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ABSTRACT

ABSTRACT

AIM:

The aim of this invitro study is to compare the fracture
resistance of endodontically treated Maxillary First Premolar
restored with Lithium disilicate Onlays, Lithium disilicate full

crowns and Porcelain fused metal full crowns.

MATERIALS AND METHODS:

48 freshly extracted Maxillary First Premolar samples with
straight roots were used for this study. The samples were divided
into four groups- Group 1: Control (n=12), Group 2: Lithium
disilicate Onlays (n=12), Group 3: Lithium disilicate full crowns
(n=12) and Group 4: Porcelain fused metal full crowns (n=12). All
the samples except control group were subjected to root canal
treatment and specimens were prepared according to the groups to
receive Lithium disilicate Onlays, full crowns and Porcelain fused
metal full crowns. The samples were subjected to thermocycling and
fracture resistance for all the samples were tested with Universal

testing machine and values recorded in Newtons.

RESULTS:

There was a statistically significant difference when Porcelain
fused metal group (1588.41£593.74 N) was compared with Lithium
disilicate full crowns (1030.83 +513.49 N) and control group

(1070.91+ 623.34 N). Similarly, a statistically significant difference
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was found when Lithium disilicate Onlay (1542.50 £283.22 N) was
compared with Lithium disilicate full crown (1030.83 +513.49 N).
(P value < 0.05). But there was no significance in results when
Porcelain fused metal (1588.41+£593.74 N) was compared with

Lithium disilicate Onlays (1542.50 £283.22 N) (P value >0.05).

CONCLUSION:

From this study we conclude that Lithium disilicate Onlays
are a suitable alternative to the Porcelain fused metal crown for
restoration of endodontically treated tooth. However further in vivo
studies are needed for determining the fracture resistance of Onlays

with different design and luting agents.

KEYWORDS:
Restoration of Endodontically treated tooth, Partial bonded
restorations, Fracture resistance, Lithium disilicate Onlays, Lithium

disilicate full crowns, Porcelain fused metal full crowns.
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INTRODUCTION

INTRODUCTION

Restoration of Endodontically treated teeth is highly important
since there is loss of tooth structure due to caries, trauma, access
cavity preparation, cleaning and shaping procedures®2. Apart from
this it has been believed that there is alteration in physiological
characteristics of dentin after root canal treatment and that dentin
itself becomes brittle due to loss of collagen cross-linking?®?2.
However, it was proved later that there is no change in physiological
characteristics of dentin but it is the loss of structural integrity during
access cavity preparation that leads to fracture of endodontically
treated teeth?3. In such cases the teeth need to be reinforced with
proper restoration to maintain structural integrity and to restore its

functions.

Various factors need to be considered when restoring an
endodontically treated teeth. Factors like Number of walls
remaining3- (In Mesio-occluso-distal cavity preparations where both
proximal walls are involved, there is reduction in tooth stiffness
about 63% rather than conservative access preparation where
reduction in stiffness is only 5%), No of cusps involved- Involvement
of more than 2 cusps causes increase in cuspal deflection causing
cusp fracture and microleakage at the margins of restoration®>,
Condition of periodontium- Loss of attachment has adverse effect

on prognosis of the tooth inspite of proper restoration, and alveolar
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bone support which plays an important role in determining the

success of treatment.*®

Conventionally, restoration of an endodontically treated teeth
is done with full coverage crowns.>® The full coverage crowns are
luted on a core that is attached to the root by means of a post. This
kind of approach is invasive to the crown and the root since there is
excess removal of sound tooth structure and loss of pericervical
dentin that plays major role in distributing the stresses evenly to the
surrounding tooth structures.® Apart from this the margins of the full
coverage crowns are placed equigingivally which may contribute to

plaque accumulation and caries formation.®

In order to overcome the disadvantages of full coverage
crowns, the bonded partial coverage restorations were introduced as
treatment choice.” The partial coverage restoration work on the
concept of minimally invasive dentistry preserving sound tooth
structure and restoring the defect.” The adhesion procedures in partial
coverage restorations are not entirely related to esthetics but also
involve in improving the biomechanical functioning of the teeth.”®
These partial coverage restorations can be placed by either direct or
indirect methods.® The direct techniques involves fabrication of
restoration by direct resin composites but this method has
disadvantages like poor wear resistance, polymerisation shrinkage

