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Complete elimination of radiation exposure is impossible. All 

humans are continuously exposed to natural background ionizing 

radiation from cosmic rays; radioactive elements in the earth’s crust; 

potassium- 40, and other radionuclides normally present in human 

tissues; as well as inhaled radon and its daughter elements. In people 

residing at high altitudes, the contribution from cosmic rays may be 

increased two-folds. Likewise, in regions where the earth’s crust is 

rich in radium, the contribution from this radionuclide may be 

similarly increased. However, we know that if we are exposed to a lot 

of it, or even to a small amount over a long period of time it can 

cause many health problems. 

When ionizing radiation interacts with the human body, it 

gives its energy to the body tissues. The amount of energy absorbed 

per unit weight of the organ or tissue is called absorbed dose and is 

expressed in units of gray (Gy). One gray dose is equivalent to one 

joule radiation energy absorbed per kilogram of organ or tissue 

weight.  

Studies have reported on the physical and chemical changes in 

enamel after radiotherapy, which are a direct consequence of the 

irradiation treatment. For dentin, significant reduction in 

microhardness is observed after irradiation, and then accompanied by 

reduced stability of the amelodentinal junction after radiotherapy. 

The cementation of crown and bridge can be extremely 

demanding on both the patient and dentist. This is exacerbated by 

luting materials not holding up very well in the altered oral 

environment, due to the reduced stability of the dentoenamel junction 
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after radiotherapy. Glass ionomer cements (GICs) are tooth-colored 

materials that have several clinical advantages over other restorative 

materials. These include physicochemical bonding to the tooth 

structures and long-term fluoride release. Due to the irreversibility of 

radiation-induced xerostomia, the remineralization effects of saliva 

may not be expected in irradiated patients. Therefore, GICs are 

important restorative materials for these patients. 

Resin cements are widely used as luting materials used for 

cementation of restoration to tooth structure as they provide superior 

retention and improve resistance to fracture. There are several factors 

that influence the retention strength in cement retained restorations 

including the properties of luting agent, surface area of crown, 

surface roughness, height of abutment, cementation technique, 

variation in cement viscosity and convergence. The ability of resin 

cement to bond to restorative material is critical for maximal crown 

retention. 

Zirconia has been used as restorative material for many years, 

and has proved to be highly bio-compatible. Now, the Zirconia 

manufacturers have worked on new crowns that are custom milled 

from solid blocks of Zirconia and baked at extremely high 

temperatures so that the completed crown is pretty near unbreakable. 

Zirconia is biocompatible. Zirconia Crowns have several advantages 

of both traditional Gold Crowns and Porcelain. Although Gold 

Crowns are well tolerated, last long and are a good technical choice, 

many consumers much prefer to have a natural effect that blends into 

the overall smile. Many also don't want metal in their mouth. 

Zirconia Crowns have several advantages of standard Porcelain 

crowns.  
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Thus, the effect of gamma radiation on zirconia ceramic and 

its shear bond strength to dentin had not been discussed widely in 

literature, therefore needed to be evaluated.   
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Gamma radiation 

Gamma radiation, also known as gamma rays (denoted as γ), 

it is electromagnetic radiation of high frequency (very short 

wavelength). A classical gamma ray source is a type of radioactive 

decay called gamma decay where an excited nucleus emits a gamma 

ray almost immediately on formation. However, gamma decay may 

also describe isomeric transition which involves an inhibited gamma 

decay with a relatively much longer half life
 (1)

. 

Radiation is classified according to its energy into non-

ionizing radiation (any radiation that has insufficient energy to 

produce ions in matter and tissues, such as ultraviolet, infrared, 

visible light, ultrasound and radio waves) and ionizing radiation (any 

radiation consisting of moving particles or electromagnetic waves 

that has sufficient energy to produce ions in matter and tissues 

(2)
.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. They are hazardous only when are inhaled, ingested, or 

deposited in an open wound, because they have poor penetration 

power and are unable to penetrate the outer layer of skin. However, β 

particles may penetrate as much as few centimeters of tissues
 (3)

. 

http://en.wikipedia.org/wiki/Gamma
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Radioactive_decay
http://en.wikipedia.org/wiki/Radioactive_decay
http://en.wikipedia.org/wiki/Isomeric_transition
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Botkin and Keller, 2000
(4)

 reported that the most commonly 

employed radiations in occupation health are x-rays, γ-rays, α and β-

particles and neutrons. γ-rays have shorter wave length and higher 

penetration than x-rays. The penetrating power of different types of 

radiation is illustrated in Fig.(1). They are emitted when a nucleus 

undergoes a transition from a higher to a lower energy level 
(5)

. 

 

Figure 1: The penetrating power of different types of radiation  

I- History and Principles of Radiation Therapy: 

Radiation therapy (or radiotherapy) is an important technique 

for shrinking tumors. High energy waves are targeted at the 

cancerous growth. The waves cause damage within the cells, disrupt 

cellular processes, prevent accurate cell division, and ultimately 

cause the cells to die. The death of the cells causes the tumor to 

shrink. One drawback of radiotherapy is that radiation is not specific 

to cancerous cells and may damage healthy cells as well. The 

response of tumors and normal tissues to radiation depends on their 
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growth patterns before therapy starts and during treatment. Radiation 

kills cells through interactions with DNA and other target molecules. 

Death is not instantaneous, but occurs when the cells try to divide but 

fail a process termed abortive mitosis. For this reason, radiation 

damage is manifest more quickly in tissues containing cells that are 

dividing rapidly
.
 Normal tissue compensates for the cells lost during 

radiation treatment by accelerating the division of the remaining 

cells. In contrast, tumor cells actually divide more slowly after 

radiation treatment, and the tumor may decrease in size 
(6)

. 

Radiotherapy is often used as an effective alternative or a 

valuable adjunct to surgery in the locoregional treatment of malignant 

tumors. The fact that ionizing radiation produces biological damage 

is well-established. Radiation therapy damages tissue both 

beneficially, in the case of tumor cells, and adversely, in the case of 

normal cells. These effects are mainly the result of chromosomal and 

mitotic apparatus damage. Damage can result from direct interaction 

with DNA or by the interaction of radiation with water or oxygen 

molecules, resulting in the formation of ion pairs and reactive oxygen 

metabolites such as superoxide. However, direct damage of DNA by 

radiation is rare and results in few dead cells. Based on these factors, 

it is possible to rank various kinds of cells in descending order of 

radiosensitivity. As a rule, cancer cells have a high mitotic rate and a 

decreased capacity to repair radiation damage, which makes them 

very susceptible to ionizing radiation. Rapidly dividing cells, such as 

lymphocytes and epithelial cells are among the most sensitive normal 
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cells, while muscle and nerve cells are relatively resistant to the 

effects of DNA damage 
(7)

. 

II- Shielding: 

Shielding gamma rays requires large amounts of mass. They 

are better absorbed by materials with high atomic numbers and high 

density, although neither effect is important compared to the total 

mass per area in the path of the gamma ray. For this  reason, a lead 

shield is only modestly better (20-30%) as a gamma shield than an 

equal weight of another shielding material such as aluminum, 

concrete, or soil; the lead's major advantage is in its compactness. 

Depleted uranium is used for shielding in portable gamma ray 

sources, but again the savings in weight over lead is modest, and the 

main effect is to reduce shielding bulk 
(8)

. 

III- Dosage: 

The amount of radiation used in radiation therapy is measured 

in gray (Gy), and varies depending on the type and stage of cancer 

being treated. For curative (radical) cases, the typical dose for a solid 

epithelial tumor ranges from 60 to 80 Gy. The total dose is 

fractionated (spread out over time) in order to allow normal cells to 

recover and increase the number of tumor cells in a radiation-

vulnerable state
 (9)

. 

IV- Modes of delivery: 

Radiotherapy may consist of photon-based, electron-based or 

proton-based radiation. Most commonly, photon- or electron-based 

therapies are used, with delivery based upon a conventional external 

beam radiotherapy or conformal or intensity-modulated radiotherapy. 

http://en.wikipedia.org/wiki/Atomic_numbers
http://en.wikipedia.org/wiki/Depleted_uranium
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In curative radiotherapy, the ionizing radiation is an electromagnetic 

wave arising from isotopes such as x-ray and γ-ray. When the matter 

is exposed to these electromagnetic waves, the energy transferred 

from it may be higher than the binding energy of their molecules and 

an electron could be ejected leaving a positively charged molecule 

i.e. γ-rays have ionization potentiality of the molecules 
(10)

. The 

degree of penetration of γ-rays is much greater than other nuclear 

emissions 
(11)

.The gamma emitting sources such as Cobalt-60 and 

Cesium-137 are relatively inexpensive and they are standard 

equipment in most hospitals and medical schools. The unit of 

measured radiation is Gray (Gy) 
(12)

. It can be given either as : 

External radiotherapy from outside the body using high energy x-

rays.  

Internal radiotherapy from a radioactive material placed within the 

body . 

V- Oral complications following Radiotherapy: 

Radiotherapy in the head and neck region usually results in 

complex oral complications affecting the salivary glands, oral 

mucosa, bone, masticatory musculature, and dentition. When the oral 

cavity and salivary glands are exposed to high doses of radiation, 

clinical consequences including hypo-salivation, mucositis, taste loss, 

trismus, and osteoradionecrosis should be regarded as the most 

common side-effects. Mucositis and taste loss are reversible 

consequences, usually subsiding early post-irradiation, whereas 

hyposalivation is commonly irreversible
 (13)

. 
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Sun et al., 2010
(14)

 evaluated xerostomia, mucositis and dental 

caries during head and neck radiotherapy. Oral examinations were 

conducted before radiotherapy, after dosage of 2000 cGy "centi-

gray"* (irradiation, immediately after the termination of radiotherapy, 

and 1 month and 6 months after termination of the radiotherapy. It 

was found that salivary flow rate decreased significantly after the first 

dosage of 2000 cGy, and was aggravated with the increase in 

irradiation dosage until the termination of radiotherapy. Mucositis 

began to recover within 1 month after the termination of radiotherapy 

and fully recovered within 6 months after the termination of the 

radiotherapy. Six months after the termination of irradiation, new 

carious lesions were detected in two patients. They concluded that 

oral sequelae developed during radiotherapy of the head and neck. 

Oral health instructions and effective intervention were essential 

before, during and after the radiotherapy.  

Radiant energy may immediately kill cells; block their 

replicative capacity; or induce a number of non lethal alterations of 

specific macromolecules, including enzymes and cell membranes, or 

induce a variety of mutations which may or may not be lethal 
(15)

. The 

variable effects of radiation on cells are illustrated in Fig.(2). Not all 

cells in the body are equally radiosensitive. In general, cells are 

sensitive to radiant energy in direct proportion to their reproductive 

or mitotic activity and in inverse proportion to their level of 

specialization 
(16)

. The same generalization applies to cancers.  

* Gy= 100 cGy  
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The more rapidly growing and undifferentiated the neoplasm, the 

more likely it will be radiosensitive. In general, tumors arising from 

radiosensitive tissues are themselves radiosensitive 
(17)

. 

 

Figure 2: Variable effects of radiation on cells. 

Only few investigations deal with effects of radiotherapy on 

the dentoenamel junction.  So an experiment was carried out by Knut 

et al., 1999
(18)  

 to study the micro-morphology of the dentoenamel 

junction. They found that teeth after radiotherapy have diffuse 

contours of the dentoenamel junction; detine tubuli and ramifications 

are rare; odontoplast processes end before junction Fig.(3, 4, and 5). 
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Figure 3: Sound teeth: sharp contours                 Figure 4: Teeth extracted after radiotherapy  

of the dentinoenamel junction; plenty                 : Diffuse contours of the dentinoenamel   

of tubuli and ramifications                                 junction, dentin tubuli and ramifications 

                                                                           are rare and odontoplast processes end 

                                                                           before junction        

 

                                       

Figure 5: Sound teeth extraoral irradiation: contours of dentenoenamel junction slightly 

diffuse; odontoblast processes appear thinner and are less reflexible, highly reflecting 

enamel. 

As studies have shown direct radiogenic effects on the 

dentoenamel junction (atrophy of the odontoblast processes), whether 

there are direct effects of radiation on dental enamel is not yet known. 

So this experiment was done to see the effect of gamma radiation on 

enamel. Samples was prospectively studied histologically by confocal 

laser scanning microscopy the histological image of the 

demineralization in subsurface areas in the teeth of radiotherapy  
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patients is characterized by a total loss of the prismatic structure 

(homogeneously, amorphous substance). So that is mean that there is 

direct radiogenic effects at the dentoenamel junction and there are 

significant micromorphometric differences in the demineralizing 

behavior of irradiated enamel. Obviously, enamel is less resistant to 

acid attack after irradiation 
(19)

.  

Nuclear changes of irradiated tissues are marked and include 

nuclear swelling, and in severely affected cells, nuclear pyknosis or 

lysis. Following radiation injury, cells often assume bizarre sizes and 

shapes, sometimes with the formation of giant cells containing an 

extremely bizarre pleomorphic nucleus or more than one nucleus. 

Such nuclear pleomorphism and cellular distortion may persist for 

years after the radiation exposure 
(20)

. 

Vascular changes are prominent in all irradiated tissues 

(normal and neoplastic). During the immediate post-irradiation 

period, vessels may show only dilatation, accounting for the erythema 

of the skin seen so often in radiotherapy. Later or with higher 

dosages, endothelial cell swelling and vacuolation or even dissolution 

with total necrosis of the wall of small vessels may occur. Affected 

vessels may rupture, yielding hemorrhages, or alternatively they may 

thrombose. At a later stage, endothelial cell proliferation and 

collagenous hyalinization with thickening of the media are seen in 

irradiated vessels, resulting in marked narrowing or even obliteration 

of the vascular lumina 
(21, 22)

. 
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At high radiation doses, parenchymal cells may die. The 

clinical effects may be insignificant if the cell is not critical to the 

survival of the individual. However, if a large number of cells are 

killed or they are essential, clinical symptoms become apparent 
(23)

. 

In addition to anti-tumor effects, ionizing radiation causes 

damage in normal tissues located in the radiation portals. Oral 

complications of radiotherapy in the head and neck region are the 

result of the deleterious effects of radiation on, e.g., salivary glands, 

oral mucosa, bone, dentition, masticatory musculature, and TMJ. The 

clinical consequences of radiotherapy include mucositis, 

hyposalivation, taste loss, osteoradionecrosis, radiation caries, and 

trismus. Mucositis and taste loss are reversible consequences that 

usually subside early post-irradiation, while hyposalivation is 

normally irreversible. Furthermore, the risk of developing radiation 

caries and osteoradionecrosis is a life-long threat. Although thorough 

protocols have been developed to minimize or manage the early and 

late oral sequelae of radiotherapy of the head and neck region the 

consequences of radiation-induced salivary gland injury and the other 

oral sequelae of head and neck radiotherapy are still difficult to 

manage.  Oral side-effects develop early during radiotherapy 
(24)

. 

