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ABSTRACT
PURPOSE OF THE STUDY: To compare the marginal discrepancy and fracture resistance of porcelain laminate veneers fabricated with three 
different tooth preparation designs and assessment of micro tensile bond strength of veneers prepared on normal and uorosed teeth with the same 
preparation design.
MATERIALS AND METHODOLOGY: 50 extracted maxillary teeth were collected, 40 normal and 10 uorosed teeth. Three different 
preparation designs were chosen for 30 normal tooth samples. Group I (n=10) is with Window preparation design, Group II (n=10) with Butt joint 
preparation and Group III (n=10) with Incisal overlap design. Remaining 20 samples are to be tested for Micro Tensile Bond Strength between 
Group A (n=10, normal teeth) and Group B (n=10, uorosed teeth) with only Incisal overlap design . Veneers were fabricated with IPS Empress 
Esthetic Ingots. The rst 30 samples are tested with Stereomicroscope for assessment of marginal discrepancy followed by measurement of 
fracture resistance with Universal Testing Machine at an angle of 45⁰. Micro Tensile Bond Strength is evaluated in between Normal and Fluorosed 

teeth with Universal Testing Machine.
RESULTS: Highest marginal discrepancy value of ceramic veneers was found in the Incisal overlap preparation (Group 3) at both incisal and 
cervical areas and least found with Butt joint preparation (Group 2). Fracture resistance was least in Window preparation (Group 1) and highest in 
Incisal overlap preparation (Group 3). There is statistically signicant difference found between all the three groups.  Values from Micro Tensile 
Bond Strength test between veneers on normal (group A) and uorosed teeth (Group B) did not result in any statistical signicant values .
CONCLUSION: Marginal discrepancy was minimal in Butt joint preparation. Fracture resistance was signicant with Incisal overlap design 
though it had higher marginal discrepancy. Presence of uorosis did not inuence the bond strength values between normal and uorosed teeth.
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INTRODUCTION 
A porcelain laminate veneer is an thin shell of porcelain applied 

[1] directly to the tooth surface. In esthetic dentistry, laminates are used 
to restore the original color of the tooth, whereas veneers are used to 

[2] change the original color of the tooth to make it look more natural.
The superior esthetics, good mechanical properties, and 
biocompatibility made porcelain  a better material for fabrication of 

[3] veneers. Charles Pincus in 1938 introduced thin veneers with air-red 
[4]porcelain and attached them with denture adhesive powder.  The rst 

commercial porcelain used as a veneer material in the year of 1983 by 
[5]Horn.  

The main factors, which play a key role in the success of veneers, are 
the case selection, preparation design, type of material and 
manufacturing technique used, materials for adhesion of prosthesis 

[6] and occlusal considerations.

Indications for ceramic veneers are extreme discolorations, dental 
uorosis, surface defects like attrition, abrasion and abfraction, 
midline diastema, hypodontia, incisal fractures, agenesis of lateral 

7incisor, recently in cases of anterior guide rehabilitation .
 
Contraindications are limited crown structure, parafunctional habits, 
class III malocclusion conditions, young permanent teeth, crowded 
teeth, periodontally compromised conditions, and occlusal 

[7]modications.  

AIM : This study was done to evaluate the Marginal discrepancy and 
Fracture resistance of ceramic veneers with three different veneer 
preparation designs and also to assess the Microtensile bond strength 
of laminate veneers between normal and uorosed teeth.

OBJECTIVES:
1.  Comparison of Marginal discrepancy of ceramic veneers with 3 

different preparation designs.
2.  Comparison of Fracture resistance of ceramic veneers with 3 

different preparation designs.
3.  Comparison of Micro Tensile bond strength of ceramic veneers 

between normal teeth and uorosed teeth with the same 
preparation design.

METHODOLOGY OF THE STUDY
50 extracted maxillary central incisors are selected, without any caries, 
defects , restorations or cracks. Out of 50 samples, 40 are normal teeth 

and 10 were uorosed teeth. All the specimens have approximately 
similar crown length and uorosed teeth are selected with moderate 
uorosis. Exclusion criteria for the teeth collected were with decay; 
fracture, wear due to abrasion or erosion and restorations. After the 
selection of samples, they were cleaned with 3% Hydrogen Peroxide 
for a week to free tooth surfaces from stains and debris and stored in 
distilled water until testing.

