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I. INTRODUCTION 

Clinicians are faced with providing esthetic dental treatment in increasingly 

greater numbers. Patients are showing an increased desire for fixed prosthodontic 

restorations. These high numbers of crowns and fixed partial dentures have 

resulted in an increase in patients reporting post-operative/post-cementation 

sensitivity. When teeth are prepared for metal-ceramic crowns, a minimum of 1.2 

to 1.5 mm of tooth structure is removed to ensure appropriate thickness for 

restorative materials, to provide proper crown contours, and to obtain 

recommended occlusal clearance (Shillingburg e( a/., 1997). This removal of 

enamel exposes a large amount of dentin, a vital tissue which is sensitive. 

Cov<irage of exposed dentin with a resin may preclude patient sensitivity 

(Davidson and Suzuki, 1997), but may also affect crown retention. 

A. Preparation of a tooth for full coverage 

Tooth preparation for complete coverage with metallic crowns must 

provide sufficient reduction· for rigidity of the restorative material (0.5 to 0.8 mm 

axially, 1.0 to 1.5 mm occlusally), for reconstruction of occlusal morphology, and 

for restoring proper cervical contour (0.3 to 0.5 mm finish line). A taper of I 0°-



- 20° between opposing surfaces is considered to be optimal for retention. This 

taper can be accomplished clinically without excessive loss of retentive capability. 

Approximately I to 2 million dentin tubules are exposed during an average 

tooth preparation for a posterior crown (Richardson et al., 1991). The 

hydrodynamic theory of dentin pain states that any stimulus can be transmitted 

across dentin to pulpal nerve receptors (Brannstrom et al., 1963,1972). It was 

postulated that fluid movement in dentin tubules stimulates odontoblasts, which 

then elicit a response by nerve fibers. This response results the sensation of pain . 

. With such a large dentin surface exposed, the possibility for patient sensitivity 

after treatment is greatly increased. 

After tooth preparation, bacteria can penetrate into dentin tubules, resulting 

m pulpal diseases (Bergenholtz et al., 1981,1982; Pashley, 1984). The 

consequences ofbacterial contamination may require years to manifest symptoms. 

Provisional restorations frequently demonstrate microleakage that allows the 

ingress of bacteria, and prepared teeth are often contaminated with septic saliva 

during the fabrication of fixed partial dentures (Langland, 1965), adding to this 

potential mechanism dentin sensitivity. 

If the mechanism for dentin sensitivity is either diffusion of noxious 

bacterial products and/or fluid movement, then sensation will occur to a greater 
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extent in areas where the tubules are open. As tubule diameter increases toward 

the pulp chamber, greater fluid movement would be expected the closer the 

prepared dentin surface is in proximity to the pulp. Dentin tubules contain fluid 

under a hydrostatic pressure of 12 mmHg (Ciucchi eta!., 1995). When dentin is 

exposed, the presence of this constant outward fluid flow seems to be able to limit 

(Vongsavan eta!., 1991; Pashley eta!., 1993), but not to prevent (Briinnstrom, 

1982) the passage of toxins and even bacteria from the oral cavity to the pulp 

through the tubules. Even within the same tooth, dentin permeability can vary 3-

10 fold, depending on where it is measured. The highest permeability for a tooth 

prepared for a crown is over the pulp horns, arising from the larger tubule 

diameter and tubule number in that area (Pashley, 1987; Maroli eta!., 1992). The 

cervical third of proximal surfaces has a higher permeability than that of the 

middle and the occlusal third. 

B. Dentin sensitivity 

Dentin hypersensitivity is a frequent clinical condition related to exposed 

dentin. Independent from the causes of the exposure, several studies have 

correlated sensitivity with the patency of dentin tubules (Yoshiyama eta!., 1989; 

Cuenin eta!., 1991 ). Among the different hypotheses proposed for the mechanism 
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of dentin sensitivity, the hydrodynamic theory is the most accepted (Brfumstrom, 

1963). According to this theory, tactile, thermal or osmotic stimulation of tubular 

orifices causes movement of fluid within the tubules that produces a mechanical 

disturbance of nerves in the pulp, resulting in the sensation of pain. 

Indirect restorations are often cemented with zinc phosphate (ZP) or glass 

ionomer (GI) cements. The acidic nature of these cements (Smith, 1986) can 

remove the smear layer (Pashley, 1984), and cement can be forced into these open 

tubules before the cement sets (Zaimoglu eta!., 1992). The cement can displace 

an equal amount of dentin fluid, which may cause excessive hydrostatic pressure 

and result in irritation of pulpal tissues (Pashley, 1984). Tooth sensitivity after 

cementation has been a problem with GI cements, especially if the remaining 

dentin thickness is less than one mm (Zaimoglu eta!., 1992). This sensitivity may 

be caused by the prolonged exposure of dentin to the low pH of the cement during 

setting and/or to hydrostatic pressure during restoration seating that enables 

cement to enter dentin tubules. However, when GI was selected as a base, no 

sensitivity was elicited, perhaps due to the. absence of pressure forcing cement 

down tubules (Van de Voorde, 1988; Stanley, 1992; Trowbridge, 1995). Cement 

flow into tubules during seating can result in pulpal abscess and hemorrhage 

(Pameijer et al., 1988). These sequella were observed when the remaining dentin 
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thickness was 0.5 mm or less and when constant pressure was applied during 

crown seating. Desensitizing agents have been used to prevent this post

cementation sensitivity. After using a desensitizing agent, treated dentin was less 

sensitive and the agent producing the most effective tubular closure produced a 

larger decrease in sensitivity (Cuenin et at.; 1991 ). 

C. Dentin bonding 

I. Characteristics of dentin 

Dentin is a hard, mineralized, connective tissue. The inorganic content 

(hydroxyapatite) is approximately 45 volume%, organic (collagen) material is 

about 35%, and the remainder is water (Mjor,1984). Dentin is very porous since 

a large number of tubules run from the enamel-dentinjunction to the pulp. These 

tubules are surrounded by a thin coating of a highly mineralized peritubular dentin 

that is embedded in a matrix of collagen and hydroxyapatite crystals, forming 

intertubular dentin. Dentin and pulp must be considered as one organ (the pulpo

dentin complex) because of the intimate relationship between the cellular tissue 

within dentin and the peripheral pulp tissue (Mjor, 1984; Massier, 1986; Pashley, 

1996). 
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Dentin tubules occupy between 2 and 39 volume% ofthis tissue, and fluid 

within the tubule represents as much as 22% of the total volume in deep dentin 

(Trowbridge, 1984). The fluid maintains tooth hydration, increasing collagen 

matrix fracture toughness (James on eta/., 1994 ). However, this material can also 

act as a medium for transporting injurious agents toward the pulp which may 

produce an inflammatory response (Bergenholtz, 1981). 

Dentin has an average of 45,000- 90,000 tubules per squaremillimeternear 

the pulp, 30,000- 35,000 in the middle, and 10,000 ~ 25,000 at the dentino-enamel 

junction (DEJ). At the pulp surface, tubule diameters range from 2.5 -3.0 f-tm, but 

at the periphery they are less than 1.0 f-lm near the DEJ (Garberoglio and 

Brfumstrom, 1976; Mjor, 1984). Around each dentin tubule is a collar of 

peritubular dentin about 1.0 - 1.5 f-tm in diameter. Peritubular dentin contains 

more mineral and less collagen than intertubular dentin. As tubules extend toward 

the pulp chamber, the area of peri tubular dentin increases, and that of intertubular 

dentin decreases (Pashley, 1984 ). This tubule tapering is the result of progressive 

formation ofperitubular dentin (Trowbridge, 1984). Each tubule is about 1 f-tm 

in diameter but is 2-3 mm in length, making it analogous to a microscopic ion

exchange column more than 2,000 times longer than its diameter (Pashley, 1988). 
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Dentin tubules traverse from the pulpal border to the DEJ or to the 

cementum-enamel junction. Generally, the cumulative surface area ofthe tubules 

in dentin directly under the DEJ is only 1%, but increases to 7.6% halfway to the 

pulp, and up to 22% very near the pulp surface (Pashley, 1985; 1987). The 

number and diameter of dentin tubules vary from outer to inner dentin 

(Ketter!, 1961 ). Near the pulp, tubules are substantially wider and more numerous. 

A great variability in tubule density is evident between different sides of the same 

tooth. Dentin disks from the occlusal part of the tooth demonstrate a higher 

number of tubules than the corresponding buccal portion (Olsson et al., 1993). In 

that study, the reported values for tubule den~ity and volume were lower than 

those reported by Garberoglio and Briinnstrom (1976). Thus, there is a great 

variation in dentin morphology among teeth. The rate of permeation of substances 

through dentin depends on the molecular size of the material, the patency of dentin 

tubules, and the remaining dentin thickness (Pashley, 1979). When comparing 

different dentin locations among different tooth types, crown dentin showed a 

greater density ?f tubules than did root dentin. Tubular density decreases with 

proximity to the apex. Many variables such as dentin location (coronal versus 

radicular), and type and age of the tooth also influence tubule density and 

diameter. Hence, it is extremely difficult to speak precisely of a single tubule 
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density or one tubule cross-section. 

2. History of dentin bonding 

Dentin bonding agents were introduced to the profession in the early 1960s. 

A convenient way of examining the progress in this area is to categorize dentin 

bonding into generations (Phillips,1991). The first-generation would be those 

developed prior to 1980. In that period, the most common approach was the use· 

of glycerophosphoric acid dimethacrylate to provide a difunctional molecule with 

the hydrophilic phosphate group believed to interact with calcium ions of 

hydroxyapatite. The methacrylate groups then reacted with an acrylic-based 

bonding resin. Relatively low bond strengths were obtained for these materials, 

which were also found to decrease upon water storage. 

The second-generation agents demonstrated bond strength values 3-fold 

greater than the earlier products. Most of the commercial products were chloro

substituted phosphate esters of various monomers. In addition to their application 

to dentin, they served as bonding resins to etched enamel. The assumed bonding 

mechanism was ionic in nature between calcium in the tooth and the 

chlorophosphate· group. This bond, however, was susceptible to hydrolysis 

leading to eventual clinical debonding. 
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With the third-generation of agents, an improved bond strength was 

realized, however the application methods increased in complexity, requiring two 

or three steps. The chemistry varies with each product, but common to each is a 

deliberate acid treatment of the dentin as the first step in the bonding procedure. 

The fourth-generation bonding systems have the ability to bond to all 

dentally related surfaces and their hydrophilic nature allow bonding in a naturally 

moist environment. The effect of acid on dentin and the role of hydrophilic 

primers in the forination of a collagen-resin complex (the hybrid layer) are 

essential in obtaining good bonding and adhesion with these materials. Examples 

of contemporary products within this generation are All Bond 2 (Bisco Inc., Itasca, 

IL, USA), Gluma 2000 (Bayer AG, Germany), and Prisma Universal Bond 3 

(Caulk/Dentsply, Milford, DE, USA). These systems bond well to enamel, dentin, 

porcelain and metallic surfaces when used with appropriate coupling agents. 

Infiltrating a resin monomer into chemically conditioned dentin is the key 

to resin bonding with the current generation of products. This infiltration is 

referred to as "hybridization" (Figure 1). This hybridization involves resin 

penetration into both tubular and intertubular dentin. Infiltration into the tubules 

accounts for about a third of the shear bond strength (Gwinnett, 1993). The 

remaining two thirds is achieved through resin infiltration of the demineralized 
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hybrid zone. 

p 
P =Primer 

H = Hybrid layer 

IT = Intertubular dentin 

PT = Peritubular dentin 

Figure I Schematic diagram of hybrid layer in dentin . 

Close contact of the primer and the conditioned dentin is essential in the 

bonding of resin composites to dentin, whether through micro mechanical interlock 

(Soderholm, 1991), formation of covalent bonding (Hadavi et a/.,1991), or a 

combination of these two mechanisms (Bowen eta/., 1992). Good wetting and 

infiltration of methacrylate-based monomers into demineralized dentin has been 

demonstrated to occur in vivo. . Modem dentin bonding is based on resin 

impregnation of the exposed collagen fiber network of intertubular dentin after 

acid demineralization (Prati eta/., 1991). Proper infiltration and retention are 
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required because the dentin bond is challenged as a result of forces generated from 

polymerization shrinkage of subsequently placed resin composite (Davidson et al., 

1984; Van Meerbeek eta!., 1992). 

McComb and Smith (1975) reported in an in vitro study that primer resin 

not only infiltrates tubules but also permeates the lateral openings within tubule 

lumina that lead to lateral branches of resin tags. It was concluded that a network 

of interconnecting resin tags might be a substantial contribution toward an 

effective dentin bond. The lateral branches appear only in the upper part of the 

acid-etched tubules, where the shape is conical due to dissolution of peri tubular 

dentin. Therefore, the lateral branches may add to bond strength as they are 

situated just beneath the hybrid layer. 

3. Contemporary dentin bonding methodology 

Whenever dentin is cut with either a hand or rotary instrument, cutting 

debris is produced. This debris is composed of very small particles of mineralized 

collagen matrix spread over the dentin surface to form a "smear layer" (Eick eta!,. 

1970). Initially this layer is firmly attached to the cut surface, but gradually· 

becomes softened or even solubilized and loose, and may be replaced by bacteria 

and fluid through marginal microleakage (Briinnstrom, 1973). Removal of the 
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smear layer is essential for long-lasting, successful dentin bonding. This removal 

can be achieved with various types of acids. However, presence of this layer can 

reduce dentin permeability by obturating tubules. This reduction can be helpful 

whep using hydrophobic bonding materials since the smear layer permits a drier 

bonding surface. The smear layer also has an adhesive strength of its own. This 

strength limits the potential bond to a fraction of that to etched enamel. The smear 

, layer is easily removed with even weak acids, but cannot easily be removed 

mechanically with either instruments or pumice. Because of this problem, most 

primers used in r:ewer bonding systems alter, remove, or partly demineralize the 

smear layer and/or the peritubular dentin to increase micromechanical penetration 

and attachment of resin. 