VI- Effect of radiation on DNA: 

Irradiation causes cytological alterations, chromosomal 

aberrations and mutations. The changes induced by irradiation 

depend on type of radiation, radiation dose, dose rate, time interval 

after exposure, age, stage of cell cycle and strain of animal 
(25)

.  
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Dikomey and Lorenzen, 1993
 (26)

 and Ward, 1995
 (27)

  

declared that the exposure of mammalian cells to ionizing radiation 

leads to DNA damage, such as single and double strand breaks or 

base damage. They added that cellular enzymes are able to repair 

most of the lesions induced except for a small fraction of non-

reparable damage. 

Olinski et al., 1992
(28)

 and Zhang et al., 1995
(29)

 stated that 

clustered DNA damage is the formation of two or more elementary 

lesions in proximity. Irradiation of mammalian cells by low linear 

transfer energy (LET) radiation produces DNA-protein cross-links 

which may be classed as a clustered damage. In this concern, 

Rydberg, 2001
(30)

 stated that for low (LET) radiation, clustering 

occurs mainly on small scales of DNA molecules and nucleosomes. 

For high (LET) radiation, clustering occurs mainly on a larger scale 

depending on chromatin organization and can produce several DNA 

double-strand breaks. Urushibara et al., 2006
(31)

 demonstrated the 

effect of high and low (LET) radiation on DNA molecule as shown in 

Fig.(6).  

 

Figure 6: Clustered DNA damage induced by radiation 
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Becker and Sevilla, 1993
(32)

 reported that the ways in which 

ionizing radiation can damage DNA are classified into three 

pathways: The direct effect, the quasi-direct effect and indirect effect. 

The direct effect involves ionizing of the DNA itself, while ionizing 

of tightly bound water molecules has been defined as the quasi-direct 

effect. In the indirect effect, radiolysis of the solution surrounding the 

DNA gives rise to reactive species, and these radiolysis products 

subsequently react with the DNA.  

Wolf-Sheldon, 1996
(33)

 reported that when human 

lymphocytes and other cells are pre-exposed to very low doses of 

ionizing radiation and subsequently to a high dose, less genetic 

damage is found than observed in cells that had not been pre-

exposed. This has been termed the adaptive response and has been 

attributed to the induction of repair mechanisms by the low dose 

exposure.  

Nagler, 2002
(34)

 showed that irradiation of salivary glands 

results in a sublethal DNA damage, which becomes lethal at a 

delayed phase. Thus, when the acinar progenitor cells are going 

through a reproductive phase needed for parenchymal replenishment, 

they die. Morales-Ramirez and Mendiola-Cruz, 2004
(35)

 found that 

the minimum adaptive dose of gamma rays lies between 0.005 and 

0.01 Gy, and the early adaptive response is induced as early as 30 

minutes after the exposure and persists for at least 18 hours. 
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Thilmann, et al., 1996 
(36) 

found that during irradiation of the 

mouth cavity, dental metallic materials emit secondary electrons and 

thus increase the applied radiation dose in their vicinity. Therefore, 

local destruction of the mucous membrane contacting metallic dental 

crowns and fillings may be observed. Dose increase was measured in 

the immediate surroundings of metallic dental material using 

thermoluminescence dosimetry on the phantom and during routinely 

applied 60Co gamma ray therapy. Phantom measurements were 

carried out using several oblique irradiation angles and rotational 

therapy. In vivo measurements were carried out at alloy specimens 

containing gold, palladium, and amalgam in six patients and at 

permanently fixed golden teeth in five patients. In vivo, the following 

relative dose increase values according to a simultaneously measured 

reference value were obtained at the surface of different dental 

materials: 61% for fixed golden caps. 68% for the specimen 

containing gold, 33% for the specimen of palladium and 61% for the 

specimen of amalgam. The measured dose increases due to metallic 

dental material during routinely applied external 60Co beam 

irradiation are lower compared with those of perpendicular beam 

arrangements. Although, the extent of dose modification is less than 

expected, we still advocate protection of the oral mucosa to prevent 

painful lesion spots. 

VII- Radioprotection: 

Radioprotective agents could be identified as chemical 

compounds capable of ameliorating the biological influence of 

ionizing radiation when administered before radiation exposure. The 

efficiency of these radioprotectors is greatly dependent on their 
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chemical properties, period of treatment and post-irradiation time 

elapsing after radioprotectors application 
(37)

. 

As the tumor cells proliferate very rapidly, they usually 

overgrow their vascular supply, resulting in centrally necrotic and 

hypoxic regions, rendering radiation ineffective in these areas. To 

overcome this problem, higher doses of radiation must be delivered to 

control the tumor. This is clinically not feasible, since the normal 

tissues surrounding the tumor are well perfused, vascularised and 

remain oxygenated, and are therefore more prone to radiation 

damage. This necessitates the protection of normal cells surrounding 

the tumor from radiation injury. So, the identification of radiation 

protecting agents is an important goal for radiation oncologists and 

basic radiation biologists 
(38)

. 

Since the manipulation of chemical radioprotectors against 

radiation damage, both pharmacologic and toxicologic problems have 

been implicated. In this concern, there are certain essential criteria 

which should be fulfilled by any material to be an ideal radioprotector 

agent. It should be active, rapidly absorbed and easily distributed in 

the body tissues. It must be also without any side effects, or at least, 

with minimal toxicity which gives ensurance that no cumulative 

consequences will be expected from their repeated usage 
(39)

.  
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All Ceramics 

I- History of dental ceramics: 

Over the past decades new materials and processing techniques 

are steadily being introduced. The improvement in both strength and 

toughness has made it possible to expand the range of indications to 

long-span fixed partial prostheses, implant abutments and implants 

(40)
. 

The increasing demand for superior esthetics in addition to the 

increasing public awareness of the adverse side effects of some dental 

metals and alloys have accelerated the development of alternatives to 

metallic dental restorations 
 (41)

.Numerous attempts have been made 

to develop all ceramic systems that eliminate metal infrastructures 

providing optimal distribution of reflected light 
(42).

 

Ceramics are probably the oldest materials developed by man. 

In 1774, the French pharmacist, Alexis Duchateau, dissatisfied with 

his dentures in ivory, noticed that the ceramic utensils used in 

handling chemical formulations resisted abrasion caused by the 

products used, and maintained their color. He suggested that 

porcelain could be considered as a possible replacement for missing 

teeth. Later, Duchateau, with the collaboration of a dentist named 

Nicholas Dubois, managed to fabricate the first dental porcelain 

composition based on "green" traditional porcelain. However, the 

prostheses made with these materials were abandoned due to their 

high opacity. In 1838, Elias Wildman made porcelain that was more 

translucent, with brightness closer to that of natural teeth. This 
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porcelain was of the Chinese pariana type, which is characterized by 

high translucency. The reduction or complete removal of the kaolin 

contents allowed an increase in the amount of feldspar, and therefore 

greater light transmission due to the absence of mullite, resulting in a 

migration of the porcelain composition from the mullite zone to the 

leucite zone 
(43)

. 

It should also be kept in mind that when it comes to all ceramic 

systems, extrinsic factors such as working conditions play a major 

role in the long term performance of the material. The oral 

environment assembles a set of challenging working conditions that 

include humidity, acidic or basic ph, cyclic loading and peak loads 

that can reach extremely high levels when hard objects are 

accidentally encountered during mastication 
(44)

. The same is true for 

some highly crystalline materials such as Y-TZP, which has been 

shown to undergo micro-structural degradation in humid environment 

at relatively low temperatures 
(45, 46)

. 

The advantage of ceramic materials are known to possess some 

extremely desirable properties , including biocompatibility ,pleasant 

appearance wear resistance, a coefficient of thermal expansion 

similar to that of enamel, low thermal conductivity, radio-opacity and 

diminished plaque accumulation 
(47)

 . 

Disadvantage of all ceramic restorations included less than 

ideal marginal adaptation, excessive wear of the opposing dentition, 

aggressive preparation design, and technique sensitivity and most 

important of all is its low tensile strength. Being brittle in nature in 

addition to their sensitivity to flaws and defects, limited their use to 
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low stress situations as anterior area 
(48)

 .failure begins with 

microscopic damage resulting from the interaction of pre existing 

defects with applied loads 
(49)

, or may also occur because of 

subcritical crack growth which is enhanced in aqueous environment 

(50)
. 

The mechanical properties of ceramics have to meet the 

requirements needed to withstand the stresses and strains that can 

arise in high stress bearing area 
(44)

. However, an increase in the 

crystalline content of ceramic material to achieve greater strength 

generally results in greater opacity 
(51)

. 

To overcome these problems, most of all ceramic systems 

require the combination of two layers of ceramic material, such as a 

strong ceramic core and weak veneering porcelain with better optical 

properties 
(52)

. 

II- Classification of dental ceramics 
(53)

: 

Dental ceramics can be classified by the melting temperature, 

composition and manufacturing process: 

1. Melting: 

This classification was officially established in the 1940s and, 

more recently, fourth generation has been added, the ultra low-

melting ceramics: 
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2. Composition and manufacturing process: 

Dental ceramics can be classified, according to their 

composition, into three distinct groups, which may be obtained by 

five different processes: 
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Zirconia ceramics: 

Zirconia ceramics have become a very popular type of all 

ceramic restorations. Zirconia can be near ideal choice for restoring 

crowns, fixed partial denture and implants in esthetic areas 
(54)

. 

Zirconia is the oxide of zirconium (Zr) metal found in nature 

combined with silicate oxide with the mineral name Zircon (ZrO2 

SiO2). The correct terminology is zirconium dioxide. It is technically 

incorrect to refer to the material as zirconium oxide. Zirconia as pure 

oxide does not occur in nature. The interest in using zirconia as a 

biomaterial is based on its mechanical strength, as well as its 

chemical and dimensional stability and elastic modulus similar to 

stainless steel 
(55)

 zirconia has a normal density of 6.0 g/cm2, where 

the theoretical density of zirconium dioxide is 6.51 g/cm2. The closer 

these two density values are, the less space between the particles, 

resulting in greater strength and a smoother surface 
(56)

. 

Zirconia has a high strength and, therefore, the restoration can 

be cemented with traditional water based cements or bonded with 

resin cements. If greater retention to tooth structure with minimal 

marginal leakage is required bonded cementation with resin cement is 

recommended. Adhesion to the tooth structure and to ceramic 

restoration combines good marginal sealing and strengthening of 

tooth restoration complex to minimize marginal leakage and fractures 

(57)
. 
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Zirconia is non silica based ceramic and thus does not etch 

using traditional methods. Retention of zirconia restorations depends 

on mechanical roughening of the surface and chemical bonding with 

adhesive monomer in especial primer or resin cements. An acidic 

adhesive monomer such as MDP shows chemical bonding to zirconia 

(58)
. The phosphate ester group of acidic monomer results in chemical 

bonding to metal oxides, zirconia and other ceramics. It is effective to 

use self adhesive or adhesive resin cement including an adhesive 

monomer for cementation. 

Phases of zirconia (monoclinic, tetragonal and cubic):   

The spatial arrangement of the atoms in zirconia is 

characterized by distinct crystallographic structures, characterizing a 

property known as polymorphism. Its three phases, or crystal 

structures, are characterized by specific geometry and dimensional 

parameters: monoclinic, tetragonal and cubic.  Pure zirconia has a 

monoclinic structure at room temperature, which is stable up to 

1170°C. Between this temperature and 2370°C, tetragonal zirconia is 

formed, while cubic zirconia is formed at temperatures above 

2370°C. After processing, and depending on the cooling process, the 

tetragonal phase becomes monoclinic at about 970°C. Due to 

polymorphism, pure zirconia cannot be used at elevated temperatures 

due to a large volume change (3-5%) which occurs during cooling to 

the monoclinic phase. This change is sufficient to exceed the elastic 

and fracture limits, resulting in cracks and flaws in ceramics 
(59)

.   
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The transformation of the tetragonal to monoclinic phases can 

be employed to improve the mechanical properties of zirconia, 

especially its tenacity. The mechanism involved is known as a 

booster from transformation. This transformation is martensitic in 

nature; therefore, a process that occurs by shear without diffusion, i.e 

the atomic position change occurs abruptly at a speed close to the 

speed of sound propagation in solids. The reverse transition, i.e the 

monoclinic > tetragonal transformation and occurs at approximately 

1170° C, while the tetragonal > monoclinic transformation, which 

occurs during cooling, is observed between 850 and 1000°C, 

depending on the strain energy. Therefore, the manufacturing of 

components of pure zirconia is not possible due to spontaneous 

failure. The addition of stabilizing oxides is important because it 

allows the maintenance of the tetragonal form at room temperature 

(60)
. 

Different oxides, such as Yttrium oxide (Y2O3), Calcium oxide 

(CaO) or Magnesium oxide (MgO), can be added to zirconia to 

stabilize it, allowing the tetragonal form to exist at room temperature 

after sintering. The addition of varying amounts of stabilizers allows 

the formation of partially or fully stabilized zirconia which, when 

combined with changes in processes, may result in ceramics with 

exceptional properties such as high flexural strength and fracture 

toughness, high hardness, excellent chemical resistance and good 

conductivity ions. A fully stabilized zirconia is obtained by adding 

sufficient amounts of stabilizing oxides, such as 16mol% Magnesia 

(MgO), 16mol% of Calcium oxide (CaO) or 8 mol% Yttria (Y2O3). 
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Since the partial stabilization of zirconia is obtained with the same 

oxides, but in smaller amounts (e.g: 2 mol% to 3mol% yttria), a 

multiphase structure is created, which usually consists of tetragonal 

and cubic zirconia majority / monoclinic precipitated in small 

amounts 
(61)

. The transformation of tetragonal zirconia into 

monoclinic is a phenomenon influenced by temperature, vapor, 

particle size, micro-and macrostructure of the material, and also by 

the concentration of stabilizing oxides. The critical particle size for 

the partially stabilized zirconia to be maintained in the tetragonal 

form at room temperature is 0.2µm to 1μm (for compositions ranging 

from 2% to 3 mol% yttria), because, under 0.2 micrometres, the 

transformation to the monoclinic phase is not possible 
(59)

.  