stress, difficult to restore forms and functions with proper contact
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and contours.® An Adhesive partial coverage indirect restoration is
more favourable to use in such clinical conditions, since they do not
remove excess tooth structure for retentive purpose and restore

functions with a morphology driven preparation technique.®:1°

Adhesive indirect restorations are partial coverage restorations
that include inlays, Onlays, and overlays and endocrowns.® % These
partial coverage restorations are either made of composite or ceramic
seated passively and adhesively cemented in a cavity under specific
attributes. The advantage of adhesive indirect restoration is that it
maintains the occlusal anatomy of the tooth, provides proper contacts
and contours, prevents plaque accumulation as the margins of
restorations are in self-cleansing areas, and preserve the pericervical
dentin that helps in even distribution of forces throughout the tooth.*°
In addition to this, polymerisation shrinkage of indirect restorations
is completed outside the oral cavity which helps them to provide good

marginal seal and prevent post-operative sensitivity in vital tooth.°

When an option was given to choose between composites and
ceramics, ceramics are the choice of material for fabrication of
indirect restorations.%! Ceramics aid in micromechanical adhesion
to resin by etching of ceramic with Hydrofluoric acid along with
application of coupling agent (Silanation). Lithium disilicate is one
such ceramic material that is widely used in fabrication of indirect

restorations.'® Lithium disilicate Onlays are mainly composed of
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glass, with inorganic crystals added to the matrix to increase

strength.!!

Lithium disilicate is a silica-based material that contains
lithium disilicate in its microstructure. The material has good optical
properties, excellent translucency and high flexural strength.!!
Flexural strength is 350-450 MPa and fracture toughness is three
times greater than leucite ceramics.!! The fabrication is done by hot
pressing technique -IPS Emax press or by CAD CAM system IPS

Emax CAD!!

Porcelain fused metal (PFM) is a conventionally used ceramic
that is primarily used in fabrication of full crowns. PFM has unique
characteristics that make it desirable for restoration of endodontically
treated teeth.!? In PFM each atom is surrounded by cloud of electrons
that act as glue providing high tensile strength, fracture toughness,
resistance to wear and corrosion in oral environment.!? In addition to
this, the thickness of coping material and increase in modulus of
elasticity of coping material causes decreased stress development.!?2
Both PFM and Lithium disilicate has unique properties. Hence a
comparative study between Lithium disilicate Onlays and PFM

crowns is inevitable.

Even though there are several studies that compare fracture

toughness of Onlays and full crowns, none of the studies compared
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the fracture resistance of Lithium disilicate Onlays and full crowns
with that of standard PFM crowns. Hence the aim of the study is to
compare fracture resistance of Lithium disilicate Onlays and full

crowns with that of PFM crowns.
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Aim:

The aim of the study is to compare the fracture resistance of
endodontically treated Maxillary First Premolar restored with
Lithium disilicate Onlays, Lithium disilicate full crowns and

Porcelain fused metal full crowns.

Objectives:

1. To evaluate the fracture resistance of endodontically treated
Maxillary First Premolar restored with Lithium disilicate
Onlays.

2. To evaluate the fracture resistance of endodontically treated
Maxillary First Premolar restored with Lithium disilicate full
crowns.

3. To evaluate the fracture resistance of endodontically treated
Maxillary First Premolar restored with Porcelain fused metal

full crowns.

Null Hypothesis:

There is no significant difference in the fracture resistance of
endodontically treated Maxillary First Premolar restored with
Lithium disilicate Onlays, Lithium disilicate full crowns and

Porcelain fused metal full crowns.
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Restoration of Endodontically treated teeth:

Root canal treatment started in early 18! century when
F.Hoffman used hot wires for cauterization of pulp. For treatment
of the infected pulp, Taft in 1859 recommended the removal of
caries and application of a substance to induce pulp healing. He
used gutta-percha dissolved in chloroform or ether as a medicament

to induce healing then restored the cavity with a gold inlay.

In 1869 GV Black!* introduced usage of crowns for restoring non-
vital teeth via retentive principles. He advocated filling the root
canal with gold foil and anchoring a threaded gold bolt on top of the
filling, which aided in retaining a denture tooth. Thus, laying the

foundation for restoration of endodontically treated teeth.?