Mounting of Specimens: All the 50 specimens were mounted 
individually in a PVC tube with standardized dimensions of 1× 1 inch 
with and soft cold cure acrylic resin (DPI) and long axis of all the 
specimens are coinciding at the center of the ring  with the help of 
Dental Surveyor (Marathon) with the help of analyzing rod . ( FIG 1)

FIG 1: Mounted specimens

Tooth preparation : Silicone putty (Aquasil) impressions were made 
for every specimen before the tooth preparation, which helps in 
estimating amount of reduction during tooth preparation and also for 
fabrication of veneer with uniform thickness. Sectioning the silicone 
putty vertically helpful in assessment of amount of tooth reduction.

PREPARING THE TOOTH
 Labial & Proximal reduction 
Depth guiding burs (DW-11 for 0.3mm depth and DW-12 for 0.5mm 
depth) used for placement of horizontal depth cuts on the labial 
surface, 0.3 mm of reduction done at the cervical third region and 
0.5mm at the middle and incisal thirds. Round end tapered diamond 
bur (0835) is used to join the grooves and the reduction was extended 
onto the proximal surface upto the contact area. Tooth preparation was 
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restricted to enamel only without any sharp line angles. A long chamfer 
nish line is placed at the level of cemento - enamel junction. 
Reduction is assessed with silicone index.

Incisal Reduction  : 
Ÿ For the Window technique, the labial surface reduction 

terminated at the incisal edge. There is no involvement of incisal 
edge or lingual preparation.

Ÿ For Butt joint design, incisal surface is reduced to 2mm with 
depth orientation grooves with round end tapered diamond (0835), 
bur is placed parallel to the incisal surface, and remaining tooth 
structure in between the groves is removed. Clearance is checked 
with silicone index.

Ÿ For Incisal overlap design also 2mm of incisal reduction is done 
with the placement of depth orientation groves. Clearance is 
checked with silicone index.

FIG -2 Schematic represenatation of window(a), Butt joint(b) and 
Incisal overlap preparation©

Lingual Reduction 
 This is done only for the Group III, Group A and B specimens (Incisal 
overlap design). Lingual nish line is placed with a round end tapered 
diamond (0835), bur is held parallel to long axis of the lingual surface 
and reduce to a depth of 0.5mm. The nal reduction was checked with 
silicone index.

 Finishing the Preparation  
All sharp angles were rounded off and nished using the ne grit 
diamonds burs (RE1 and FL). The nished preparation was then 
polished using polishing cup (Ceramiste Ultra CA –1) in the veneer 
preparation kit (Shofu). Burs are replaced after every three specimen 
preparations.

IMPRESSION MAKING 
Impressions are made with a custom tray using dual technique with 
putty and light body material (Aquasil) and casts were poured with 
type IV Die stone (GC Fujirock). 

FABRICATION OF VENEERS
 Ceramic veneers are fabricated with Leucite reinforced heat pressed 
ceramic (IPS Empress) following the manufacturer instructions. The 
dies were coated with two sealer (Kerr) layers 1mm short of the 
preparation margin. Then wax patterns (Bego) were prepared. 2.5mm 
of prefabricated sprue (Surana) placed at an angle of 45-60⁰. 

Investing  
 The IPS silicone ring was carefully positioned on the investment ring 
base without damaging the wax patterns and lled with investment 
material (powder to liquid ratio is 4:1) up to the marking. The 
investment material was allowed to set for a period of 30 minutes. The 
temperature of the preheating furnace was maintained at 850 °C (1562 
°F). The EP 600 furnace was calibrated with the Automatic 
Temperature Checking Set 1. 

Pressing: Before the preheating cycle for the investment ring ended 
the appropriate press program for IPS Empress and the respective 
investment ring size (EP 600/EP 600 Combi) was selected. The press 
temperature of the IPS Empress ingots was 1075 °C. (FIG- 3)

Divesting  
 Rough divestment was carried out with glass polishing beads at 4 bar 
(60 psi) pressure. Later for ne divestment, only 2 bar (30 psi) pressure 
is applied.