Common agents used to remove the smear layer include inorganic acids 

such as nitric and phosphoric acid, and organic acids such as oxalic, maleic and 

citric acid. Treatment of dentin with phosphoric acid is the inost commonly used 

method, since this material has been used to etch enamel for the past 40 years. 

This material can simultaneously etch enamel and remove the smear layer (total 

etch technique) (Fusayama, 1980; Kanca, 1991 ). Etching enamel with phosphoric 

acid results in a pitted, porous surface. However, acid treatment of dentin is much 

more complex. This treatment not only removes the smear layer, but also 
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demineralizes, or decalcifies, the dentin surface. Dentin is composed of mineral 

(calcium hydroxyapatite), collagen, and water. Acid treatment will dissolve most 

of the mineral apatite from the superficial dentin surface, leaving a soft layer of 

organic collagen fibers exposed. The apatite ofperitubular dentin will also be 

dissolved to some extent, resulting in enlargement of the tubule orifice. 

Various acid conditioners have been studied for their depth and pattern of 

decalcification (lkami, 1993 ). It was found that the thickness of exposed collagen 

layer was between 2 and 20 microns, depending on the type, strength, and 

exposure time for a given acid. The stronger the acid, or the longer the·exposure 

time, the thicker the exposed collagen layer. Van Meerbeek eta!., (1994) reported 

that maleic acid, citric acid (50%), and polyacrylic acid treatment of dentin 

demonstrated a partially decalcified zone within the totally decalcified layer. 

Phosphoric acid, nitric acid, and citric acid (1 0%) treatment did not show this 

partially decalcified zone. It was also reported that collagen fibers could become 

denatured from 60 seconds of etching with 3 8% phosphoric acid (Bowen eta!., 

1984). Clinically, the acid system must be able to etch enamel and condition 

dentin simultaneously and properly, and for this reason, the latest generation of 

dentin bonding systems seems more appropriate. However, because of the 

different organic and inorganic compositions of enamel and dentin, the etching 
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time for enamel must be longer than that appropriate for dentin. This result means 

that using phosphoric acid, the un-prepared enamel may be etched first for 15 

seconds, and the conditioning procedure may be simultaneously completed on 

dentin and enamel for a further 15 seconds, for bur-cut enamel is optimally etched 

in 15 sec (Main eta!., 1983): 

SEM examination of air-dried vs wet superficial layers of exposed 

collagen fibrils reveals two different surface morphologies. Drying of exposed 

.· 
collagen fibers causes the superficial zone to collapse and form a dense 

amorphous layer which may interfere with the infiltration of primer solution. For 

this reason, it is critically important to maintain prepared dentin in a slightly 

moist/non-desiccated state (Kanca, 1992), free of contaminants such as blood 

and saliva. Moist, superficial collagen fibrils remain their natural expanded 

state, allowing thorough penetration of primer resins (Gwinnett,1994). This 

collagen expansion is the principle underlying wet bonding techniques. 

Once dentin is acid-treated, the exposed collagen layer (thick or thin) must 

be reinforced in order. to .achieve signific~t adhesion. This reinforcement is · 

accomplished by infiltration with primer resin monomers which are subsequently 

polymerized. Penetration requires a hydrophilic monomer of low viscosity 

(typically hydroxyethyl methacrylate, HEMA), usually in a highly nonpolar 
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solvent such as acetone or ethanol. Ethanol and acetone are low surface tension 

solvents which are ideal for good wetting (Suh, 1992). When the primer 

polymerizes within exposed collagen, the layer now becomes a "collagen-resin 

complex". This acid-resistant complex becomes an exceptionally strong link in 

·the dentin-composite restoration. This layer has been termed the "hybrid layer" 

(Nakabayashi, 1982). 

Ifthe collagen layer is not adequately infiltrated with resin, this zone may 

become a weak link between dentin and composite. This layer will be unable to 

resist the forces of polymerization shrinkage which occur during curing. Thus, 

it is extremely important for primer resin to infiltrate thro\lgh the entire area of 

exposed collagen fibers onto sound, unetched dentin for optimum bond strength. 

If demineralized dentin is not completely saturated with primer to the complete 

depth of decalcification, voids will be present, which can create channels for 

water infiltration. Water may then slowly hydrolyze the exposed collagen, 

resulting in localized de bonding. Given sufficient time, this localized de bonding 

may spread and coalesce, resulting in loss of restoration retention to the tooth 

surface. 
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4. Clinical principles of dentin bonding 

Typically, dentin bonding is accomplished in four steps. First, an acid is 

used to demineralize the dentin surface (and remove the smear layer). This step 

creates spaces around the collagen fibril network and results in surface 

microporosities. Second, a dentin primer is placed over the demineralized 

surface. Dentin primers are hydrophiliC solutions that have both a hydrophilic 

and hydrophobic character. These solutions penetrate demineralized collagen 

fibrils to improve bonding resin penetration. Third, an unfilled resin is applied 

which penetrates these inicroporosities. This resulting hybrid layer alone could 

remain untreated and would act to seal dentin and prevent dentin fluid flow, 

decreasing or eliminating dentin sensitivity. However, this layer is relatively soft 

and has poor wear characteristics. Fourth, this layer is then ready for a 

composite restoration or cement placement to not only protect the adhesive layer 

but to use it for mechanical retention .. 
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D. Dentin desensitizers 

1. Methods for desensitizing dentin 

Dentin sensitivity is caused by the transmission of sensations to the pulp 

through a hydrodynamic mechanism. The most common goal of desensitization 

treatment includes occlusion of dentinal tubules or reducing their diameter. The 

obstructed tubules decrease fluid movement and thus reduce sensitivity. 

a. Topical methods of dentin desensitization 

Caustic materials have been applied to exposed dentin to reduce 

sensitivity. Such materials include silver nitrate, zinc chloride, phenol, 

formaldehyde, concentrated alcohol, strong acids, and strong alkalis. Their use 

attempts to precipitate proteins, but they can also irritate the pulp and should be 

avoided (Seltzer, 1975). Desensitizing dentifrices containing 1.2-1.4 % 

formaldehyde were the first to be widely available and commercially successful. 

The results from studies on the efficacy of formaldehyde containing dentifrices 

were contradictory (Toto eta!., 195 8, and Smith et al., 1964) and the properties 

of formaldehyde have proven to be irritating. Thus, these products are no longer 

sold in the United States. 
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Fluorides in high concentrations appeared to be effective as dentin 

desensitizers for periods ranging from several days to several weeks (Lukomsky, 

1941). However, such high concentrations have been found to irritate 

odontoblasts. Fluoride applications are thought to create a barrier to fluid flow 

by precipitating CaF 2 within dentin tubules. The precipitate is slowly soluble in 

saliva, which would account for the transient action of this chemical barrier. For 

fluoride to have a sustained effect, it would have to be applied frequently. 

The dentin surface can also be coated with insoluble resinous material to 

prevent tubular fluid flow. Copal varnish has been recommended for treating 

hypersensitive dentin, but its action is extremely transient, usually lasting only 

several hours. The smear layer should be removed before cavity varnishes are 

used, otherwise the varnishes adhere only to the surface of smear layer and do 

not seal dentin tubules. Copalite (HJ Bosworth, Skokie, IL) and Barrier 
. ' 

(Teledyne Getz, Elk Grove Village, IL) are commonly used varnishes. Barrier 

is more efficacious than Copalite in sealing and protecting etched dentin (Hack 

et al., 1994) because it is less soluble. 

Strontium chloride reacts with phosphate groups in the dentin tubule 

producing strontium phosphate crystals that obstruct the tubule, precluding 

movement of intratubular fluid. These crystals are the active ingredient in the 
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original Sensodyne and Thermodent dentifrices. Strontium chloride is effective 

in relief of dentin sensitivity (Uchida et al., 1980). This material led to a 

decrease in tooth sensitivity of 77% after 4 weeks of continuous use. 

Potassium oxalate solutions react with ionized calcium in dentin fluid to 

deposit calcium oxalate at the entrance to the tubul,es. This compound can 

obstruct the tubule and prevent fluid shifts that cause pain (Pashley eta!., 1984). 

The effect of this material may be equal to or better than that of a cavity varnish 

(Pashley, 1978). Potassium oxalate is found in products such as Therma-Trol 

(American Dental Hygienics), and Protect (John 0. Butler, Inc). Although 

oxalates appear to be the best topical treatment for blocking tubules, they have 

the same drawback as do all topical treatments: eventually saliva dissolves the 

calcium oxalate precipitate that forms the barrier, eliminating the desensitizing 

effects. 

Some dentin desensitizers function by acting directly on pulp nerve 

transmission. Potassium nitrate is the most commonly used active ingredient in 

over-the-counter products used to treat tooth sensitivity in this manner. Typically 

a concentration of 5% potassium nitrate is present. It is thought that potassium 

ions act directly on pulpal nerves to reduce neural transduction. However, this 

material must be applied frequently (Markowitz et al., 1990). 
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b. Use of restorative material 

If the patient presents with dentin sensitivity due to abrasion or erosion 

of cervical areas, a restorative material may be used to restore the functional and 

anatomical form of the tooth. Treating hypersensitivity with resins was 

pioneered by Brannstrom and his colleagues (1979). This treatment was not 

popular because the materials available at that time required definitive tooth 

preparation and a bulk of restorative material needed to be placed. The newer 

generation of dentin bonding agents allow better bonding to dentin and also 

require less bulk for strength, often eliminating the need for cavity preparation. 

Dentin primer application alone may occlude tubules and may not require 

additional restorative material to be added. 

It has been suggested that desensitizing agents can be applied to prepared 

tooth surfaces to avoid complications during the interim stage of restoration 

fabrication, and also immediately prior to cementation. It has been demonstrated . 

that sealing of dentin tubules with polymeric resins reduces sensitivity and 

possibly the ingress of bacteria (Pashley et a!., 1992; lanzano et a!., 1993; 

Cagidiaco et a!., 1996). Application of desensitizing agents is gaining in 

popularity. However, reports of their effect on crown retention prior to 

cementation has been conflicting. 
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Smear layer removal results in exposure of millions of patent dentin 

tubules. If subsequent pulpal inflammation and degeneration due to bacterial 

invasion are to be avoided, these open tubules should be obturated with resin. 

Infiltration and occlusion of dentin tubules by resin will not only protect the pulp 

from insult, but will also play an extremely important role in the creation of a 

collagen-resin hybrid layer for subsequent retention of adhesive restorations. 

When a primer is applied to an acid etched dentin surface, the low viscosity 

mixture will infiltrate the soft collagen layer, and also fill the tubular openings. 

Several applications of primer in a solvent carrier are required to saturate all of 

the tubules and the collagen fibril network. The number of primer applications 

is dependent upon the concentration of phosphoric acid used previously to 

remove the smear layer, the local tubule density, etc. Higher acid concentration 

or longer duration of acid exposure creates a thicker demineralized dentin layer 

which requires greater amounts of primer resin. A glossy coating on the primed 

dentin surface indicates acceptable saturation of exposed collagen and complete 

filling of open tubules. 

The number of dentin tubules per unit area in sensitive teeth is eight times 

greater than in non-sensitive teeth with exposed dentin (Absi eta!., 1987). 

Tubule diameter is also doubled in sensitive regions. Therefore, treatment of 
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hypersensitive dentin should be directed toward reducing the functional diameter 

of tubules to limit fluid movement, and thus minimize dental pain. 

Most clinical procedures to reduce dentin sensitivity attempt to obturate 

exposed dentin tubules. Gluma desensitizer (Heraeus Kulzer) contains 

glutaraldehyde, which may obturate tubules by coagulating dentin fluid proteins 

(Tagami eta!., 1994; SchUpbach eta!., 1997). The dentin conditioning solution 

provided with Gluma 2000 occludes open tubules by formation of intratubular 

aluminum phosphate and calcium oxalates (Pashley eta!., 1991). This tubule 

obstruction demonstrates that dentin sensitivity can be treated with only a primer 

or dentin conditioner. Primers present in the commercial dentin bonding system 

of All Bond 2 (Bisco, Itasca, IL) and the product Amalgambond, a 4-META

based system (Parkell, Farmingdale, NY) have also been used as desensitizing 

agents (Calamia eta!., 1996) . .Jn vitro studies with these primers confirm their 

ability to occlude dentin tubles and decrease dentin permeability (Tagami eta!., 

1987,1994; Simpson, eta!., 1993). 
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E. Retention of crowns 

1. Design of crown preparation 

Because a cast metal or ceramic restoration is placed on the preparation 

after the restoration has been fabricated in its final form, the axial walls of the 

preparation must taper slightly to permit the restoration to seat. Theoretically, 

the more nearly parallel the opposing walls of the preparation, the greater should 

be the retention. Thus, the most retentive preparation should be one with parallel 

walls. However, it is impossible to create this situation without producing 

undercuts. In recent years, recommendations of optimum axial wall taper have 

ranged from 3 to 14 degrees for each wall (Ohm eta!., 1978). Studies of actual 

crown preparations have shown average tapers much greater than the 

recommended values, with a mean valve of 16.5 o per wall (Mack, 1980). 

Occlusogingival preparation length is an important factor in both 

restoration retention and resistance forms. Longer preparation walls will have 

more surface area and will therefore be more retentive. Because the axial wall 

occlusal to the finish line interferes with crown displacement, the length and 

inclination of that wall becomes an important factor in resistance to tipping 

forces. For the restoration to succeed, axial wall length must be great enough to 

_'interfere with the arc of casting pivot about a point on the margin on the opposite 

23 



side of the restoration. Some cements rely on mechanical interlocking between 

the inner surface of the restoration and the surface roughness of the axial wall of 

the preparation. Therefore, the greater the surface area of the preparation, the 

greater is its retention potential. 

