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Literature Review :

Fixed Prosthodontics has undergone a tremendous
metamorphosis in the years since its inception. The
conventional means of fabricating crowns and bridges involved
casting a metal framework and then layering it with a
veneering porcelain. This type of restoration demonstrated a
high level of success and was the norm that came to be
followed for a long time. Although these type of restorations
demonstrated adequate strength and fracture toughness, an
important problem associated with them has always been their
esthetic inferiority.! Due to the inherent need to mask the
metal underneath, opaquer had to be applied to the surface of
the metal before porcelain layering. This opaquer in some
instances gave the restoration a very lifeless and hence
unesthetic appearance, especially in the hands of an
unsophisticated ceramist.

Another problem associated with these restorations was that
any amount of soft tissue recession would lead to exposure of
the metal margin. In patients with thin gingival biotype and a
high smile line; the conventional metal ceramic a restorations,
in the esthetic zone, seemed to create a major compromise. !
The veneering ceramic proved to be a decent match. The
problem was mainly attributed to the metal that was an
integral part of this type of restorations. Hence it was felt that
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restorations must be designed in such a way so as to be metal
free.

Research took dentistry in the direction of ceramics.? An
important consideration was that ceramics inherently being
glass had a brittle nature overall. In addition ceramics
demonstrated a poor tendency to withstand tensile forces,
being adequately satisfactory in resisting compressive forces.
The ceramics also have some manufacturing flaws which could
be the region from which microcracks begin and propagate
when the ceramic is placed under a tensile load.3In the
continuous quest to find the most ideal all ceramic system for
restorations, multiple systems have been proposed and tested.
Some noteworthy attempts include spinell, alumina , zirconia,
lithium disilicate, reinforced lithium disilicate etc. 4

Zirconia is a name given to a crystalline form of zirconium
dioxide. The observed advantages of zirconia include having
shades that would more easily replicate teeth shades, while at
the same time having it's mechanical properties in the range of
metals.> Existing naturally in 3 different forms namely
Monoclinic, Cubic and Tetragonal, oxides of other metals may
be added to it to increase the stability of the crystalline
structure. Examples of such metals would be Mg, Ca, Y etc. 3
Presently yttrium stabilized zirconia finds the most number of
applications and has been most extensively tested. ¢ Due to it’s
opaque nature zirconia finds more application in the dental
field as a core material for crowns and bridges, replacing the
conventional metal cores, to be layered with veneering
porcelain for superior esthetics. 7 Multiple short term clinical
studies have shown satisfactory results for FDPs in which
zirconia has been used as a material for the core. 8210 In most
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of the studies the zirconia ceramic FDPs have shown a higher
technical complication rate than the metal ceramic system 1
Chipping of the veneering porcelain has been reported as the
most commonly encountered technical complication.
Numerically it was found to be in the region of 8-25 %. 789 In
one study it was reported to be as high as 54% at the end of an
observation period of just one year. 13 Chipping is not so
commonly observed with the metal ceramic FDPs as it is with
the zirconia ceramic system.1?

This phenomenon of chipping may be interpreted as a cohesive
failure within the layer of veneering ceramic. Many possible
explanations have been suggested to understand the reason for
this high chipping incidence. One of them has been the
microscopic structural deformities present in the zirconia itself.
14 This hypothesis states that chipping occurs mainly in the
veneering porcelain overlying the flawed zirconia surface. A
lesser than adequate support of the layered porcelain by
improper design of the underlying zirconia framework has also
been suggested. 1> Another possible explanation has been the
low fracture toughness of the veneering ceramic itself.1¢ One of
the most common reasons cited for chipping have been the
mismatch in the thermal coefficient of the zirconia with the
veneering ceramic. 17 It is known that the metals used for metal
ceramic FDPs have a CTE that is slightly higher than the
veneering ceramic. This puts most of the veneering ceramic
under a compressive force rather than a tensile force. In the
zirconia ceramic system the CTE being slightly lower could
have a considerably different stress pattern. To add to this
zirconia has a very low thermal conductivity.'® A combination
of these factors could lead to the development of residual
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tensile stresses within the zirconia ceramic system. These
stresses when combined with the stresses exerted on the
system due to function and occlusion could be the reason for
the early failure of the zirconia ceramic system due to chipping.
Since the entire process involves multiple firing/cooling cycles,
the thermal mismatch or gradient that is generated due to the
CTE mismatch could be one of the most important factors2°.
The thermal behavior of any two-material system would
depend on the properties of the materials (CTE , Thermal
conductivity) , the rate at which the system is heated/cooled as
also the ratio of the thickness of the two materials. Zarone et al
have shown that altering the ratio between the zirconia and
veneering ceramic could be a reason for the higher incidence
of failures.1® It is also important to study the stress versus
depth to quantify how the stress patterns change at different
depths within the system.