1. Monoclinic zirconia:   

The natural form of zirconia, contains approximately 2% HfO2 

(hafnium oxide), which is very similar to zirconia in structure and 

chemical properties. ZR
4+

 ions have a coordination number of seven 

for the oxygen ions occupying tetrahedral interstices, with the 

average distance between the zirconia ion and three of the seven 

oxygen ions is 2.07Å. Since the average distance between the 

zirconium ion and four oxygen ions is 2.21Å, in the structure, one of 

the angles (134.3°) differs significantly from the tetrahedral value 

(109.5°). Thus, the structure of the oxygen ion is not planar and a 

curve occurs in the plane of the four oxygens, and the plane of three 

oxygens is completely erratic 
(60).  
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2. Tetragonal zirconia:  

Zirconia in its tetragonal phase has the form of a straight prism 

with rectangular sides. Ions ZR
4+

 have a coordination number of 

eight, where the shape once again appears distorted due to the fact 

that four oxygen ions are at a distance of 2.065Å in the form of a 

tetrahedron plan, and four others are at a distance of  2.455Å in a 

tetrahedron that is elongated and rotated 90° 
(62 )

.  

3. Cubic zirconia:   

The structure of cubic zirconia can be represented by a simple 

cubic lattice with eight oxygen ions, which are surrounded by a cubic 

arrangement of cations, known as fluorite, i.e the oxygens occupy the 

tetrahedral interstices of a cubic lattice (CFC) of cations 
(61)

.  

 
Figure 7: Crystal structure of monoclic (a), tetragonal (b) and cubic 

zirconia(c). 
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Table 1: Advantages and disadvantages of zirconia ceramics 
(63)

: 

Advantages Disadvantages 

 Metal free. 

 Translucent compared to 

ceramic metal restorations. 

 Can be used for posterior 

bridges. 

 Block out of discolored teeth. 

 Can be used with zirconia 

based implant abutments.  

 High flexural strength and 

fracture toughness (limited 

crack propagation). 

 Limits on bridge spans 

depending on zirconia 

products. 

 Generally require more 

reduction than metal alloys. 

Shear bond strength of zerconia ceramics: 

Zirconia ceramic disks were air abraded with 50 micro Al2O3 at 

2.5 bar pressure and ultrasonically cleaned in isopropanol for 3 min. 

then zirconia were divided into 3 Groups; first group were bonded 

with resin cement using no primer, second group cemented using 

metal primer (AP: Alloy Primer, Kuraray) and the third group 

cemented using metal/zirconia primer (MZ: Metal/Zirconia Primer, 

Ivoclar Vivadent). Lehmann and Kern, 2009
(64)

 concluded that 

using phosphate monomer-containing primers on air-abraded zirconia 

ceramic improves bonding to zirconia ceramic significantly. Also 

Blatz  et al., 2004
(65)

 evaluated and compared bond strengths of 

different bonding/silane coupling agents and resin luting agents to air 

abraded zirconia ceramic. They found a bonding/silane coupling 

agent containing an adhesive phosphate monomer can achieve 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lehmann%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kern%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blatz%20MB%22%5BAuthor%5D
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superior long-term shear bond strength to airborne-particle- abraded 

Procera AllZirkon restorations.  

 Dérand  and Dérand , 2000 
(66)

 studied the bond strength of 

some resin luting cements to zirconia ceramic after different surface 

pretreatments designed for milled ceramic. They found that 

superbond demonstrated the highest bond strength regardless of type 

of surface treatment used while grinding the surface with diamond 

burs improved the bonding slightly. Washing the surface with 

hydrofluoric acid had no significant influence on bond strength. 

Resin bonding to yttrium-oxide--partially-stabilized zirconia 

ceramic (YPSZ) cannot be established by standard methods that are 

utilized for conventional silica-based dental ceramics.  Kern and 

Wegner , 1998 
(67)

 assumed that adhesive bonding methods suitable 

for glass-infiltrated alumina ceramic can also be used to bond 

successfully to YPSZ. A durable resin bond to YPSZ was achieved 

only after sandblasting the ceramic and using one of two resin 

composites containing a special phosphate monomer. Therefore, the 

hypothesis of the study was partially proved as a durable bond to 

alumina ceramic is achieved with the same resin composites. 

However, it was partially disproved as tribochemical silica coating of 

YPSZ did not result in a durable resin bond as it does on glass-

infiltrated alumina ceramic. 

Yttria partially stabilized zirconia (YPSZ) ceramics are suitable 

for dental and medical use because of their high fracture toughness 

and chemical durability. Uo  et al., 2006 
(68)

 examined the bonding 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22D%C3%A9rand%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22D%C3%A9rand%20T%22%5BAuthor%5D
http://www.researchgate.net/researcher/39499200_M_Kern
http://www.researchgate.net/researcher/39499200_M_Kern
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uo%20M%22%5BAuthor%5D
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behavior of a dental YPSZ ceramic, Denzir. After being subjected to 

various surface treatments, Denzir specimens were bonded to each 

other using an adhesive resin composite, glass ionomer, or zinc 

phosphate cement. They concluded that the shear bond strength 

significantly increased in the order of adhesive resin composite 

cement > glass ionomer cement > zinc phosphate cement. Moreover, 

silanization with methacryloxy propyl trimethoxysilane slightly 

increased the bonding strength of the adhesive resin composite 

cement. 

John et al., 2011
(69)

  evaluated the effect of surface treatment 

using tribochemical silica coating/silane coupling on the shear bond 

strengths of  a glass-infiltrated, In-ceram zirconia and yttria-stabilized 

zirconia ceramic to human dentin. The shear bond strengths of In-

Ceram Zirconia treated with CoJet had significantly higher shear 

bond strengths than those or treated with Rocatec. Surface treatment 

did not affect the shear bond strength of YZ Zirconia significantly. So 

they concluded that the bonding of In-Ceram Zirconia can be 

improved by the chair-side surface treatment system. Blatz et al., 

2007 
(70)

 also evaluated the short- and long-term shear bond strengths 

of 4 luting agents (RelyX ARC (ARC), RelyX Unicem (UNI), 

Panavia F (PAN), or the hybrid glass-ionomer cement RelyX Luting ) 

to zirconia following different surface treatments (airborne-particle 

abraded , Rocatec tribochemical silica/silane coated  or ground and 

polished).They found Surface treatment, luting agent, and storage 

conditions significantly influence shear bond strengths to zirconia. 

Airborne-particle abrasion combined with a resin composite 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blatz%20MB%22%5BAuthor%5D
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containing adhesive phosphate monomers or tribochemical 

silica/silane coating combined with any of the tested resin composite 

luting agents provides superior long-term shear bond strength values.  

The removal of contaminants prior to the bonding of ceramics 

is critical for the clinical success of a long-term durable resin bond. 

The influences of contamination and cleaning methods on ceramic 

bond durability were examined by Yang et al., 2007
(71)

. 

Contamination, existing after try-in simulation as confirmed by 

chemical analysis, significantly reduced zirconia ceramic-resin bonds 

and the use of airborne-particle abrasion may be the most effective 

cleaning method
.
 

There are insufficient studies which investigate the role of 

grinding, grinding orientation, sandblasting, polishing and heat 

treatment on the strength of In-Ceram Alumina. Heat treatment 

significantly improved the flexural strength of the material regardless 

of the surface treatment. Conversely, any surface treatment caused 

strength degradation, if it was not followed by heat treatment. 

Sandblasting caused the most marked strength degradation. Polishing 

alone (without heat treatment) did not strengthen the ceramic. in the 

case of sandblasting, grinding and polishing should always be 

followed by heat treatment in order to avoid strength degradation of 

the material 
(72)

. 

The long-term bond strength of adhesive bonding systems to 

yttrium-oxide-partially-stabilized zirconia ceramic (YPSZ) After air 

abrading the ceramic and ultrasonic cleansing  were evaluated by 

http://jdr.sagepub.com/search?author1=B.+Yang&sortspec=date&submit=Submit
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Wegner and  Kern 2000 
(73)

  .A moderate to relatively high initial 

bond strength was achieved by air abrasion alone, the additional use 

of a silane, or acrylizing the YPSZ surface in combination with a 

conventional bis-GMA resin composite. However, these methods 

failed spontaneously over storage time. The use of the bis-GMA resin 

composite after tribochemical silica coating of YPSZ and the use of a 

polyacid-modified resin composite after air abrasion of YPSZ 

resulted in a high initial bond strength which decreased significantly 

over storage time. Durable resin bond strength to YPSZ was achieved 

only after air abrasion of YPSZ and using one of two resin 

composites containing a special phosphate monomer. 

Air-abrasion seems to be mandatory for durable resin bonding 

to zirconia ceramic. Air-abrasion might compromise the ceramic 

strength by creating surface defects. Therefore, omitting air-abrasion 

or using reduced air-pressure seems desirable.  Kern et al., 2009
(74) 

concluded that the combination of air-abrasion and priming improved 

long-term resin bonding to zirconia ceramic significantly. With low-

pressure air-abrasion, surface roughness was reduced without 

affecting long-term bond strength, provided that adequate adhesive 

primers were applied.   

Piwowarczyk et al., 2005
(75)

 evaluated the shear-bond strength 

of  luting cements from different material classes to manufactured 

pre-treated zirconia ceramics.  They found that after sandblasting, the 

highest shear-bond strength was obtained for the self-adhesive 

universal resin cement. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wegner%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kern%20M%22%5BAuthor%5D
http://jdr.sagepub.com/search?author1=M.+Kern&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Piwowarczyk%20A%22%5BAuthor%5D
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Micro-hardness of zirconia ceramics:  

The hardness defined as the resistances to penetration, the 

hardness tester forces small sphere, pyramid or cone into the surface 

by means of known load and the hardness number (Brinell or Vickers 

diamond pyramid) is then obtained from the diameter of impression. 

The hardness may be related to the yield or tensile strength, since 

during indention; material round the impression is plastically 

deformed to certain percentage strain. The Vickers hardness number 

is defined s the load divided by the pyramidal area of indentation in 

kgf mm
-2

, and is about three times the yield stress for materials which 

do not work harden appreciably
 (76)

.       

The heat treatment associated with the veneering procedure on 

a zirconia core material was evaluated by Marit et al., 2008 
(76)

 

found that there was reduction in flexural strength and micro-

hardness of the core after the first firing comparing to untreated group 

where flexural strength and micro-hardness was high. Taro et 

al.,2007 
(77)

  Also found tht the total average values of microhardness 

after sintering were statistically lower than before sintering with a 

difference of 2%. 

The surface microhardness and flexural strength of colored 

zirconia were examined by Wei and Jianghong , 2010 
(78)

. They 

found that prolonged shading time lowered the biaxial flexural 

strength of zirconia ceramic, but shading time did no effect on 

surface microhardness. 
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Salihoglu et al., 2011
(79)

 evaluated the effect of thermal cycling 

on Vickers hardness of different zirconia core materials. There was 

no statistically significant decrease in the mean Vickers micro 

hardness value of ZirkonZahn and Ceramill specimens after thermal 

cycling. 

Mohammed et al., 2010
(80)

 used CO2 lasers to treat ceramic 

surfaces in order to produce a glazed surface. They found that laser 

glazing improves surface hardness and smoothness of ceramic 

surfaces without affecting their internal structures. 

The mechanical properties of ceramics are not appreciably 

changed by exposure to ionizing radiation doses of less than 10
9
 rad 

(ceramic) or by neutron fluences of less than 10
9
 n/cm2. Become 

important. The latter effect is particularly important in boron- or 

beryllium-containing ceramics owing to the formation of gaseous 

helium following exposure to thermal neutrons. Large changes in the 

thermal conductivity of ceramics have been observed at neutron 

fluences of 10
18

 to 10
19 

n/cm2
(81)

. 

Zinkle and Hodgson , 1992
(82)

 studied the radiation-induced 

changes in the electrical conductivity, loss tangent, and thermal 

conductivity of ceramics. The in-situ measurements have found that 

the physical property degradation during irradiation is generally 

much more severe than indicated by post-irradiation measurements. 

In particular, permanent degradation in the electrical resistivity may 

occur after irradiation to damage levels of <10
-3

 displacements per 

atom (dpa) for temperatures near 450°C. This radiation-induced 
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electrical degradation (RIED) is observed only if an electric field is 

applied during the irradiation. 

The effects of gamma irradiation on crystallization kinetics and 

microhardness properties of the Li2O–Al2O3–SiO2 (LAS) glass–

ceramic sample have been investigated. The high dose of gamma 

irradiation affects significantly the crystallization kinetics and 

microhardness properties of the Li2O–Al2O3–SiO2 glass–ceramic 

sample
 (83)

. 

Porcelain was subjected to different types of laser radiations 

(Nd:YAG laser pulses  and Tsonamy 70 fs laser pulses) and to 

gamma ray. Micro-hardness were than evaluated by Badr  et al., 

2004
(84)

 found increased hardness values for all test irradiated 

samples as compared with the control. 

 

 

 

 

 

 

 

 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Badr,+Y&fullauthor=Badr,%20Yehia&charset=UTF-8&db_key=PHY
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Dental Cements 

There are several luting agents currently available and they 

include: zinc phosphate, polycarboxylate, glass ionomer, resin 

modified glass ionomer, compomer and resin cements. These 

different classes of cements represent a variety of products by a 

number of dental manufacturers. There are advantage and 

disadvantage of each product. 

Zinc phosphate cement is the standard cement used for decades 

to cement dental restorations. The primary disadvantages of zinc 

phosphate cement are solubility in oral fluids and luck of true 

adhesion. 

Polycarboxylate and glass ionomer cements provide a weak 

chemical bond to tooth polycarboxylate cements have been reported 

to undergo plastic deformation after cyclic loading and may be less 

retentive than zinc phosphate and glass ionomer cements 
(85)

. Glass 

ionomer cement has been reported to release fluoride and has the 

ability to inhibit dental caries in dentin 
(86)

. 

Resin modified glass ionomer cements possesses the property 

of releasing fluoride 
(87)

 but this type of cement imbibes water and 

expands with time (88)
 and there is evidence that volumetric 

expansion of this cement will fracture all ceramic crowns relatively 

soon after cementation.  
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Adhesive resins are essentially insoluble and provide better 

retention in vitro compared with non-adhesive resin and conventional 

cements 
(89)

. 

I- Glass ionomer cement: 

1- History: 

Development of the glass-ionomer cements (GICs) was first 

announced by Wilson and Kent in 1972. Glass ionomers were first 

marketed in Europe in 1975.  The intention was to produce cement 

with characteristics of both the silicate cements (translucency and 

fluoride release) with those of the polycarboxylate cements (Ability 

to chemically bond to tooth structure and kindness to the pulp) 
(90)

. 