F. Selection of cementing agent 

There are several types of products available for use as cementing agents. 

These materials include zinc phosphate, polycarboxylate, zinc oxide-eugenol, 

glass ionomer, hybrid resin-ionomer material, and resin cements. This variety 

of cementing agents offers a wide range of compositions, and may affect the pulp 

differently. The ideal cement should possess adequate resistance to dissolution 

in oral environment, and also produce a strong bond to both tooth and restorative 

material through mechanical interlocking and adhesion. 

Selecting a cementing agent for crown cementation can be difficult. Short 

crown preparations and fixed partial denture abutments need optimal strength, 

while preparations with long walls require minimal cement strength. Teeth also 

vary in their need for a pulpally inert cementing material. Young teeth with deep 

preparations require a very unreactive material since these teeth have less 

remaining dentin thickness to protect the pulp. Many conservative partial 
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coverage restorations on mature patients do well even with harsh" cements due 

to increased dentin thickness and fewer open tubules. Endodontically treated 

teeth can tolerate a very harsh cement because of the absence of the pulp. 

1. Zinc phosphate 

Zinc phosphate is the oldest of the luting cements and thus is the one that 

has the longest "track record". It serves as a standard against which newer 

systems are compared. 

Composition 

The powder is mainly zinc oxide with up to 10% magnesium oxide and 

small amounts of pigments. The liquid is an aqueous solution of phosphoric 

acid, aluminum phosphate, and in some cases, zinc phosphate. Metallic salts are 

added to reduce the reaction rate of the liquid with the powder. The water 

content of most liquids is 33 ± 5 percent (Craig, 1997). The amount of water 

present is a factor in the control of the ionization of the liquid, and influences the 

rate of powder-liquid setting reaction. 
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Mechanism of retention 

There is no adhesion between zinc phosphate and tooth structure or any 

of the restorative materials with which it is employed. There is a mechanical 

interlocking, such as a gluing action in paper or wood joints, that provides a 

certain amount of retention for the restoration .. For this reason, highly polished . . 
. . 

surfaces do not exhibit as great a retention when they are cemented with zinc 

phosphate as do surfaces that are slightly roughened. The retention of the 

indirect restoration is controlled mainly by the cavity design, cement thickness, 

and not by the adhesive characteristics of the cement. 

2. Polycarboxylate 

Polycarboxylate was developed in the late 1960s. It was the firs,t cement 

system to develop an adhesive bond to tooth structure. 

Composition 

Polycarboxylate cements are powder-liquid systems. The liquid is an 

aqueous ·solution ofpolyacrylic acid or a copolymer of acrylic acid with other 

unsaturated carboxylic acids. The powder is zinc oxide with some magnesium 

oxide. A few percent of stannous or other type fluoride may be included to 
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improve mechaniCal properties and provide leachable fluoride. Tin is an 

important additive in that it increases strength. 

Mechanism of retention 

This cement bonds chemically to tooth structure and metals. The 

polyacrylic acid is thought to react via carboxyl groups with calcium of the 

hydroxyapatite to form chelation bonds. There is also an additional mechanical 

retention aspect of this material. 

3. Glass Ionomer 

Glass ionomer cements were formulated in the 1970s by combining 

features and components of the silicate and polyacrylate cements. The use of an 

acid-reactive glass powder together with polyacrylic acid solution leads to a 

translucent, stronger cement that can be used as a luting agent as well as a 

definitive restorative material. One advantage of glass ionomer is its leaching 

of fluoride, providing long-term caries inhibition. 
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Composition 

The powder is finely ground calcium aluminum fluorosilicate glass with 

a particle size near 25 Ji-m for the luting type materials. The liquid is a 50% 

aqueous solution of a polyacrylic/itaconic acid or other polycarboxylic acid 

copolymers that contain about 5% tartaric acid. 

Mechanisms of retention 

Polyacid.copolymer liquids are thought to bond by chelation between the 

negatively charged polyacid chains of the ionomer matrix and the positively 

charged calcium on· the tooth surface. They also form hydrogen bonds and 

undergo ion exchange reactions with coHagen and inorganic components of 

tooth structure (Wilson eta/., 1988). Unlike most resin bonding systems, these 

polyacid-based systems are hydrophilic and can maintain their bond in the 

presence of moisture. 

4. Resin cement 

These cements are available in three types based upon their mode of 

polymerization: chemicalJy cured, visible light-cured, and dual-cured. Resin 

cements have the lowest solubility, the highest tensile strength of all available 
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cements and, when used with dentin adhesives, can produce significant adhesive 

bond strength to prepared tooth structure and restorative surfaces. 

Composition 

Resin cements are composed of a matrix of polyfunctional methacrylates, 

and a filler of fine-sized inorganic particles. They differ from restorative 

composites in that they have lower filler content and lower viscosity, permitting 

better flow characteristics. 

Mechanisms of retention 

This material can bond to primer-treated dentin through the formation of 

covalent bonds. Chemical bond formation to restorative materials is attained 

through use of direct and indirect composite placement and through use of 

properly treated ceramic and metal surfaces. 

5. Hybrid resin-ionomer 

These cements attempt to combine the best properties of resin composites 

and glass ionomers. They have some cariostatic properties, owing to fluoride 

release. They also demonstrate low thermal expansion, and hydrophilic qualities 
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of the glass ionomer cements. In hybrid resin-ionomer cements, the' acid-base 

setting reaction has been modified by the introduction of water-soluble polymers 

and polymerizable monomers. The incorporation of both copolymers of acrylic 

acid and methacrylate monomers in the liquid leads to materials that undergo the 

customary acid-base reaction on setting and which can also be light-cured via 

methacrylate groups. This combination yields improved lining, luting, and 

restorative materials with an immediate command set, and higher early strength, 

and enhanced water resistance. An example of this type material is Vitremer 

(3M). Fluoride release is initially very high, but quickly decreases to a much 

lower but steadier long-term release. The properties of these materials vary 

greatly, depending on the proportion of resin and ionomer reactions that occur 

in the products. 

Mechanisms of retention 

Hybrid resin-ionomer cement can be retained either mechanically or 

chemically (by covalent bonding) to pendant methacrylate groups in conditioned 

and primed dentin. The hybrid resjn ionomers have significantly greater early 

compressive and tensile strengths, and are more resistant to moisture and 

desiccation than are the conventional glass ionomer materials. 
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G. Clinical problem 

Pain arising from exposed dentin occurs in up to I in 7 adult patients after 

tooth preparation (Graf eta!., 1977). When tooth structure is removed through 

preparation, dentin tubules become exposed. This exposure increases the rate of 

outward fluid flow (Sasazaki and Okuda, 1996) and can result in the sensation 

of extreme sensitivity. 

In order to eliminate, or greatly decrease, sensitivity resulting from tooth 

preparation for indirect restorations, various treatments have already been 

proposed. One of the most popular contemporary desensitizing treatments is the 

placement of resinous dentin priming agents on the prepared tooth surface. · 

Placement of this material, however, may interfere with the retention of the 

indirect restoration based upon the interaction that the cementing agent has with 

the tooth. Any cement relying upon formation of a bond to elements within 

dentin (such as carboxylate and glass ionomer cements) will more than likely 

decrease in bond strength as a result of primer placement. Cements relying 

solely upon mechanical interlocking (zinc phosphate) may also decrease the bond 

strength of restorations as a result of the smoother tooth surface formed by 

primer placement on dentin. However, cementing agents which are resinous in 

nature (resin cements and hybrid ionomer-resin cements) may actually benefit 
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from primer placement. In this situation, the cement can chemically bond to the 

primed dentin surface, offering much greater potential for strong bond formation. 

Thus, the selection of cement is of great importance to the c!inical·durability of 

a seated casting when the prepared tooth surface has been treated for sensitivity 

by using a dentin primer. 

H. Literature review- Use of resin-based desensitizers on teeth prepared for 

cast restorations. 

The use of resin desensitization of crown preparations prior to 

cementation has become a popular clinical technique and has been shown to be 

effective for that purpose (Felton eta!., I993; Cagidiaco eta!., I996). Although 

only a few studies have been performed, the effect of a resin primer or an 

adhesive system on the retentive property ofluting cements still remains unclear. 

One study (Johnson et al., 1996), (Study A, Tables I and 2) used only a 

one-step dentin bonding agent (One-Step, Bisco Inc., Itasca, IL). In that study, 

53 teeth were prepares to receive cast crowns of a porcelain-metal alloy 

(Olympia, Jelenko Dental Products, Armonk, NY). The teeth were prepared 

using a high speed handpiece and a diamond bur to provide a controlled axial 

wall taper of I 0 degrees (per wall). The restorations were cemented with a 
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variety of contemporary materials: zinc phosphate (ZnP04), glass ionomer (GI), 

resin modified glass ionomer cement (RC) subsequent to application of the 

dentin bonding agent. The prepared teeth were then grouped according to 

sjmilar surface areas as determined using digitized images of a standard and of 

the prepared occlusal surface. They then attempted to ensure that each test group 

was composed of teeth having similar mean surface area. When no desensitizer 

was used prior to cementation, the rank order of bond strength values was as 

follows: GI (2.74 ± 1.17) MPa; ZnP04• (3.73 ± 0.98) MPa; RC (6.43 ± 1.74) 

MPa. Ifthe dentin bonding agent (One-Step) was applied prior to cementation, 

bond values significantly increased for GI ( 4.23 ± 0.93). Values for ZnP04 were 

significantly reduced by use ofthe dentin pre-treatment (2.17 ± 0.84). There was 

no control (absence ofbonding agent) for the modified resin cement group since 

this cement should be used in combination with a dentin adhesive. The authors 

concluded that it is clinically advantageous to use a dental adhesive system when 

cementing castings with glass ionomer and resin cements, but it is not 

recommended for use with zinc phosphate cement. 

Another study (Mausner et al., 1996), (Study B, Tables 1 and 3) tested the 

effects of a dentin bonding agent (Imperva, Shofu Dental Corp., Menlo Park, 

Calif.), and a dentin desensitizing agent (All-Bond, Bisco Inc., Itasca, Ill.) on 
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crown retention. A total of96 teeth were prepared by hand for full cast crowns 

made from a silver-palladium alloy. All teeth were prepared by the same 

operator to provide 6 to 10 degree axial wall taper (per wall). The prepared teeth 

were randomly assigned to three groups of thirty-two teeth without respect to 

surface area. The restorations were cemented with zinc phosphate (ZnP04), 

polycarboxylate (PC), resin, and glass ionomer (GI) cements. When no 

desensitizing agent was used prior to cementation, the rank order of bond 

strength values was as follows: GI (234.74 ± 64.70 N), resin (291.48 ± 116.10 

N), PC (335.98 ± 54.29N), ZnP04 (383.28 ± 62.17N). When teeth were treated 

with a resin primer used as a desensitizer (All-Bond) prior to cementation, the 

bond strength values greatly changed: PC (42.85 ± 14.24 N), ZnP04 (187.48 ± 

50.09 N), GI (211.38 ± 39.43 N), resin (406.06 ± 132.61 N). When a different 

type resin primer (Imperva) was used, crown retention values were again 

altered: GI (135.73 ± 41.39 N), ZnP04 (354.89 ± 84.06 N), PC (388.26 ± 34.53 

N), and resin ( 485.05 ± 117.21 N). The authors concluded that applications of 

All-Bond as a desensitizing agent with PC and ZnP04 resulted in the lowest 

retention and the use oflmperva lowered the retention ofGI cement. There was 

no difference between GI groups tested with Imperva or All-Bond desensitizing 

agent. However, the conclusion failed to mention about the RC group. 
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Still another study used two different resin agents prior to crown 

cementation: One-Step (Bisco Inc., Itasca, IL) and Gluma Desensitizer (Heraeus 

Kulzer. South Bend, IN) (Swift et al., 1997), (Study C, Tables 1 and 4). A total 

of 30 teeth were prepared for full cast crowns made from a silver-palladium 

alloy. The teeth were prepared using a high-speed handpiece attached to a 

dental surveyor, using a diamond bur to give an axial wall taper of 2.4 degrees 

(per wall). The axial surface area of each preparation was measured by cutting 

tinfoil strips to correspond to the circumference of prepared axial surfaces. The 

teeth were randomly assigned into three groups often. Ten of the teeth were 

treated with One-Step (Bisco Dental Products) and ten with Gluma Desensitizer 

(Heraeus Kulzer). The restorations were cemented with zinc phosphate (ZnPO 4, 

Hy-Bond, Shofu Inc.), glass ionomer (GI, Fuji I GC America), and resin

modifjed glass ionomer (Vitremer, 3M Dental Products Division). After crowns 

cemented with ZnP04 were tested, both the crowns and teeth were cleaned 

thoroughly and the surface of the tooth was lightly roughened with a fine 

diamond bur. The dentin surfaces were again treated with other cements. The 

results showed, with no desensitizer prior to cementation, that ZnP04 had a 

lowest mean retention (587 ± 400 N), resin modified glass ionomer was higher 

(685 + 156 N), and GI was highest (788 ± 401 N). When Gluma desensitizer 
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was used J?rior to cementation, the rank order of bond strength valves changed: 

ZnP04 (449 ± 277 N), GI (653 ± 234 N), resin modified glass ionomer (748 + 

306 N). When One-Step was used prior to cementation, bond valves were again 

altered: ZnPO 4 ( 4 79 ± 215 N), resin modified glass ionomer (713 ± 191 N), GI 

(872 ± 342 N). The authors concluded that the application of either resin 

desensitizers did not reduce the retention of cast metal crowns luted with a 

ZnP04, GI or resin modified glass ionomer cement. 

