tested before 

radiation and B2 for nano-glass ionomer tested after radiation.                                               

          Natural teeth free of caries and cracks were selected and sectioned into 

horizontal plane just below dentino-enamel junction so that no enamel 

remained. Two mm thick wafers of dentine were cut in occluso-gingival 

direction. Cylindrical holes were drilled through the wafer with diameter 

three mm. All drilled specimens were restored with the one of the 
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investigated restorative materials. Using a push out technique, a cylindrical 

steel rod load applicator was centralized over the restored hole to push the 

restorative material out. Then, the shear bond strength was calculated.    

       For the assessment of microleakage, the dye penetration technique was 

employed using methylene blue dye. Ten natural teeth were collected. Each 

tooth had two prepared class V cavities; buccally and lingually. One of the 

cavities was restored with nano-composite while the other one was restored 

with nano-glass ionomer. Five teeth were assessed for microleakage before 

radiation and the other five were assessed after radiation (n=5).  

        For deducing the molecular structure of the investigated restorative 

materials, twenty disc-shaped samples were prepared. Half of the samples 

made of nano-composite while the other half made of nano-glass ionomer 

using IR spectroscopy. The samples of each investigated materials was 

deduced before and after radiation such that each group was five samples 

(n=5). 

       The results revealed that regardless irradiation, nano-composite 

recorded statistically significant higher shear bond strength than nano-glass 

ionomer. The bond strength of nano-composite was significantly increased 

while in case of nano-glassionomer it was insignificantly decreased after 

exposure to gamma radiation. 

       The results revealed that regardless irradiation; nano-composite 

recorded statistically significant lower microleakage score than nano-glass 

ionomer. The microleakage of nano-composite and nano-glass ionomer was 

insignificantly decreased after exposure to gamma radiation. No alteration in 
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the molecular structure of nano-composite and nano-glass ionomer after 

exposure to gamma radiation with significant increase in their DC%. 

        Under the circumstances of this study, the following conclusions 

were drawn: 

1- Nano-composites had higher bond strength than nano-glass ionomer 

2- Gamma radiation had improved dentin shear bond strength of nano-

composite while it had an adverse effect on nano-glass ionomer. 

3- Nano-composites had lower microleakage score than nano-glass 

ionomer. 

4- Gamma radiation did not affect the microleakage of the investigated 

materials. 

5- Gamma radiation did not alter the chemical structure of the 

investigated material as reflected by the infrared spectroscopy. 

However, it increases the DC% significantly. 

6- Nano-composite restorations can be used effectively in conservative 

treatment of patients who would receive radiotherapy. 

Recommendation: 

     1-Further investigations are needed to assess the fluoride release of   glass 

ionomer restorative materials after radiotherapy. 

     2- Color stability of resin-based restoration should be evaluated after 

radiotherapy as polymers may be affected by irradiation.     
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 الملخص العزبي

ٔ انزسشٚت  ٙخ انمصرأصٛش أشؼخ عبيب انؼالعٛخ ػهٗ لٕح ساثط يؼشفخ ٚٓذف ْزا انجحش إنٗ          

انُبَٕ ، ٔكزنك نهكشف  انغالط إُٚيش انًحضش ثزكُٕنٕعٛبٔ شارُغٙان انكًجٕصٚذ حشٕادن انذلٛك

ػُٛخ فٙ  ٠٨ػٍ أ٘ رغٛشاد فٙ انزشكٛت انغضٚئٗ نًٓب ثؼذ انزؼشض ألشؼخ عبيب، ٔلذ رى اسزخذاو 

ػُٛخ نزمٛٛى انزسشٚت انذلٛك  ٠٨،ٔ انمصٙ ػُٛخ نزمٛٛى لٕح انشثظ  ٠٨ْزِ انذساسخ ػهٗ انُحٕ انزبنٙ؛ 

ػُٛخ نزمٛٛى انزشكٛت انغضٚئٙ. ٠٨فٙ حٍٛ اسزخذيذ   

فئخ )ة( ٔان)أ(  ٔلذ صُفذ ْزِ انؼُٛبد ٔفمب نهًٕاد انًسزخذيخ فٗ انحشٕ إنٗ فئزٍٛ ؛ انفئخ          