2- Composition of Glass Ionomer cements: 

Glass ionomer cements are usully supplied as a powder and a 

liquid. Several products are encapsulated. The liquid typically is a 

47.5% solution of 2:1 polyacrylic acid/ itaconic acid copolymer in 

water. The itaconic acid reduces the viscosity of liquid and inhibits 

gelation caused by intermolecular hydrogen bonding. The powder of 

glass ionomer cement is a calcium fluoroaluminosilicate glass with a 

formula of  

SiO2-Al2O3-CaF2-Na3AlF6-AlPO3 

The normal composition of glass is listed in table, the maximum 

grain size of powder appers to be between 13 and 19 µm. the powder 

is described as an ion-leachable glass that is susceptible to acid attack 

when the Si/Al atom ratio is less than 2:1. Barium glass or zinc oxide 

may be added to some powders to provide radiopacity. In some 
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products the polyacrylic acid is coated on the powder. The liquids of 

these products may be water or a dilute solution of tartaric acid in 

water 
(91)

.    

3- Setting reaction: 

The setting reaction is an acid-base reaction between the acidic 

polyelectrolyte and the aluminosilicate glass. The polyacid attacks the 

glass to release cations and fluoride ions. These ions, probably metal 

fluoride complexes, react with the polyanions to form a salt gel 

matrix. The Al
3+

 ions apper to be side bound, resulting in matrix 

resisitant to flow, unlike the zinc polycarboxylate matrix. During the 

initial setting reaction in the first 3 hours, calcium ions react with the 

poly carboxylate chains. Subsequently, the trivalent aluminium ions 

react for at least 48 hours. Between 20% and 30% of glass is 

decomposed by proton attack. The structure of fulty set cement is a 

composite of glass particles surrounded by silica gel in a matrix of 

polyanions cross-linked by ionic bridges. Thin matrix is small 

particles of silica gel contining fluoride crystallites. Bonding of glass 

ionomer to enamel and dentin involve an ionic interaction between 

calcium and phosphate ions from the surface of the enamel and dentin
 

(91)
.   

4- Chemical classification of glass ionomer 
(92)

: 

GICs are commonly classified into five principal types: 

 Conventional Glass Ionomer Cements. 

 Resin Modified Glass Ionomer Cements (Conventional with 

addition of HEMA). 

http://en.wikipedia.org/wiki/(Hydroxyethyl)methacrylate
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 Hybrid Ionomer Cements (Also known as Dual-cured Glass 

Ionomer Cements). 

 Tri-cure Glass Ionomer Cements. 

 Metal-reinforced Glass Ionomer Cements. 

i-    Conventional glass ionomer cements: 

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. 

ii- Resin Modified Glass Ionomer Cements: 

Resin Modified Glass Ionomer Cements are conventional glass 

ionomer cements with addition of HEMA. 

iii- Hybrid Ionomer Cements or Resin-modified Glass Ionomers 

or Dual-Cured GIC: 

These combine an acid-base reaction of the traditional glass 

ionomer with a self-cure amine-peroxide polymerization reaction. 

Such materials undergo acid-base reactions supplemented by a 

second resin polymerization initiated (usually) by a light-curing 

process. For this reason they’re also called Dual-Cured GIC.  

Iv-    Tri-cure Glass Ionomer Cements: 

Some systems have also incorporated a chemical curing along 

with the photo-initiation and acid-base ionic reaction. These materials 

are known as tri-cure glass ionomer cements. The chemical cure 

component of tri-cure cements has been shown to have a significant 

http://en.wikipedia.org/wiki/Acid-base
http://en.wikipedia.org/wiki/(Hydroxyethyl)methacrylate
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effect on their overall strength. Photo-initiated cements cannot be 

used in cases involving opaque structures such as metal substrates. 

The resin-modified glass ionomer cements generally have a much 

lower release of fluoride than the conventional glass ionomer 

materials. 

v- Metal Reinforced Glass Ionomer Cements: 

Metal-reinforced glass ionomer cements were first introduced 

in 1977. The addition of silver-amalgam alloy powder to 

conventional materials increased the physical strength of the cement 

and provided radiodensity. Nowadays these materials are considered 

as old-fashioned as the conventional glass ionomer cements have 

comparable physical properties and far better aesthetics. 

Shear bond strength of Glass Ionomer cements: 

A shear stress tends to resist the sliding or twisting of one 

portion of a body over another. Shear stress can also be produced by 

a twisting action on a material. For example, if a force is applied 

along the surface of tooth enamel by a sharp edged instrument 

parallel to the interface between the enamel and an orthodontic 

bracket, the bracket will debond by shear stress failure of the resin 

luting agent. Shear stress is calculated by dividing the force by the 

area parallel to the force direction. In the oral environment shear 

failure is likely to occur for at least four reasons: 

(1) Many of the brittle materials in restored tooth surfaces generally 

have rough, curved surfaces.  

http://en.wikipedia.org/wiki/Radiodensity
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(2) The presence of chamfers, bevels, or changes in curvature of a 

bonded tooth surface would also make shear failure of a bonded 

material more highly to occure.  

 (3) Adjacent to the interface, The farther away from the interface the 

load is applied, the more likely that tensile failure rather than shear 

failure will occur because the potential for ending stresses would 

increase. Because the tensile strength of brittle materials is usually 

well below their shear strength values, tensile failure is more likely to 

occur. 

El-Askary et al., 2008 
(93)

 investigated the effect of smear layer 

and different dentin conditioning on shear bond strength of glass 

ionomer. They found that the shear bond strength of the glass-

ionomer adhesive to dentin proved to be independent of the smear 

layer thickness. The use of dentin conditioner prior to the application 

of the glass-ionomer adhesive appeared to be an important step to 

improve its bond strength to dentin.  

Mauro, et al., 2009
(94)

 showed that different surface treatment 

can affect the  shear bond strength as they found that treatment of 

dentin with 20% polyacrylic acid show higher bond strength 

compared with using phosphoric acid 37% on wet dentin while there 

is no significant difference between 20% polyacrylic acid and 37% 

phosphoric acid used on dry dentin.   

The shear bond strength of auto- mixed glass-ionomer cements 

to sound dentine was found not to differ statistically from shear bond 

strength to sclerotic dentine whereas for hand-mixed cements, shear 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22El-Askary%20FS%22%5BAuthor%5D
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bond to sound dentine was found to be higher than to carious dentine 

(95). 
 

Different surface treatment of dentin surface showed to have 

influence on shear bond strength as Prati et al., 1989
(96)

 used various 

dentin chemical pretreatments (polyacrylic acid, tannic acid, 

orthophosphoric acid). They found that polyacrylic acid had 

significantly improved the adhesion of glass ionomer cement. 

Edmond et al., 1991
(97)

 also found that presence of smear layers had 

no significance on shear bond strength while using polyacrylic acid 

produce higher degree of dentinal tubular orifice patency. 

The effects of etching glass ionomer cements prior to the 

application of a bonding agent and a resin composite on the bond 

strength of the glass ionomer/resin composite interface were 

evaluated by Régia et al., 1997
 (98)

; They found that there were no 

significant differences among the shear bond strengths of the resin 

composite to etched and non-etched glass ionomer cements. 

Buchalla  et al., 1996
(99)

 also showed that when using dentin 

conditioning prior of using glass ionomer showed higher adhesion to 

conditioned dentin than to unconditioned specimens.   

De Souza-Zaroni et al., 2006 
(100)

 evaluated the effect of air 

abrasion technique used for cavity preparation on dentin shear bond 

strength of conventional glass ionomer cements using ( Ketac Molar 

and Fuji IX) . Ketac Molar showed higher bond strength values in 

bur-prepared cavities, while on the air-abraded preparations, Fuji IX 

showed superior results. So using air-abrasion system cavity 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buchalla%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Souza-Zaroni%20WC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Souza-Zaroni%20WC%22%5BAuthor%5D
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preparations may influence the bonding performance of conventional 

glass-ionomer cements to dentin. 

Using Er:YAG laser in cavity preparation showed adversely 

affected on shear bond strength of resin-modified glass ionomer 

cements for both enamel and dentin compared to using carbide bur on 

cavity preparation as it showed higher bond strength values than 

those recorded for Er:YAG laser  
(101)

 .  

 Arora and  Deshpande , 1998 
(102)

 showed that shear bond 

strength of all resin-modified restorative glass-ionomer cements was 

higher than conventional glass ionomer tested. 

Rebeca et al., 2007
(103)  

evaluated the effect of different bur 

types and acid etching protocols on the shear bond strength of a resin 

modified glass ionomer cement dentin. Smear layer was present in all 

specimens regardless of the type of rotary instrument used for dentin 

cutting, and also found that phosphoric acid were more effective in 

removal of smear layer. So they concluded that shear bond strength 

of a RM-GIC to dentin was affected by the acid conditioning but the 

bur type had no influence. 

Also Fritz et al., 1996 
(104)

 studied the effect of storage in water 

on bond strength of glass ionomer to both enamel and dentin. The 

study revealed that Long-term water storage generally had no adverse 

effect on bonding efficacy of resin-modified glass ionomer cements 

to dentin and enamel. 

http://www.jisppd.com/searchresult.asp?search=&author=R+Arora&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jisppd.com/searchresult.asp?search=&author=SD+Deshpande&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fritz%20UB%22%5BAuthor%5D
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Pereira et al., 1998 
(105)

 compared the in vitro shear bond 

strength of two commercially available resin-modified glass ionomer 

cements (RmGIC) to bovine dentine, with and without the use of 

adhesive bonding systems. A recent bonding system combined with 

the RmGICs exhibited the greatest shear bond strength to dentine, 

irrespective of chemical differences that may exist between the two 

RmGICs. 

Despite the improvements of resin-modified glass-ionomer 

cements, the dentin bond strength of these materials remains inferior 

to that provided by "bonding system/composite" combinations and 

limits the clinical use of RMGIC. The application of the self-etching 

adhesives improves the dentin shear bond strengths of resin modified 

glass ionomer cement. Although this increase depended on the 

adhesive system used 
(106)

.  

The shear bond strength of a conventional glass-ionomer 

cement, a resin modified glass-ionomer, a composite resin and three 

compomer restorative materials were  compared by Almuammar et 

al.,2001
(107)

 . They concluded that the compomer restorative materials 

show higher shear bond strength than conventional glass-ionomer and 

resin modified glass-ionomer, but less than composite resin.  

Dental fluorosis shown to have inverse relationship between 

shear bond strength and the severity of fluorosis on the bond strength 

of Ketac-fil conventional glass ionomer cement. As fluorosis reduces 

the shear bond strength of glass ionomer-based restorative materials 

to dentin 
(108). 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pereira%20PN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Almuammar%20MF%22%5BAuthor%5D
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 Effect of gamma radiation on glass ionomer cement: 

Influence of irradiation on the dentin shear bond strength of 

two conventional glass ionomer cements (GICs) had been 

investigated by Cemal et al., 2008
(109)

 .One-half of teeth were 

irradiated with 60 Gy and then GIC was placed on the irradiated 

dentin surface . For the other halves of these tooth specimens, the 

GICs were first placed on their dentin surfaces and then the 

specimens irradiated. They revealed that GIC-dentin bond strength 

decreased when glass ionomer placed first on dentin surface than 

exposed to gamma irradiation. So they concluded that irradiation may 

have an adverse effect on the bond strength of GICs depending on the 

application sequence. 

Upon exposure of resin modified glass ionomer to therapeutic 

gamma radiation; gamma radiation at three therapeutic levels result in 

increase the diametral tensile strength and microhardness of resin 

modified glass ionomer cements 
(110)

. 

II- Adhesive resin cement: 

 

1- History of resin cement: 

Resin cements have undergone major advances since 1950 

starting with the unfilled resins being unsuccessful due to their high 

polymerization shrinkage and poor biocompatibility. Composite resin 

cements with greatly improved properties were developed for resin 

bonded prostheses and are used extensively for the bonding of all 

ceramic restorations 
(111)

. 
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Resin cements are either visible light-activated, chemically 

activated or dual cured activated. Visible light activated cements are 

generally reserved for the luting of cast ceramic and resin composite 

veneers or for other light transmitting restorations that are thin 

enough ( i.e. 1.5 mm thick) to transmit light. The chemically 

activated forms are used for the cementation of resin bonded fixed 

partial dentures, cast ceramic, resin composite restorations and metal 

restorations that are thick ( i.e.  2.5 mm). Dual cured resin cements 

are used for luting thin to moderately thick ( i.e. 1.5 to 2 mm thick ) 

cast ceramic and resin composite restorations where light penetration 

may be limited 
( 112 )

 . 

2- Classification of resin cements: 

Table 2: Resin based cements include the following three types 
(63)

: 

Conventional  resin 

cement 

Adhesive resin 

cement 

Self-adhesive resin 

cement 

Tooth colored or 

translucent cement 

based on diacrylate 

resin that requires a 

bonding agent for 

adhesion to tooth 

structure and separate 

primers for bonding to 

ceramic substrates. 

Cement based on 

acrylic or diacrylate 

resin with adhesive 

monomers that bond 

well to metal 

substrates. Adhesive 

resin cements may 

require a separate 

primer for bonding to 

ceramic and tooth 

substrates. 

Cement with adhesive 

components that 

eliminate the need for 

separate primers for 

bonding to tooth 

structure and 

zirconia-based 

ceramics. 
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Characteristics of Esthetic Resin Cements 
(63)

: 

• Self-etch or total-etch bonding agent is needed for bonding to tooth 

substrates. 

• Silane or ceramic primer is needed for all-ceramic restorations.  

• Curing mode options – can be light- or dual-cured. 

• Light-cured cement is available for veneers. 

• Stronger mechanical properties than self-adhesive resin cement. 

• Multiple shades available.  

• Most esthetic resin cements provide water soluble try-in pastes. 

Characteristics of Adhesive Resin Cements 
(63)

: 

• Primer is needed for bonding to tooth substrates. 

• Silane coupling agent is needed for silica-based ceramics.  

• Can bond directly to zirconia without primer. 

• Curing mode options – can be light-, dual-, or self-cured. 

• Several shades available.  

• May release fluoride. 

Characteristics of Self-adhesive Resin Cements 
(63)

: 

• Self-etching – no phosphoric acid or special primer needed for 

bonding to tooth substrates.  

• Can bond directly to zirconia without primer.  

• Curing mode options – can be light-, dual-, or self-cured. 
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• May release fluoride. 

• Usually available in universal, translucent and opaque shades. 

3- Shear bond strength of resin cements: 

The first published attempt to evaluate the bond strength of 

early unfilled cements was made by Doukoudkis  et al., 1985
(113)

 

their study revealed high values of resin cement when compared to 

zinc phosphate, glass ionomer and even resin modified glass ionomer 

cements. 

