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Abstract 

Title: The Effect of Cementation Techniques on Marginal Seal of Porcelain  

        Veneers 

Ismail Okasha, Master of Biomedical Science, 2013 

Thesis Directed by: Dr. Radi Masri, Assistant Professor, Department of 

Endodontics, Prosthodontics and Operative Dentistry 

 

Today’s society has embarked on a quest for the latest and greatest tools to 

help enhance esthetics and function. More specific to the realm of dentistry, 

the demand for treatment of unaesthetic anterior teeth is rapidly growing.  

The advancement of material science and cementation techniques have paved 

the way for restorations, such as veneers, as a reasonable alternative to the 

durable and predictable full coverage crowns that have been used for many 

years. There is little data, however, in the literature comparing different 

adhesive cementation techniques and their effect on the marginal integrity. 

The aim of this study is to measure the marginal discrepancy of porcelain 

veneers adhesively cemented using four different techniques: fully 

polymerized with Griptab carrier, partially polymerized with Gribtab carrier, 

fully polymerized with finger pressure and partially polymerized with finger 

pressure. Using a micoscope, measurements were taken before and after 

cementation at four different locations for each fabricated porcelain veneer. 

The differences in measurements were taken and statistically analyzed. 

Within the limitations of this study, no significant difference was found 



 

among the four test groups and the values of the marginal gap were within 

clinically acceptable limits. Since the results of the different groups do not 

deviate between them, clinically, the operator should choose among the 

above techniques depending on their personal preference. 
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 1 

Introduction  

Today’s society has embarked on a quest for the latest and greatest 

tools to help enhance esthetics and function.  More specific to the realm 

of dentistry, the demand for treatment of unaesthetic anterior teeth is 

rapidly growing.  The advancement of material science and cementation 

techniques have paved the way for restorations, such as veneers as a 

reasonable alternative to the durable and predictable full coverage 

crowns that have been used for many years.   

Veneers are thin, tooth-colored dental restorations requiring 

minimal removal of tooth structure (King, 1995).  Their use in dental 

medicine is broad and may encompass such objectives as restoring facial 

enamel defects or incisal chips, as well as masking discolorations or 

altering tooth alignment.  Although porcelain veneers are considered a 

recent advancement, their history dates back to 1938.  Dr. Charles Pincus 

described a technique in which porcelain veneers were temporarily 

retained in a denture  (Costello, 1995). He also attached thin porcelain 

veneers temporally using denture adhesive powder (Beier et al., 2012). 

In much the same way, Rochette described a similar technique by 

attaching silane-treated porcelain to natural teeth using acrylic resin. 

Jenkins and Aboush reported over 8.5 years clinical success using the 

same technique (Costello, 1995). With the development of the acid-

etching procedure, Calamia, Horn, and Simonsen were able to 
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permanently cement porcelain veneers to natural teeth (Dunne and 

Millar, 1993, Costello, 1995). 

Advantages and Disadvantages  

Veneers have numerous advantages and disadvantages. They are a 

favorable restoration, especially in regards to conservation of tooth 

structure (Belser et al., 1997). Since the preparation is confined to the 

enamel, anesthesia is not needed in some cases. In addition, veneers 

provide superior esthetics and show superb wear and stain resistance. 

The main disadvantage to veneers is the difficulty in obtaining a final 

restoration that is not excessively contoured (Garber et al., 1988). This is 

almost inevitable in the gingival area if enamel is left for bonding 

(Ferrari et al., 1992). Also, veneers are an expensive restoration, which 

proves to be a disadvantage for many dental patients (Sheets and 

Taniguchi, 1990). Indications for the use of veneers include: damaged 

anterior teeth (with enamel defects from hypoplasia or wear), discolored 

anterior teeth (from staining, fluorosis, or aging), closure of diastema, 

alignment of malpositioned teeth, and for patients with high esthetic 

demand (Chalifoux, 1994, Belser et al., 1997, Rouse, 1997). 

Contraindications for veneers should be paid special attention when 

treatment planning. Although veneers are an excellent restoration, they 

may not be suitable for all patients, especially those with poor plaque 

control, bruxism (oral habits), high caries rate, or lack of enamel(Garber 

et al., 1988, Sheets and Taniguchi, 1990). 
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Veneers can be classified into two main types: direct and indirect. 

Direct veneers are made chair-side in one dental appointment and are 

fabricated from composite resin material. Most dentists find that the 

preparation, placement, and finishing of several direct veneers is time 

consuming, difficult and technique sensitive. In addition, patients 

become restless and uncomfortable sitting on the chair during this long 

procedure. Also, veneer shade, shape and contour are hard to control. 

Therefore, indirect veneers are used more frequently. They are 

laboratory-processed veneers requiring at least two dental appointments. 

In general, indirect veneers are made of laboratory-processed composite, 

feldspathic porcelain, cast or pressed porcelain or zironia (Roberson et 

al., 2006). 

Shade Selection 

Shade selection is the most important aspect of the veneer matching 

procedure. Optical properties of bulk material entail interactions with 

electromagnetic radiation, such as visible light. The color perceived by 

the observer is the result of these interactions producing reflection, 

absorption, fluorescence, and transmission (Roberson et al., 2006). 

Hence, different light sources produce different perceptions of colors. 

This phenomenon is referred to as metamerism (Davis, 2010). 

Metamerism is defined as pairs of objects that have different spectral 

curves but appear to match when viewed in a given hue (1999). For the 

restoration to be successful, the final color is obtained from the 



 4 

metamerism of the tooth, the resin cement, and the type of porcelain 

used in the restoration (Roberson et al., 2006).  

Porcelain 

Porcelain is used for veneer fabrication because of its physical 

properties and natural appearance. Porcelain has superb color stability, 

wear resistance, and the ability to reproduce the polychromatic 

appearance of natural teeth. Their coefficient of expansion is close to 

that of enamel, making the material ideal. Porcelain is not only 

chemically stable in the oral environment, but it is also highly 

biocompatible (Fuzzi et al., 1996). Porcelain is a highly esthetic, yet 

brittle material, due to its low ductility. Since porcelain provides no 

means for plastic deformation, stresses may build up, which can lead to 

cracks and ultimately to fracturing. It is especially important to be 

mindful of the stresses exerted on the porcelain restoration to minimize 

these dangers that are inherent to the material (Troedson and Derand, 

1999, Guess and Stappert, 2008).  

Preparation 

In contrast to full coverage crowns, veneers allow for the 

conservation of tooth structure. There are different schools of thought 

regarding porcelain  veneer tooth preparation. In some situations, there 

may not be a need for any tooth preparation. Other esthetic cases may 

require a full deep chamfer on the labial aspect of the anterior teeth, with 

a possibility of breaking interproximal tooth contact to allow for the 
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veneer restoration.  There is no single answer regarding the ideal veneer 

preparation. Regardless, conserving tooth structure is desired, as long as 

good esthetic form is developed and periodontal health is maintained 

(Garber et al., 1988, Mangani et al., 2007) 

A multitude of factors may dictate whether tooth reduction is 

needed, and if so, how much. The final esthetic restoration is contingent 

upon maintaining or restoring natural tooth contour and form; therefore, 

enough tooth structure should be reduced from the facial aspect to 

accommodate the veneer (Mangani et al., 2007). Another factor 

influencing the amount of tooth structure reduction is the relative tooth 

position in the arch, as well as the tooth’s placement in bone. Anterior 

teeth that are more palatally placed or reclined may require less overall 

reduction because the added bulk from the veneer may aid in lip support 

and the desired incisal angle. Malpositioned teeth that are more labially 

placed than adjacent teeth may require more tooth reduction to achieve 

the correct alignment of teeth and maintain arch integrity. Age is an 

additional factor due to the proximity of the pulp (Garber et al., 1988). 

Older individuals have a more receded pulp chamber and will tolerate 

more tooth reduction without encroachment of pulpal tissue. If veneers 

are being utilized to mask tetracycline staining, this may be yet another 

dynamic dictating the amount of tooth reduction. Regardless of the 

amount of enamel removal, it has been shown that microleakage is more 

pronounced when the margin preparation goes into dentin (Sadowsky, 
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2006). When determining marginal placement of the restoration, the 

patient’s periodontal health should be evaluated for the ability to 

maintain oral hygiene at the porcelain/tooth interface. This may affect 

whether the veneer margin is placed supragingivally (less esthetic), at 

the gingival margin, or subgingivally (greater esthetics but may 

compromise periodontal health). Lastly, the patient’s attitude towards 

esthetics and tooth reduction can and should play a major role in the 

treatment planning and preparation of the teeth for veneers (Garber et al., 

1988). 