In 1870 Richmond!® introduced post and crown technique for
restoring endodontically treated teeth. Richmond crown is a crown
with attached post and a porcelain facing. Even though it had
various advantages like custom fitting to the root configuration,
little or no stress at cervical margin, high strength, eliminates
cement layer between core and crown so reduces the chances of
cement failure it also had some drawbacks like it is time consuming,
requires more appointments for patient, high cost, high modulus of

elasticity than dentine (10 times greater than natural dentin), less
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retentive than parallel-sided posts, and acts as a wedge during

occlusal load transfer.

Rosen and Frederick et al'® added to the importance of restoring
endodontically treated teeth with the crown. He said that nonvital
teeth lose their elasticity due to decreased central blood supply and
desiccation and also as a result of root canal flaring, which is
necessary for gutta-percha condensation. Hence restoring a nonvital

teeth with a crown is of considerable importance.

Sorensen et al in 1984! evaluated the effect of tooth location,
coronal coverage, and intracoronal reinforcement on the success of
root canal treated teeth over an observation period of 1-25 years.
The results indicate that that intracoronal reinforcement (post and
core) did not significantly increase the clinical success rate of
endodontically treated teeth but coronal coverage significantly
improved the clinical success rate of endodontically treated

posterior teeth.

On the contrary Gher et al 19877 stated that crown restoration has
been advocated as a means to strengthen a tooth after endodontic
treatment, since tooth fractures are more common even after crown
placement. He indicated that even though the endodontically treated
teeth with complete crowns seemed to have a better prognosis crown

coverage did not prevent root fracture. He said that excessive
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amount of tooth loss associated with crown preparation can be a

reason for root fracture.

Metnik et al in 19938 supported sorensons study and said that the
clinical success of maxillary and mandibular premolars and molars,
when coronal coverage restorations were present increased to
greater extent after a period of 10 years. This finding insists on
coronal coverage of posterior teeth to prevent fracture when

occlusal forces try to separate the cusp tips.

Goodacre 19941° et al stated that crowns generally should be used
on endodontically treated posterior teeth and on anterior teeth with
substantial loss of tooth structure but are not necessary on relatively
sound anterior teeth. He said if the teeth have sound tooth structure
not damaged by caries or trauma it can withstand normal forces of

mastication.

Aquilino et al in 20022° did not agree with Goodacre and said that
coronal coverage with full cast crown reduced the risk of tooth
fracture. It was also found that endodontically treated teeth restored
with crowns had a survival rate six times greater than that of teeth

without crowns.

Mannocci et al?! in 2002 differs from aquilino by comparing the

performance between the uncrowned teeth restored with a fiber
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dowel and a direct composite restoration and crowned
endodontically treated teeth. Clinical performance was evaluated
after 3 years of service, and the results showed similar success
rates. There was no report of fracture or tooth loss with fiber posts
and direct composite restorations after 3 years of service and results

were equivalent to full coverage metal-ceramic crowns.

Nagasiri et al in 200522 did a similar study on long-term survival of
endodontically treated molars without crown coverage and
concluded that overall survival rates of endodontically treated
molars without crowns at lyear was 96%, 2 year was 88%, and 5
years was 36%, respectively. Molar teeth with sufficient amount of
tooth structure remaining after root canal treatment had a survival

rate of 78% at 5 years.

Tikku, Anil Chandra et al?® in 2010 stated that Root canal treated
posterior teeth without crowns are fractured at a much higher rate
than teeth restored with full cast crowns. In order to reinforce the
cusps of pulpless teeth, the usage of crown that encloses the cusps

to withstand the occlusal forces is highly recommended.

Porcelain fused to metal full crowns (PFM):
The preparation of teeth for crowns by rotary instrumentation
is among the oldest techniques in restorative dentistry. Early crowns

were cast of gold. Later restorations were veneered with tooth

10
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colored acrylic resins or cemented porcelain facings to enhance
esthetics. The introduction of the porcelain fused-to-metal (PFM)
crowns opened an era of widely available technology for esthetic

crown construction.

In 1720 first translucent porcelain was manufactured by Europeans
(Feldspar). Feldspathic porcelains were an adaptation of a European
formulation containing clay, quartz, and feldspar. The Eupropean
formulation was a great improvement over Chinese porcelains of the
1720s. The high firing temperatures and replacing lime (CaO2) with

feldspar as a flux brought improvement.

In 1817 Antoine Plantou?*2® introduction of individual porcelain
teeth to America and fabrication of porcelain teeth was started by

1817.

In 1838 Elias Wildman?42® improved translucency and color of

porcelain with development of vacuum firing.