Piowowarczyk and Lauer, 2003
(114)

 studied the effect of water 

storage of flexural strength and compressive strength of 12 luting 

cements from different material classes. They examined two zinc 

phosphate cements, two glass ionomer cements, three resin modified 

glass ionomer cements and five resin cements. They concluded that 

the resin cements had the highest flexural and compressive strength 

of all. 

Xie et al., 1993
(115)

 studied the in vitro bond strength of two 

adhesives to enamel and dentin under normal and contaminated 

conditions. They further tested the bonding of composite resin to 

human enamel and dentin after treatment with five different 

contaminants (plasma, saliva, zinc oxide-eugenol cement and 

handpiece lubricant). They revealed that contaminants lowered the 

bond strength to both dentin and enamel. Re- etching without 

additional mechanical preparation resulted in bond strengths similar 

to controls. 

The cementation process in vital for the clinical success of any 

resin retained restoration. Being extensively technique sensitive the 
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traditional multi-sep resin cements have always been a challenge to 

manipulate and requires complete isolation all through the procedure, 

carful time watched etching, thorough etchant washing, priming and 

uniform bonding. 

Wei  et al., 2008 
(90)

 found that caries affected dentin has low 

shear bond strength compared to normal dentin when three types of 

adhesive system were used. Also on preparing dentin surface with 

different grit sizes McInnes et al., 1990 
(116)

 showed that dentin 

surface roughness had no effect on dentin shear bond strength. 

Also Abo-Hamar  et al., 2005
(117)

  assessed  the bonding 

performance of a new universal self-adhesive cement RelyX Unicem 

(RXU) to dentin and enamel compared to four currently used luting 

systems, using a shear bond strength test with and without 

thermocycling. They found that  the bond strength (MPa) of RXU to 

dentin  was not statistically different from other luting cements used 

a" Panavia F2.0 ,Variolink II,glass ionomer cement, Ketac Cem 

(KetC) "while the bond strength of RXU to enamel  was significantly 

lower than those of Panavia F2.0  and Variolink II, but higher than 

KetC . After thermocycling, the bond strength of RXU to enamel 

significantly decreased, but was still significantly higher than that of 

KetC. RelyX Unicem may be considered an alternative to Ketac Cem 

for high-strength ceramic or metal-based restorations, and may be 

used for luting conventional ceramic crowns with little or no enamel 

left. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wei%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abo-Hamar%20SE%22%5BAuthor%5D
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3. Effect of gamma radiation on adhesive resin cements: 

The effects of gamma radiation at therapeutic dosage levels on 

the physical properties of composites and were studied. 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 
(118)

.  

The radiation effects on the mechanical and physical properties 

of photo-polymerized UDMA resin without filler was investigated by 

Haque  et al., 2001
(119)

. The radiation sources were gamma ray 

(gamma-ray). With 640 Gy of radiation, Vickers hardness increased 

by about 40%, the degree of abrasion decreased by 30%, and the 

flexural strength increased by 20%. With the same dose of gamma-

ray radiation, these results were due to formation of cross-linking 

between carbon chains. Cross-linking of carbon molecules induced 

by radiation might be one of the reasons for the improved mechanical 

properties of UDMA resin. 

In this study shear bond strength of two adhesive systems - 

Prime & Bond NT (PBNT) and Clearfil SE Bond (CSEB) - to dentin 

irradiated before or after adhesive application was evaluated. A 

radiation dose of 60 Gy (R) was applied to the dentin surfaces before 

application of cements .while in other groups adhesives were applied 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Haque%20S%22%5BAuthor%5D
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than exposed to 60 Gy of radiation. They found that irradiation 

significantly affected shear bond strength of composite to dentin 

either before or after radiation being lower in groups where dentin 

irradiated first. So the time point of irradiation can have an adverse 

effect on bond strength, depending on the type of adhesive material 

(120)
. 

X-ray radiation might present a dose-dependent detrimental 

effect on the bond strength of resin composite restorations to dentin. 

Biscaro et al., 2009 
(121)

 they investigated the influence of different 

x-ray radiation doses on the bond strength of adhesive restorations to 

dentin using different bonding strategies. They revealed that bond 

strength results were dose and material dependent, if there was an 

increase in radiation dose might predict a decrease in bond strength. 

Failure modes were dependent on the bonding system, generally with 

no significant influence of radiation. 
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This in vitro study was carried out to evaluate the effect of 

gamma radiation on: 

1) Shear bond strength of zirconia ceramic cemented to dentin using 

three types of luting agents: 

a) Self-adhesive resin cement. 

b) Adhesive resin cement. 

c) Glass ionomer cement. 

2) Micro-hardness of zirconia ceramic.  

After two radiation exposure protocols. 
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The current study was designed to measure the shear bond 

strength of zirconia discs cemented with three different types of 

luting materials, self-adhesive resin cements (RelyX unicem), 

adhesive resin cements (ARC) and glass ionomer cements ( Ketac 

cem), and the micro-hardness of zirconium discs before and after 

exposure to gamma radiation. 

 

I. Materials: 

The Materials used in this study were: 

1- Zirconia Ceramic: 

One type of green type zirconia (5-motions-Zirkon, Bredent 

GmbH & Co.KG, Germany) was used for construction of zirconia 

discs (Table 3). 

Table 3: Zirconia composition and physical properties: 

Ceramics Composition Physical properties 

Zirconia - Yttrium Dioxide       

4.95-5.26% (Y2O3). 

- Aluminum Dioxide 

0.15-0.35 % (Al2 O3). 

- Silicate oxide max.    

0.02% (Si O3). 

- Ferric Dioxide   

0.01% (Fe2 O3). 

- Zirconia Dioxide         

(Zi2 O3). 

- Flexural strength 

1200-1400 MPa. 

- Hardness 1200-

1400 HV. 

- Fracture toughness 

10-12 Weibull. 
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2- Cements: 

Three types of cements were used for cementation of zirconia 

discs to dentin surface (Table 4). 

Table 4: Technical profiles of the investigated luting materials 

Type Commercial 

Name 

Composition Manufacturer 

Self-Adhesive 

Resin Cement 

 

RelyX™ Unicem 

(Maxicap™) 

Powder:  Glass Powder, Initiator, 

Silica Substituded Pyrimidine, 

Calcium hydroxide, Peroxy 

compound, Pigments. 

Liquid: Methacrylate monomers 

containing phosphoric acid groups, 

Dimethacrylate , Initiator 

components, Stabilizers, Acetate. 

3M ESPE, 

United States 

Adhesive Resin 

Cement  

RelyX
TM 

ARC 

(clicker)  

 

Past A:  Bis – GMA
*
, 

TEGDMA
**

, Zirconia/Silica filler, 

Pigments, amine, photoinitator 

system  

Past B: Zirconia/Silica filler, 

Benzoyl peroxide. 

3M ESPE, 

United States 

Glass ionomer 

cement 

Ketac™Cem  Powder:  Glass powder, Pigments. 

Liquid: Polycarboxylic acid, 

Tartaric acid, Water, Conservation 

agents. 

3M ESPE, 

United States 

 
*Bis - GMA: Bisphenol A diglycidyl methacrylate 
**TEGDMA: Triethyleneglycol dimethacrylate 
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A. Self-Adhesive Resin Cement (RelyX Unicem) : 

RelyX™ Unicem is dual-curing, self-adhesive resin cements 

come in capsules (Table 5), Fig.(8). It is used for the permanent 

cementation of indirect restorations made of ceramic, composite, or 

metal, and for posts and screws. Bonding and conditioning of the 

prepared tooth structure are not necessary with RelyX Unicem. It is 

available in various shades. 

Table 5: RelyX Unicem Introductory Kit and Properties: 

Introductory Kit Properties 

 20 Capsules assorted 

in the Shades A2 

Universal. 

 Flexural strength [MPa] 48 / 75. 

 Compressive strength [MPa] 188 / 

236. 

 Modulus of elasticity [GPa] 4.9 

/8.4. 

 Surface hardness [MPa] 202 / 280. 

 Radiopacity [mm Al] 2.43. 

 Film thickness [ìm] 18.  

 Water sorption [ìg/mm3] 39 / 25.   

 Solubility [ìg/mm3] 15 / -3. 

 Working time   2:30 minute.          

 Setting time    5 minute. 

 Fluoride release. 

 High stability.  
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Figure 8: RelyX unicem cement 

B. Adhesive Resin (RelyX™ ARC ) Cement : 

RelyX
TM 

ARC Adhesive Resin Cement bonds indirect 

restorations securely and adheres to metals, porcelain, ceramic, pre-

cured composite, enamel and dentin. Also it can be used for 

endodontic post cementation, amalgam bonding and maryland bridge 

cementation (Table 6), Fig.(9). 

Table 6: Properties of RelyX™ Adhesive Resin Cement (ARC): 

Properties 

1. work time 

2. setting time 

3. Bond Strength  (24 Hour-

MPa): 

 Porcelain to Dentin 

 Porcelain to Enamel 

4. Compressive Strength  (24 

Hour-MPa) 

 

5. Diametral Strength  (24 Hour-

MPa) 

6. Radiopacity 

3.5 minutes 

6.5 minutes 

 

            23.7 (6.7) 

24.4 (5.4) 

 

327.8 (9.9) 

 

 

59.8 (2.3) 

high degree of radiopacity 

 

 

Figure 9: Adhesive resin cements (ARC) 
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C. Ketac™Cem: 

Ketac™ Cem is self-cured cement, shaded yellow similar to 

dentin and comes in capsule form (Table 7) Fig.(10).  

Table 7: Properties of Ketac Cement: 

Properties 

1. Working time 3:10 min. 

2. Setting time 7 min. 

3. Adheres to tooth structure. 

4. High fluoride release. 

5. Low coefficient of thermal expansion. 

6. High compressive and flexural strength. 

7. Radiopaque. 

8. Low solubility. 

9. Biocompatible. 

10. Low film thickness. 

 
Figure10: Ketac cem 

 

3- Storage solution: 

Sodium Chloride 0.9% was used for storage of natural teeth. 

 

4- Acrostone : 

Acrostone, (Cold Cure Denture Base Material, Acrostone 

Dental Factory, United Kingdom) which is chemically cured 
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transparent resin come in form of powder and liquid, used to fabricate 

teeth blocks. 

II. Methods: 

This study was divided into two parts: 

First part: measuring shear bond strength of zirconia discs 

cemented with three different types of lutting materials, Second part: 

measuring micro-hardness of zirconia discs. 

Fifty-five zirconia discs were fabricated with standardized 

diameter using zirconia blocks (5mm in diameter, 2mm in thickness), 

45 discs were used for shear bond strength test and 10 discs for 

micro-hardness test. 

1- Fabrication of zirconia discs: 

1- A. Composite discs fabrication: 

A specially designed metallic mold was fabricated 30mm in 

length, 15mm in width, and 2mm in height, with 5mm in diameter 

hole at the center Fig.(11).   

A thin layer of separating medium was applied then resin 

composite (compoForm UV, bredent GmbH & Co, Germany) was 

applied into the central hole of metallic mold and allowed to 

polymerize for 40 seconds exposure time to the top surface using a 

light emitting diode (Mini LED OEM, MEGIGNAC cedex 33708, 

France) with mean light intensity of 460 mw/cm
2
. After curing the 

disc was removed from the mold then it was finished and checked for 

its accuracy by using caliper followed by magnifying lens to make 

sure of absence of any deficient or excess composite. Finally 

Composite disc was obtained with 5mm in diameter and 2mm in 

thickness. 
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Figure 11: Metallic mold 

1- B. Milling procedure: 

The Composite disc was fixed into its relevant template on the 

right side of the milling table of 5-motions-milling machine Fig.(12)  

using 5-Motions-Glue (bredent GmbH & Co.KG, Germany) then 

sprayed with Accelerator Spray (bredent GmbH & Co.KG, Germany) 

to accelerate the drying time of the super glue. Zirconia block 16 mm 

in height was glued in the same way into position at both ends into its 

relevant template on left side of the milling table Fig.(13).  

        

        Figure 12: 5-motions machine             Figure 13: Zirconia block secured  

                                                                         into  position with 5-motions Glue 
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While the coping arm (the stylus) of the machine was tracing 

the composite disc, the cutting arm (which has a carbide cutter) was 

milling the green zirconia block. Milling process was started by 

rough milling using milling carbide bur (5-motions-milling cutter 4 - 

4 mm) followed by copy milling using milling bur size (5-motions-

milling cutter 2 - 2 mm) then size (5-motions-milling cutter 1 – 1 

mm) and finally with milling bur size (5-motions-milling cutter 0.6- 

0.6 mm). the milled discs was removed from the block and pre-

trimmed with diamond separating disc, and finished with tungsten 

cross-cut burs (Tungesten- Carbide Bur 003 and 004) and dust was 

removed using 5-motions cleaner Fig.(14). 

 

Figure 14: 5-motions cleaner 

1- C. Sintering of zirconia discs:- 

The milled zirconia disc was placed on 5-motions furnace firing 

dish which was filled with firing sand. The firing dish must be in the 

central position on the firing tray. Sintering was done using 5-

motions furnace (bredent GmbH & Co.KG, Germany) at 1500° C with 

heat rate being 8° C per minute for 4 hours and then held at 1500° C 
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for 2 hours then slow cooled for 8 h thus a uniform and careful 

cooling of zirconia was ensured Fig.(15). 

 

Figure 15: 5-motions sintering furnace 

After the program was completed the sintered discs were 

removed at room temperature. The discs were checked for accuracy 

using caliper. Then the fabricated zirconia discs were sandblasted 

with 50 µm aluminum oxide powders at an air pressure of 0.1-0.4 

MPa using air abrasion machine (Microprep Directio+, U.S.A), 

Fig.(16).  All discs were sandblasted at room temperature. Just before 

cementation, they were placed in glass container containing distilled 

water to be washed for 5 min. in ultrasonic bath (Midmark Soniclean 

M150 Ultrasonic Cleaner, Chicago, US), Fig.(17) and then dried with 

air at room temperature. Now zirconia discs became ready for 

cementation Fig.(18).  
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Figure 16: Microprep Directio+   Figure 17: Midmark Soniclean M150 

Ultrasonic Cleaner 

 

Figure 18: 5-motions zirconia block and discs                              

2- Measuring shear bond strength: 

Forty-five extracted human sound molars were collected and 

stored in saline (at room temperature. The teeth were randomly 

divided into three experimental groups (n= 15) as shown in (Table 

8): 
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Group A:    Teeth were not exposed to gamma radiation (control 

group). 