More specifically, in a quest to achieve optimal esthetics in 

combination with minimal tooth reduction, guidelines may be followed 

for a traditional veneer preparation. First, the preparation should remain 

within enamel if possible, especially at the margins to ensure adequate 

seal and bonding to the enamel.  It is desirable to place the gingival 

margins of the preparation within the sulcus for optimal esthetics. The 

margin of the porcelain should generally be hidden within the embrasure 

area; therefore, it is desirable to extend the margin approximately 

halfway into the interproximal area (Rouse, 1997). Continuation of the 

emergence profile should be achieved so that there is no ledge at the 

porcelain margin to allow plaque accumulation and tissue irritation. The 

finish line for veneer preparation should be a chamfer or shoulder. 

Feather edge preparations should be avoided. Since porcelain must have 

a consistent 0.5 mm thickness, a feather edge finish line would create a 
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thinning ledge of porcelain that would be more prone to fracture or 

shearing forces (Peumans et al., 2000). The feather edge preparation also 

creates laboratory issues with regards to inconsistent reading of the 

preparation finish lines on the die. The incisal reduction of an anterior 

tooth is sometimes established depending on the desired length of the 

final restoration. If the crown length is too short, incisal reduction might 

not be needed. It is important to never end the restoration incisally when 

the opposing arch contacts in maximal intercuspation or function. 

Stresses during function may dislodge the porcelain in this case. 

A full veneer preparation, which was introduced in 1993, is defined 

as “any ceramic facial veneer restoration that extends onto one or more 

lingual, occlusal, or proximal surface” (Crispin, 1997). This is 

considered an intermediate preparation, with the amount of tooth 

reduction between a traditional veneer and a full crown. A full veneer 

preparation has the addition of a lingual wrap (Rouse, 1997). The 

amount of enamel that is actually removed during preparation can be 

altered when choosing to do a diagnostic wax up on a model. This 

allows the clinician to take into account enamel that may be absent due 

to aging or wear. This technique may often be preferred for enamel 

preservation; thus allowing for more predictable biomechanics and 

esthetics (Magne, 2004). Usually, the finish line is a modified chamfer, 

which allows for the increased bulk of porcelain at the margin (Garber et 

al., 1988). 
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Final Impression 

In an attempt to achieve an accurate and superior final restoration, 

the final impression must be ideal. Most veneer margins are at or slightly 

below the gingival margin. To accurately register this area, gingival 

tissue should be displaced with impression packing chord. Cords may be 

impregnated with an astringent agent such as aluminum sulfate to reduce 

potential tissue bleeding. These impression cords are gently tucked into 

the gingival sulcus using no more than 5 g of force to avoid disruption of 

the junctional epithelium (Garber et al., 1988). Several impression 

materials may be utilized to accurately capture the veneer final 

impression. One recommended method is the use of a two-viscosity 

system: light and heavy body impression material.  The light body (low 

viscosity) impression material is applied around the prepared teeth into 

the sulcus. The heavy body (higher viscosity) is placed into the tray, and 

when seated, helps to further push the light body into the sulcus. The 

impression material must possess high tensile strength to prevent tearing 

of the material upon removal (Garber et al., 1988) 

Veneer Fabrication 

There are many ways to fabricate porcelain veneers. Basic 

classification of porcelain veneer techniques includes a direct laboratory 

technique (encompassing both the refractory investment technique and 

the platinum foil technique), cast porcelain, and computer generated 

porcelain.  In these techniques, an impression of the prepared teeth 
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would be utilized to create a cast in which the restorations are 

constructed. Incorporation of a die spacer can help to reduce the 

elevation of a cast restoration on prepared teeth, decrease the seating 

time, improve the outflow of excess cement, and lower the seating forces 

(Cho et al., 2006).  

Originally, the platinum foil and refractory model techniques were 

the two distinct ways to fabricate porcelain veneers. Although more 

methods were developed over time, these two methods are still widely 

used (Williams, 1994). 

What differentiates the refractory technique from other techniques 

such as platinum foil, is that in the refractory die process, the porcelain 

shrinks towards the die during firing; therefore, the veneer has a smaller 

degree of distortion and better marginal seal (Garber et al., 1988). The 

refractory die technique is beneficial in that it requires less effort for the 

technician, and veneers can be made thinner at the marginal areas than 

using the platinum foil technique. This technique has some 

disadvantages. First the thickness of the veneer is unpredictable and 

cannot be controlled during fabrication; second, the refractory cast 

making is time consuming; third, the refractory cast is made using an 

impression of the die itself allowing for increased inaccuracy in the final 

porcelain veneer adaptation (Williams, 1994).  

The platinum foil technique for veneer fabrication differs from the 

refractory die technique discussed above. In this method, the final 
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impression is poured with a hard stone material. All teeth to be veneered 

are pinned, as well as any adjacent teeth. The dies are then sectioned 

from the base to the incisal edge, stopping shy of the contact points. The 

contact area is separated by virtually snapping apart the dies. This is 

favorable because the sectioning blades used are too thick and may result 

in the loss or deformation of the contact area. Dies are then trimmed. 

The platinum foil acts as a surface substrate for veneer buildup and 

serves to radiate heat during sintering, thus bringing the porcelain to a 

uniform state of maturity. In veneers, a thin foil (25 microns) specifically 

designed for veneer fabrication is used and placed over the die, 

extending beyond the margins (Williams, 1994). The foil is burnished in 

an attempt to intimately adapt to the die using an orangewood stick.  

Excess foil on the margins is trimmed away. The porcelain is mixed and 

applied on the die and then fired (Garber et al., 1988). In the platinum 

foil procedure, a greater marginal opening results due to porcelain 

shrinkage towards the greatest bulk of porcelain. The platinum foil 

technique may result in an over contoured final restoration and an 

esthetically less desirable veneer than the refractory investment 

technique. There is overall less marginal opening with the platinum foil 

technique since the veneer can be removed from the die at any time 

during fabrication and the veneer thickness can be accurately measured. 

The veneer is made on the original master cast allowing for increased 
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accuracy. Adapting platinum foil is a high skill task and has high 

marginal error for the inexperienced ceramist (Williams, 1994).  

The method in which the veneers are fabricated greatly impacts the 

marginal integrity. Sorensen studied marginal fidelity and microleakage 

of porcelain veneers made by the refractory die technique and the 

platinum foil technique. In this study, it was found that the veneers from 

the platinum foil technique had significantly better vertical marginal 

fidelity (187 µm)  than the refractory die veneers (292µm). Sorsensen 

also found that for both techniques the marginal opening was greater at 

the gingivo-proximal corners than the mid-labial area with higher values 

using the platinum foil technique (Sorensen et al., 1992). This finding 

can be attributed to the shrinkage direction. As mentioned above, 

porcelain shrinks towards the bulkiest porcelain portion in the platinum 

foil technique and towards the die in the refractory die technique.  

 

Finishing and Try-In 

 
 Glazing and staining is completed after the final contouring of the 

veneer on the die. Glaze is painted on the veneer surface to seal 

microporosities and add a more natural luster (Garber et al., 1988). 

Stains are important to add chroma for optimal esthetics. 

When the veneers have been returned for delivery, it is imperative 

to try-in and check the adaptation, marginal integrity, and seal of each 
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veneer.  The contacts and collective fit in relationship to one another and 

the existing teeth should be verified.  

Etching Porcelain 
 

Porcelain veneers depend on bonding for retention. In an attempt to 

increase the bonding strength of the porcelain, the intaglio surface of the 

processed veneers should be etched with strong acid. Hydrofluoric acid 

is considered a safe, predictable, and efficient system to etch porcelain 

(Garber et al., 1988). Etching creates micro-porosities in porcelain by 

dissolving the glassy components of porcelain. These micro-defects help 

increase the surface area for bonding and the micromechanical locking 

between porcelain and the tooth. This effect of etchant in creating these 

defects depends on the concentration and type of etchant as well as the 

length of time the etchant is used. Despite this, there are several methods 

and materials available for etching the inner surface of porcelain 

veneers. Since each commercial etching system varies, optimal results 

are obtained by following the individual manufacturer’s 

recommendations (Stangel et al., 1987, Hayakawa et al., 1992, Lu et al., 

1992).   