The following Tables (1 - 4) summarize and compare the characteristics 

of the above-mentioned three studies: 

Table 1: Comparison of Studies A, B and C 

Study #of teeth Controlled surface Degree taper per Surface treatment 

A '53 yes* 10 degree One-step 

B 96 no 6-10 degree All-Bond, lmperva 

c 30 no 2.4 degree One-step, Gluma 

• Used average surface area 

Table 2: Study A, Failure Stress (MPa) 

Type of Cement used 

Treatment Zinc Phosphate Glass lonomer Modified Resin 

None (control) 3.73:!: 0.98 MPa" 2.74:!: 1.17 MPa" -
One-Step 2.17:!: 0.84 MPa • 4.23:!: 0.93 MPa a 6.43:!: 1.74 MPa a 

• n- 10-11 per test group, Groups wtth dtfferent superscnpt letters were stgmficantly dtfferent (p < 0.05) 
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Table 3: Study B, Failure Force (Newton) 

Type of Cement used 

1 reatment Zinc Phosphate Glass lonomer Polycarboxylate Resin 

None (control) 383.28! 62.17 N a 234.74! 64.70 N a 335.98! 54.29 N a 291.48! 116.10 N a 

All-Bond 187.48 + 50.09 N D 211.38±_39.43 N' 42.85! 14.24 N D 406.06! 132.61 N a - . 
lmperva 354.89! 84.06 N a 135.73±_41.39 N" 388.26! 34.53 N a 485.05! 117.21 N a 

* n = 4-8 per test group, Groups With different superscnpt letters were Significantly different (p < 0.05) 

Table 4: Study C, Failure Force (Newton) 

Type ot ~o;ement usea 

Treatment Zmc Phosphate Glass lonomer Modified Resm 

None (control) 587 ±_400 N' 788! 401 N' 685±_156Na 

Gluma Desensitizer 449 ±_277N D 653±_234 N a 748! 306 N a 

One-Step 479±_215Na 872 ±_342 N a 713! 191 N a 

* n = 10 per test group, Groups with different superscnpt letters were Significantly different (p < 0.05) 

When viewed as a group, these studies present conflicting results. One 

study advocates an adhesive system when cementing crowns with glass 

ionomers, but not with zinc phospahte. Still another study indicates lowered 

crown retention values when a resin adhesive was used prior to glass ionomer 

cement. And a third study indicates that use of a resin-based desensitizer did not 

reduce the retention strength of crowns when cemented with zinc phosphate, 

glass ionomer or resin modified glass ionomer. The studies by Mausner et 
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al., (1996) and Swift et al., (1997) did not attempt to control the surface areas at 

all, resulting in their data being given in units of force instead of stress. If such 

control could be accomplished, then there should be less variability among test 

results, and a more precise discrimination among application of dentin 

desensitizers and subsequent crown retentive strengths may be revealed. 

Another factor in these three studies is the difference in the degree of preparation 

taper. For example the teeth prepared in study Chad taper of only 2.4 degree per 

wall, which is not achievable clinically. The results of this might have been 

different with a more clinically relevant taper. If the degree of taper is greater, 

the retention of full crowns will rely more upon the cement properties for 

retention. 
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II. PURPOSE OF THE RESEARCH 

The purpose of this research is to determine the effect of dentin 

desensitizer application to freshly cut, controlled-surface area crown 

preparations, on the tensile strength of castings cemented with a variety of 

agents. The adhesive All-Bond 2 which occludes open dentin tubules with a 

polymerizable resin was compared with Gluma Desensitizer, (glutaraldehyde/ 

HEMA) which precipitates plasma proteins in the dentin fluid and remains 

unpolymerized (Tagami et al., 1994; Schupbach et al., 1997). The unique aspect 

ofthis research is the use of crown preparations with reproducible surface areas. 

The difference between these dentin desensitizers is that Gluma Desensitizer is 

not polymerized, where as All-Bond 2 is photo-cured. 
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III. HYPOTHESES 

Current luting cements have different retention mechanisms to the tooth 

surface; either total mechanical retention, chemical retention, or a combination 

of both. The use of a dentin desensitizer prior to crown cementation may affect 

bond strength differently based upon the manner in which the cement produces 

crown retention. Thus, I hypothesize that the bond strength of crowns cemented 

with zinc phosphate and glass ionomer will be significantly decreased by 

application of a dentin bonding agent, as both of these cements rely upon 

mechanical retention and the latter also utilizes chelation bonding to tooth 

structure. However, I hypothesize that cements relying mainly upon (hybrid 

layer formation hybrid resin/ionomer (Fuji Plus) and resin cements (Panavia 21)) 

will demonstrate significant increase in crown retention when the prepared tooth 

surface is pre-treated with a dentin bonding agent. I also hypothesize there will 

be a significant difference in bond strength with respect to the two different types 

of dentin treatments that will be performed. All Bond 2 is light-polymerized. 

Thus, there will be a polymerized resin layer on the dentin surface. Gluma 

Desensitizer is not polymerized and may solubilize over time from the treated 
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surface. I expect the polymerized resin layer to provide higher retentive values 

for cements which may bond to this material as opposed to the use of desensitizer 

which does not cure. 
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IV. SPECIFIC AIMS 

To determine the effect of different types of dentin desensitizers and 

different types of cements on the retentive strength of full coverage cast 

restorations to human teeth in vitro, the following specific aims are proposed: 

1. Construct an apparatus (pantograph) which will permit precise reproduction 

of a standardized crown preparation in extracted human teeth. 

2. Construct a system for fabrication of waxed crowns, and subsequent metal 

castings which are aligned in a tensile testing apparatus in such a manner 

as to minimize all forces except tensile. 

3. Perform a pilot study which will provide sufficient data to demonstrate that 

the test apparatus yields differences in bond strength values between the 

weakest cement (zinc phosphate) and the strongest (resin cement). This 

data should also be sufficient to permit the generation of a power analysis 

from which the numbers of replications required to provide a significant 

difference among debond values will be determined. 

4. Select specific dentin desensitizers and luting agents which will represent a 

wide variety of setting and retentive mechanisms and which are 

commonly used clinically. 
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5. Develop a time-table for fabrication and testing of the numbers of specimens 

required in the study while emphasizing the random nature of 

experimentation to minimize operator influence on test results. 

6. Perform the matrix of fabrication and testing schedules, and analyze the test 

results. 

0 • 
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V. MATERIAL AND METHODS 

A. Selection of dentin desensitizers and cements 

Four types of commonly used dental cements were selected to represent 

a wide range of commercially available products and to also·provide a variety of 

retentive mechanisms. The products used were as follow: zinc phosphate cement 

(ZP) relying totally on mechanical retention (#P28062796 Fleck's, Mizzy Inc., 

Cherry Hill, NJ); a traditional glass ionomer (GI) having both micromechanical 

as well as chelation bonding capability (Ketec Cern Maxicap, #FW0045500, 

ESPE Gmbh, Seefeld, Germany); a resin-modified glass ionomer (RMGI) 

providing hybridization bonding through methacrylate groups as well as 

chelation bonding (Fuji Plus, #180287, GC Corporation, Tokyo, Japan); and a 

resin cement relying on hybridization as well as phosphonate ester bond 

formation (Panavia 21, # 11315M, Morita, Tusti11, CA). 

Two different commercially available resin-based materials used as dentin 

desensitizers were selected. One product (All-Bond 2 #039248,' Bisco Inc., 

Itasca, IL) is a two component system requiring photo-curing. The other 
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product ( Gluma Desensitizer #090330E, Heraeus Kulzer Inc., South Bend, IN) 

is a single component system not requiring any curing step. 

A total of twelve distinct test groups were established: 3 types of tooth 

treatments: Control (no desensitizer), polymerizable desensitizer (PD) which 

occludes open dentin tubules with resin (All-Bond 2), and non-polymerizable 

desensitizer (NPD) which precipitates plasma proteins in the tubule fluid (Gluma 

Desensitizer); four types of cements: ZP, GI, RMGI, andRC. Each experimental 

condition was replicated 12 times. Thus, there were a total of twelve groups of 

twelve specimens each tested (144 specimens in all). A listing of materials used 

and their corresponding abbreviations is found in Appendix E. 

B. Tooth preparation and impression 

Recently extracted human molars, free from decay and /or previous 

restorations, were obtained from oral surgeons. The teeth were stored in 0.05% 

thymol solution (# 962855A, Fisher Scientific, Fair Lawn, NJ) to provide 

antimicrobial activity, and were stored in a refrigerator for no longer than 2 

months prior to use. 
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Roots of the teeth were notched and embedded in PVC rings with type V 

dental stone (Prima Rock, Whip Mix Corp., Louisville, KY) using a custom 

positioning jig to ensure that the long axis of the clinical crown was oriented 

parallel to the path of crown withdrawal. At all times after mounting, the teeth 

were stored in distilled water, which was changed every week. 

One hundred-forty teeth were prepared by tracing a standard metal crown 

preparation using a custom-made pantograph with a high speed hand piece and 

a diamond bur (Lot # 152921, item # 852 Brasseler, Savannah, GA). One 

handpiece (model430SWL, Star Dental, Malvern, PA) was attached to the end 

of the pantograph and was not air-driven (Figure 2). 

Figure 2: The standard preparation without diamond abrasive bur 
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The bur in this handpiece was identical to that used to prepare the teeth 

on the other end ofthe device, except that it had no diamond abrasive. This lack 

of abrasive was required so as to not degrade the surface of the standard metal 

crown form. The other end contained a similar model handpiece (model 

430SWL, Star Dental) which was air-driven (34-42 psi) and had the same bur as 

the reciprocating end but included the abrasive (Figure 3). 

Figure 3: The tooth preparation side with diamond bur 
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This end was water-cooled during preparation. The tooth to be prepared 

was positioned in a fixture which related it spacially to the pantograph in a 

repeatable position. Crown preparation was performed by initiating the air

driven handpiece and slowly tracing the non-cutting end around the standard die. 

This process was continued until the tracing bur touched the die in all positions 

axially. The prepared tooth in the PVC ring was then removed from the 

pantograph and placed on the table of a porcelain facing drill (Model MD-11, 

Monrovia CA). The occlusal surface of the preparation was then flattened 

perpendicular to long axis of the tooth, using a separating disk (#911H, 

Brasseler) to the determined height. The resulting preparation measured 3 mm 

in height x 5.2 mm in width at the base, providing a 15 degree taper (per wall) 

and a feather-finishing line. An axial wall height of 3 mm was chosen to 

minimize the occurrence of pulpal exposure. This height has been determined 

as the minimum value necessary for adequate retention and resistance of a gold 

casting (Maxwell eta!., 1990). A retention groove running occluso-gingivally 

in the preparation was placed with a carbide bur (#169, Brasseler) to act as a 

seating key for the future crown. 

Individual impressions were made with a polyvinylsiloxane material and 

a putty/wash technique (Extrude High Consistency and Extrude Wash, Low 

48 



Consistency, Kerr Mfg., Romulus, MI) using pipe and plug (Item # WW12, 

model caplugs, Aldrich Chemical Company, Milwaukee, WI). The impressions 

were poured with vacuum-mixed type V dental stone (Prima Rock, Whip Mix, 

Louisville, KY). After the stone hardened and was separated from the 

impression, one coat of cyanoacrylate cement (Permabond International Co, 

Englewood, NJ) was applied to the entire die surface to enhance surface 

hardness. Two coats of die spacer (Die spacer, Whip-Mix Corp., Louisville, 

KY) were applied, with time between for the previous layer to dry, to within one 

mm of the die margin. The spacer permitted room for cement escape as the 

crowns were seated during cementation. Die lubricant (#2233 Ney Company, 

Bloomfield, CT) was then applied to each master die, and excess lubricant was 

removed with a gentle stream of air. The die was then dipped twice in inlay wax 

(item# 0702x, no.2 Green Sticks, Maves Co., Cleveland, OH) and pre-warmed 

in a wax-pot (model Wax-Rite, Superdent, Myerstown, PA) to achieve a 

consistent thickness of 1 mm. Refinement of the patterns was completed with 

a no. 7 wax spatula. A circular acrylic resin template (10 mm diameter, 1 mm in 

thickness with a 4 mm diameter hole in the center) oriented parallel to the long 

axis of the prepared tooth was waxed to the occlusal surface of the pattern to 

provide for attachment of the casting during the' tensile testing procedures . 
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C. Investing and burn-out the wax pattern 

The patterns were sprued and invested in a phosphate-bonded investment 

material (lot# 0775960002, item# 2/8, Ceramigold Whip Mix Corp., Louisville, 

KY) immediately after die removal to minimize distortion. Casting rings (2 

inches diameter, 2.50 inches high) were lined with a single, non-overlapping 

layer of cellulose ring liner (Ring Liner, item# 14648, WhipMix Corp, 

Louisville KY), which was maintained 3 mm below the top of the ring. A 6 mm 

distance was provided between the margin of the crown and top of the casting 

ring to permit adequate gas venting and maintain investment strength. Each 

investment ring contained I 0 waxed patterns. Recommended bench set time for 

the investment was 60 minutes. After investment setting, the base formers were 

removed, and surface glazing was eliminated from the top as recommended by 

manufacturer. The filled rings were then placed in a burnout furnace (Ney 2-525 

series 2, Bloomfield, CT) using manufacturer's recommend time and temperature 

values. The furnace started at room temperature, increased at the rate of 5 

fO/min to 800 F0 and was held at this temperature for half an hour. The 

temperature then increased at the rate of 5 po /min to 1600 po and was held at this 

temperature for an hour. 
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D. Crown casting 

The crowns were cast m a base metal alloy (Rexillium III, 

Jeneric/Pentron, Inc., Wallingford, CT) using an induction casting machine(# 

SACF -1 Automatic Centrifugal Casting Machine, Lepel High Frequency 

Laboratory Inc, New York, NY). The base metal alloy was selected for its low 

cost. A previous study indicated no difference in crown retention between this 

alloy and one of high noble content (Caughman et al., 1991). 