Group B:  Teeth were irradiated with gamma radiation before 

cementation of zirconia disc (pre-irradiation group). 

Group C:  Teeth were irradiated with gamma radiation after 

cementation of zirconia disc (post-irradiated group). 

The buccal surface of the teeth was prepared to flat surface 

exposing dentin and each group was equally subdivided according to 

type of cement used for cementation of zirconia discs into 3 subgroup 

(n=15): 

Subgroup S   : zirconia discs were cemented using self-adhesive resin  

                        cement.  

Subgroup A  :  zirconia discs were cemented using adhesive resin  

                   cement. 

Subgroup G  :  zirconia discs were cemented using glass ionomer  

                         cement. 

Table 8: Sample grouping for shear bond strength test: 

       Ceramic 

      materials 

 

Luting 

materials 

Group A 
(control 

group) 

Group B 
(pre-irradiated 

group) 

Group C 
(post-irradiated 

group) 

Total 

Subgroup  S 
Self- adhesive 

resin 

AS 

n=5 

BS    

n=5 

CS 

n=5 

15 

Subgroup  A 
Adhesive resin 

 

AA 

n=5 

BA                                       

n=5 

CA 

n=5 

15 

Subgroup  G 
Glass ionomer 

 

AG 

n=5 

BG 

n=5 

CG 

n=5 

15 

Total 15 15 15 45 
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2- A. Copper mold construction: 

A specially designed rectangular mold was constructed to 

mount the teeth, with outside dimensions 40mm length, 20mm width, 

12mm height and was sectioned longitudinally. Split halves were 

assembled together by a screw Fig.(19).  

 

Figure 19: Copper mold 

2- B. Teeth blocks preparation: 

Acrylic resin, (Acrostone, chemically cured transparent resin) 

powder and liquid were mixed and applied in a thin consistency to fill 

the mold. The mold was placed on dry clean glass slab. Before 

placing the teeth mold was vibrated so that to eliminate any air 

babbles which could be present in the mix, then the teeth were 

embedded horizontally inside the resin mould to the level of the 

buccal surface. 

After setting of acrylic resin the teeth blocks were removed 

from the disassembled mold. Reduction was done on the buccal 

surface of the in the resin blocks, the preparation was done using a 

low speed cylindrical diamond stone (Distributor/Wholesaler, China) 
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to remove enamel layer. Then the dentin surface was slightly finished 

to be flat and smooth using trimmer (WhipMix, United States). 

Finally the rectangular tooth block was 30mm in length, 15mm in 

width, 10 mm in height. The rectangular teeth blocks were stored in a 

jar containing saline solution at room temperature Fig.(20). 

 

Figure 20: Tooth block 

         

2- C. Cementation procedure:  

In this study, the cementation procedure of the zirconia discs to 

dentin with the luting cements selected was carried out as follows: 

i. Construction of guiding cementation device: 

A specially designed metallic rectangular guiding cementation 

device was constructed in order to put the two cemented parts in the 

exact position together during cementation and application of load, 

which permits a standardized position of the zirconia disc in relation 

to the dentin surface. The device consists of three parts. The first 

rectangular part was constructed for housing the prepared tooth 
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block, with 30mm in length, 15mm in width, and 10mm in height. 

The second rectangular part was constructed with 30mm in length, 

15mm in width, and 1mm in height. It had a 5mm in diameter hole 

for keeping the exact position of disc during cementation. The third 

cylindrical part with two holes, one in each end was constructed in 

order to obtain the two cemented parts in the exact position together 

during application of load Fig.(21). 

 

Figure 21: The three parts guiding cementation device; a: first rectangular 

part, b: second rectangular part, c: third cylindrical part with two holes 

         

Figure 22: The rectangular metallic 

part with tooth block inside it 
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Application of self-adhesive cement: 

Zirconia discs were cemented to dentin surface with self-

adhesive (RelyX unicem) as follows: 

1. Dentin surface of tooth block (after it was placed on the first 

rectangular part of guiding cementation device) was lightly 

dried with oil-free air. 

2. Capsule was inserted into activator. 

3. The handle was pressed completely and held for 2-4 seconds. 

4. Then activated capsule was inserted into mixing device 

(LINA TAC400/M Amalgamator, Italy) and mixed for 10 

seconds. 

5. Capsule was then removed from mixing device and inserted 

into the applier. 

6.  Nozzle was then opened and cement was dispensed directly 

onto tooth surface with working time 2:30 min. 

7. After that, zirconia disc was placed with slight pressure to 

ensure it was properly seated; the excess cement was removed   

with small brush. 

8. The second rectangular part of guiding cementing device was 

placed over the tooth block to ensure standardization of 

position of zirconia disc. 

9. The cement was allowed to self cure for 2–3 minutes from 

start of mix under static load using a specially designed 

loading device. 
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Application of adhesive resin cement: 

1. Each dentin surface was etched with (3M™ ESPE 

Scotchbond Phosphoric Etchant, United States), for 20 

seconds, rinsed and lightly air dried after it was placed on first 

rectangular part of guiding cementing device. 

2. 2 consecutive coats of bonding agent (3M™ ESPE Single 

Bond Adhesive, United States), were applied to dentin and 

left to dry for 5 seconds then light-cured using bluephase ®C5 

(Ivoclar vivadent, Austria) for 10 seconds. 

3. Cement was dispensed onto a mixing pad and mixed for 10 

seconds. 

4. A thin layer of cement was applied to dentin surface. 

5. Once the zirconia disc was slowly seated, margins were then 

light-cured for 10 seconds under static load, using the guiding 

cementation device and loading device. 

Applications of glass ionomer cement (Ketac cem): 

1. Dentin surface of tooth block was lightly dried with oil-free 

air, after tooth block was placed on the first rectangular part 

of guiding cementation device. 

2. Capsule was inserted into activator; the handle was pressed 

completely and held for 2-4 seconds. 

3. Then activated capsule was inserted into mixing device 

(LINA TAC400/M Amalgamator, Italy) and mixed for 10 

seconds. 

4. Capsule was then removed from mixing device and inserted 

into applier. 
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5.  Nozzle was then opened and cement was dispensed directly 

onto tooth surface with working time 3 min. 

6. Zirconia disc was placed with slight pressure to ensure it was 

properly seated; the excess cement was removed   with small 

brush. 

7. The second rectangular part of guiding cementing device was 

placed over the tooth block to ensure standardization position 

of zirconia disc. 

8. The cement was allowed to set with setting time 7 min. from 

start of mixing under static load using a specially designed 

loading device. 

ii. Construction of loading device: 

It’s composed of a specially constructed metal rectangular base 

20 cm in length, 12cm in width and 2cm thickness, a fixed projecting 

arm 13cm length, a lever arm 37cm length connected to the fixed 

projected arm through a joint to permit its vertical movement. The 

lever arm was designed to carry the load (1 kg) and a piston to fit 

inside the assembling copper sleeve cylinder. On the base of device, 

there is a fixed projecting part 45mm in diameter and 3mm in height 

on which teeth blocks and the guiding cementation device would be 

seated after zirconia disc was cemented Fig.(23).   
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Figure 23: Loading device 

iii. Application of load: 

Immediately after applying the luting cement and placing 

zirconia disc over it, the guiding cementation device was placed on 

its position on the base of load device and immediately received a 

static cementing load of 1 kg magnitude Fig.(24). After the cement 

material was completely polymerized, the load was released and the 

cemented samples removed from the cementation device, the excess 

extruded cement was carefully removed from the sides of the luted 

samples using a sharpened instrument. Bonded samples were stored 

in 37°c saline solution till the time of use Fig.(25). 
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Figure 24: Shows application of load            Figure 25: Zirconia disc cemented  

      during setting of cement                                           to dentin surface            

The samples were classified as follows: 

1. Control group:  

In this group fifteen samples were tested without exposure to 

any radiation. 

2. Pre-irradiated group: 

 Exposure to γ–Radiation:  

In this group, fifteen dentin samples (15) were transferred to 

Indian cobalt-60 (National Centre for Radiation Research and 

Technology NCRRT) to be subjected to γ–radiation first before 

cementation. The samples were installed in the Indian gamma cell 

chamber (
60

Co, Baha Baha research centre 4000 A, India) Fig.(26).  

Irradiation Chamber Dimension: Diameter 16 cm, height 20 

cm. Each sample was radiated with the same dose (60 Gy) which is 

the therapeutic dose for treatment of carcinoma of the head and neck. 

The dose was in the range of 1.0431 K Gy/hr at the time of the 
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experiment. Samples were subjected to fractionated radiation with a 

dose 60 Gray in three sessions for three consecutive days. Then, 

cementation procedure was carried out in the same manner as 

mentioned before. 

 

                             Figure 26: Indian Gamma cell Co- 60 

3. Post-irradiated group: 

Fifteen samples of zirconia discs were cemented to dentin as 

described before, and then were exposed to gamma radiation as 

previously mentioned. 

iv. Shear bond strength test: 

Construction of special attachment holder: 

A special holder was designed and constructed to hold the 

cemented samples in order to fit into the upper jaw of the testing 

machine Fig.(27). The holder consists of a stainless steel rod and 
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handle with dimensions of 11cm length and 1.5cm width and 

thickness 2mm with central hole 5mm in diameter and to engage the 

zirconia disc. 

 

Figure 27: attachment holder 

Application of the shear load:   

All samples were individually mounted onto a computer 

controlled materials testing machine (Model LRX-plus; Lloyd 

Instruments Ltd., Fareham, UK) Fig.(28) with a loadcell of 5 kN and 

data were recorded using computer software (Nexygen-MT-4.6; 

Lloyd Instruments). Sample was secured to the lower fixed 

compartment of testing machine by tightening screws. Shearing test 

was done by compressive mode of load applied at ceramic-dentin 

interface using a specially designed metallic rod containing hole for 

ceramic disc housing. The rod attached to the upper movable 

compartment of testing machine traveling at cross-head speed of 0.5 

mm/min. The load required to debonding was recorded in Newton. 
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Figure 28: Universal testing machine. 

3- Measuring micro-hardness of zirconia discs. 

Ten zirconia discs were fabricated for micro-hardness test with 

standardized dimension as mentioned before and divided into 2 

groups according to exposure to gamma radiation (n=5) as follow: 

Group H1:   zirconia discs were exposed to gamma radiation. 

Group H2: zirconia discs were not exposed to gamma radiation    

(control group). 

Samples were subjected to fractionated radiation with a dose 

60Gy in three sessions for three consecutive days. 

Micro-hardness test procedure: 

After exposure to gamma radiation, surface micro-hardness of 

both groups, irradiated and control groups, was determined using 

Digital Display Vickers Micro-hardness Tester (Model HVS-50, 

Laizhou Huayin Testing Instrument Co., Ltd. China) Fig.(29) with a 

Vickers diamond indenter and a 20X objective lens. A load of 9.8 Na 

was applied to the surface of the specimens for 10 seconds. Three 

indentations, which were equally placed over a 1mm diameter circle 
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and not closer than 1 mm to the adjacent indentations, they were 

made on the surface of each specimen. The diagonal length of the 

indentations was measured by built in scaled microscope and Vickers 

values were converted into micro-hardness values. 

 

Figure 29: Micro-hardness testing machine 
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Statistical Analyses 

Data analysis was performed in several steps. Initially, 

descriptive statistics for each group results. Two-way analysis of 

variance ANOVA test of significance comparing variables affecting 

bond mean values. One way ANOVA followed by pair-wise Tukey 

post-hoc tests were performed to detect significance between 

subgroups. Student t-test was performed to detect significance 

between hardness mean values. Statistical analysis was performed 

using Aasistat 7.6 statistics software for Windows. P values ≤ 0.05 

are considered to be statistically significant in all tests. 
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In this study the effect of gamma radiation on both shear bond 

strength of zirconia cemented with three different luting materials 

(self-adhesive resin, adhesive resin and glass ionomer cements) and 

micro-hardness of zirconia discs was evaluated. 

Shear bond strength 

Shear bond strength results (Mean±SD) measured in (MPa) for 

each cement group as function of irradiation are presented in (Table 

9) and graphically drawn in Fig.(30). 

Table 9: Shear bond strength results (Mean±SD) for each cement 

group as function of irradiation measured in (MPa) 

Variables Control Pre-irradiated  Post-irradiated  

Self- adhesive 

resin 

5.4±0.76 8.62±0.51 7.66±0.59 

adhesive resin 2.15±0.43 3.16±0.54 4.25±0.44 

GIC 3.78±0.71 2.47±0.05 1.38±0.12 

 

 
Figure 30: Histogram of shear bond strength mean values for each cement 

group as function of irradiation  
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Effect of independent variables (Multi-factorial ANOVA) 

 
1) Effect of cement: 

Regardless to irradiation it was found that self-adhesive resin 

group recorded statistically significant highest mean value followed 

by adhesive resin group while GIC group recorded statistically 

significant lowest mean value (p<0.05) as shown in (Table 10) and 

Fig.(31).  

Table 10: Comparison between total shear bond strength results 

(Mean ± SD) as function of cement type measured in (MPa)  

Variables Mean± SD Rank  Statistics 

Cement  

Self-adhesive resin  7.229 ± 1. 2 A  P value 

Adhesive resin 3.186 ± 0. 71 B 
<0.001* 

GIC 2.545 ± 0.8 C 

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

same letter in same column indicating non-significance (p>0.05) 

 

 

 
Figure 31: Column chart of total shear bond strength mean values as function 

of cement measured in (MPa) 
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A. Self -adhesive resin cement: 

It was found that pre-irradiated subgroup recorded statistically 

significant highest mean value followed by post-irradiated subgroup 

while control subgroup recorded statistically significant lowest mean 

value (p<0.05). Pair-wise multiple comparisons showed non-

significant difference between pre and post-irradiation subgroups     

(p > 0.05) as shown in (Table 11) and Fig.(32). 

Table 11: Comparison between shear bond strength results for Self-

adhesive resin cement as function of irradiation measured in (MPa) 

Variables Mean± SD Rank  Statistics 

Self-

adhesive 

resin 

Control 5.4±0.76 B P value 

Pre-irradiated 8.62±0.51 A 
0.0043 * 

Post-irradiated 7.66±0.59 A  

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

same letter in same column indicating non-significance (p>0.05) 
 

 
Figure 32: Column chart of shear bond strength mean values for self-adhesive 

resin cement as function of irradiation measured in (MPa) 
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B. Adhesive resin cement: 

It was found that post-irradiated subgroup recorded statistically 

significant highest mean value followed by pre-irradiated subgroup 

while control subgroup recorded statistically significant lowest mean 

value (p<0.05) as indicated in (Table 12) and Fig.(33). 