Silanation 

Silanation is another important step in the cementation process. 

Silane coupling agent is applied on the etched porcelain surface and air-

dried. It acts as a primer since it modifies the surface characteristics of 

etched porcelain. Because etched porcelain is an inorganic substrate, 
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silane makes this surface more receptive to organic materials, the 

adhesive system and the luting cement (Roberson et al., 2006). Lu 

showed that the bond strength of etched/silane primed specimens was 

significantly higher than the etched only specimens (Lu et al., 1992). 

Coupling agents work best with silica particles (Roberson et al., 2006). 

Dental porcelain contains silica that allows silane to chemically link 

luting resin cement to the intaglio surface of the porcelain. This is 

achieved through the hydrolysis and adsorption of silane on the 

porcelain surface and the covalent bonding between silane and the resin 

cement (Hayakawa et al., 1992). Lu tested two different types of silane 

agents. He found that different silane agents have different bond 

strengths depending of the degree of hydrolysis. The higher the degree 

of hydrolysis the better the bond strength (Lu et al., 1992). In addition, 

silane increased the bond strength by increasing the wetablity of the 

porcelain surface. This promoted condensation of the silane to the 

composite, thus the flow of resin cement into the hydrofluoric acid 

microundercuts is increased (Stangel et al., 1987, Lu et al., 1992).  

Cement 

The luting agent for veneers is resin cement. Following try-in and 

shade selection of cement, veneers are bonded. There are many bonding 

agents in the market with varying viscosities. Less viscous bonding 

agents facilitate try-in, but are more difficult to clean up after 

cementation. On the other hand, more viscous cements are more difficult 
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to try-in but easier to clean up since the high viscosity limits the flow of 

excess cement to the surroundings. Care must be taken not to break the 

thin porcelain by applying too much pressure when seating the veneer 

using high viscous cement (Heymann, 1997).  

Resin cements may be classified into three groups: light 

polymerized, chemical polymerized, or dual polymerized. Light 

polymerized systems are preferred since the light is what activates the 

curing process. The longer working time permits try-in for the selected 

shade. In addition, color stability of light polymerized agents is superior 

compared to dual-polymerized or chemical polymerized composites 

(Mangani et al., 2007). The disadvantage of light-polymerized luting 

cement is more evident when the porcelain veneer thickness is greater 

than 0.7 mm. The bulk of the porcelain does not permit the light to 

penetrate to the underlying cement; thus, no curing is achieved (Linden 

et al., 1991, Rasetto et al., 2004). In cases with thicker porcelain 

restorations, a dual-polymerized luting agent is used where the 

poymerizing process is initiated by light (Peumans et al., 2000). This 

allows the chemical reaction to complete the polymerizing process if the 

light is not able to penetrate completely. It’s important to note that the 

use of dual polymerizing luting agents may affect long-term color 

stability due to the aromatic tertiary amine component (Calamia and 

Calamia, 2007). Cement is responsible for approximately 10% of the 

final color of the porcelain veneer restoration. Generally, the higher the 
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filler content of the cement, the more opaque and refractive the final 

color of the restoration. The importance of cement choice on final color 

depends on whether the techniques incorporated a spacer on the die that 

increases the thickness of the cement allowed during the cementation 

(Calamia and Calamia, 2007). 

For any cemented restoration, the weakest link is concentrated at 

the restoration-cement-tooth interface. Hence, in porcelain veneer 

restorations, the luting agent is the weakest link, so it is important to 

ensure a good adaptation of the veneer on the tooth structure because of 

the inherent limitation of composite luting agents. These limitations 

include but are not limited to the relatively high polymerization 

shrinkage of the luting agent, the high coefficient of thermal expansion 

and the low wear resistance of the cement (McKinney and Wu, 1985). 

Therefore, it is favorable to minimize the exposure of the luting cement 

to the oral environment (Celik and Gemalmaz, 2002). McLean and von 

Fraunhofer stated that a marginal gap of 120 µm or less between the 

tooth and the restoration is clinically acceptable. Marginal gaps of more 

than 120 µm encourage the growth of bacteria at the margins (McLean 

and von Fraunhofer, 1971). Bjorn showed that most margins of more 

than 200 µm caused plaque accumulation and encouraged the growth of 

microorganisms (Bjorn et al., 1970). This might lead to gingival 

inflammation and caries development, which may be reduced by 



 16 

maximizing the marginal seal and the adaptation between tooth and 

veneer (Tay et al., 1987).  

Cementation Technique 

A wide variety of cementation techniques have been developed to 

efficiently adhere the veneer onto the prepared tooth surface. A resin 

material is used as the luting cement, offering both advantages and 

disadvantages in the adhering process. Since resins are polymerized in a 

matter of seconds with a curing light, practitioners must approach the 

veneer cementation technique in a methodical manner.  The specific 

means of polymerizing the luting cement is highly variable, so different 

methods have been developed for excess cement removal.   

Polymerization of the resin cement can be in a one-stage or two-

stage light curing sequence. In the one-stage process, excess cement is 

removed either before light polymerization is activated or after 

polymerization is complete. Boksman tested the removal of composite 

resin after complete polymerization via the one-stage technique. 

Leaving this hardened composite excess helped in reducing 

polymerization shrinkage and reduced marginal discrepancy. Also, the 

amount of “dragging out effect”, the tendency of the resin to be 

dragged out from the margins creating a defect, was reduced as 

compared to the two-stage light curing procedure (Boksman et al., 

1985).    
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Although the polymerization shrinkage was significantly lessened, 

the one-stage light curing technique required the removal of excess 

cement mechanically with a handpiece. Excessive trimming may result 

in the inadvertent removal of the glaze or contour of the porcelain, 

which is difficult to restore after cementation. Unless further modified 

and polished, the resulting rough texture can increase plaque retention 

and gingival inflammation (Peumans et al., 2000). 

In the two-stage light polymerizing technique, the excess cement is 

removed after the luting composite is only partially polymerized. This 

method allows the practitioner to take advantage of the softer, jelly-like 

consistency of the luting resin. Tay utilized the two-stage light 

polymerizing procedure to explore two additional techniques to remove 

excess cement: the cotton bud technique and the wet bud technique. In 

the cotton bud technique, there was an initial polymerizing procedure. 

The soft stage excess composite was then removed using a cotton 

pledget, followed by the use of a blunt steel explorer. The wet bud 

procedure instead uses a fine sable brush moistened with bonding to 

remove the soft stage excess. In both techniques, the second 

polymerization completely polymerizes the luting composite before 

polishing. After examination under SEM, the cotton bud technique 

(involving the removal of excess resin by a cotton pledget) showed a 

layer of resin at the margin that was dragged out causing a defect. The 
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SEM examination also showed the wet bud procedure (using a fine sable 

brush) reduced the dragging out tendency (Tay et al., 1987).  

Different cementation techniques are recommended by different 

researchers. Garber suggested a polymerization of 20 seconds from the 

lingual aspect, 20 seconds from the buccal aspect, and then removal of 

the excess partially polymerized material from the gingival margins and 

interproximal area using a sharp scaler (Garber et al., 1988). McLaren 

suggested an alternative method: polymerizing for 5 seconds and then 

turning the curing light off for 20 seconds. This allowed flow of the 

luting agent to reduce polymerization. After two polymerization 

increments, the process is fully completed. At this point, however, the 

excess composite is fully polymerized and may require rotary 

instrumentation for removal, increasing the risk of porcelain damage, 

especially in interproximal areas (McLaren, 1997). 

As an aside, Chalifoux used the three-step light curing procedure 

with the use of a scaler to remove excess polymerized resin cement. 

Specifically, he placed the veneer so that excess resin flowed out. The 

resin was polymerized for 10 seconds at the center of the veneer 

ensuring that the margin areas were not fully polymerized and 

maintained a jelly-like state. This excess cement was wiped away. Then, 

the cement was polymerized for an additional ten seconds. Any 

additional marginal cement was weak and solid and could thus be easily 
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removed by a scaler. A third light polymerize was used to finalize the 

cementation process (Chalifoux and Darvish, 1993). 