Foil owing casting, the investment was removed using air-abrasive with 

an aluminum oxide powder (25 micron, Blastmate II, Barkmeyer Division, The 

Ney Co., Yucaipa, CA)(Figure 4). 

Figure 4: The castings after investment was removed 
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The castings were carefully inspected for positive irregularities, and if 

present, were removed with a round bur (#2, Brasseler) (Figure 5). 

Figure 5: The finish casting ready for cementation 

The casting was then seated on the die to evaluate marginal fit. All 

internal surfaces of the castings were then air particle abraded with aluminum 

oxide powder and labeled as to desensitizer/cement combination. 
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E. Cementation 

In order to reduce the influence associated with operator perfonnance on 

the test results, the sequence of specimen fabrication and testing was totally 

randomized. Prior to cementation for the polymerizable desensitizer (PD) 

groups, the teeth were etched for 15 seconds with 32% phosphoric acid gel 

(#129267, Bisco). The preparation was then rinsed for 15 seconds, and surface 

moisture was removed so that the dentin remained only slightly visibly moist. 

Eight coats of mixed primers A and B (All-Bond 2;Bisco) were applied, 

thoroughly dried with oil-free air for 10 seconds, and light-cured for 60 seconds 

(Max 100, Caulk/Dentsply, Milford, DE). 

For the non-polymerizable desensitizer (NPD) groups, the agent was 

applied using a gentle but finn rubbing motion of a cotton pellet for 30 seconds. 

The dentin surface was then dried with oil-free compressed air for 10 seconds. 

In cases where castings were to be cemented with the RC (Panavia 21), the 

dentin was etched for 15 sec.;onds using 40% phosphoric acid gel (Panavia 

etching agent V), as per manufacturer's directions. The preparation was then 

rinsed for 15 seconds, after which the NPD was applied as mentioned above. 

53 



Immediately prior to cementation, the prepared, surface-conditioned 

preparation in a polyvinyl chloride (PVC) ring was placed in the same 

mechanical device which would be used for debonding. The crown was lined 

with the selected cement and the casting was hand-seated using the guiding slot 

within the preparation as an orientation guide. After seating, a vertical shaft was 

lowered onto the upper ring surface, and a load was applied (Figure 6). 

Figure 6: Casting being cemented while held in an orientation jig 
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Cementation was achieved with a force of5 kg, the optimum seating force 

determined by previous research (Jorgensen, 1960) (Figure 7) 

Figure 7: Load of 5 Kg was used for seating force 

All cements were allowed to cure for 10 minutes under load , the excess 

cement was removed from the margins of the castings. The rings were then 

removed and stored at 3 7 oc at 100% relative humidity for 48 hours before 

testing). 
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F. Debond Testing 

The PVC rings containing the cemented castings were mounted for tensile 

testing in a specialized debonding jig on the platten of a universal testing 

machine (Model TTB, Instron Corp. Canton, MA). A tensile load was applied 

to the cast ring structure via a metal pin at a constant rate (1.27 mm/min) until 

failure of the cement occurred. The data were recorded in a digital format 

(Smadchrom Version 2.41, Marc S. Nathanson, Sharon, MA; Macintosh SE, 

Apple computer, Cupertino, CA). Prior to testing, the relationship between the 

application of known, precision weights and the digital output was determined, 

permitting development of a force calibration curve from which the calculation 

of debonding force during test runs was made. 

56 



G. Statistical Analysis of the Data 

A 2-way analysis of variance (ANOV A) was applied to the data to 

examine the influence of the two main factors (desensitizer type at 3 levels and 

cementation agent at 4 levels) on the dependent variable, tensile retentive 

strength of the crown. If this analysis indicated the presence of a significant 

interacti.on between the independent variables, a series of one-way ANOV As 

were then performed. In the absence of such interaction, a Tukey-Kramer post 

hoc test was performed to identify pair-wise differences in mean parameter 

values. All statistical testing was performed at a pre-set alpha of 0.05. 
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V.RESULTS 

A. Debond strength values 

The results of a two-way ANOV A indicated a significant influence of 

both desensitizers and luting agents and also that there was a significant 

interaction among them (Appendix C Page 1-3). Because of this interaction, a 

series of one- way ANOV As was performed. 

The results of the study are summarized in the Table 5 and in Figures 8 

and 9. Table 5 presents the overall group means, standard deviation, and 

coefficients of variations of the test results. Figure 8_presents the same data in 

a graphical format, correlating the effect of ~entin desensitizer on a given 

cementing agent. Figure 9 presents the same data but emphasizes the effect of 

cementing agent on dentin desensitizer type. 
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Table 5 : Mean debond stress values for crowns cemented with various 

dentin desensitizer/cementing agent combinations (n=12 in each 

group) 

Desensitizer/Cement Debond Standard Coefficient of 

Stress _(_MPa) Deviation Variation (CV) 
All Bond 2 I Fuii Plus 3.46 0.26 7.55 

All Bond 2 I Ketac Cern 2.23 0.2 8.82 
ALL Bond2 I Panavia 21 5.68 0.7 12.38 

All Bond 2 I Zinc Phosphate 0.67 0.14 20.8 
Gluma I Fuji Plus 2.81 0.15 5.48 

Gluma I Ketac Cern 1.98 0.23 11.82 
Glumal Panavia 21 4.12 0.37 8.88 

Gluma I Zinc Pho~hate 0.81 0.11 13.31 
Control I Fuii Plus 2.96 0.18 6.18 

Control I Ketac Cern 2.36 0.2 8.39 
Control I Panavia 21 4.67 0.48 10.21 

Control I Zinc Phosphate 1.68 0.08 4.88 
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The mean stress for the ZP control group was 1.68 ± 0.08 MPa compared 

to 0.81 ± 0.1 MPa and 0.67 ± 0.14 MPa when non-polymerizable desensitizer 

(NPD) and polymerizable desensitizer (PD) were applied respectively. A one

way ANOV A indicated that all three values were statistically different from one 

another (p=0.0001, Appendix C page 4). The stress for removal of crowns 

cemented with GI cement was 2.36 ± 0.~0 MPa, for PD treated specimens was 

2.23 ± 0.2 MPa, and NPD was 1.98 ± 0.20 MPa. A one-way AN OVA indicated 

that the PD group was similar to its control group, however, the NPD treated 

specimens had significantly lower crown retention (p=0.0005, Appendix C page 

5). The mean debond stress values for castings cemented with the RMGI 

material were as follows: control group 2.96 ± 0.18 MPa compared to 3.46 ± 

0.26 MPa and 2.81 ± 0.16 MPa when using PD and NPD respectively. A one

way ANOV A indicated that the PD treated group had significantly higher 

debond values than those specimens treated with NPD or control groups, which 

were equivalent (p=O.OOO 1, Appendix C page 6). The mean de bond stress values 

for castings cemented with the RC were as follows: control group 4.7 ± 0.48 

MPa compared to 5.7 ± 0.7 MPa and 4.1 ± 0.37 MPa when using PD and NPD 

respectively. A one-way ANOVA indicated that all three values were 

statistically different from one another (p=O.OOO, Appendix C page 7). 
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A one-way ANOV A was also performed comparing the effect of luting 

material on retention strength with different surface treatments. The mean . . 

debond stress values for control (no treatment) group were as follows: RMGI 

group 2.96 ± 0.18 MPa compared to 2.3 ± 0.2, 4.67 ± 0.48 and 1.68 ± 0.08 MPa 

when cementing with GI, RC and, ZP respectively. The one-way ANOVA 

indicated that all four values were statistically different from one. another (p = 

0.0001, Appendix C pageS). The mean debond stress values for specimens . 
treated with PD were as follows: RMGI group 3.46 ± 0.26 MPa compared to 

2.23 ± 0.2, 5.68 ± 0.70, and 0.66 ± 0.14 MPa when cementing with GI, RC and, 

ZP respectively. The one-way ANOV A indicated that all four values were 

statistically different' from one another (p = 0.0001 Appendix C Page 9). The 

mean debond stress values for NPD groups were as follows: RMGI group 2.81 

± 0.16 MPa compared to 1.98 ± 0.24, 4.12 ± 0.37, and 0.8~ ± 0.11 MPa when 

cementing with GI, RC and, ZP respectively. The one-way ANOV A indicated 

that all four values were statistically different from·one another (p = 0.0001, 

Appendix C page 10). 
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B. Mode of Failure 

The characterization of failure mode are presented in Table 21 (Appendix 

B Page 13. The mode of failure for castings cemented with ZP without 

desensitizers, was cohesive failure within the cement, leaving cement on both 

casting and tooth. That is, the failure mode was adhesive between the cement 

and the tooth. However, when a desensitizer was used, the cement was 

predominantly found on the casting and not on the tooth. Whether with or 

without desensitizers, castings cemented with GI, RMGI and RC failed with 

cement generally residing on the tooth preparation. For the RC, 3 out of the 12 

specimens demonstrated cohesive fracture of the root without casting separation 

(Appendix B page 14). These 3 specimens were excluded from the results. The 

mean of debond stress value of these specimens (6.2 MPa) was greater than that 

of the mean stress value ofPD/R.C group (5.68 ± 0.7 MPa). Thus, the failure 

observed indicates that the bond strength is sufficiently strong that it permits 

nonuniform stress distributions to occur in the tooth that probably excess the 

cohesive strength of the tooth which varies between depending on whether the 

test is done in deeper dentin or superficial dentin. 
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VII. DISCUSSION 

The results of this analysis proved the initial hypothesis that the bond 

strength of zinc phosphate and glass ionomer would be significantly decreased 

by application of a dentin bonding agent as both of these cements rely upon 

mechanical retention and the latter also utilized chelation bonding to tooth 

structure. Interposing a layer of desensitizing agent would act to produce a much 

lesser roughened preparation surface, reducing the potential for mechanical 

retention. The desensitizer would also interfere with the ability of the GI cement 

to form chelation bonds with tooth structl.in~. The second hypothesis was also 

proven in that the cements relying upon chemical bonding (hybrid resin/ionomer 

and resin cements) were significantly increased in their retention of cast crowns 

when the prepared tooth surface was pre-treated with a dentin bonding agent. 

Formation of resin network penetrating into decalcified dentin would yield a 

bondable surface for those cements capable of reacting with it. 

The use of a dentin desensitizer has been shown to decrease dentin 

sensitivity (Tagami eta/., 1987) and dentin permeability (Simpson, et al., ~-993; 

Tagami et al., 1994). The effect of the desensitizers on casting retention is of 

concern, since practitioners are using them with little knowledge of how they 

affect the longevity of the tooth-casting interface. The data from this study 
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demonstrate that, when using a dentin desensitizer based on a polymerizable 

resin, the highest retentive strength was found when using cementing agents 

containing polymerizable components. The data also showed that there was an 

adverse effect if a resin desensitizer is applied to dentin when zinc phosphate and 

glass ionomer are used as luting agents. Zinc phosphate and glass ionomer both 

gain their retention by mechanical retention and the latter also utilizes chelating 

bonding to tooth structure. The teeth were prepared with a coarse diamond bur 

and castings were air particle abraded before cementation to stimulate the ideal 

clinical circumstance for mechanical retention. The resin desensitizer clearly 

eliminated some of the dentin surface irregularities which are utilized by zinc 

phosphate and glass ionomer for retention. 

The RMGI and RC rely mainly upon covalent bonding to a hybridized 

layer. These products demonstrated an increased in retention of cast crowns 

when the prepared tooth surface was pretreated with a polymerizable dentin 

bonding agent. Specimens for which NPD was applied showed a decrease in 

retention and strength which maybe attributed to the fact that this product is not 

polymerized. 

Previous studies have obtained variable bond strength values for 

cemented crowns. Johnson et al, !996 obtained 3.73 ± 0.98 MPa for crowns 
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using zinc phosphate. The present study obtained results less than half this value 

(1.68 ± 0.08 MPa), but the standard deviat~on was also considerably less. That 

study also found a significant decrease in crown retention when using One-Step 

(a single component, light-cured dentin bonding agent) as a dentin desensitizer 

prior to crown cementation. The present study also found a significant reduction 

: with placement of a desensitizer. Those authors also found that a glass ionomer 

cement yielded 2.74 ± 1.17 MPa prior to One-Step placement, and a significant 

increase in crown retention subsequent to desensitizer treatment (4.23 ± 0.93 

MPa). The present study demonstrated similar refative strength values for the GI 

as in the afore mentioned study (2.36 ± 0.20 MPa). However, when the PD was 

used, there was no significant change in crown retention strength (2.23 + 0.20 

MPa). There are no other studies to compare debond stress results, as previous 

results have only been reported in units of load, disregarding the influence of 

surface area. 

As was mentioned previously, the range of cro'Yn debond stress values 

was similar to those previously reported (Johnston eta!., 1996). These values 

(from 0.67 to 5.68 MPa) are much lower than dentin/resin strengths typically 

reported, which range from 20 to 30 MPa (Phrukkanon eta!., 1998). The reason 

for this lower strength value could be related to the much larger surface area 
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being tested in the present study in comparison to a much smaller area when 

dentin bond strength testing is performed. Because the bond failure will initiate 

at a stress concentrator, the chances of obtaining a site which will break at a low 

stress value is-much greater as the surface area is increased. Indeed, literature 

has been published verifying this fact, that as bonded surface area decreases, the 

bond strength value actually increases (Phrukk:anon et al., 1998). The debond 

stress values observed in the present study may more truly reflect clinical crown 

retention values, as actual restorations were tested instead of small-area, flat 

surfaces. 