Finishing the Veneers  
 A ne diamond disk was used to cut the sprues at low speed using light 
pressure and sufcient irrigation. Then wash ring was done using the 
IPS Empress Esthetic Veneer Wash paste. The wash pastes were 
applied thinly to cover the entire restoration. The veneers were etched 
with 9% Hydrofluoric acid gel (Ultradent) for 1 minute. The veneers 
were washed thoroughly with air/water spray for 30 seconds. Prior to 

the cementation procedure, the veneers were silanated . Silanating agent 
was applied for 60 seconds (Ultradent) and dried with air. (FIG-4)

Cementation: 
The bonding surface of the tooth was etched with 37% Phosphoric acid 
(Kerr) for 15 secs. After that it was thoroughly rinsed off with water 
spray and then the tooth was dried by blotting with moist cotton pellet. 
Silanating agent was applied on the intaglio surface of the etched 
veneer and uniformly dried by using a clean, dry stream of air. Then the 
bonding agent was applied on to the etched tooth surface and dried by 
using a clean, dry stream of air for 1-3 seconds. The bonding agent was 
also applied on to the intaglio surface of the etched and silanated 
veneer. A thin layer of composite resin cement was applied to the center 
of the intaglio surface of the veneer. Light nger pressure was exerted 
on the restoration until the cement polymerized. The excess composite 
resin luting agent was carefully removed. Light polymerization was 
performed according to the instructions of the manufacturer for 40 
seconds on both the palatal and facial surfaces, using a light-emitting 
diode (LED) polymerizing unit (Ivoclar Vivadent). The veneers were 
polished using rubber points polishing cups, pumice paste, and 
diamond polishing paste. Until testing, the specimens were stored in 
distilled water.

MEASURING MARGINAL DISCREPANCY
The obtained veneer samples were tested for marginal discrepancy. By 
using Stereomicroscope (LABOMED) equipped with a camera 
(Progress C3) with an image analysis software (PROGRESS 14 
PLUS). This was done at four different points along the margins 
(mesiocervical, distocervical, mesioincisal and distoincisal margins). 
Marginal discrepancy was measured at all the four regions are 
examined under stereomicroscope for marginal discrepancy. On each 
area the maximum marginal opening was considered and the mean of 
marginal discrepancies at the cervical and incisal margins were 
obtained and it was termed to be the marginal discrepancy of each 
specimen(FIG-5). The obtained results were tabulated and statistical 
analysis is done.

MEASURING FRACTURE RESISTANCE 
 The specimens tested for marginal discrepancy were then subjected to 
Fracture resistance test. Compressive pressure has been applied at a 
crosshead rate of 0.5mm/min using a ball-ended plunger touching the 
palatal surface of tooth at an angle of 45⁰(FIG-6). Testing for fracture 

resistance was done using Universal Testing Machine (Instron 8801). 
The results obtained were tabulated and statistical analysis is done.

MEASUREMENT OF MICROTENSILE BOND STRENGTH 
 MTBS is measured for 10 samples of ceramic veneers, each on normal 
and uorosed teeth. Composite material is bonded onto the labial 
surface of the veneer and a metal ceramic bracket is adhered on top of 
it. All the samples are tested using Universal Testing Machine (Instron 
8801) until debonded (FIG-7). The results obtained were tabulated and 
statistical analysis was done.

FIG-5: Specimen placed in Stereomicroscope 
FIG-6 : Sample placed at an angle of 45⁰ in UTM

FIG-7: Assessment of Micro Tensile Bond Strength
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FIG 3: Ceramic veneers after 
pressing

FIG 4: Ceramic veneers after 
polishing and glazing
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Table 1& Graph 1: Comparison of Marginal discrepancy between 
Group I (n=10) (window preparation), Group II (n=10) (Butt joint 
preparation) and Group III n=10) (Incisal overlap preparation) at 
Incisal Margin and Cervical margin.

The above table and graph shows that the mean values of samples in 
group I, II and III by ANOVA test. A signicant difference (p< 0.01%) 
is observed in between Group I, Group II and Group III at the incisal 
and cervical region. Highest marginal discrepancy was seen in group 
III and least in Group II design. The decreasing order of marginal 
discrepancy is Group III > I>II.

Table 2 and Graph 2: Comparison of Fracture resistance between 
Group I (Window preparation), Group II (Butt joint preparation) and 
Group III (Incisal overlap preparation).

A signicant difference (p=0.04) is observed in between Group I, 
Group II and Group III.
Ÿ Highest fracture resistance was seen in Group III and least in 

Group I design.
Ÿ The increasing order of fracture resistance is Group I>Group 

II>Group III.