Hornbrook described a “tack and wave” technique for cementing 

veneers. After seating, the center veneers were tacked with polymerizing 

light using 2.0 mm light guide away from the margins. This resulted in 

initiating polymerization inside the veneer only leaving the excess 

cement at the margins unpolymerized. This helped in stabilizing the 

veneer in place. The restorations were then waved with light for 3-5 

seconds using a larger light guide to partially polymerize the cement that 

can then be peeled away using a scaler and after flossing the adjacent 

teeth. Then the veneer was fully polymerized using light for at least one 

minute and the scaler was used again to remove the excess (Hornbrook, 

1998). 

Although the method of veneer cementation may vary, some new 

developments have been used to aid in management. Recently, Triodent 

created a new veneer handling kit called “Griptab veneer and crown 

delivery system” (Triodent, New Zealand). This system comes with 

adhesive Griptab tweezers to transport the veneer safely without 

dropping. The Griptab is attached to the surface of the veneer by 

adhesive; the tweezers engage the Griptab for easy transfer and handling. 

The adhesive is easy to remove after cementation. This technique 

replaces the conventional finger pressure method of veneer placement 

and fixation.  A major advantage of the Griptab system is that it does not 
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leave any adhesive residue on the facial surface of the veneer. In much 

the same way, Sheets described a modified wet bud procedure. Sheets 

used a cottonwood stick with synthetic occlusal plane wax to carry the 

veneer to the right position during the final cementation process (Sheets 

and Taniguchi, 1990).  

Although the literature showed different cementation techniques, 

all qualitative studies regarding porcelain veneers survival rates show 

different survival rates ranging from 64% (Peumans et al., 2004) to 93% 

(Friedman, 1998) and 94.6% (Layton and Walton, 2012). None of the 

studies described the bonding protocol which might be a major 

contributing factor for the survival rate of porcelain veneers (Layton et 

al., 2012). 
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Purpose 

The purpose of this research project was to measure the marginal discrepancy 

of  veneers cemented using various techniques: 

1. Partially polymerized with Griptab 

2. Fully polymerized with Griptab 

3. Partially polymerized with finger pressure 

4. Fully polymerized with finger pressure  
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Hypotheses 

Null hypothesis: 

There is no significant difference in marginal adaptation of porcelain 

veneers cemented using the four different cementation techniques  

General research hypothesis:  

There is a significant difference in marginal adaptation of porcelain 

veneers cemented using the four different cementation techniques.  
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Materials and Methods 

Teeth preparation  

Extracted teeth were collected from the University of Maryland 

Dental School and various dental offices in Baltimore. The teeth were 

stored in 5% sodium hypochlorite storage medium solution (1:10 

dilution; Clorox Regular Bleach, Oakland, CA). The teeth were selected 

so that they were caries-free when the veneer preparation was going to 

be made. A custom made metal guide was made to ensure uniform 

thickness of the preparation. A window was cut in the middle of the 

metal (3 mm X 4mm, Figure 1). The metal guide was adapted over each 

veneer and a window veneer preparation in the extracted tooth was 

made. The window preparation was 0.5mm deep, 4 mm wide 

mesiodistally, and 3 mm incisogingivally. First, depth cuts were made to 

ensure the uniform thickness of the veneer using a depth marker 

diamond rotary cutting instruments (834-021, Brasseler USA, Savannah, 

GA). A Chamfer diamond rotary cutting instrument (6844-016, 

Brasseler USA) was used to reduce the remaining facial enamel to the 

depth of the initial depth cuts. The thickness of the preparation was 

verified using a periodontal probe. The preparation was kept within the 

enamel especially at the margins. A chamfer finish line was obtained 

(Garber et al., 1988). 
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All of the teeth were embedded in cubes made of Type III dental 

stone (Labstone, Heraeus Kulzer, South Bend, IN) to be held in place 

during impression making procedures. The stone was 2mm short of the 

preparation margins. A stone cast was made (Figure 2). Putty index 

(Trixa Laboratory Matric Putty, DENTSPLY, York, PA) was made of 

the stone model (Figure 3). The putty index was used to embed the teeth. 

To facilitate impression making, the teeth were embedded so that they 

were approximately 5mm apart in each block (Figure 4). Four 3 mm 

wide grooves were placed, one on each side of the cube to help orient the 

custom trays to the cube during impression making. Six extracted teeth 

were embedded in each cube. An impression spacer was made using 

baseplate wax (TruWax type III wax, DENTSPLY, Milford, DE). Two 

layers of baseplate wax were adapted on the teeth and dental stone cube 

(Figure 5). Wax layers were adapted one layer at a time. Using the 

numbers 1-4, each side of each cube was marked with a number using a 

Sharpie permanent marker (Sanford Corporation, Oak Brook, IL).  



 25 

Figure 1: Custom-made metal guide 

 

 

 

Figure 2: Cube made of Type III stone  
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Figure 3: Putty index 

 

Figure 4: A stone cube of six embedded teeth 
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Figure 5: Baseplate wax spacer  

 

 

Impression making 

Custom impression trays were used (Triad TruTray, DENTSPLY) 

to make an impression of the prepared extracted teeth. The custom trays 

were fabricated by adapting Triad TruTray sheets to the wax spacer. 

Triad model releasing agent (DENTSPLY) was painted on the wax 

spacer using a disposable brush applicator (Bendabrush, Centrix, 

Shelton, CT). When adapting each Triad sheet, care was taken to ensure 

that the tray was adapted to the grooves made previously on the cube. 

This helped to orient each custom tray to the exact same position on the 

cube during impression making. The tray was polymerized in a Triad 

light-curing unit (DENTSLPY International, York, PA) for two minutes. 

The tray was removed from the cube and painted, inside and out, with 

TRIAD air barrier coating (DENTSPLY, Milford, DE). The tray was 

polymerized for another two minutes. A thin equally distributed layer of 
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vinly polysiloxane tray adhesive (V.P.S. Tray Adhesive, Kerr 

Corporation, Orange, CA) was applied to the inner surfaces of each 

impression tray using a disposable plastic brush (Bendabrush, Centrix).  

An impression was made of the prepared tooth using light body 

(Aquasil Ultra XLV, DENTSPLY) and heavy body vinyl polysiloxane 

impression material (Aquasil Monophase, DENTSPLY) (figure 6). A 

small amount of light body impression material was applied to the tooth 

using an impression gun (DENTSPLY, Milford, DE). The light body 

impression material covered the entire crown and extended beyond the 

margins of the preparation. The custom impression tray was loaded with 

heavy body impression material using an automixing impression gun 

(DENTSPLY) provided by the manufacturer. The impression material 

was allowed to set for 7 minutes before removal (time recommended by 

the manufacturer). Any excess impression material was trimmed to be 

flush with the borders of the tray.  

 

Figure 6: An example of an impression  
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Refractory cast preparation 

Surfactant (Smoothex debubblizing solution, Whip Mix 

Corporation, Louisville, Kentucky) was sprayed on each impression to 

reduce the potential for entrapment of air bubbles. The veneers were 

fabricated using the refractory cast technique following the guidelines in 

the Whip Mix procedure manual (Whip Mix Refractory investments for 

direct firing ceramics manual). Polyvest refractory material  (Whip Mix 

Corporation) was poured into the same impression as the master cast. 

Thirteen milliliters of special liquid concentrate-Plus (Whip Mix 

Corporation) was mixed with pre-packaged envelopes of 60mg of 

refractory powder following the manufacturer’s recommendation. A 

mechanical vacuum mixer (Vacuum Power Mixer Plus Single Speed, 

Whip Mix Corporation) was used. The refractory material was poured on 

a vibrator (Whip Mix Corporation) to minimize air bubble entrapments. 

Then, it was allowed to bench-set for at least 45 minutes before it was 

separated from the impression as recommended by the manufacturer. 

The refractory dies were sectioned and trimmed. A number 8 round 

bur (000095U0, Brasseler USA) was used to trim the die. Excess 

material was removed from the base of the die to provide easy access to 

the working surface of the die and to minimize heat absorption of the die 

material during porcelain application.  Undercuts and stone flaws were 

covered with a small quantity of refractory material mixed and applied 

only to the undercut areas to be blocked out. The margins were outlined 
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with Indigo Blue Pencil (VT741-1/2, Oak Brook, IL). The refractory 

dies were allowed to dry and were bench-set for 1 hour before 

proceeding with the next step (figure 7).  