Perhaps the most profound result of this study was the development of 

extremely low variance of the test valves about their mean. A judgment of this 

range can be expressed as the coefficient of variation (CV). This value is the 

percentage of the standard deviation to the mean. Typically, in bond strength 

measurements, this value is observed to be between 20 and 30%. Because of this 

large variation, many specimens are required to detect significant differences -

among test groups. Typical values ofCV for crown de bonding test as seen in the 

Johnson et al, 1996 paper ranged from a low of 22% to a high of 43%. In 

marked contrast, CV values for the present work typically were in the range of 

only 8.4%, when extremely low means were deleated. Thus, the methods used 
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to standardize crown preparation as well as the development of specially-aligned 

cementation debondingjigs greatly reduced the variability seen in this research. 

The results of a pilot study (Appendix A, page 6) indicated that at worst, the 

crown-to-crown variation in surface area would account for only a 6% change 

in mean debond strength. As a result of this ability to control experimental 

variability, high statistical power was developed to discriminate among test 

group strength values. Because of the enhanced ability to decrease the CV of 

test results, it is re~;ommended that the methodology·developed in the present 

study be adopted universally for testing parameters influencing crown retentive 

strength. 

One additional aspect should be mentioned. The axial wall taper of 15 

degrees per side used in this study greatly magnifies the influence of mechanical 

vs bonding mechanism of crown retention. In previous studies, the greatest taper 

per wall was only 10 degrees (Johnson eta!., 1996; Mausnereta/., 1996). Thus, 

even with this large convergence angle, enhanced discrimination in strength 

values was noted over those previously reported. 
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Vlll. CONCLUSIONS 

The following conclusions may be drawn from this study: 

1. Use of a dentin desensitizer may either significantly increase or decrease 

crown retentive strength based upon whether the desensitizer polymerizes 

or not as well as the type of cementing agent used. 

2. Crown retention was significantly decreased for cements relying mainly 

upon mechanical retention when a dentin desensitizer was used. 

3. Crown retention was significantly increased for cements relying mainly 

upon chemical bonding to a hybridized dentin layer. 

4. The greatest enhancement in bond strength values were seen when a 

polymerizable desensitizer was used with a resin based cement. 

5. Crown retention is enhanced when a polymerizable dentin desensitizer is 

utilized as opposed to one which does not cure. 

6. Experimental variation in bond strength values were greatly reduced 

through the use of standardized crown preparations with reproducible 

surface areas, as well as adherence to test methods which aligned the test 

specimen vertically during both cementation and debonding. 
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X. APPENDICES 



1. Introduction 

A. Appendix A 

Pilot Study: 

The aims of this pilot study were to standardize the methodology of the 

research project and to construct the pantograph which allow for precise 

reproduction of the standardized crown preparation. The preliminary data were 

used to perform a power analysis to determine the effect of inherent variation on 

experimental sample size. 

2. Reproducibility of prepared tooth surface area 

a. Material and Methods 

Ten recently extracted human molars were obtained from oral surgeons, 

and were stored in 0.05% thymol solution(# 962855A, Fisher Scientific, Fair 

Lawn, NJ) to provide antimicrobial activity. The roots of the teeth were notched 

and embedded in PVC rings with type V dental stone (Prima Rock, Whip Mix 

Corp., Louisville, KY) using a custom positioningjig to ensure that the long axis 

of the clinical crown was oriented parallel to the path of withdrawal. 
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The teeth were prepared by tracing a standard metal crown preparation 

using a custom-made pantograph with a high-speed handpiece and a diamond 

bur (852 Brasseler #152921, Savannah, GA). One handpiece (model430SWL 

#D06757, Malvern, PA) was attached to the end of the pantograph and was not 

air-driven. The bur in this handpiece was identical to that used to prepare the 

teeth on the other end of the device, except that it had no abrasive. This lack of 

abrasive was required so as to not degrade the surface of the standard metal 

crown form. providing a 15 degree (per wall) taper and a feather finishing line. 

The occlusal surface was flattened perpendicular to long axis ofthe tooth, using 

a separating disk (Brasseler) to the determined height. The resulting preparation 

measured 3 mm in height x 5.2 mm in width at the base. An axial wall height of 

3 mm was chosen as to minimize the potential for pulpal exposure. An axial 

wall height of3 mm was the minimum necessary to attain adequate retention and 

resistance of gold casting (Maxwell· et al., 1990). A retention groove was 

prepared with a carbide bur (#169, Brasseler) and used as a seating key for the 

future crown. Air-w1}ter spray was used throughout to prevent tooth desiccation 

and overheating during preparation. 
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The area of the axial surface of each prepared tooth was calculated using 

a measuring microscope (Olympus Optical Co., Toolmald:rs1 Microscope/ 

Model STM, Tokyo, Japan). Since the angle and axial length of the preparation 

· was standardized, measurement of cervical and coronal diameter, and preparation 

height were used to calculate surface area. The measurements of each tooth were 

recorded and the surface area of the preparations were calculated using the 

formula for a theoretical cylinder of equivalent surface area as a truncated cone. 
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Surface Area ~[[( dt; d')•} heightH .-(::)}--- -.-- -(1) 

Circumf~rence of Average Diameter = [ ( dt; d,) ;r]- ------(2) 

Area of Truncate Cone = [[( dt ~ dz) ;r] x height]------ --- (3) 

Area.ofUpperPortion = [ ;r(~J']--------------- -(4) 

Where dt = Coronal Diameter 

dz = Cervical Diameter 

dA = AvCrvage Diameter 

This concept is represented below in Figure 10 

r-----41 dA 3 mm 

5.2mm 

Figure 10. Schematic diagram used to determine surface area of crown 
preparation 

Apppendix A Page 4 



b. Results 

The results of the mean surface area of a group often teeth was 148.449 .. 

± 0.004 mm2
, and ranged from 143.845 to 152.605 mm2 (Table 6A). 
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Table 6a: Preparation surface area and standard deviation 

Prep# Cervical Diameter Coronal Diameter Height 1 Height2 Surface Area 

(mm2) (mm2) (mm2) (mm2) (mm2) (mm2) (mm2l 

1 6.2971 6.5173 4.4565 5.285 3.98 4.02 145.3195 
2 6.035 6.3972 5.0893 5.127 3.597 3:85 147.8699 
3 6.1263 6.0867 5.0396 5.2776 3.67 3.82 149.7939 
4 6.4242 6.2565 5.1573 4.7831 3.82 4.09 147.7982 
5 6.1848 6.2479 5.1975 4.8926 3.75 3.99 148.3441 
6 6.4743 6.3442 4.8762 4.982 3.62 3.97 143.8451 
7 6.3017 6.4471 5.0279 4.9018 3.97 4.12 149.4118 
8 6.232 6.5033 5.1878 4.9872 3.82 3.94 151.0517 
9 6.3653 6.4253 5.1975 5.017 3.85 3.98 152.6048 

MEAN 148.4488 
STDDEV 0.0042 

cv 0.0028 
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In order to observe the effect of variation in bond strength for this range 

of surface area, it was assumed that each specimen exhibited a de bond load of 

600 N (135 lbs ). Dividing this load by each surface area yielded a range of stress 

valves between 3.94 and 4.18 MPa (Table 6B). Thus, this range in stress 

spanned 0.26 MPa. Because the mean debond load was 4.05 MPa, the variation 

in calculated valves that could have been due to variations solely in. surface area 

represented only 6% of the mean: (0.26/4.05)x1 00%. Typically, the coefficient 

of variation (CV) in debonding studies ranges from 20 to 30 %. The CV 

estimated which could be attributed to only variation in prepared surface area 

was 1.8%. With this low valve in variation due only to difference in prepared 

surface area, it was felt that the differences in prepared tooth-to-tooth surface 

area will have a minimal impact on debond results. 
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Table 6B: The theoretical variation of bond strength for the range of 

Surface area observed in the pilot experiment 

Prep# Surface area in2 Load (N) Debond Debond Stress 

Stress(psi) (MPa) 
I 0.2252 599.4 599.35 4.13 
2 0.2292 599.4 589.01 4.06 
3 0.2322 599.4 581.44 4.01 
4 0.2291 599.4 589.29 4.06 
5 0.2299 599.4 587.13 4.05 
6 0.223 599.4 605.49 4.18 
7 0.2316 599.4 582.93 4.02 
8 0.2341 599.4 576.6 3.98 
9 0.2365 599.4 570.73 3.94 

MEAN 4.05 
STDDEV 0.07 

cv 1.83 
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Debond strength values 

During the first de bond iteration, a high frequency of failure between the 

retaining stone and the test tooth was observed prior to crown debonding. A 

modification in the holding device was made by adding a metal sleeve over the 

stone which also screwed to the PVC base. Using this modification, no 

tooth/stone failures were noted in subsequent trials. The results of the pilot 

debond data are seen in Table 7-8. For the zinc phosphate group, a mean valve 

of0.8 (± 0.1) MPa was noted, while for the resin cement sample, deborid valves 

averaged 4.1 (± 0.9) MPa. These groups were significantly different from one 

another at p = 0.0001, using a one-tailed, unpaired Student's t-test. 
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Table 7:Crown retentive strength of specimens cemented with 
... 

zinc phosphate cement (pilot data) 

Specimen# Height (number Load (lbs) Surface De bond Debond Stress 

of bits) area (in2) stress (psi) (MPa) 

1 4120 20.6 0.2301 89.5 0.6 
2 5069 25.3 0.2301 110.2 0.8 
3 - - - - -
4 6241 31.2 0.2301. 135.6 0.9 
5 4800 24 0.2301 104.3 0.7 

AV 25.3 109.9 0.8 
SD 4.4 19.2 0.1 
cv 17.5 17.5 17.5 

Excluding #3 
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Table 8: Crown Retentive strength of specimens cemented with 

Panavia 21 cement (pilot data) 

Specimen# Height Load Surface De bond Debond Stress 

(number of (lbs) area (in2
) Stress (psi) (MPa) 

bits) 

6 - - - - -
7 14341 158 0.2301 686.5 4.7 
8 33068 165.3 0.2301 718.6 5 
9 10718 118.1 0.2301 513.3 3.5 
10 9693 106.8 0.2301 464.3 3.2 

AV 137.1 595.7 4.1 
SD 28.9 125.7 0.9 
CV 21.1 21.1 21.1 

Excluding #6 
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C. Estimation of number of specimens required (power analysis) 

The debond data were then subjected to a power analysis to determine the 

effect of sample size on the ability to discriminate between group means at a 

power level of 80% (nQuery Advisor, SAS institute, Cary, NC). The results of 

this analysis are seen in Figure 11. From .~his figure, it can be seen that as the 

difference to be observed between groups decreases (the effect size), the number 

of specimens per group also increase, but not linearly. Using the data with the 

greatest variation (resin cement), one standard deviation in the tensile load at 

failure was 0.9 MPa. Because we will be testing four different cementing 

groups, and the range of debond valves will lie between 0.8 and 4 .. 1 MPa, we 

would like to be able to discriminate 4 distinct groupings within this range. 

Diagrammatically, this concept is presented below. 
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Zinc phosphate 

Strength 

0.8 

group I 

1.8 

group2 

2.8 

group3 

Resin Cement 
strength 

4.1 MPa 

group4 

Figure 11: The relationship between discrimination among specimen 

groups and the number of specimens 

In order to accomplish this goal, a specimen number of 15 per group 

would be required (allows a discrimination of 1.100 times the standard deviation 

between groups). 

0.9 x 1.100 = 0.99 MPa for IS specimens per group (2) 

Thus, if 15 specimens per group are required, a difference of0.99 MPa 

between group is required to determine statistical significance (p<O.OS) at a 

power of 80 %. 
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If only 12 specimens per group are used, the difference between means 

to provide a statistically significant (p<0.05) difference is: 

0.9 x 1.125 = 1.0125 MPa for 12 specimens per group (3) 

By decreasing the group size by three (from 15 to 12) very little impact 

is felt in the ability to distinguish a significant difference between groups (0.99 

MPa and 1.0125 MPa respectively). Thus, the smaller sample size was utilized 

(n=12) in this study in order to save materials and time. 
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B. Appendix B 

Thesis project results 

1. Table data 

Table 9: Mean Debond Stress Values for crowns cemented with PD I 

RMGI (n= 12) 

All Bond 2 I Fuji Plus Load (lbs) Debond (MPa) 

AF1 127 3.81 

AF10 105 3.15 

AF11 106 3.17 

AF12 103 3.09 

AF2 128 3.84 

AF3 126 3.77 

AF4 119 3.56 

AF5 109 3.27 

AF6 119 3.57 

AF7 118 3.52 

AF8 112 3.35 
AF9 115 3.46 
mean 116 3.46 

std dev 9 0.26 

cv 8 7.55 

number of specimens 12 

Highest value 128 3.84 

Lowest value 103 3.09 
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Table 10: Mean Debond Stress Values for crowns cemented with 

PD I GI (n=12) 

All Bond 2 I Ketac Cern Load (lbs) Debond (MPa) 

AGi12 

AGi1 

AGi10 

AGi11 

AGi2 

AGi3 

AGi4 

AGi5 

AGi6 

AGi7 

AGi8 

AGi9 
mean 

std dev 

cv 

69 

82 

71 

69 

82 

72 
79 

82 

83 

67 

69 

67 
74 

7 

9 

2.07 

2.46 

2.14 

2.07 

2.45 

2.16 

2.36 

2.47 

2.48 

2.00 

2.07 

2.01 
2.23 

0.20 

8.82 

number of specimens 12 

Highest value 83 2.48 

Lowest value 67 ' 2.00 
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Failure mode(%) 
Cement on tooth Cement on casting 

60 

70 

55 
70 

60 

65 

55 
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60 

65 

55 
60 
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25 

40 

35 
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Table 11: Mean Debond Stress Values for crowns cemented with 