Mathematical models have demonstrated that if the cooling
rate, thickness and CTE mismatch are considered together, the
thickness of the materials would have the most significant
effect on the stresses generated. 18 Some authors have utilized
3D finite element analysis to try and quantify these stresses
developed 2324

A study done by Kokubo demonstrated that increased
thickness of the zirconia core along with a better support for
the entire cuspal configuration would significantly improve the
fracture load of the zirconia ceramic FDPs ?1. Yet no method
has been able to quantify the residual stress so far.

A novel method to measure the residual stress patterns exists
in industry. It involves the process of hole-drilling to release
residual stresses, which could be measured by strain gauges.



Influence of veneering porcelain thickness on the residual
stress developed within the veneering porcelain in the
zirconia-ceramic and metal-ceramic systems — A novel testing
method

The hole is drilled into the center of the sample in increments
of constant depth. A strain gage rosette is applied around the
hole to be drilled and dynamic strains are calculated

throughout " the drilling process.
Hole diameter and depth are
standardized. S Strain data
obtained IS g \‘ inserted into H-
. sensitive pattern y
Drill, a software that
computes ———— residual stress
from the 7 observed strain
data. This  rension: \‘ technique can give
area narrows, T A
us a depth vs resistanceincreases. Ty - stress pattern as
also can quantify the
residual stress and give us
it's NAtUre compression ( Compressive vs
T ens ll e raégiasttal!lieegareases. stres S) . 22

Application of this method to the dental setting could change
our understanding of the residual stresses built up in the
veneering porcelain.

A strain gauge consists of an insulating flexible backing which
supports a metallic foil pattern. The gauge is attached to the
object by a
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Figure 1.

suitable adhesive, such as cyanoacrylate. As the object is
deformed, the foil is deformed, causing its electrical resistance
to change. 25 Depending on the type of deformation and the
corresponding change in the resistance the nature of the strain
( Compressive vs Tensile) can be computed.

A basic material sciences study was conducted on disks of
metal ceramic and zirconia ceramic system using the hole
drilling method.22 This does not accurately replicate the clinical
situation of having a crown. Another drawback was that the
authors did not quantify the stresses and did not perform a
statistical analysis to find out if there was a significant
difference between the zirconia ceramic and metal ceramic
system. Lastly this study utilized complex equipment for the
process that is not readily available and is very expensive to
use.

A cusped crown form would more closely if not completely
replicate the clinical situation for which reason this study was
designed. Also an attempt was made to apply the Hole Drilling
design in a completely unique way by modifying and using the
available research equipment, instead of relying on more
sophisticated measures.
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Purpose of the study :

The objectives of this study are

1- Apply the hole drilling method to measure residual
stresses at different depths in crown samples made of
zirconia ceramic and metal ceramic restorations and to
find out the influence that different thicknesses of the
veneering porcelain have on these stresses

2- Quantify stress at various depths

3- Demonstrate if the metal ceramic and zirconia ceramic
system show different stress patterns

4- Develop a unique way of applying hole drilling by
modifying and using available research equipment

Null Hypothesis

Veneering porcelain thickness does not have an influence on
the residual stresses developed within the zirconia ceramic
system

There is no difference between the behavior of the zirconia
ceramic and the metal ceramic system

Alternate Hypothesis
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Veneering porcelain thickness has a significant influence on the
residual stresses developed within the zirconia ceramic system

There is a significant difference between the behavior of the
zirconia ceramic and the metal ceramic system

Materials and Methods

1) Sample Size Calculation

Previous studies on the subject do not mention means or
standard deviations

Hence a sample size cannot be directly calculated

The way to go would be to conduct a pilot study to find the
efficacy of the measurement system and find out errors

The pilot study would also give us means and standard
deviations

A sample size would then be calculated

2) Sample Production

A second molar typodont tooth was prepared to receive a full
contour crown. Uniform reduction of 2.0 mm all around was
maintained. The tooth preparation was performed by one
operator and inspected by another operator to avoid bias.
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Preparation was standardized to have a uniform 2.0 mm deep
chamfer margin all around the tooth. A wax pattern was made
of the prepared tooth and cast in D.Sign 30 alloy to fabricate a
Master Die. The die was checked for casting defects, finished
and polished. Two flat surfaces were maintained on the mesial
and distal side of the root extension of the die in order to be
clamped firmly in the hole drilling assembly.