Figure 7: A sample refractory die  

 

Prior to the application of porcelain, all refractory dies were 

degassed to remove vapors that are not desirable during the firing of the 

porcelain. Degassing was accomplished using a two-step procedure 

utilizing the burnout furnace (Jelfire Furnace, jelenko VPF, Armonk, 

New York) for the first step and the porcelain vacuum furnace for the 

second step. The models were placed in a vented burnout furnace at 

room temperature. The temperature was increased to 1500F at 25F per 

minute with a hold time of 30 minutes. The dies were removed and 

allowed to cool to room temperature.  Then, the cast was submerged in 

water for 3-4 mintues until no further air bubbles could be seen rising 

from the model. The soaked cast was placed on a damp sponge to allow 

excess water to drain off. A small quantity of a refractory powder and 

liquid on a glass slab mixed to a creamy consistency was used as a 

spacer. The spacer was applied to the refractory cast or die with a brush 
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(Benda brush, Centrix). The spacer was applied to the central area of the 

preparation leaving about 2 mm immediately adjacent to the margins of 

the preparation untouched.  

The dies were transferred to a porcelain vacuum furnace. Using a 

drying cycle of 6 minutes at an idle temperature of 1200F, the dies were 

fired to 1950F with a rate of climb of 100F per minute with the vacuum 

pump operating and with a final hold time of 2 minutes. No special 

cooling cycle was necessary.  

Porcelain application  

The area adjacent to the prepared dies was sealed. A die hardener 

(P.D.Q, Whip Mix Corporation) was applied to prevent moisture from 

being absorbed into the die during porcelain build-up. The refractory 

cast was soaked in water for 3-4 minutes until no further bubbles could 

be seen arising from the refractory. Body (dentin) porcelain (Ceramco 3, 

Dentsply, Burlington, NJ) was mixed with distilled water to a thin slurry 

consistency to prepare a sealing application. The porcelain was applied 

to the refractory die at a thickness of no more than 0.2 mm. The 

porcelain was fired under vacuum in the porcelain furnace using the 

manufacturer’s recommended time. The cast was removed and allowed 

to cool. Body and incisal porcelain was mixed separately to a normal 

consistency before proceeding with porcelain buildup. Using a soft brush 

(Jelenko, Armonk, New York), the excess moisture was removed. The 
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porcelain was fired again following the manufacturer’s recommendation 

(polyvest investment material manual). The veneers were removed from 

the dies using a number 8 round bur (000095U0, Brasseler USA) to 

break the refractory die material. The veneers were cleaned using 

ultrasonic cleaner (600 Pro sonic, Branson Ultrasonic, USA)  in plaster 

and stone removal solution (Benco Dental, USA) for 15 minutes to 

remove all excess residual refractory die material. The porcelain was 

contoured to the desired shape.  

The firing temperatures in Fahrenheit are shown in the following Table 1 

 

Table 1: Firing temperatures needed for Ceramco 3 

Time (Min)  Time (Min) Vacuum Set Temp Temperature  

Dry Pre-

heat 

Vac 

hold 

Hi 

Temp 

Hold 

Hold  Cool Set point 

(in.Hg) 

Idle Hi temp  Vac 

start 

Vac 

Stop 

Heat 

Rate 

(F/min) 

Night  

5 5 0 0 0 0 29 1202 1760 1202 1742 126 200 

 

Porcelain cementation 

The veneer was etched using etching gel, 7.5% hydrofluoric acid 

(Ultradent, South Jordan, UT, Figure 8). The gel was applied to the 

intaglio surface of the veneer for one minute, as recommended by the 

manufacturer. Upon the completion of the etching phase, the veneer was 
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completely submerged in 10% baking soda (Arm and Hammer, USA) 

and water (Figure 9). The gel reacted with the bicarbonate of soda and 

bubbles formed and rose to the surface. The process was completed 

when the bubbling stopped. The veneers were removed from the solution 

and dried. The marginal discrepancy between the fabricated veneer and 

the tooth, before cementation, was measured at four different locations, 

mesial, incisal, gingival, and distal. A light microscope (BX51 Olympus 

Microscope, Research Laboratory, University of Maryland Baltimore 

County) was used to measure the marginal discrepancy. The locations 

were marked using a non-sterile rib-back carbon steel blade (#12 blade, 

Bard Parker, USA) on the extracted tooth. 

Figure 8: Veneer etched with 7.5% hydrofluoric acid 
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 Figure 9: Submerged veneer in baking soda 

 

Silane was applied using a silane syringe (Ultradent, South Jordan, 

UT) and painted onto the etched porcelain surface of the veneer for one 

minute, as recommended by the manufacturer. A stream of air was 

passed parallel to and 6 inches above the surface of the veneer for 10 

seconds to allow the excess alcohol to evaporate. This procedure left a 

dry coat of silane on the intaglio surface of the veneer.  The prepared 

extracted tooth was cleaned of all debris with a slurry flour of pumice 

(Miltex, York, PA) and water using a rubber cup (DENTSPLY, Milford, 

DE) for 30 seconds. All the extracted teeth were etched with 37% 

phosphoric acid solution (Kerr, Orange county, CA). The etchant was 

applied to the entire prepared surface of the tooth and left for 15 seconds 

(figure 10). The etching material was washed with dental chair water 

system for 30 seconds. The etchant was air-dried using an air syringe to 

ensure a clean and oil-free surface. Optibond Solo Plus (Kerr, Orange 
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county, CA) was applied using a micro brush for 15 seconds (Figure 11). 

The bonding was air-dried using an air syringe for 3 seconds and the 

bonding agent was light polymerized for 10 seconds. The tooth was 

ready, then, for cementation.  

Figure 10: Tooth etched with 37% phosphoric acid solution  

 

 

Figure 11: Bonding agent applied to the veneer 
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The veneers were divided into four groups depending on the 

cementation method, as shown in Table 2. Since the purpose of this 

project was to test cementation technique, to limit the variables, one type 

of cement was used in this study. Light polymerizing resin cement (NX3, 

Kerr, Orange County, CA) was the cement of choice in this study since it 

has a longer working time than dual polymerizing resin cement. 

Table 2: Experimental Groups 

Group Description  

1 Veneers cemented using Griptab 
technique with tack and wave technique 
(excess is removed when partially 
polymerized) 

2 Veneers cemented using Griptab 
technique (excess is removed after the 
cement is fully polymerized) 

3 Veneers cemented by applying finger 
pressure with tack and wave technique 
(excess is removed when partially 
polymerized) 

4 Veneers cemented by applying finger 
pressure to seat the veneer (excess is 
removed after the cement is fully 
polymerized) 

 

Specimen cementation 

Partially polymerized with Griptab group: Veneers cemented using the 

Griptab technique, with a two-stage tack and wave curing technique 

(excess is removed when partially polymerized, see Introduction) 

(Hornbrook, 1998). Tweezers (Triodent, New Zealand) were used to 

engage the Griptab (Triodent, New Zealand). Adhesive provided in the 
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kit (Triodent, New Zealand) was applied to the Griptab and attached to 

the facial surface of the tooth. Then, the adhesive was light-polymerized 

for 20 seconds (figure 12). After applying the luting agent on the intaglio 

surface of the veneer, the veneer was picked up using tweezers and 

placed on the prepared tooth with gentle pressure to ensure a good 

adaptation of the veneer (Figure 13 and 14). A two stage approach was 

used to cement the veneer. After seating the restoration, the veneer was 

polymerized by applying the light for about 7 seconds. The excess was 

peeled away using a scaler (SC4R/4L, Hu Friedy, Chicago, IL, Figure 

15). The cement was further polymerized for at least one minute per 

tooth. The remaining cement was removed by the scaler. The margins 

were finished using a 15 micron finishing diamond rotary football 

shaped cutting instrument  (368EF, Brasseler USA). Fine paste with 

prophylaxis cup was also used for 10 seconds. The margins were 

checked visually and with an explorer to ensure smooth margins.  