ػهٗ انزٕانٙ. ٔلذ عالط إُٚيش ٔ انحشٕاد انُبَٕ  سارُغٙ كًجٕصٚذ انًمبثهخ نهحشٕاد انُبَٕ

جخ )أ ، ة( ألشؼخ عبيب انًسزخذيخ فٙ ػالط أٔساو انشأط ٔانشل  فئخرؼشضذ َصف انؼُٛبد يٍ كم 

عشا٘(. ٠٨)   

)ٌ  ٙٔرى رمسٛى انؼششٍٚ ػُٛخ يٍ كم فئخ إنٗ يغًٕػزٍٛ سئٛسٛزٍٛ نمٛبط لٕح ساثطخ انمص           

نهحشٕاد انُبَٕ  ٠لجم اإلشؼبع، أ سارُغٙ كًجٕصٚذنهحشٕاد انُبَٕ  ٠أ( لجم ٔثؼذ اإلشؼبع، ٠٨= 

نهحشٕاد  ٠اإلشؼبع ٔةلجم عالط إُٚيش نهحشٕاد انُبَٕ  ٠ثؼذ اإلشؼبع، ة سارُغٙ كًجٕصٚذ

رى اخزٛبس اسُبٌ طجٛؼٛخ خبنٛخ يٍ انزسٕط ٔ انششٔخ ٔشمٓب أفمٛب  ثؼذ اإلشؼبع، عالط إُٚيشانُبَٕ 

يُطمّ انزمبء يجبششح رحذ يى سًك يٍ سلبئك  ٠انًُٛب يغ انؼبط ثحٛش ال ٚزجمٗ يُٛب ، صى رى لطغ  

يى. ٔلذ رى  3فٗ سلبئك انؼبط ثؼشض  ،  ٔرى حفش فغٕاد اسطٕاَٛخانسُّ انؼبط فٙ ارغبِ طجمٙ إنٗ 

 نهخبسط  حشٕ كم انؼُٛبد انًحفٕسح ثٕاحذح يٍ يٕاد انحشٕ رحذ انذساسخ، ٔثبسزخذاو رمُٛخ انذفغ

يطجك حًم فٕالرٖ اسطٕاَٙ فٕق انفغٕاد انًحشٕح نٛذفغ يبدح انحشٕ نهخبسط ٔرنك نٛزى ثٕاسطّ 

.ٙحسبة لٕح ساثطخ انمص  

زمُٛخ االخزشاق نزمٛٛى انزسشٚت انذلٛك لجم ٔثؼذ ثجغخ انًٛضٛهٍٛ انضسلبء ٔكًب رى اسزخذاو ص          

اإلشؼبع ،.فمذ رى عًغ ػششح أسُبٌ طجٛؼٛخ، ٔأػذ رغٕٚفبٌ فٗ كم سُخ يٍ انفئخ انخبيسخ؛ أيبيٛب ٔ 

فٙ حٍٛ رى حشٕ اٜخش  سارُغٙ كًجٕصٚذخهفٛب، ٔرى حشٕ أحذ  انزغبٔٚف ثبنحشٕاد انُبَٕ 

 .الط إُٚيشع ثبنحشٕاد انُبَٕ
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ٔنزحذٚذ انزشكٛت انغضٚئٙ نهحشٕاد، رى إػذاد ػششٍٚ ػُٛخ ػهٗ شكم لشص، َصف انؼُٛبد          

فٙ حٍٛ أٌ انُصف اٜخش يصُٕع يٍ انحشٕاد  سارُغٙ كًجٕصٚذيصُٕػخ يٍ انحشٕاد انُبَٕ 

عشؼباسزخذاو انزحهٛم انطٛفٗ ثبألشؼخ رحذ انحًشاء لجم ٔثؼذ اإل عالط إُٚيشصى رىانُبَٕ  . 