Land, in 18862425 used a burnished platinum foil substructure and
a high, controlled heat gas furnace for the first fused feldspathic
porcelain crowns. In the 1950, leucite added to porcelain resulted in
an increased coefficient of thermal expansion that allowed porcelain

fusion to certain gold alloys for crown.

11
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In 1956 Charles brecker?*-2% fabricated crowns by fusing porcelain

to gold.

Macculloh in 1968242% first fabricated the First fabrication of
crowns with glass ceramic (leading to Dicor, Cerestore). In 1970s
New techniques for fabrication of metal-ceramic crowns, were

introduced and commercial porcelains developed.

Parkinson et al in1976%° his study found that overcontoured metal
ceramic crowns resulted in plague accumulation and gingival
inflammation. In his study he found that crowns contoured to excess
of 0.36mm resulted in increased bleeding on probing, increased

plaque index and mobility.

Frankenhauser in 19798 examined metal ceramic crowns after a
period of three years and found that every overcontouring of 0.5mm
there was increased degree of inflammation around the gingival
margin. There was also an increased papillary bleeding index,
mobility associated with teeth. Overcontouring of crowns limits
accessibility for oral hygiene and difficulty in contouring the
crowns, removal of excess cement. Overcontouring also causes
surface roughness and plaque retention in cement. Minimising
plague retention is essential for survival of crowns. Crown that
satisfies superior marginal fit, contour and limited surface
roughness is considered ideal for restoration of endodontically

treated teeth.

12
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Land in 1980%42% was the first to introduce Porcelain jacket crown.
He used a burnished platinum foil substructure and a high,
controlled heat gas furnace for the first fused feldspathic porcelain
crowns. By 1986 metal ceramics became the most popular

restoration.

In 1989 high strength feldpathic porcelain came into existence, In
1991 leucite reinforced porcelain (IPS Empress) was introduced. In
1993 All ceramic crowns with alumina came into existence. Zirconia
products became available in 2002 with the introduction of CAD-

CAM. In 2008 Lithium disilicate restorations came into existence.

A. Jokstad in 1996%" evaluated the effect of luting cements on
porcelain fused metal crowns and found that prognosis of the tooth
was good whether retained by glass ionomer or zinc phosphate

cement.

Nakada et al in19978 found that the usage of cobalt chromium
alloys in patients resulted in formation of pustules in foot and palm.
However, the symptoms subsided on removing the crowns. Further
evidence of allergic reactions to Ni-cr and Co-cr has also been

reported.

Walton in 199928 evaluated the clinical characteristics and outcome

of metal-ceramic crowns and found that crowns on nonvital teeth in

13
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the had a significantly greater failure rate (5%) than crowns on vital

teeth (1%).

Marklund et al in 20032° assessed the clinical survival of zirconia-
based crowns (PFZ) and conventional porcelain-fused-to-metal
(PFM) crowns on posterior teeth and found that Survival times and
survival probabilities of posterior PFZ(Zirconia crowns) crowns did
not differ from PFM crowns and were independent of type of coping

system and location (molar or premolar teeth).

De becker et al in 20073%° did a study on the survival of full crowns
with or without post and concluded that no statistically significant
difference was found between restorations with post and without
post and concluded that the placement of post does not reinforce the

tooth structure but merely acts as retention for the core.

Ozer et al in 20103 evaluated the long-term survival of zirconia
and porcelain-fused-to-metal crowns in private practice and found
that there are no differences in the clinical long-term survival
between PFZ and PFM posterior crowns. The unique anatomically
shaped framework of zirconia provides increased occlusal support

and ensures an even thickness layer of the veneering porcelain.

According to Naumann et al®2, 2011 an estimated 5-year survival

of metal-ceramic crowns was 95.7% but major complications with
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metal ceramic crowns are loss of abutment tooth vitality, abutment

tooth fracture and secondary caries

Gupta et al in 2014% compared fracture resistance of
endodontically treated Premolars restored with PFM crowns and
bonded partial restorations and found that if functional cusps are
intact the tooth can be restored with bonded partial restoration.
However, if functional cusp is lost it has to be restored with full

porcelain fused metal crowns.

Lithium disilicate full crowns:

All Ceramic crowns are replacing metals as materials of
choice in dental as well as in other biomechanical prostheses.
Esthetics is an important advantage of ceramic crown. The thermal
conductivity is low for ceramics and also it is highly resistant to
corrosion. There are no galvanic reactions for ceramics and are

highly biocompatible.