 

Figure 12: Gribtab technique: tweezers with the tab 
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Figure 13: Tabs applied to the teeth 

 

 

Figure 14: Seating the veneer with the Griptab 
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Figure 15: Excess cement after seating the veneer 
 

 

Fully polymerized with Griptab group: In this group, the Griptab 

technique discussed above was used. However, after applying gentle 

pressure by pressing on the Griptab, the luting agent was allowed to fully 

polymerize before removing excess cement by applying the curing light 

for 2 minutes. The excess cement was removed using a scaler and 

finished with a cutting instrument as described above.  

Partially polymerized with finger pressure group: Veneers were 

cemented by applying finger pressure with a tack and wave technique 

(excess removed when partially polymerized). In this group, the veneer 

was positioned in place, after the luting agent, on the intaglio surface by 

applying gentle pressure using the index finger until the veneer was in 

place. Then the two stage polymerizing technique, described above, was 

used to polymerize the veneer.  
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Fully polymerized with finger pressure group: In this group, the veneer 

was placed using index finger pressure and then the luting agent was 

allowed to fully polymerize the cement by applying a curing light for 2 

minutes. The excess was removed using a scaler and finishing burs. 

 

Marginal gap measurements and analysis:  

The principle investigator was blinded to the experimental groups 

during measurement. Veneers were randomly assigned a number by a 

person other than the investigator. The marginal discrepancy was 

measured again, after cementation, using the microscope (BX51 

Olympus Microscope) at the four marked locations.   

Using the microscope, pictures were taken before cementation and 

after cementation. Using Imagej software, the gap between surfaces was 

measured on the taken pictures before cementation and after cementation 

. The measurements obtained were in pixels.  To convert the raw data 

from pixels to micrometers, a camera shot (Figure 16) under the 

microscope was taken with a ruler and the measurement was converted 

to micrometers. The difference between before and after cementation 

was taken for each measurement. Outliers were removed before 

statistical analysis. Absolute values were taken for all the differences to 

eliminate negative results as shown in the tables A-D in the appendix. 

Statistical analysis was done to determine whether there were any 

significance differences between the groups. 
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Figure 16: Calibration photo under the microscope 
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Power Analysis 

To determine the sample size, a power analysis was performed 

using a one-way analysis of variance (ANOVA). The power analysis 

indicated that with four groups, a medium effect size (0.25) for the 

cementation technique, N=13 for each group, and p≤0.05, power was 

100%. 

Statistical analysis  
 

In this study, the difference in marginal opening (after cementation 

– before cementation) was calculated and data was analyzed using one-

way ANOVA and Tukey’s Honestly Significant Difference (HSD) test. 

A p ≤ 0.05 was considered significant. 
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Results 

Marginal opening values for the 40 veneers were measured (see 

Appendix for raw data). Four measurements at four different locations 

were taken before and after cementation. The difference in 

measurements at each location were recorded and analyzed. Tables A-D 

in the Appendix show the raw data in pixels and their conversion to 

micrometers. The data provided measurements taken before and after 

cementation and the difference between those two measurements. There 

was a large variation in the data as is evident from the high standard 

deviations. Therefore, a test was run to check for presence of outliers. A 

measurement was considered an outlier when it was equal to or  greater 

or less than two standard deviations of the mean (Wilcox, 2010). 

Calculations showed that outliers were present. The outliers from both 

groups were removed. The number of outliers for full polymerized with 

Griptab, full polymerized with finger pressure, partial polymerized with 

Griptab, and partial polymerized with finger pressure were 4,2,3, and 4 

respectively (in Appendix, outliers are highlighted in bold in tables A-

D). Absolute values were taken for all the differences to eliminate the 

negative results. The marginal opening in the raw data before 

cementation for full polymerized specimens with Griptab, full 

polymerized specimens with finger pressure, partial polymerized 

specimens with Griptab, and partial polymerized with finger pressure 

were found to be 96.026, 82.44, 84.86 and 102.00 µm respectively. The 



 44 

highest value before cementation for each group was 181.4, 163.80, 

285.10 and 210.14 µm, respectively. The lowest value before 

cementation for each group was 12.50, 26.67, 10.59, and 30.19 µm, 

respectively.  

When comparing the difference in marginal opening using one-

way ANOVA, the mean values for full polymerized specimens with 

Griptab, full polymerized specimens with finger pressure, partial 

polymerized specimens with Griptab, and partial polymerized specimens 

with finger pressure were 43.75, 45.33, 37.18, and 45.80 µm 

respectively. The standard deviation values were 35.57, 38.44, 23.59, 

and 41.3 µm.  The values ranged from: 172.77 to 203.06, -63.63 to 

370.55, -49.51 to 151.68 and 203.05 and -57.23 to 224.51µm before 

removing the outliers and taking the absolute values. The range was 

slightly different when omitting the outliers and taking the absolute 

values. These values were found to be 0.78 to 112.5, 0 to 163.8, 5.14 to 

94.32 and 0.156 to 147.62 µm and the median values were 32.66, 30.78, 

36.26, and 27.66 µm respectively. These values were not significantly 

different between the four different techniques (F=0.48, p=0.69, Tables 3 

and 4) 
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Table 3: Marginal opening values (mean and standard deviation) using 
four cementation techniques 

 N Mean 
(µm)  

St. 
Dev 
(µm)  

Std. 
Error  
(µm)  

F p 

Full polymerized with 
Griptab 

34 43.75  35.57 6.10 0.48 .69 

Full polymerized with 
finger pressure 

32 45.33 38.44 6.80   

Partial polymerized with 
Griptab 

33 37.18 23.59 3.83   

Partial polymerized with 
finger pressure 

44 45.80 41.3 6.23   

 

 

 

 

Table 4: One-way ANOVA comparing the marginal opening values of 
the four cementation techniques 

 Sum of 
squares 

Df Mean 
square 

F p 

Between 
Groups 

1827.44 3 609.15 0.48 .69 

Within Groups 181514.71 144 1260.52   
Total 183342.15 1147    
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Figure 17: A graph showing mean marginal opening values and their 
standard deviation 

 

The cupping out effect was found in all the groups whether it was 

partially polymerized or fully polymerized. Figure 17 shows one picture 

taken after cementation and clearly shows that effect 
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Figure 18: An example of a cemented porcelain veneer showing the 
cupping out effect  
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Discussion 

The advancement of cement types and cementation techniques has 

paved the way and improved the predictability and longevity of ceramic 

veneers. There is limited data available in the literature comparing 

different adhesive cementation techniques and their effect on the 

marginal integrity of those veneers. The objective of this in vitro 

research project was to measure the marginal opening of porcelain 

veneers using four different cementation techniques: partially 

polymerized with Griptab, fully polymerized with Griptab, partially 

polymerized with finger pressure, and fully polymerized with finger 

pressure. The results of this study supported the null hypothesis that 

there was no significant difference in marginal opening among the four 

different cementation techniques described above.  

The presence of the marginal gap and the importance of its 

elimination has been discussed in the dental literature. McLean and von 

Fraunhofer stated that a marginal gap of 120 µm or less between the 

tooth and the restoration is clinically acceptable. Marginal gaps of more 

than 120µm encourage the growth of bacteria at the margins (McLean 

and von Fraunhofer, 1971). In addition, Christensen reported that the 

range of clinically acceptable subgingival marginal opening ranged from 

34 to 119 µm and the acceptable supragingival marginal opening ranged 

from 2 to 51 µm (Christensen, 1966). In an in vivo study, a scanning 

electron microscope was used to measure the supragingival margins of 
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crowns that were considered clinically well-fitting and reported marginal 

discrepancy values in a range of 7 to 65 µm (Lofstrom and Barakat, 

1989).  

In comparison, the reported marginal discrepancies of porcelain 

veneers were higher. Sorensen et al. compared the marginal discrepancy 

of porcelain veneers fabricated by two procedures.  They reported that 

the mean marginal discrepancy for platinum foil and refractory die 

veneers to be 187 and 242 µm with 71 and 53 µm standard deviation 

respectively (Sorensen et al., 1992). Another study compared the 

marginal integrity of porcelain veneers and found the mean marginal 

discrepancy range for IPS empress to be 105 and 182µm with 43 and 

254 µm standard deviation at the incisal and cervical regions 

respectively (Celik and Gemalmaz, 2002). Tay found the discrepancy to 

be 160-400 µm before cementation and 100 µm after cementation (Tay 

et al., 1987). 