أػهٗ يٍ  سارُغٙ كًجٕصٚذنهحشٕاد انُبَٕ  ٙشثظ انمصانٔلذ اصجزذ انُزبئظ أٌ لٕح             

فٗ انحشٕاد انُبَٕ  ٙٔ أٌ اإلشؼبع انغبيٗ سفغ لًٛخ لٕح ساثطخ انمص عالط إُٚيشانحشٕاد انُبَٕ

.كًب اصجزذ انُزبئظ أَّ ال ٕٚعذ رغٛٛش فٗ  عالط إُٚيشانُبَٕ ػُٓب فٗ انحشٕاد سارُغٙ كًجٕصٚذ

ثًُٛب صادد دسعّ انزحٕٚم فٙ  انزسشٚت انذلٛك ٔال فٗ انزشكٛت انغضٚئٗ نكهزب انًبدرٍٛ َزٛغخ انزشؼٛغ.

 .كهزب انًبدرٍٛ ثؼذ انزشؼٛغ

 فى ضُء ٌذي الذراست، حم اسخخالص ما يلى:

.عالط إُٚيش أػهٗ يٍ انُبَٕ سارُغٙ كًجٕصٚذلٕح سثظ انحشٕاد انُبَٕ -٠  

.سارُغٙ كًجٕصٚذانُبَٕ  انزشؼٛغ ٚضٚذ يٍ لٕح انشثظ فٗ انحشٕاد-٠  

.عالط إُٚيش انُبَٕ ألم يٍ سارُغٙ كًجٕصٚذانُبَٕ  انزسشٚت  انذلٛك فٗ انحشٕاد-٣  

.ال رأَٛش نهزشؼٛغ ػهٗ انزسشٚت انذلٛك ٔ ال انزشكٛت انغضٚئٗ -٠  

٥انزشؼٛغاسرفبع دسعّ انزحٕٚم فٙ كهزب انًبدرٍٛ ثؼذ  -. 

٠- فٗ انؼالط انزحفظٗ نًشضٗ انسشطبٌ انزٍٚ  سارُغٙ كًجٕصٚذانُبَٕ ًٚكٍ اسزخذاو انحشٕاد  

 ٚؼبنغٌٕ ثبإلشؼبع

  الخُصياث:  

ثؼذ انؼالط  عالط إُٚيش َحزبط نًضٚذ يٍ األثحبس نزمٛٛى إطالق يبدح انفهٕساٚذ يٍ يٕاد انحشٕاد.٠

 ثبإلشؼبع.

اإلشؼبع. ثسجتٚزغٛش نٌٕ انحشٕ . الثذ يٍ رمٛٛى صجبد دسعخ انهٌٕ ألٌ يٍ انًًكٍ أٌ ٠  
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 ححج إشزاف

 

 وُرالذيه أحمذ حبيبد/ 

 انًٕاد انحٕٛٚخلسى  - أسزبر

 عبيؼخ انمبْشح -كهٛخ طت انفى ٔ األسُبٌ

 

 سٌيز محمذ أبُ طبلد/ 

 انًٕاد انحٕٛٚخلسى  -أسزبر 

 انمبْشح عبيؼخ -كهٛخ طت انفى ٔ األسُبٌ

 

 يمان محمذ فخحى المغزبىإد/ 

 ثمسى انجحٕس انصحٛخ االشؼبػٛخ رأسزب

 انًشكض انمٕيٗ نجحٕس ٔ ركُٕنٕعٛب االشؼبع
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 حأثيز اإلشعاع الجامى على قُة الزبط  َالخسزيب الذقيق 

 ألثىيه مه مُاد الخزميم الخجميليً

 

 

 رسالت

 ًبعٛسزٛشيمذيخ نهحصٕل ػهٙ دسعخ ان

 انًٕاد انحٕٛٚخفٙ 

 كهٛخ طت انفى ٔ األسُبٌ 

 عبيؼخ انمبْشح

 

 مقذمً مه

 مزَة بٍاء الذيه سيفالطبيبت/ 

 ثبحضخ ثمسى انجحٕس انصحٛخ االشؼبػٛخ

 انًشكض انمٕيٗ نجحٕس ٔ ركُٕنٕعٛب االشؼبع

 

 

 

 

 

 

 

٠٢۳۱ 
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