Two full contour crowns were waxed up on the master die, one
to simulate a veneering porcelain thickness of 2.0 mm and one
to simulate a veneering porcelain thickness of 3.0 mm. On both
the wax ups a 2.0 mm diameter area on the occlusal was left
flat for ease of subsequent strain gage application. A split mold
index was made of each of these wax ups to be used at a later
stage to ensure proper porcelain application and proper
dimension of the final crowns. Thus we obtained a split mold
simulating 2.0 mm veneering porcelain thickness and a split
mold simulating 3.0 mm of veneering porcelain thickness.

10 frameworks each of metal Ivoclar D.Sign 59 alloy and
zirconia ( NobelProcera ) were made for the master die. In
order to produce the metal frameworks, the full contoured
crown wax ups were cut back to get a waxed up framework of
1.0 mm thickness. A split mold index was made at this stage to
standardize all the metal frameworks. The frameworks were
waxed up on the master die, checked with the split mold to
ensure thickness of the metal framework and then invested in
gypsum based investment material ( Cristobalite, Whip Mix).
After wax elimination, they were cast in Ivoclar D.Sign 59 alloy.
All metal frameworks were finished and inspected for casting
errors and accuracy of thickness.



Influence of veneering porcelain thickness on the residual
stress developed within the veneering porcelain in the
zirconia-ceramic and metal-ceramic systems - A novel testing
method

In order to produce zirconia frameworks, the master die was
scanned to fabricate Nobel Procera Zirconia frameworks of
standardized 1.0 mm thickness by CAD/CAM milling. A dual
scan was done to ensure accuracy and each coping was
inspected for milling errors and accuracy of thickness.

Compatible veneering porcelain, Ivoclar D.Sign and Ivoclar
Emax Ceram was applied to metal and zirconia frameworks
respectively. Veneering porcelain was applied to a uniform
thickness of 2.0 mm for 5 metal frameworks and 5 zirconia
frameworks using the previously designed split mold.
Veneering porcelain was applied to a uniform thickness of 3.0
mm on 5 metal and 5 zirconia frameworks using the second
split mold designed.

Thus four different groups of samples were formed -

MN (Metal Narrow) : Metal framework with 2.0 mm
veneering porcelain

ZN (Zirconia Narrow): Zirconia framework with 2.0 mm
veneering porcelain

MW ( Metal Wide ) : Metal framework with 3.0 mm veneering
porcelain

ZW ( Zirconia Wide) : Zirconia framework with 3.0 mm
veneering porcelain

Porcelain was applied by a layering technique according to
manufacture instructions by one operator. Veneering porcelain
was applied in 3 different layers - opaque, body and enamel.
All the samples were checked with the split mold before and
after the final firing to ensure no post firing adjustments.

10
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Processing temperatures, cooling
rates and handling of all materials
were standardized. A thermocouple
was installed to ensure that the
cooling rates and temperature
gradients are identical for all
samples. The cooling rate employed
was the conventional cooling as
suggested by the manufacturer.
After the specimens reached the
glazing temperature, the furnace
was turned off and the samples
were left in the oven with the door shut till the temperature
cooled down to 100°C. At this point the furnace door was

opened to allow the samples to slowly reach room temperature.
26

3) Assembly in MTS machine :

A new method was devised to perform the hole drilling with a
standard Universal Testing Machine. In order to orient the drill
and the sample on the master die the upper and lower
members of the MTS machine were used. A specialized holder
was made to attach the lab hand piece to the upper member of
the MTS machine. A holder was designed to clamp the master
die in the lower member of the MTS machine. A bowl was
designed around the sample in the lower holder to contain
coolant that will be wused during drilling. In order to
compensate for the slight rotation of the lower member
relative to the upper member as the two progress towards

11
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each other, a standard rod was designed on the lower holder
with a corresponding recess in the upper holder. This ensured
that as the lower member rose towards the upper member, the
sample and the hand piece would be automatically oriented to
each other as soon as the rod engaged the recess.

Each sample was placed on the master die once all the
individual parts were assembled. A bur ( 1mm diameter flat
ended was inserted into the hand piece. A piece of articulating
paper was placed on the occlusal surface of the sample and the
two members of the MTS machine were moved closer to each
other until the bur slightly touched the sample. In this way a
spot was marked on every sample so that the strain gage could
be oriented at the exact same location on every sample. Once
the samples were marked each sample was numbered. ( MN1-
MN5, MW1-MWS5, ZN1-ZN5, ZW1-ZW5)

Strain gage EA-13-031RE-120 with three individual strain
gages arranged in a rosette pattern was chosen for the study.
The selection of the strain gage was based on the diameter of
the rosette that would fit on the occlusal surface area of the
samples and the maximum allowable hole diameter.