In this study, the marginal opening in the raw data before 

cementation for full polymerized specimens with Griptab, full 

polymerized specimens with finger pressure, partial polymerized 

specimens with Griptab, and partial polymerized specimens with finger 

pressure were found to be 96.03, 82.44, 84.86 and 102.00 µm 

respectively. When compared to other studies, these values were within 

reported limits for the marginal openings. The maximum values of raw 

data before cementation for each group were 181.4, 163.80, 285.10 and 
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210.14 µm respectively.  Although these values appear to be higher than 

the acceptable clinical marginal opening, the average values are within 

the reported limits reported for marginal opening when compared to 

other studies that measured the marginal opening of porcelain veneers 

(Tay et al., 1987, Sorensen et al., 1992, Celik and Gemalmaz, 2002). In 

addition, the values ranged from 10.58 to 285.10 µm of the entire 

specimen. These large values appear to be spread over a large range. 

However, they are similar to  studies that compared the marginal 

opening of porcelain veneers as mentioned above.  

In this study, the mean values of the difference in marginal 

openings for full polymerized specimens with Griptab, fully polymerized 

specimens with finger pressure, partial polymerized specimens with 

Griptab, and partial polymerized with finger pressure were 43.75, 

45.33,37.18, and 45.80 µm respectively. The mean values of marginal 

discrepancy mean for porcelain veneers in this study were well within 

the acceptable marginal opening limits. Some negative values and 

outliers were found in some of the calculated differences. These negative 

values indicate that the measured opening was higher after cementation.  

The presence of outliers and negative values in this study could be due to 

incomplete seating of some of the veneers after cementation. Especially 

with using the Griptab to hold the veneer, it was harder to apply the 

cement and seat the veneer because the loop on the Griptab can rotate 

preventing the operator from applying sufficient pressure for seating. 
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In this in vitro study, a window veneer preparation was made, 

which is not a typical clinical veneer preparation. A veneer preparation 

usually covers the entire facial surface of a tooth and might wrap around 

the incisal edge. The window veneer was chosen for this study as it 

helped to standardize specimens and the measuring method.  All 

measurements had the same surface area,  and were situated on relatively 

flat surfaces. 

During the microscopical evaluation of the specimens, the drag out 

effect was present in both partially and fully polymerized groups. 

However, this is qualitatively assessed not quantitatively. This 

phenomena was described by Tay and suggests that resin has tendency to 

be dragged out from the maring upon cleaning creating a defect (Tay et 

al., 1987). This discrepancy may be caused during removal of the excess 

cement by scalers, the resin chips off causing the cupping out effect. In 

addition, the polishing of the surface may contribute to this marginal 

opening. Polishing after scaling the margins might have led to breakage 

of the very thin layer of cement leading to defective margins.   

Several limitations are present in this study.  First of all, the veneers 

were not completely identical. Although a guide was made and depth 

cuts were used to obtain standardized sizes, human errors in preparations 

created small variations in the depth, length and width of the veneers. 

This might create differences in application and cementation of the 

veneer and consequently in marginal opening. However, the effect of 
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these differences was minimal because veneer specimens were randomly 

assigned to each group. Secondly, the size of the veneer was small and 

does not represent the size of a full scale clinical preparation. The small 

size causes handling difficulties especially when removing from the 

refractory die material, during application of porcelain and during 

cementation.  

Moreover, the veneers were flat and exhibited more or less a 

uniform thickness. Clinically, the veneers are more curved and have 

different thicknesses at different locations, which may result in different 

amount of shrinkage during sintering within the same veneer. Marginal 

discrepancy resulted from the shrinkage from the porcelain towards the 

region of the greatest bulk (the center) and the geometry of the margins 

(Sorensen, 1990). 

 In addition, the amount of cement and pressure applied was difficult to 

standardize across specimens. Therefore, the pressure applied and the 

excess cement was different and could not be controlled since Griptab 

and finger pressure depend on the force from the operator, which may 

vary from one application to another; thus, a difference in seating might 

be observed.  All these factors could affect the seating of the veneer and 

therefore, the resulting marginal gap. 

Inaccurate microscopic readings may have occurred when the light 

was reflected, due to the fact that although the veneers were curved. In 

the literature, several studies evaluating the marginal integrity of an 
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overcontoured and apically overextended veneer margin by the direct 

view technique would underreport the dimension of the marginal gap. 

When the marginal gap of a curved surface is measured with the direct-

view method, the surfaces reflect light, providing a false marginal 

opening leading to inaccurate measurement (Sorensen, 1990, Sorensen et 

al., 1992). 

There was a challenge in interpreting results from in vitro studies.  

The depth of field of microscope, cement, gap, and tooth are different 

and may  contribute to measurement errors. In addition, the tooth-

colored luting agents may have a negative impact in acquiring accurate 

measurement of the marginal gap. One way to eliminate this might be by 

either adding coloring agents to the luting agents or by using cross-

sectional inspections (Sorensen et al., 1992).  
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Conclusion 

This in vitro study evaluated four different cementation techniques 

for porcelain veneers and their effect on marginal seal. Within the 

limitations of this study, no significant difference was found among the 

four test groups. In addition, the marginal gap values were within 

clinically reported limits. Since the results of the different groups are not 

different, clinically the operator can choose among the above techniques 

depending on their personal preference. Further studies should be 

performed to evaluate the influence of different finishing techniques, 

type of cement, and measuring methods on the marginal seal. 
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Appendix: 

 

Table A: Raw data Griptab with full polymerized (outliers are in bold)  

  
Before 
(pixel) 

After 
(pixel) 

Before 
(micro) 

After 
(micro) Difference  

Absolute 
value  

1 54.083 36.025 135.2075 90.0625 45.145 45.145 
2 15 0 37.5 0 37.5 37.5 
3 24.187 36.497 60.4675 91.2425 -30.775 30.775 
4 30.594 56.045 76.485 140.1125 -63.6275 63.6275 
5 30 24 75 60 15 15 
6 45.1 51 112.75 127.5 -14.75 14.75 
7 39.459 15 98.6475 37.5 61.1475 61.1475 
8 22.847 24 57.1175 60 -2.8825 2.8825 
9 42.107 24 105.2675 60 45.2675 45.2675 
10 39 0 97.5 0 97.5 97.5 
11 45.573 25.298 113.9325 63.245 50.6875 50.6875 
12 65.521 0 163.8025 0 163.8025 163.8025 
13 130.973 72.498 327.4325 181.245 146.1875 146.1875 
14 28.92 21 72.3 52.5 19.8 19.8 
15 39.115 33 97.7875 82.5 15.2875 15.2875 
16 36 16.5 90 41.25 48.75 48.75 
17 52.671 45.177 131.6775 112.9425 18.735 18.735 
18 136.235 32.31 340.5875 80.775 259.8125 259.8125 
19 28.071 18.667 70.1775 46.6675 23.51 23.51 
20 10.667 0 26.6675 0 26.6675 26.6675 
21 25.473 25.473 63.6825 63.6825 0 0 
22 16 18.714 40 46.785 -6.785 6.785 
23 56.036 39 140.09 97.5 42.59 42.59 
24 16.125 8 40.3125 20 20.3125 20.3125 
25 60 12 150 30 120 120 
26 21.333 10.667 53.3325 26.6675 26.665 26.665 
27 25.889 15.202 64.7225 38.005 26.7175 26.7175 
28 11.045 0 27.6125 0 27.6125 27.6125 
29 44.02 32.111 110.05 80.2775 29.7725 29.7725 
30 23.231 0 58.0775 0 58.0775 58.0775 
31 148.219 0 370.5475 0 370.5475 370.5475 
32 14 12 35 30 5 5 
33 36.77 21.213 91.925 53.0325 38.8925 38.8925 
34 32.311 8 80.7775 20 60.7775 60.7775 
35 24.187 0 60.4675 0 60.4675 60.4675 

 

Table B: Full polymerized with finger pressure (outliers are in bold)  
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Before
(pixel) 

After 
(pixel) 

Before 
(micro) 