Table 12: Comparison between shear bond strength results for 

adhesive resin cement as function of irradiation measured in (MPa) 

Variables Mean± SD Rank  Statistics 

Adhesi

ve resin 

Control 2.15±0.43 C  P value 

Pre-irradiated 3.16±0.54 B 
0.0019* 

Post-irradiated 4.25±0.44 A  

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

same letter in same column indicating non-significance (p>0.05) 
 

 
Figure 33: Column chart of shear bond strength mean values for adhesive 

resin cement as function of irradiation measured in (MPa) 
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C. GIC cement:  

It was found that control subgroup recorded statistically 

significant highest mean value followed by pre -irradiated subgroup 

while post -irradiated subgroup recorded statistically significant 

lowest mean value (p<0.05) as described in (Table 13) and Fig.(34). 

Table 13: Comparison between shear bond strength results for glass 

ionomer cement as function of irradiation measured in (MPa) 

Variables Mean± SD Rank  Statistics 

GIC 

 

Control 3.78±0.71 A  P value 

Pre-irradiated 2.47±0.05 B 
<0.001 * 

Post-irradiated 1.38±0.12 C 

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

same letter in same column indicating non-significance (p>0.05) 
 

 
Figure 34: Column chart of shear bond strength mean values for GIC as 

function of irradiation measured in (MPa) 
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2) Effect of irradiation: 

Regardless to cement it was found that pre-irradiated group 

recorded statistically significant highest mean value, while control 

group recorded statistically significant lowest mean value (p<0.05). 

Post-irradiated group recorded non-statistically significant mean 

value compared to other two groups. As shown in (Table 14) and 

Fig.(35).  

Table 14: Comparison between total shear bond strength results 

(Mean ± SD) as function of irradiation measured in (MPa) 

Variables Mean± SD Rank  Statistics 

Irradiation   

Control 3.779641 B P value 

Pre-irradiated 4.751726 A 
0.0079 * 

Post-irradiated 4.42773 AB 

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

  same letter in same column indicating non-significance (p>0.05) 

 

 

 
Figure 35: Column chart of total shear bond strength mean values as function 

of irradiation measured in (MPa) 
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A. Control ( non-irradiated): 

It was found that control self-adhesive resin group recorded 

statistically significant highest mean value followed by control GIC 

group while control adhesive resin group recorded statistically 

significant lowest mean value (p<0.05) as described in (Table 15) 

and Fig.(36).  

Table 15: Comparison between control shear bond strength results 

measured in (MPa) 

Variables Mean± SD Rank  Statistics 

Control  

Self- adhesive resin 5.4±0.76 A  P value 

Adhesive resin 2.15±0.43 C 
0.0029* 

GIC 3.78±0.71 B 

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

 same letter in same column indicating non-significance (p>0.05) 

 

 

 
Figure 36: Column chart of control shear bond strength mean values for all 

cements measured in (MPa) 
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B. Pre-irradiated: 

It was found that pre-irradiated self-adhesive resin group 

recorded statistically significant highest mean value followed by pre-

irradiated   adhesive resin group while pre-irradiated GIC group 

recorded statistically significant lowest mean value (p<0.05) as 

indicated in (Table 16) and Fig.(37).  

Table 16: Comparison between pre-irradiated shear bond strength 

results measured in (MPa) 

Variables Mean± SD Rank  Statistics 

Pre-

irradiated  

Self- adhesive resin 8.62±0.51 A  P value 

adhesive resin 3.16±0.54 B 
<0.001* 

GIC 2.47±0.05 C 

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

same letter in same column indicating non-significance (p>0.05) 

 

 

 
Figure 37: Column chart of pre-irradiated shear bond strength mean values 

for all cements measured in (MPa) 
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C. Post-irradiated: 

It was found that post-irradiated self-adhesive resin group 

recorded statistically significant highest mean value followed by post 

-irradiated adhesive resin group while post-irradiated GIC group 

recorded statistically significant lowest mean value (p<0.05) as 

shown in (Table 17) and Fig.(38). 

Table 17: Comparison between post -irradiated shear bond strength 

results measured in (MPa) 

Variables Mean± SD Rank  Statistics 

Post-

irradiated  

Self- adhesive resin 7.66±0.59 A  P value 

Adhesive resin 4.25±0.44 B 
<0.001* 

GIC 1.38±0.12 C 

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

same letter in same column indicating non-significance (p>0.05) 

 

 

 
Figure 38: Column chart of post-irradiated shear bond strength mean values 

for all cements measured in (MPa) 
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Micro-hardness 
 

Student t-test was done to evaluate micro-hardness test results 

measured using Vickers diamond indenter are summarized in (Table 

18) and graphically drawn in Fig.(39).  It was found that irradiated 

Zirconia recorded higher Vickers hardness mean value than non-

irradiated. Comparison between non-irradiated and irradiated 

Zirconia was statistically significant as revealed with paired t-test (p 

< 0.05). 

  

Table 18: Student t-test comparison between hardness results of non-

irradiated and irradiated Zirconia measured in (HV) 

Variable  Mean ± SD 
Means 

difference (%) 
t-test 

Zirconia  
Non-irradiated 1215 ± 15.44  

184 (15.148%) 
P value 

Irradiated  1399 ± 16.61  0.0372* 

            *; significant (p < 0.05)                 ns;  non-significant (p > 0.05).   

 
 

 
 

Figure 39: Column chart of hardness mean values of non-irradiated and 

irradiated Zirconia measured in (HV) 
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Radiation therapy is the medical use of ionizing radiation; 

generally as part of cancer treatment to control or kill malignant cells. 

Radiation may be prescribed by a radiation oncologist with intent to 

cure ("curative") or for adjuvant therapy. It may be used as 

therapeutic treatment (where the therapy has survival benefit and it 

can be curative) or as palliative treatment (where cure is not possible 

and the aim is for local disease control or symptomatic relief).  

Radiation therapy has several applications in non-malignant 

conditions, such as the treatment of trigeminal neuralgia, severe 

thyroid, eye disease, pterygium, pigmented villonodular synovitis, 

vascular restenosis, and heterotopic ossification
(1)

. It is usually 

associated with some possible complications such that radiation 

caries, xerostomia and even osteonecrosis and trismus. These oral 

and dental problems vary in extent and magnitude and must be 

accepted as a risk of the treatment of malignant neoplasms in this 

region
 (122)

. 

In the search for the ultimate esthetic restorative material, many 

new all-ceramic systems have been introduced to the market; the use 

of all-ceramic materials is increasing at almost an exponential rate. 

Ceramics offer the potential for excellent esthetics, biocompatibility, 

and long-term stability. One material currently of great interest is 

zirconia. Zirconia is the strongest and toughest ceramic material 

available for use in dentistry today. Zirconia has the potential to 

allow for the use of reliable, multiunit all-ceramic restorations for 

high-stress areas, such as the posterior region of the mouth 
(125,126,127)

. 

The composition and physical properties of high strength 

ceramics such as zirconium oxide differ substantially from silica-
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based ceramics that is why bonding to such type of ceramics is 

difficult to obtain. For these reason hydrofluoric acids has no effect 

on the zirconium oxide surface and require alternative bonding 

techniques or altering the resin cement composition to achieve 

durable, strong bond 
(126). 

One of the commercially available systems is 5- axis motions. 

First, the coping is manually fabricated in light cured composite and 

then placed into the machine. The coping arm of the machine traces 

the pattern while the cutting arm, which has a carbide cutter, mills a 

selected green zirconia block. The milling process is accomplished 

with the innovative five axis milling unit. The final shape is 20-25 % 

larger in order to compensate for the later sintering shrinkage. During 

the sintering process at 1500° C, the coping shrinks precisely to the 

desired size and reaches a maximum flexural strength of 1200 MPa 

(127)
. 

With the currently advancements of adhesive Dentistry, resin 

cements played an important role in Prosthodontics Dentistry. These 

products have several advantages when compared to conventional 

powder/liquid cements: better retention, minimum solubility at oral 

environment, less microleakage, and acceptable biocompatibility 

(128,129)
. Additionally, these materials potential of bonding to both 

substrates (tooth and restoration) favors tooth structure reinforcement 

and allows aesthetic treatment success 
(130,131)

. While conventional 

cements offer easy handling; adhesive resin cements provide strong 

adhesion and high esthetics which is especially important for the 

cementation of all-ceramic restorations. However, this comes on the 

expense of easy and fast application. Various pretreatment steps 
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(etching, priming, bonding) and the absolute exclusion of moisture 

(rubber dam) are necessary to successfully use adhesive cements
 (126)

. 

Currently, bond to dentin is obtained by surface pre-treatment with 

acid, followed by adhesive system application containing hydrophilic 

and hydrophobic components. These steps either remove or modify 

smear layer and demineralize dental surface to expose the collagen 

layer for resin monomer infiltration, consequently forming the hybrid 

layer 
(132)

. 

Two types of adhesive resin cements were used in the present 

study. Total-adhesive resin cement (Rely X ARC) and self-adhesive 

resin cement (Rely X unicem). Rely X ARC resin cement offered a 

material with high physical strength; wear resistance, high adhesive 

strength to variety of substrates. While Rely X unicem resin cement 

offered simplicity, time saving, ease of removal of excess and 

moisture tolerance. 

Self-adhesive resin cements were launched into market aiming 

to simplify the clinical steps and diminish the sensibility of the 

previous technique comprising multiple steps 
(133)

.The material is 

directly applied onto tooth surface, without demanding any pre-

treatment. Additional advantages of these products are the decrease 

or elimination of post-operative sensibility, as well as lesser 

susceptibility to moisture, according to Mazzitelli et al., 2008 
(134)

. 

Self-adhesive cements are the less technique sensitivity. This 

type of one-step cements: after mixing base and catalyst or after 

capsule activation, the cement is directly applied on the adhesive 

substrate, hence limiting the errors that can occur with the cement 

relying on multi-step systems (i.e. overwetting or overdrying the 
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dental substrate or the chemical incompatibility between simplified 

adhesive and light or dual polymerizable resin cements) 
(135,136)

. Self-

adhesive cements simultaneously demineralize/infiltrate smear layer 

and consequently the underneath tooth substrate. Accordingly, smear 

layer represents an intermediate bonding substrate which can reduce 

post operative sensitivity. In general, the bonding mechanism of self-

adhesive cements is based on a chemical interaction and micro-

mechanical retention with the adhesive substrate 
(137,138,139)

. A 

chemical reaction is established between the multifunctional 

monomers with the phosphoric acid groups of the cement and the 

hydroxyapatite; together, the acidic monomers interact with the 

alkaline fillers of the cement complementing the chemical reaction. 

The water produced during the acid-base reaction is necessary to 

neutralize the acidic monomers thus favoring the hydrophilic 

behavior of the material during the initial phase of the reaction, 

resulting in improved marginal adaptation and limiting the influence 

of the intrinsic wetness of human dentin. The water also acts as a 

buffer solution developing more hydrophobic characteristics during 

the secondary setting reaction 
(140)

.  

Glass ionomers are materials that are self-adhesive to tooth 

tissue without any surface pretreatment. The polyacrylic acid in GICs 

can have a decalcifying effect on dentin. On this basis, there is no 

need to pretreat dentin with a decalcifying agent before a GIC is 

applied 
(141)

. It bonds chemically to enamel and dentin during the 

setting process. The mechanism of bonding appears to involve an 

ionic interaction with calcium and phosphate ions from the surface of 

enamel and dentin 
(142)

. 
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 In this present study, the focus was to evaluate the dentin shear 

bond strength of zirconia discs cemented with self-adhesive resin, 

adhesive resin and glass ionomer cements before and after exposure 

to gamma radiation. Also, the effect of gamma radiation on micro-

hardness of zirconia was evaluated. 

The specimens were irradiated with 60 Gy, applied fractionally 

over 3 doses In addition; during irradiation, the teeth in acrylic resin 

blocks were placed in a plastic container filled with water to avoid 

dehydration. 

A constant seating force of 1.0kg had been applied to bonded 

specimen for ten minutes after curing the cement using a special 

loading device for optimum standardization of the applied load on all 

tested samples
 (143)

. 

Bond strength refers to the force required to separate two parts 

and it consist of two factors: chemical adhesion and mechanical 

bonding 
(144)

.  

Shear test was chosen as it represented a well studied 

methodology for simulating intra-oral shear stress. It is important to 

obtain bonded interface with similar characteristics to those found 

clinically 
(145)

.  

In the present study, the results of shear bond strength showed 

statistical significant values of self-adhesive resin cement higher than 

adhesive resin and glass ionomer cements. These results were in 

accordance with findings of Behr et al, 2004
(146)

 they revealed that 

there was contrasting result when the bonding performances of self-

adhesive composite cements was compared to those of conventional 
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resin cements that rely on multi-step adhesive systems. They 

attributed this to hybrid layer and resin tags formations. Also the 

bond strength of self-adhesive cements to dentin would be considered 

more crucial 
(147)

.  This may be due to presence of phosphoric-acid 

methacrylates that demineralize the dentin, reacting with inorganic 

fillers and infiltrate the tooth substrate to create the hybrid layer. This 

characterizes also the micromechanical retention. Secondary 

reactions have been suggested to provide chemical adhesion to 

hydroxyapatite. The basic inorganic fillers are able to undergo a 

cement reaction with the phosphoric-acid methacrylates. The 

dominant setting reaction starts with free radical polymerization, 

which can be initiated either by light or dual-curing 
(148)

. Water 

released from the setting reaction is thought to play a role in its 

neutralization, as well anionic ions, for raising the pH value from 1 to 

6 
(146)

 .  

Abo-Hamar et al., 2005
(148) 

and De Munck et al., 2004
 (149)

 

also found that the RelyX Unicem showed bond strength to dentin 

not statistically different from the other resin based luting materials.  

Moreover Flury et al., 2010
 (150)

 found that bond strength of 

conventional adhesive resin cement wasn’t better than the self-

adhesive cements on dentin, they explained this by higher water 

content of dentin which affected the diffusion of monomers into 

dentin surface. 

In contrast to the finding to this study Amani et al., 2007 
(151) 

showed that total-etch had higher bond strength than self-etch. This 

could be due to the acid treatment of dentin, total-etch system, 
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removed the smear layer and hydroxyl apatite from the treated dentin 

thus exposing the surface fibrillar collagen matrix. 