DP I RC (n = 12) 

All Bond 2 I Panavia 21 Load (lbs) Debond (MPa) 

APa4 

APa1 
APalO 

APa11 

APa12 

APa2 

APa3 

APa5 

APa6 

APa7 

APa8 

APa9 

mean 

std dev 

cv 
number of specimens 

Highest val u.e 

Lowest value 

173 

242 
203 

180 

184 

184 

220 

189 

149 

182 

186 

182 

190 

23 

12 

12 

242 

149 

5.19 

7.24 
6.09 

5.39 

5.50 

5.50 

6.60 

5.68 

4.46 

5.47 

5.58 

5.46 

5.68 

0.70 

12.38 

7.24 

4.46 
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Cement on tooth Cement on casting 

75 

80 
85 

90 

100 

100 

95 

80 

85 

80 

90 

85 

87 

8 

25 

20 
15 

10 

0 

0 

5 

20 

15 

20 

10 

15 

13 
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Table 12: Mean Debond Stress Values for crowns cemented with 

DP I ZC (n = 12) 

Alillond 2/Zinc Phosphate Load (lbs) Debond (MPa) 

AZn1 

Azn2 

AZn10 

AZn12 

AzN12 

AZn3 

AZn8 

AZn4 

AZn5 

AZn6 

AZn7 

AZn9 

mean 

std dev 

CV 

16 

21 

21 

17 

20 

23 

28 

17 

23 

24 

27 

30 

22 

5 

21 

0.48 

0.64 

0.64 

0.50 

0.59 

0.67 

0.84 

0.50 

0.69 

0.73 

0.80 

0.91 

0.67 

0.14 

20.80 

number of specimens 12 

Highest value 30 0.91 

Lowest value 16 0.48 
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Failure mode(%) 

Cement on tooth Cement on casting 

25 

15 

0 

5 

10 

5 

15 

20 

15 

15 

10 

5 

12 

7 

75 

85 

100 

95 

90 
0 

95 

85 

80 

85 

85 

90 

95 

88 
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Table 13: Mean Debond Stress Values for crowns cemented with 

Control I RMGI (n = 12) 

Control: Fuji Plus Load (lbs) Debond (MPa) 

CF1 

CF10 

CF11 

CF12 

CF2 

CF3 

CF4 

CF5 

CF6 

CF7 

CF8 

CF9 

mean 

std dev 
cv 

100 

92 

91 

92 

105 

9(:j 

104 

105 

106 

105 

98 

91 

99 

6 
6 

number of specimens 12 

Highest value 106 

Lowest value 91 

3.00 

2.76 

2.74 

2.77 

3.15 

2.87 

3.12 

3.15 

3.17 

3.15 

2.94 

2.73 

2.96 

0.18 
6.18 

3.17 

2.73 
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Cement on tooth Cement on casting 

75 

65 

70 

65 

70 

75 

65 

75 

70 

70 

65 

70 

70 
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Table 14: Mean Debond Stress Values for crowns cemented with 

Control: GI (n = 12) 

Control: Ketac Load (lbs) Debond (MPa) 

CGi1 
CGi10 
CGill 
CGi12 
CGi2 
CGi3 
CGi4 
CGi5 
CGi6 
CGi7 
CGi8 
CGi9 
mean 

std dev 
cv 

86 
73 
75 
75 
83 
77 
90 
76 
89 
73 
71 
75 
79 
7 

8 
number of specimens 12 

Highest value 90 
Lowest value 71 

2.58 
2.19 
2.25 
2.24 
2.49 
2.30 
2.69 
2.28 
2.68 
2.18 
2.14 
2.26 
2.36 
0.20 
8.39 

2.69 
2.14 
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Cement on tooth Cement on casting 

65 
60 
70 
65 
60 
65 
60 
60 
65 
60 
65 
70 
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Table 15: Mean Debond Stress Values for crowns cemented with 

Control : RC (n = 12) 

Control: Panavia Load (lbs) Debond (MPa) 

CPa! 184 5.50 

CPalO 143 4.29 

CPa!! 133 3.97 

CPal2 143 4.30 

CPa2 176 5.26 

CPa3 163 4.88 

CPa4 158 4.72 

CPa5 173 5.19 

CPa6 162 4.84 

CPa7 150 4.51 

CPa8 144 4.31 

CPa9 141 4.24 

mean 156 4.67 

.std dev 16 0.48 

cv 10 10.21 

number of specimens 12 

Highest value 184 5.50 

Lowest value 133 3.97 
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Cement on tooth Cement on casting 

75 

75 

so 
100 

95 

90 

85 

85 

90 

75 

80 

80 

84 

8 

25 

25 

20 

0 

5 

10 
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15 

10 

25 

20 

20 

16 
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Table 16: Mean Debond Stress Values for crowns cemented with 

Control: ZP (n = 12) 

Control: Zinc Phosphate Load (lbs) Debond (MPa) 

CZn1 54 1.63 

CZn10 54 1.61 

CZn11 54 1.61 

CZn12 52 1.56 

CZn2 55 1.65 

CZn3 56 1.67 

CZn4 55· 1.64 

CZn5 60 1.80 

CZn6 61 1.83 

CZn7 57 1.72 

CZn8 55 1.65 

CZn9 59 1.76 

mean 56 1.68 

std dev 3 0.08 

cv 5 4.88 

number of specimens 12 

Highest value 61· 1.83 

Lowest value 52 1.56 
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Failure mode (%) 
Cement on tooth Cement on casting 

65 

60 

70 

75 

75 

70 

75 

75 

70 

75 

65 

75 

70 

5 

35 

40 

30 

25 

25 

30 

25 

25 

30 

25 

35 

~ 25 

30 

5 



Table 17: Mean Debond Stress Values for crowns cemented with 

NPD I RMGI (n = 12) 

Gluma I Fuji Plus Load (lbs) Debond (MPa) 

GFI 

GFIO 

GFll 

GF2 

GF3 

GF4 

GF5 

GF6 

GF7 

GF8 

GFi12 

GFii9 

mean 

std dev . 

cv 
number of 

Highest value 

Lowest value 

99 

90 

91 . 

100 

99 

94 

95 

95 

99 

91 

86 

86 

94 

5 

5 

12 

100 

86 

2.97 

2.70 

2.72 

3.00 

2.98 

2.82 

2.83 

2.85 

2.98 

2.72 

2.57 

2.57 

2.81 

0.15 

5.48 

3.00 

2.57 
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Failure mode (%) 
Cement on tooth Cement on casting 

65 

65 

60 

70 

55 

65 

65 

75 

60 

65 

60 

60 

64 

5 

35 

35 

40 

30 

45 

35 

35 

25 

40 

35 

40 

40 

36 

5 



Table 18: Mean Debond Stress Values for crowns cemented with 

NPD I GI (n = 12) 

Gluma I Ketac Cern Load (lbs) Debond (MPa) Failure mode(%) 
Cement on tooth Cement on casting · 

GGil 81 2.42 75 25 
GGi10 63 1.89 65 35 
GGil1 57 1.70 55 45 
GGi12 62 1.87 60 40 
GGi2 81 2.43 65 35 
GGi3 71 2.12 65 35 
GGi4 63 1.88 75 25 
GGiS 60 1.80 70 30 
GGi6 62 1.85 70 30 
GGi7 69 2.07 75 25 
GGi8 65 1.95 80 20 
GGi9 61 1.82 75 25. 

mean 66 1.98 69 31 
std dev 8 0.23 7 7 
cv 12 11.82 

number of specimens 12 

Hi~est value 81 2.43 
Lowest value 57 1.70 
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Table 19:· Mean De bond Stress Values for crowns cemented with 

NPD/RC (n = 12) 

Gluma I Panavia 21 Load (lbs) Debond (MPa) 

GPa1 

GPalO 

GPa11 

GPa12 

GPa2 

GPa3 

GPa4 

GPa4 

GPa5 

GPa6 

GPa8 

GPa9 

mean 

std dev 

cv 

150 

127 

125 

121 

144 

150 

121 

1"57 

145 

134 

133 

143 

138 

12 

9 

number of specimens 12 

Highest value 157 
Lowest value 121 

4.50 

3.81 

3.75 

3.64 

4.33 

4.48 

3.62 

4.70 

4.36 

4.01 

4.00 

4.27 

4.12 

0.37 

8.88 

4.70 
3.62 
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Failure mode (%) 
Cement on tooth Cement on casting 

75 

70 

70 

70 

75 

65 

70 

75 

65 

65 

70 

75 

70 

4 

25 

30 

30 

30 

25 

35 

30 

25 

35 

35 

30 

25 

30 

4 



Table 20: Mean pebond Stress Values for crowns cemented with 

NPD I ZP (n = 12) 

Gluma I Zinc Phosphate Load (Ibs) Debond (MPa) 

GZn11 

GZn1 

GZn12 

GZn2 

GZn3 

GZn4 

GZn10 

GZn5 

GZn6 

GZn7 

GZn8 

GZn9 

mean 

std dev 

cv 

32 

27 

23 

24 

29 

25 

27 

30 

28 

19 

29 

31 

27 

4 
13 

0.97 

0.81 

0.69 

0.73 

0.87 

0.75 

0.81 

0.90 

0.83 

0.58 

0.85 

0;91 

0.81 

0.11 
13.31 

-number of specimens 12 

Highest value 32 0.97 

Lowest value 19 0.58 
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Failure mode(%) 
Cement on tooth Cement on casting 

45 

50 

40 

40 

45 

35 

45 

50 

40 

45 

45 

40 

43 

4 

55 

50 

60 

60 

55 

65 

55 

50 

60 

55 

55 

60 

57 

4 



Table 21: Mean Debond Stress Value of Fracture Specimens PD I RC (n = 3) 

Fracture Specimens Load(lbs) Debond (MPa) 
APaf2 202.43466 6.066 

APaf6 195.91177 5.87 

APaf8 218.052 6.5339 
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B. Appendix C 

Statistic Analysis 

2-WAY ANOVA • 

Type Ill Sums of Squares · 

Source df Sum of Squares Mean Square F-Value P-Value 

DESENSITIZERS 2 9.262 4.631 

LUTING AGENTS 3 273.738 91.246 

DESENSITIZERS •.• 6 16.600 2.767 
Residual 132 12.662 .096 

Dependent: DEBONO STRESS 

Interaction Bar Chart 
Effect: DESENSITIZERS * LUTING AGENTS 
Dependent: DEBONO STRESS 
With Standard Deviation error bars. 

"' "' UJ 

~ 
Cl 4 z 
0 

"" UJ 3 Cl -0 

"' 2 
" .. .. 
:;: 

1 
a; 
u 

0 

-1 

48.275 .0001 

9.51 E2 .0001 

28.842 .0001 

FUJI PLUS KETAC CEM PANAVIA 21 ZINC PHOSPHATE 

LUTING AGENTS 
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2-WAY ANOVA ON DEBONO STRENGTH RESULTS 

Type Ill Sums of Squares 

Source df Sum of Squares Mean Square f-Value P-Value 

LUTING AGENTS 3 273.738/ 
DESENSITIZERS 2 9.262/ 
LUTING AGENTS •.. 6 1 6.6oo 1 
Residual 132/ 12.662/ 
Dependent. DESONO STRESS 

Means Table 
Effect: LUTING AGENTS • DESENSITIZERS 
Dependent: DEBONO STRESS 

FUJI PLUS, ALL 50ND 2 

FUJI PLUS, GLUMA 

FUJI PLUS, CONTROL 

KIT AC CEM, ALL BOND 2 
KIT AC CEM, GLUMA 

KIT AC CEM, CONTROL 

PANAVIA 21 , ALL BOND 2 
PANAVIA 21, GLUMA 

PANAVIA 21, CONTROL 

ZINC PHOSPHATE, ALL BOND 2 
ZINC PHOSPHATE, GLUMA 

ZINC PHOSPHATE, CONTROL 

Interaction Bar Chart 

Count 

121 
12/ 
12/ 
121 

12/ 
12/ 
12/ 
12/ 
12/ 
121 
12/ 
121 

91.246 
4.631 
2.767 

.096 

Mean 

3.463 
2.809 
2.962 
2.22B 
1.983 
2.357 
5.680 

4.122/ 
4.668/ 

.6661 

.8081 
1.677/ 

Effect: LUTING AGENTS • DESENSITIZERS 
Dependent: DEBONO .STRESS 
With 95% Confidence error bars. 

9.51E2 .0001 
48.275 .0001 
28.842 .0001 

Std. Oev. Std. Error 

.262 .076 
.1 55 .045 
.1 B2 .053 
.1 98 .057 
.235 .068 

.1sB I .057 

.702/ .203 

.366/ .1 06 

.4761 .137 

.138/ .040 

.107/ .031 

.0831 .024 

7~----~----------~----------~----~ 

-1~----r----------,--------------~~ 
ALL 80NO 2 GLUMA 

DESENSmZERS 

Apppendix C Page 2 

CONTROL 

tJ FUJI PLUS 

El KITAC CEM 

8 PANAVIA 21 

Ill ZINC PH05?HA TE 



( 2-WAY ANOVA- NO CONTROL VALUES INCLUDED 

Type Ill Sums of Squares 

Source df Sum of Squares Mean Square F-Value P-Value 

LUTING AGENTS I 31 221.767 73.9221 

DESENSITIZERS I 1 I 8.033 8.033 

LUTING AGENTS ••. I 31 9.571 3.1 90 

Residual I 881 9.295 • 106 

Dependent: DEBONO STRESS 

!nteraction Bar Chart 
Effect: LUTING AGENTS * DESENSITIZERS 
Dependent: DEBONO. STRESS 

Ill 
Ill 
UJ 

~ 
0 
z 
0 

"' UJ 
c 
0 
"' :: 
" " ::;: 

8 

With Standard Deviation error bars. 