Table 3 and Graph 3: Comparison of Micro Tensile Bond Strength 
between Normal and Fluorosed teeth.

There is no statistical signicance present between the two groups, but 
relatively higher values of MTBS are present in uorosed teeth(Group 
B) than normal teeth(Group A) after independent  t test .

RESULTS
The mean value of marginal discrepancy at incisal area 
1. For Group I ( Window preparation)                   –    81.60
2. For Group II ( Butt joint preparation)             –    71.86
3. For Group III ( Incisal overlap preparation)   –   87.86 

The mean value of marginal discrepancy at cervical area 
1. For Group I ( Window preparation) – 95.68
2. For Group II ( Butt joint preparation) – 89.65
3. For Group III ( Incisal overlap preparation) – 105.46

Highest fracture resistance was seen in Group III and least in Group I 
design

No statistical signicance present between the two groups, but 
relatively higher values of MTBS are present in uorosed teeth(Group 
B) than normal teeth(Group A) after independent t test .

DISCUSSION- 
Ceramic veneers are thin bonded prosthesis prepared on labial and 

[8] proximal surface of anterior teeth with a minimal reduction.
Evolution of new ceramic materials, advanced techniques, adhesives 
and armamentarium available for tooth preparation made ceramic 
veneers, a better option for a minimally invasive approach to enhance 

[9]esthetic appearance.  Ceramic veneers are considered as the best 
treatment plan for an esthetic procedure not only because of the 
conservative nature of preparation but also they leave the intact 

[10]enamel.  

Veneers have a good survival rate of approximately 93% observed in a 
11 .time period of 15 years The most common complications with 

Porcelain Laminate Veneers observed in the clinical practice are 
 12fracture of veneers marginal discrepancy and debonding . The 

present study is to compare the marginal discrepancy and fracture 
resistance of ceramic veneers with three different preparation designs 
and to assess the variation in micro-tensile bond strength of ceramic 
veneers between normal and uorosed teeth. 

MARGINAL DISCREPANCY - Diedrich and Erpenstein dened the 
marginal gap as the space between the restoration margin and external 

[13]preparation margin. Marginal discrepancy results in severe 
sensitivity because of the exposed dentinal tubules . It can also lead to 
plaque accumulation and food debris at the restoration margins leading 
to periodontal breakdown around the exposed restorative margins of 

[14]the abutment teeth. Marginal discrepancy is measured at the cervical 
and incisal regions for all the preparation designs. Precise marginal 
adaptation is always important because it plays a key role in the 
successful treatment. 

Greater than 0.5mm of tooth reduction can results in dentinal exposure 
[15] . which may lead to risk of losing marginal seal. The amount of 

reduction is standardized with use of 0.3mm and 0.5mm depth grooves 
  at the cervical and incisal regions respectively. In this study marginal 

discrepancy is measured with stereomicroscope by direct view at the 
cervical and incisal margins after cementation .  Highest marginal 
discrepancy was seen in Group III ( incisal overlap ) and least in 
Group II ( butt joint).

Other studies which have ndings similar  with the present study are as 
[16] follows . Hekimoglu et al. in their study concluded that Window 

preparation showed less amount of  micro leakage than the Incisal 
overlap preparation and more amount marginal discrepancy is 
observed at the cervical region than at the incisal region may be 
because of deviation in the orientation of enamel prism and the enamel 
. Based on the survival rates of ceramic restorations 100 to 150 µm of 
marginal discrepancy was considered as a clinically acceptable 

[17]value.  In this study all also the values of marginal discrepancy are in 
[18] the range of clinically acceptable value. Stappert et al. showed the 

highest marginal discrepancy is reported in group III(Incisal overlap 
preparation) and least in group II (Butt joint preparation) and this is in 
correlation with this study. 