After 
(micro) Difference  

Absolute 
value 

1 54.083 36.025 135.2075 90.0625 45.145 45.145 
2 15 0 37.5 0 37.5 37.5 
3 24.187 36.497 60.4675 91.2425 -30.775 30.775 
4 30.594 56.045 76.485 140.1125 -63.6275 63.6275 
5 30 24 75 60 15 15 
6 45.1 51 112.75 127.5 -14.75 14.75 
7 39.459 15 98.6475 37.5 61.1475 61.1475 
8 22.847 24 57.1175 60 -2.8825 2.8825 
9 42.107 24 105.2675 60 45.2675 45.2675 

10 39 0 97.5 0 97.5 97.5 
11 45.573 25.298 113.9325 63.245 50.6875 50.6875 
12 65.521 0 163.8025 0 163.8025 163.8025 

13 
130.97

3 72.498 327.4325 181.245 146.1875 146.1875 
14 28.92 21 72.3 52.5 19.8 19.8 
15 39.115 33 97.7875 82.5 15.2875 15.2875 
16 36 16.5 90 41.25 48.75 48.75 
17 52.671 45.177 131.6775 112.9425 18.735 18.735 

18 
136.23

5 32.31 340.5875 80.775 259.8125  
19 28.071 18.667 70.1775 46.6675 23.51 23.51 
20 10.667 0 26.6675 0 26.6675 26.6675 
21 25.473 25.473 63.6825 63.6825 0  
22 16 18.714 40 46.785 -6.785 6.785 
23 56.036 39 140.09 97.5 42.59 42.59 
24 16.125 8 40.3125 20 20.3125 20.3125 
25 60 12 150 30 120 120 
26 21.333 10.667 53.3325 26.6675 26.665 26.665 
27 25.889 15.202 64.7225 38.005 26.7175 26.7175 
28 11.045 0 27.6125 0 27.6125 27.6125 
29 44.02 32.111 110.05 80.2775 29.7725 29.7725 
30 23.231 0 58.0775 0 58.0775 58.0775 

31 
148.21

9 0 370.5475 0 370.5475  
32 14 12 35 30 5 5 
33 36.77 21.213 91.925 53.0325 38.8925 38.8925 
34 32.311 8 80.7775 20 60.7775 60.7775 
35 24.187 0 60.4675 0 60.4675 60.4675 
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Table C: Partial polymerized with Griptab (outliers are in bold)  

  
Before 
(pixel) 

After 
(pixel) 

Before 
(micro) 

After 
(micro) Difference  

Absolute 
value  

1 32.056 0 80.14 0 80.14 80.14 
2 45 22.091 112.5 55.2275 57.2725 57.2725 
3 21.587 0 53.9675 0 53.9675 53.9675 
4 50.16 32.062 125.4 80.155 45.245 45.245 
5 10.75 12.806 26.875 32.015 -5.14 5.14 
6 18.874 4.243 47.185 10.6075 36.5775 36.5775 
7 23.591 17.889 58.9775 44.7225 14.255 14.255 
8 24.166 12.406 60.415 31.015 29.4 29.4 
9 30.15 21 75.375 52.5 22.875 22.875 

10 21.213 18.739 53.0325 46.8475 6.185 6.185 
11 15.232 7.211 38.08 18.0275 20.0525 20.0525 
12 32.311 9 80.7775 22.5 58.2775 58.2775 
13 35.114 22.847 87.785 57.1175 30.6675 30.6675 
14 28.46 18.435 71.15 46.0875 25.0625 25.0625 
15 4.233 0 10.5825 0 10.5825 10.5825 
16 58.941 78.746 147.3525 196.865 -49.5125 49.5125 
17 114.039 78.746 285.0975 196.865 88.2325 88.2325 
18 60.671 8.531 151.6775 21.3275 130.35  
19 45.398 24.739 113.495 61.8475 51.6475 51.6475 
20 15 12.728 37.5 31.82 5.68 5.68 
21 26.667 22.361 66.6675 55.9025 10.765 10.765 
22 28.302 24.187 70.755 60.4675 10.2875 10.2875 
23 63.64 13.416 159.1 33.54 125.56  
24 21 4.55 52.5 11.375 41.125 41.125 
25 39 18.974 97.5 47.435 50.065 50.065 
26 7.071 0 17.6775 0 17.6775 17.6775 
27 30.15 0 75.375 0 75.375 75.375 
28 22 0 55 0 55 55 
29 8 25.632 20 64.08 -44.08 44.08 
30 21 18 52.5 45 7.5 7.5 
31 27.166 20.125 67.915 50.3125 17.6025 17.6025 
32 22.361 12 55.9025 30 25.9025 25.9025 
33 60.671 0 151.6775 0 151.6775 0 
34 39.115 24.739 97.7875 61.8475 35.94 35.94 
35 15 0 37.5 0 37.5 37.5 
36 42 21 105 52.5 52.5 52.5 
37 27 2.667 67.5 6.6675 60.8325 60.8325 
38 9 0 22.5 0 22.5 22.5 
39 10 0 25 0 25 25 
40 27.166 12 67.915 30 37.915 37.915 
41 58.941 21.213 147.3525 53.0325 94.32 94.32 
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Table D: Partial polymerized with finger pressure (outliers are in bold)  

  
Before 
(pixel) 

After 
(pixel) 

Before 
(micro) 

After 
(micro) Difference  Absolute value  

1 19.209 36.62 48.0225 91.55 -43.5275 43.5275 

2 63.285 45.695 158.2125 114.2375 43.975 43.975 

3 32.311 42.638 80.7775 106.595 -25.8175 25.8175 

4 114.03 24.187 285.075 60.4675 224.6075 0 

5 21 15.297 52.5 38.2425 14.2575 14.2575 

6 42.107 42 105.2675 105 0.2675 0.2675 

7 75.538 16.492 188.845 41.23 147.615 147.615 

8 24.187 22.847 60.4675 57.1175 3.35 3.35 

9 18 5.099 45 12.7475 32.2525 32.2525 

10 51 0 127.5 0 127.5 127.5 

11 54.332 36.497 135.83 91.2425 44.5875 44.5875 

12 87.052 12.369 217.63 30.9225 186.7075  

13 77.13 28.636 192.825 71.59 121.235 121.235 

14 18 13.416 45 33.54 11.46 11.46 

15 69 23.311 172.5 58.2775 114.2225 114.2225 

16 84.054 15 210.135 37.5 172.635 172.635 

17 35.114 27.659 87.785 69.1475 18.6375 18.6375 

18 28.46 51.352 71.15 128.38 -57.23 57.23 

19 54.745 43.681 136.8625 109.2025 27.66 27.66 

20 41.785 0 104.4625 0 104.4625 104.4625 

21 55.317 50.836 138.2925 127.09 11.2025 11.2025 

22 27.166 0 67.915 0 67.915 67.915 

23 57.315 24.187 143.2875 60.4675 82.82 82.82 

24 24 0 60 0 60 60 
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25 20 14.36 50 35.9 14.1 14.1 

26 21.143 16.111 52.8575 40.2775 12.58 12.58 

27 36 30 90 75 15 15 

28 16.221 9.435 40.5525 23.5875 16.965 16.965 

29 61.853 0 154.6325 0 154.6325  

30 33.541 43.738 83.8525 109.345 -25.4925 25.4925 

31 32.311 32.249 80.7775 80.6225 0.155 0.155 

32 34.205 28.46 85.5125 71.15 14.3625 14.3625 

33 12.074 0 30.185 0 30.185 30.185 

34 22.667 0 56.6675 0 56.6675 56.6675 

35 58.549 18.714 146.3725 46.785 99.5875 99.5875 

36 27.166 18 67.915 45 22.915 22.915 

37 97.837 15.549 244.5925 38.8725 205.72  

38 24.142 14.142 60.355 35.355 25 25 

39 35.44 30.363 88.6 75.9075 12.6925 12.6925 

40 66.068 70.036 165.17 175.09 -9.92 9.92 

41 39.459 60.745 98.6475 151.8625 -53.215 53.215 

42 36.497 45.695 91.2425 114.2375 -22.995 22.995 

43 31.383 21.705 78.4575 54.2625 24.195 24.195 

44 36.249 15 90.6225 37.5 53.1225 53.1225 

45 53.16 40.804 132.9 102.01 30.89 30.89 

46 43.681 24 109.2025 60 49.2025 49.2025 

47 71.309 67.082 178.2725 167.705 10.5675 10.5675 

48 50.29 10 125.725 25 100.725 100.725 
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