4) Sample Preparation :

12
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" The surface of each sample
was prepared for bonding
1 of the strain gage in 3 steps

1) In the first step the
surface of the sample was
cleaned using Solvent
Cleaner (Acetone).

2) As a second step; Conditioner [Distilled water, Phosphoric
acid (trace) and Decon 90 (trace)] was applied to the sample
surface, left for 10 seconds and the sample was dried using a
clean piece of gauze.

3) The last step involved application of Neutraliser [ Distilled
water, Ammonia (trace) and Decon 90 (trace) ]

At the end of the 3 step sample preparation process, the
sample was considered ready for strain gage application.

5) Application of Strain Gauge:

Strain Strain
Gauge Gauge
—/

(@) (b) “ |

Strain gage cyanoacrylate glue (Omega engineering) was
applied to the bonding surface of the strain gage and to the
surface of the sample. One operator applied strain gages to all
samples ensuring that the space for the hole drilling at the

13
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center of the rosette corresponded exactly with the previously
marked spot. All samples were checked at this stage to ensure
adequate bonding of strain gages to the samples.

Single conductor wire 136- AWP (Micromeasurements Group)
was cut, uncoated at the ends by scraping and then soldered to
the solder tabs corresponding to each strain gage. Thus each
sample had 6 solder connections ( 2 for every gage). Adequacy
of the solder connection was ensured by measuring a
resistance of a minimum of 120 ohms across the strain gage
with the help of a 46 Range Professional Multimeter
(Radioshack).

A 6 channel strain conditioner was connected to a computer
and software Strain Smart 5000 was used for all the readings.
Alligator clips were attached to wires coming from Channels
1,2 and 3 of the strain conditioner. The surface of the bowl on
the lower holder was insulated by applying insulating tape and
the alligator clips were attached to the bowl. The insulation
ensured that false current readings will not be recorded.

6) Assembly of the sample :

Each sample was seated on the master die with TempBond
clear cement. One drop of cement was placed on the buccal and
lingual margin of every sample and the crown was seated on
the master die and held with uniform finger pressure for 5
minutes to ensure complete seating of the crown. Every crown
was visually inspected and seating was confirmed by one
operator. Cementation of the crown to the master die ensured
that there would not be any error due to the vibration of the
crown, once the drilling process was initiated. Upon
completion of the drilling for one crown the crown was

14
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unseated using a Milltex forcep and the die was cleaned using
hand scalers and visually inspected for no residual cement
before another sample was cemented.

Once the sample was cemented in place the alligator clips were
attached to the 6 wires, thus connecting the strain gages to the
conditioner. The connection was reconfirmed at this stage
using online monitors in Strain Smart 5000 to make sure that
none of the strain gages were off scale at the start of the
experiment.

7) Drilling procedure :

The handpiece speed was set at 19000 RPM. A program was
set on the MTS machine to move with a crosshead speed of 0.1
mm / min for a total of 15 mins, thus ensuring a constant
depth of 1.5 mm drilling for every sample. At the beginning of
each drilling procedure the MTS machine was set using load
control until the bur very slightly touched the surface of the
sample as shown by the change in the load on the display. The
machine was now changed to displacement control before the
program was initiated. The onscreen display ensured that the
movement was at uniform speed and had no irregularities.
Mineral oil was squirted onto the sample at intervals of 1 mins.
The mineral oil acted like thermal insulation, electrical
insulation and lubricant through out the drilling process.

The strain gages were monitored with an online display right
throughout the procedure and continuous readings were made.

Sample Demonstration

15
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Data analysis :

The strain data available from the experiment will be put into
the H-Drill Software to calculate residual stress at different
depths. At this point graphs will be plotted of stress vs depth to
show the exact behavior of the porcelain. Also the stress values
for the wide and narrow Zirconia groups will be compared to
wide and narrow metal groups in the attempt to show a
difference.

Statistical Analysis

t - test to compare within the group to find the influence of
thickness of the framework

ANOVA to compare within the groups to see if the results are
similar for zirconia and metal

Clinical Significane :

Understanding the stress behavior of zirconia ceramic with
different thicknesses of veneering porcelain and comparing it
to metal will possibly show us the reason for the observed
excessive chipping in the zirconia ceramic system. These

16
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findings will also show us why the metal ceramic system seems
to work better. Finally the authors wish to advocate design
recommendations that would possibly limit the incidence of
chipped veneering porcelain in layered zirconia restorations.
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