[19]Mirra et al.  in their study concluded that microleakage is more of 
cervical than at the incisal area and high at the palatal margin in incisal 

Groups  Mean SD P-value
Window preparation Cervical area 81.60 8.09 <0.01*

Incisal area 95.68 6.77
Butt joint preparation Cervical area 71.86 7.41 <0.01*

Incisal area 89.65 6.33
Incisal overlap 
preparation

Cervical area 87.86 6.25 <0.01*
Incisal area 105.46 8.62

Groups N Minimum Maximum Mean SD P-value

Window 
preparation

10 26.10 329.02 182.56 97.23 0.04*

Butt joint 
preparation

10 83.26 411.75 229.33 109.20

Incisal overlap 
preparation

10 139.57 392.57 296.53 86.18

Groups Micro Tensile Bond Strength P-value
Mean Standard Deviation

Normal teeth (Group A) 22.99 2.59 0.19
Fluorosed teeth (Group B) 24.71 3.04



overlap preparation than feather edge and butt joint preparation which 
[20]correlate with the present study.  In contrast Al-Dwairi et al.   in their 

study concluded that cervical margins showed lowest absolute 
[21]marginal discrepancy than at the incisal margin. Ranganathan et al.   

also concluded that least marginal discrepancy is observed in cervical 
area than at the incisal area. These ndings are inconsistent with this 
study. 

FRACTURE RESISTANCE - Friedmann reported that 67% of the 
[11]failures in the ceramic veneers are fractures.  Ceramic veneers are 

more prone to failure when they are subjected to more amount of 
[22]tensile loads.  Different preparation designs resulted in varied stress 

[23]distribution. For these reasons three commonly used  preparation 
designs are considered in this study to evaluate the fracture resistance 
of ceramic veneers, which are Window preparation, butt joint 
preparation and incisal overlap preparation. Incisal overlap showed 
better fracture resistance than other preparations. 

[22] Jankar et al.  stated that highest fracture resistance in Palatal overlap 
preparation may be due to increased surface area for bonding of 
ceramic veneer and also Palatal overlap preparation prevents the 
torquing forces in the incisal area of veneer to the below tooth surface. 
They also stated that preservation of enamel at the peripheral layer of 
the prepared tooth surface, which helps in counter acting the shear 
stresses and also allow denitive path of cementation. 

[24]De Andrade et al.  stated that incisal overlap preparation is thrice 
effective than feather edge preparation in intake of axial forces. Study 

[25]done by shetty et al.  showed that palatal overlap design have higher 
fracture resistance and ability to dispense force more effectively than 

[26]the natural teeth. Study done by Mustafa et al. also showed that 
ceramic veneers prepared with incisal overlap has highest fracture 
resistance than window and feather edge preparation. These ndings 
are similar with this study. Similar results are obtained with Mirra et 

[19] . [27]al..  Prasanth et al.  concluded that feather edge design has highest 
fracture resistance than butt joint and overlap preparation as more 
amount enamel is present which contradicts with this study . But in 
clinical practice less fracture are reported for incisal overlap. Calamia 

[28]et al.  stated that window preparation shown more fracture resistance 
than preparation involving the incisal edges.

MICROTENSILE BOND STRENGTH- In this study Micro tensile 
bond strength  test is preferred over shear bond test as it most accepted 

[29]technique for measuring the bond strength.  MTBS is challenging 
procedure because of the brittleness of the ceramics and also having 

[30]the low tensile strength. The advantages of the micro tensile bond 
strength test are that force is applied in a more perpendicular manner, 
the testing interface is uniformly distributed,  which resulted in more 

[31]accurate estimation of the bond strength.

 MTBS mean values for normal teeth with veneer is 22.9 and uorosed 
[32]. teeth is 24.1 which are similar to studies of Vidolitti etal. The results 

shows that no statistical significance was observed between the 
normal and fluorosed teeth. But relatively higher values observed for 
uorosed samples which may be due to presence of uro-
hydroxyapatite crystals which increases the surface bonding capacity 
by creating more resin tags. 

SUMMARY 
Within the limitations of the study, it was evaluated that
1. High value of marginal discrepancy was observed in Incisal 

overlap preparation followed by window preparation and least in 
Butt joint preparation. Marginal discrepancy is more at the 
cervical area than the incisal area in all the preparatory designs.

2. High value of fracture resistance was observed in Incisal overlap 
preparation followed by Butt joint preparation and least values 
were observed for Window preparation.

3.  Slightly higher values were observed for micro tensile bond 
strength in ceramic veneers on uorosed teeth when compared to 
normal teeth but the difference is statistically insignicant .

CONCLUSION 
 From this study it can be concluded that Butt joint veneer preparation 
exhibit higher  fracture resistance and less marginal discrepancy so 
considered to be a better preparation design . Fluorosed  teeth exhibit 
slightly higher micro tensile bond strength than normal teeth.
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