ALL BOND 2 GLUMA 

DESEN SrTIZERS 

Apppendix C Page 3 

699.88 .0001 

76.055 .0001 

30.207 .0001 

I 

CJ 

El 

Iii 

II 

FUJI PLUS 
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1-WAY ANOVA- EFFECT OF DESENSITIZERS ON RETENTION STRENGTH OF 
ZINC PHOSPHATE-CEMENTED CROWNS 

Type Ill Sums of Squares 

Source df Sum of Squares Mean Sc;uare F-Value P-Value: 

DESENSITIZERS z 7.197 

ResiCual 33 
Dependent: DEBONO STRESS 

Means Table 
Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 

.411 
3.S98 289.009 .0001 

.012 

Count Mean Std Dev Std Error 

AI..L BONO 2 

GLUMA 

CONTROL 

TuKey-Kramer 

liT .666 

121 .808 

121 1.677 

Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 
Significance level: .OS 

Vs Oiff 

ALL SONDZ GLUMA I .142 
CONTROL I 1.012 

GLUMA CONTROL 1 .B69 

S => Significantly different at this level. 

Interaction Bar Chart 
Effec:: DESENSITIZERS 
Dependent: DEBONO STRESS 

.1381 

.1071 

.0831 

Crit diff 

.112 

.112 

.112 

With Standard Deviation error bars. 

1.8 

1.6 

"' 1.4 "' w 

"' t;; 1.2 
c z 
0 
"' w .a c 
c 

.6 ~ c 
~ 

• .4 :;: 

a .2 

0 

-.2 

. 

T 

ALL BOND 2 

T 

GLUMA 

DESENSmZERS 
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1 -WAY Al'lOVA • EFFECT OF DESENSITIZERS ON RETENTION OF 
KETAC CE.'-1-CEMENTE.b CROWNS 

Type Ill Sums of Squares 

Source df Sum of Squares 

DESENSITIZERS 2 .863 
Residual 33 1.470 
Dependent: DEBONO STRESS 

Means Table 
Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 

Mean Square 

.432 

.045 

Ccunt Mean Std Oev Std Error 

ALLBOND2 
GLUMA 

CONTROL 

Tukey-Kramer 

12 2.228 
12 1.983 
12 2.357 

Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 
Significance level: .OS 

Vs Diff 

GLUMA ALL BOND 2 .245 
CON'iKOL .373 

ALL80ND2 CONTROL .128 

S • Significantly different at this level. 

Interaction Bar Chart 
Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 

.1 98 

.235 

• 198 

Crit dif"' .. 
• 212 

.212 

.212 

With Standard Deviation errOr bars. 
3 

"' 
2.5 

"' T 
~ 

= 2 .... 
"' 

T 
0 z 
0 1.5 = ~ 
0 

c 
~ 
~ 
0 • .5 ::E 

';; 
u 

0 

-.5 . 

s 
s 

.057 

.068 

.057 

T 

; 

ALL BONO 2 GLUMA 

DESENSITIZERS 

CONTROL 
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1-WAY ANOVA- EFFECT OF OESENSmzERS ON RETEN110N STRENGTH OF 
FUJI PLUS-cEMENTED CROWNS 

Type Ill Su~s of Squares 

Source df Sum of Squares Mean Square 
DESENSITIZERS 2 2.809 
Residual 33 1.384 
Dependent: OE30ND STRESS 

Means Table 
Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 

Count Mean Std Oev 

AU 60ND2 

GLUMA 

CONTROL 

Tukey-Kramer 

121 

121 
121 

3.463 

2.809 

2.962 

Effect: DESENSITIZERS 
Dependent: DEBONO STRE_SS 
Significance level~ .OS 

Vs Diff 

GLUMA CONTROL I .1 531 
ALL BOND 2 I .6541 

CONTROL AU 80ND2 I .so1 I 
S '"" Significantly different at this level. 

Interaction Bar Chart 
Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 

.262 

• 155 
.182 

Crit diff 

.205 

.205 

.205 

With Standard Deviation error bars. 
4 

3.5 

"' "' 3 w 

"' .... 
"' 2.5 
"' z 
0 2 "' w 

"' 0 1.5 
~ 
~ • 0 

::;: 
~ .5 
u 

0 

-.5 

T 

ALL BOND 2 

,. 

GLUMA 

DESENSmZERS 

Apppendix C Page 6 

1.405 
.042 
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1-WAY ANOVA- EFFECT OF DESENSITIZERS ON RETENTION OF 
PANAVIA Zl-CEMENTED CROWNS 

Type Ill Sums of Squares 

Source df Sum of Squares 
DESENSITIZERS 2 14.992 
Residual 33 9.397 
Dependent: DESONO STRESS 

Means Table 
Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 

Mean Square F·Value 
7.496 26.325 

.285 

Ceunt Mean Std Dev Std Error 

ALLBON02 

GLUMA 

CONTROL 

Tukey-Kramer 

121 

121 

121 

5.680 I 

4.1221 

4.6681 

Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 
Significance level: .05 

Vs Oiff 

GLUMA CONTROL I .S45I 
ALL BOND 2 I 1.S57I 

CONTROL ALL BOND 2 I 1.0121 

S = Significantly different at this level. 

Interaction Bar Chart 
Effect: DESENSITIZERS 
Dependent: DEBONO STRESS 

.702 

.366 

.476 

Crit diff 

.535 

.S3S 

.S35 

With Standard Oeviatio·n error bars. 
7 

6 

"' "' w s " .... 
"' c 4 z 
0 

"' w 3 c 
0 
• 2 c 
~ 
~ 

::;: 

8 
0 

-1 

-

' 

T 

ALL BONO 2 

T 

GLUMA 

OESENSmZERS 
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1-WA Y ANOVA- EFFECT OF LUTING MATERIAl ON RETENTION STRENGTH 
. AFTER USING DESENSITIZER (NONE USED- CONTROL VALUES) 

Type Ill Surris of Squares 

Source df Sum of Squares 

LUTING AGENTS 3. 

Residual 44 

Dependent: DEBONO STRESS 

Means Table 
Effect: LUTING AGENTS 
Dependent: DEBONO STRESS 

FUJI PLUS 

KETAC CEM 

PANAVIA 21 

.. ZINC PHOSPHATE 

Tukey-Kramer 

Count 

12 

12 

12 

12 

Effect: LUTING AGENTS 
Dependent: DEBONO STRESS 
Significance level: .OS 

Vs 

ZINC PHOSPHATE KETAC CEM 

.. FUJI PLUS 

PANAVIA 21 

KETAC CEM FUJI PLUS 

PANAVIA 21 

FUJI PLUS PANAVIA 21 

59.000 

3.367 

Mean 

2.9621 

2.3571 

4.6681 

1.6771 

S ~ Significantly different at this level. 

Interaction Bar Chart 
Effect: LUTING AGENTS 
Dependent_: DEBONO STRESS 

Mean Square 

19.667 

.077 

Std Dev 

.1821 

.198 I 

.4761 

.0831 

Diff 

.679 

1.285 

2.990 

.606 

2.311 

1.705 

With Standard Deviation error bars. 

6 

"' 
5 T 

"' ~ 
"' 4 >-
"' 0 z 
0 3 
"' 

. 
w 
0 

"6 2 
~ 
r. 
~ 

::;: 
'li 
u 

0 0 -
-1 

F-Va[ue 

256.977 

Std. Error 

.053 

.057 

.1 37 

.024 

Crit diff 

.302 

.302 

.302 

.302 

.302 

.302 

s 
s 
s 
s 
s 
s 

~ 

~ 

FUJI PLUS KETAC CEM PANAVIA 21 ZINC PHOSPHATE 

LUTING AGENTS 
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1-WAY ANOVA • EFFECT OF LUn~G MATERIAL ON RETENTION STRENGTH 
AFTER USING DESENSITIZER (ALL BONO 2) 

Type Ill Sums of Squares 

:Source df Sum of Squares 

LUTING AGE>ITS 3 
Residual 44 
Dependent: DEBONO STRESS 

Means Table 
Effect: LUTING AGENTS 
Dependent: DEBONO STRESS 

FUJI PLUS . 

KETAC CEM 

PA.~AVIA 21 
ZINC PHOSPHATE 

Tukey-Kramer 

Count 

12 

12 

12 
12 '• 

Effect: LUTING AGENTS 
Dependent: DEBONO STRESS 
Significance level: .OS 

Vs. 

ZINC PHOS?HA TE Kc.1AC CEM 

FUJI PLUS 

PANAVIA 21 
KETAC CEM FUJI PLUS 

PANAVIA 21 

FUJI PLUS PANAVIA 21 

161.266 
6.621 

Mean 

3.463 
2.226 

5.680 
.666 

I 

S = Significantly different at this level. 

Interaction Bar Chart 
Effect: LUTING AGENTS 
Dependent: DEBONO STRESS 

Mean Square 

53.762 
.1 55 

Std Dev 

.262 

.1 96 

.702 

.138 

Diff. 

1.562 

2.7971 

5.0141 
1.235 

3.452 
2.217 

With Standard Deviation error bars . 

7 . 
6 T 

"' "' ~ 5 "' >-
"' c 4 z 
0 

- .,. 
c 
w 3 c 
Q -
" 2 
" • 0 

;:;: 

8 
0 

_, 

F·Value 

346.626 

Std Error 

.076 

.057 

203 
.040 

Crit diff 

.430 

.430 

.430 

.430 

.430 

.430 

-
l 

,P-Value 

s 
s 
s 
s 
s 
s 

.0001 

j_ 

FUJI PLUS KETAC CEM PANAVIA 21 ZINC PHOSPHATE 

LUITING AGE>ITS 
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1-WAY ANOVA- EFFECT OF Ll!TING MATERIAL ON RffiNTION STRENGTH 
AFTER USING DESENSITIZER (GLUMA) 

Type Ill Sums of Squares 

Source df Sum of Squares Mean Square 

LUTING AGENTS I 31 70.052 23.3S1 

Residual 44 

Dependent: DEBONO STRESS 

Means Table 
Effect: LUTING AGENTS 
Dependent: DEBONO STRESS 

FUJI PLUS 

KETAC CEM 

PANAVIA 21 

ZINC PHOSPHATE 

Tukey-Kramer 

Count 

12 

12 

12 

12 

Effect: LUTING AGENTS 
Dependent: DEBONO STRESS 
Significance level: .05 

2.4i4 .OS6 

Mean Std Dev 

2.8o9T .1551 

1.9831 .23s I 
4.1221 .3661 

.8081 .1071 

Std Error 

.045 

.068 

.106 

.031 

Vs Oiff Crit oift 

ZINC PHOSPHATE KETAC CEM I 
FUJI PLUS I 
?ANAVIA 21 I 

KETAC CEM FUJI PLUS I 
?ANA VIA 21 I 

FUJI PLUS PANAVIA 21 I 
S .,. Significantly different at this level. 

Interaction Bar Chart 
Effect: LUTING AGENTS 
Dependent:· DEBONO STRESS 

1.175 I 
2.0011 

3.3141 

.826 

2.139 

1.313 

With Standard Deviation error bars. 

5 

4.5 T 
"' 4 
"' ~ 
"' 3.5 ... 
"' 0 3 z ~ 

0 
2.5 c 

~ 

" 'C 2 
T 

~ 1.S c • • ::;: 

8 .5 0 

0 

-.5 

.259 

.259 

.259 

.259 

.259 

.259 
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s 
s 
s 

~ 

~ 

I 

FUJI PLUS KETAC CEM PANAVIA 21 ZINC PHOSPHATE 
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C. Appendix D. 

Proposed Budgeting for research 

The items required for completion of this project are listed below in Table 23. 
Included in this budget is a column which demonstrates if an item can be 

obtained gratis, or if it needs to be purchased. 

Table 22: Proposed budget for research 

Item needed Manufacturer Cost/Item($) Amount Total Cost($) Buy/Gratis 

X-mas diamond Brasseler 7.00 40 280.00 Buy 

# 169 bur Brasseler 0.81 10 8.10 Buy 

Separating disk Brasseler 16.79 10 167.90 Buy 

Polyvinylsiloxane Express 

Impression Material 

light body 30.00 10 300.00 Gratis 

heavy body 30.00 10 300.00 Gratis 

Die stone type V Prima Rock 69.99 1 69.99 Gratis 

Cyanoacrylate Permabond 11.99 1 11.99 Buy 

cement 

Die spacer Whip-Mix 6.50 2 13.00 Gratis 

Die lubricant Whip-Mix 16.99 1 16.99 Buy 

Wax pattern Kerr 8.25 5 41.25 Gratis 
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Phosphate boned Ceramicgold 102.09 1 102.09 Gratis 
investment 

Rexillium Ill Jeneric!Pentron 83.00 30 2490.00 Buy 

Zinc phosphate Fleck's Mizzy 15.00 1 15.00 Buy 

Glass ionomer ESPE 131.50 1 131.50 Buy 

Ketac-Cem 

Panavia 21 Kuraray 249.99 1 249.99 Buy 

Fuji plus GC 129.00 1 129.00 Buy 

Dentin bonding 

All-Bond 2 Sisco 129.00 1 129.00 Buy 

A&B plus adhesive 

Gluma Heraeus Kulzer 72.65 2 145.30 Buy 

Total $4321.10 
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D. Appendix E 

Table 23: The list of materials and their corresponding abbreviation: 

Product name Abbreviation 
Desensitizer 

Polymerizable All-Bond 2 PD 
Non-polymerizable Gluma NPD 

C f A t emen mg lgen 
Zinc phosphate Zinc phosphate ZP 
Glass ionomer Ketac Cern GI 

Resin-modified Fuji Plus RMGI 
glass ionomer 
Resin cement Panavia21 RC 
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