The results of this study showed that the shear bond strength of 

pre-irradiated group was higher than control and post-irradiated 

group. This results seemed to coincide with that of Fabíola et al., 

2009 
(152)

, they stated that the presence of glucose in glucose-

incorporated collagen films causes a "strengthening" effect due to 

apparent crosslink formation by the induction of free radical sites 

within sugar molecules. The crosslink formation may preserve the 

native state of the collagen molecule, maintaining greater strength 

and durability compared with uncrosslinked collagen. 

On the other hand, Zach 1976 
(153)

 reported that irradiated 

teeth showed no alterations in crystalline or calcium-phosphorus 

ratio. White et al., 1994 
(154) 

also reported that gamma irradiation did 

not alter the structure nor the function of dentin. 

In contrast to a recent publication by Pioch 1998 
(155)

, who 

described a reduced dentin bond strength after irradiation, Christian 

et al., 2004 
(156)

 didn’t found any significant differences between the 

irradiated and non irradiated groups. Thus the described changes in 

dental hard tissues after irradiation obviously did not influence the 

bond strength of dentin adhesives. 

According to the results of this study, gamma radiation 

improved the shear bond strength for adhesive resin group when 

specimen was irradiated with 60 Gy gamma radiation after 

cementation (post-irradiated group) in contrast to self-adhesive group 

pre-irradiated group was the highest among the other groups this 
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differences might be due to the difference in matrix compositions, the 

type of filler used and the filler loading as described by Von 

Fraunhofer and Curtis, 1989
(157)

.   

The increase of shear bond strength in post-irradiated adhesive 

resin group could be attributed to the continued polymerization of 

adhesive resin cement arising from the incident therapeutic radiation 

beam which, in turn, may lead to increase in the degree of 

polymerization. The increased polymerization degree of the 

investigated materials
 
might be explained by the fact that the gamma 

radiation possesses short wave-length. The short wave length of 

gamma radiation (0.001 - 0.15nm)
 
exhibits a greater intensity and 

higher penetration power than that of the visible light (470nm)
 
used 

to achieve polymerization of this adhesive resin cement. Others 

authors claimed that gamma radiation had no effect on the auto-cured 

composite but had varied effects on the light-cured systems. 

Polymerization of visible light-cured resins are initiated with 

relatively long wavelength light (approximately 470 nm) with the 

setting time and depth of cure within a given mass of resin depending 

on the intensity and penetration of the light beam. Gamma radiation 

has a short wavelength, and therefore has a greater intensity and 

higher penetrating power than the visible light used to activate 

polymerization of light-cured resins. Thus, gamma radiation has the 

potential to cure the composite resin materials. The increase of 

hardness of the composites following gamma irradiation is probably 

an increase in the degree of polymerization of the light cured resins. 

No change occurred with gamma radiation of the auto-cured 

composite specimens, presumably because polymerization involves 
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chemical activation and as such might not be susceptible to continued 

polymerization arising from incident radiation
 (158, 159,160)

. 

Another explanation by Von Fraunhofer et al. 2009
(161)

, 

verified that gamma irradiation induced hardening of the outer layer 

(air-inhibited) of light-polymerized resins and reduced the water 

sorption and solubility. These results were explained by the increase 

in the conversion degree of resins caused by gamma irradiation 

because this procedure has a greater intensity and higher penetrating 

power than the visible light used to activate the composite 

polymerization.  

Similarly, Von Fraunhofer et al., 1989 
(162)

 and Haque et al., 

2001
(163)

 verified that gamma radiation improved some mechanical 

properties, such as hardness, of composite dental resins, being the 

effect proportional to the radiation dose. They observed that radiation 

increased the material hardness due to reactivation and reorganization 

of residual chemical groups of low molecular weight coupled to the 

organic matrix of the dental materials.  

In contrast, improvements in the bond strength between 

adhesive and dental tissues were not observed by other researchers 

when radiation was applied on dental tissue during radiotherapy 

simulation. There is no consensus in the literature since there are 

reports indicating that the radiotherapy alters the bond strength 

(164,165)
 and others indicating no alterations, their explanation were 

that in cured material, which has little molecular mobility inside the 

matrix when irradiated, the created chemical reagents are linked 

among themselves or with closer chemical groups until they stabilize. 

These links occur until exhaustion of the chemical reagents. 
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However, the excess of radiation could promote the breaking of 

established links causing degradation of material 
(166,167,168)

. 

As for glass ionomer the gamma radiation had negative effect 

on shear bond strength as it was decreased in both pre and post-

irradiated groups. It is well known that the setting reaction of the 

glass ionomer cement (GIC) is based on gelation of the polymeric 

acid by cross-linking of the carboxyl group of the acid with Al
3+

 and 

Ca
2+ 

ions released from the glass powder. The compressive strength 

of the GIC kept increasing with time over one year due to an increase 

in the cross-linking density 
(169)

.The final matrix contains unreacted 

glass particles embedded in a complex substance of Na, Ca and Al 

polycarboxylate, fluoride ions and bound water. The interaction of 

irradiation with a solid depends not only on the energy of irradiation 

but also on the irradiating species itself 
(170)

. Generally, the failure is 

indicative to the structural changes occurring in the materials. 

Exposure of glass to γ- radiation results in two principle interactions; 

the ionization of electrons and the direct elastic displacement of 

atom. The electrons are ionized from the valance band if the energy 

of radiation is greater than the bonding energy and the excess energy 

is converted to kinetic energy. Thus, the electron moves through the 

glass matrix and will either be trapped by preexisting flaws to form 

defect centers in the glass structure or recombine with the positively 

charged holes. In case of high energy, a secondary electrons 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 γ-radiation produce 

displacement, bond breakage besides to electron rearrangement or 

radiolysis 
(171)

. 
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When a GIC comes in contact with the dentin surface, the 

polymer is thought to bond to the surface chemically, producing 

adhesive bonds between the two surfaces. Irradiation seems to 

interfere with the chemical adhesion of GIC to dentin. As stated by 

Cheung et al.1990 
(172)

, gamma irradiation can cleave the chemical 

bonds of polymers which means that radiation might break the 

chemical bonds, thereby weakening the materials. Therefore, gamma 

irradiation may disrupt/affect 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.  

On evaluation of effect of gamma radiation on micro-hardness 

of zirconia it was found that gamma radiation resulted in increase of 

micro-hardness of zirconia this could be as result of lattice 

displacement. This finding was agree by John et al., 1964
 (173)

, who 

stated that exposure of ceramic materials to ionizing radiation affects 

the crystal lattice of the ceramic by displacement of atoms within the 

lattice which lead to transformation of atoms to different species. On 

the other hand Hanks and Hamman, 1969 
(174) 

 and Wullaert, 1964 

(175)
 found that in general, the mechanical properties of ceramics are 

not appreciably changed by exposure to ionizing radiation doses of 

less than 10 
9
rad  or by neutron fluences of less than 10

9
 n/cm2.  But 

at higher exposure levels, there were changes in the mechanical 

properties which could be as a result of lattice displacement. 
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The present study was done to study the effect of gamma 

radiation on dentin shear bond strength of three luting materials: self-

adhesive resin cement, adhesive resin cement (ARC) and glass 

ionomer cements (Ketac Cem); and to evaluate the effect of gamma 

radiation on micro-hardness of ziconia discs. 

The prepared discs were divided into 2 groups one for testing 

the shear bond strength and the other group used for testing micro-

hardness of zirconia discs. 

Shear bond strength groups were divided into three groups, first 

group was cemented with self-adhesive resin cement, the second 

group was cemented with adhesive resin cement and the third group 

was cemented with glass ionomer cement. Each group was 

subdivided into three subgroup: the first subgroup was; controlled 

group (zirconia discs were cemented to dentin without exposure to 

radiation), the second subgroup was; pre-irradiated group (zirconia 

discs were cemented to dentin after exposure to gamma radiation and 

the last group was; post-irradiated group (the zirconia discs were 

cemented to dentin before it was exposed to gamma radiation).  

The micro-hardness groups were divided into two groups 

before and after radiation. 

Zirconia discs were cemented to human dentin with luting 

cements by a specially constructed guided cementation device for the 

proper orientation of samples and perfect position together under 

static load and were tested for shear bond strength with universal 

testing machine, the obtained results was calculated, tabulated and 
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statistically analyzed. Also micro-hardness was tested using vicker's 

test and then results were calculated and statistically analyzed. 
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Within the limitations of this study, the following conclusions 

could be drawn: 

1. Gamma radiation, as the therapeutic dosage levels of 60 Gy, had 

improved dentin shear bond strength of both self-adhesive and 

adhesive resin cements either before or after exposure to gamma 

radiation, while it had an adverse effect on glass ionomer 

cement.  

2. Regardless to irradiation, self-adhesive resin cement revealed the 

strongest dentin bonding followed by adhesive resin cement, 

while glass ionomer cement revealed a weaker bond. 

3.  Micro-hardness of zirconia had been increased after exposure to 

gamma radiation.   
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 الملخص العربي

( ٠٦الكوشلي   )تقيم  تييرما الالجة يا شياعيجيت دمي اددي اعيجا  يديي          يهدف هذا البحث الى

 . على قوة راشطا القص و الصةشا قبل و شجد ال جاض لةعجيت

 :االهداف

قييِوة  اقياا  الرروويمييي لقمييث تيييرما اعيجا  يدييي عليى ويية دي       أ ايي  هييذل الدراعيا علييى   

 .  الصةشادم اددي رةرا ايوات د  الالواد الةصقا وعلى قوة  راشطا  القَص

 :المستخدمة المواد

 يقاصي  م رشجي أدقمالا الى خالما و من الزركونيا  افي هذه الدراسة تم استخدام خمس و خمسون قرص

 .لقميث قوة الاشط و عشاة اقاا  لقميث قوة الصةشا

 :والي ت  اع ادام رةرا ايوات د  الالواد الةصقا

 الةصق الااتنج ااعالن  الذاتي 

  الةصق الااتنج ااعالن 

 ااعالن  الر ي ي الشيرد 

  :المستخذمة الطرق

 : لى رةرا دجالوعيتإ(  عمنا ٤۵)قوة راشطا القص  ت  تقمم  عمنيت

 .ل  ت جاض الى ااعجيت: الالجالوعا ااولى 

 .ت  تجايض الجمنيت الى ااعجيت قبل اللصق: الالجالوعا الثييما

 .ت  تجايض الجمنيت الى ااعجيت شجد اللصق: الالجالوعا الثيلثا 

 :دج الدا على يوت الاليدة الةصقا الالم اددا فاعما ت  تقممالهي الى رةرا دجالوعيتر  و

  الةصيق اليااتنج   ت  لصق اقاا  الرروويمي الى عطح الجيي  دمي اددي   : الالجالوعا ااولى

 .ااعالن  الذاتي



  الةصيق اليااتنج   صق اقاا  الرروويمي اليى عيطح الجيي  دمي اددي     ت  ل: الالجالوعا الثييما

 .يااعالن 

الةصييق الر ييي ي تيي  لصييق اقيياا  الرروويمييي الييى عييطح الجييي  دميي اددي : الالجالوعييا الثيلثييا 

 .الشيرد

 .إلى دجالوع م  قبل وشجد ال جاض لإلعجيت الجيدى( عمنيت ۱۰)ت  تقمم  عمنيت قوة الصةشا  

    :البحث نتائج

  ولييى وال ييي تيي  لصييق أقيياا  الرياوويمييي     ن قييوة راشطييا القييص فييي الالجالوعييا ا    و ييد أ

ل و شجيد  الذاتي قد زادت زيييدة وبمياة فيي الالجاليوع م  قبي      الةصق الااتنج عالن أ دم اددي

 . عجيتدقيريا شيلالجالوعا ال ي ل  ت جاض لإلالجيدى  لإلعجيتال جاض 

   الييااتنج عييالن  فييي قييوة راشطييا القييص  دلحييو  فييي  الالجالوعييا الثييمييا وييين هنييي  تحميي 

وبيا شجيد   ال حمي  ويين شدر يا أ   عجيت ولك  جالوع م  قبل و شجد ال جاض لإلالي الفالةصق 

 .ال جاض  عجا  يدي

   فيي الالجاليوع م     الشييرد الر يي ى   عيالن  لألويي  قوة راشطا القيص  في الالجالوعا الثيلثا

 . عجيتال ي ل  ت جاض لإلأقل د  الالجالوعا قبل و شجد ال جاض الى أعجا  يدي 

   في قوة الصةشا عند تجاض أقاا  الرياوويمي  عجا  يدي ادلحوظ زييدةوين هني. 

  :المحدودة ص النتائج التالية من هذه الدراسةأستخالوقد تم 

 و  الااتنج الةصق الذاتي عالن  ن هني  تحم  في قوة راشطا القص  ارب   هذل الدراعا أ

ولكي  ويين   .  عالن  الااتنج الةصق قبل و شجد ال جياض لةعيجيت    وذلك قوة راشطا القص

 .الجيدى عجيتالن  الر ي  الشيرد عند تجاضه لإلعرماا علبمي على أهني  تأ

 أقوى دي  قيوة راشطيا القيص      الااتنج الةصق الذاتي عالن  ن قوة راشطا القص وقد و د أ

 .ويي  ا ضجفالر ي ي الشيرد شمنالي قوة راشطا القص لألعالن   ،الااتنج الةصق عالن أ

 ازدييييد فييي قييوة الصييةشا الايصييا  شييأقاا  الرياوويمييي عنييد ال جيياض   ن هنييي  والييي و ييد أ

  .الجيدى عجيتلإل

 



 

 

 أشراف تحت

 

 يونس محمد فاروق جيهان/  د

 والجسور التيجاِن مساعد أستاذ
  األسنان طب كليـة

 شمس عين جامعة

 
 

 الدمالوي عادل محمد/  د
 وجسوِر التيجاِن مساعد أستاذ

  األسنان طب كليـة
 شمس عين جامعة

 

 

 المغربي فتحي محمد إيمان/ د 

  الصحية البحوث بقسم مساعد أستاذ
 اإلشعاع تكنولوجيا و لبحوث القومي المركز

 الذرية الطاقة هيئة
 

 



تأثير أشعة جاما على قّوِة رابطِة القَّص والصالبة لمادة 

 ثالثة أنواِع من المادة الالصقةمستخدما  الزيركونياخزف 
 

 

 رســــــــــــالة
 وفقا للمتطلبات نيل درجة الماجستيرفي التيجان و الجسور  مقدمة

 كليـة طب األسنان 
 جامعة عين شمس 

 

  

  مقدمة من

 الرحمن عبد محمد حسني رانيا/ من الطبيبة 

 شعاعطبيبة بالمركز القومى لبحوث و تكنولوجيا اإل
 هيئة الطاقة الذرية

 

  االسنان طب بكالوريوس
 4002جامعة عين شمس 
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