Lithium disilicate (2SiO2eLi20) dental ceramics were first
introduced in 1988 for use as a heat-pressed core material marketed

as IPS Empress 2 (lvoclar Vivadent, Lichtenstein).

Guazzato et al in 20043 Empress 2 was classified as a glass
ceramic, a subgroup of particle-filled glasses, and contained

approximately 70% crystalline lithium disilicate filler.
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Vivadent lvoclar. Scientific Documentaion IPS e.max CAD.
Liechtenstein. 2005 Used a pressure casting procedure that resulted
in a material that possessed less defects and more uniform crystal
distribution. The formulation IPS Emax Press was released in
2005.The introduction of Lithium disilicate led to the

discontinuation of leucite reinforced ceramic in 2009.

With the advent of digital dentistry and advances in
computer-aided design and computer-aided manufacturing methods,
IPS e.Max CAD was introduced in 2006 as a lithium disilicate
glass-ceramic, specifically prepared for CAD/CAM use. The
material comes prepared in a “blue state,” where it is composed
primarily of lithium metasilicate (Li2SiO3), which is easier to mill
and results in lower bur wear. After the milling process is
completed, the material is heat treated and glazed in one step,

forming the final lithium disilicate restoration.

Vivadent Ivoclar in 2009 e.Max can be used for monolithic crowns,

veneers, and fixed partial dentures, not just as a framework.

Guess et al in 2010°%° suggested that threshold for bulk fracture in a
monolithic lithium disilicate crown could be reached in forces as
low as 1,100 to 1,200 N. One point of interest is that the 2016
manufacturer indications recommend the use of IPS e.Max CAD for

minimally invasive crowns (1 mm material thickness) but this
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suggests a possible risk of complications when utilizing such a thin
restoration. Several studies proposed that material thickness from
1.6 mm to 1.8 mm could lead to an increase in predicted failure

loads from 1,400 N to over 2,000 N.

Zhao et al in 20143 reported in a load to-failure test of IPS e.max
crowns (Lithiuim disilicte crowns) that the monolithic anatomic
design shows superior fracture resistance behaviour compared with

bilayered IPS e.max crowns.

According to Irena et al in 2015%" all-ceramic crowns made of
leucite or lithium-disilicate reinforced glass ceramics or alumina-
based oxide ceramics can be recommended as an alternative
treatment option to the gold standard metal ceramics. Biological
outcomes of all-ceramic crowns were significantly better than the

ones of metal-ceramics in anterior and posterior regions

Sulaiman et al in 2015%8 agrees with zhao et al on-survival rate of
monolithic and bilayered lithium di silicate crowns for period of 4
years. Failure for monolithic Emax crowns was 0.91 % and 1.83%
failure for layered single unit crowns. Layered single crowns
fractured at approximately twice the rate of monolithic crowns, but

the fracture rate was still low.
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A.Pozzi et al in 2015%° conducted a study on marginal fit of lithium
di silicate crowns -Emax Press vs Emax CAD/CAM and declared
that press type had less marginal gaps than CAD/CAM. No
significant difference was found in the marginal fit of lithium
disilicate crowns fabricated with digital impression techniques
compared with those fabricated with conventional impression
method. All impression techniques produced crowns with clinically

acceptable marginal fit.

Belle and hofner et al 2016%° conducted a study on fracture rates
and lifetime estimations of lithium di silicate restorations and
concluded that the lithium disilicate, machinable glass-ceramic
e.max CAD showed significantly better performance than the
leucite-based IPS Empress CAD highlighting the role of the

microstructure in the fracture process.

Rauch and Reich et al in 2017%! conducted a six-year-old study on
survival rate of monolithic lithium di silicate crowns in which 87 %

of crowns remained clinically acceptable without complications.

Alec Willard in 2018%% said that Clinical studies of IPS e.Max
CAD have been limited in scope, partially due to the limited time
the material has been available on the market. Several studies have
shown promising short-term and medium-term survivability for
single unit crowns and initial results for implementation for inlays

and onlays is also promising.
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Onlays:

Onlays are partial or complete occlusal coverage restorations
that can be used successfully for restoring endodontically treated
teeth. In the past, Onlays were almost exclusively made of gold, but
glass-ceramic materials have become widely used. Feldspathic

porcelains and resin composites are also used.

Erickson in 1966%® proposed that the porcelain-fused-to-metal
restoration requires considerable reduction of tooth structure. It is
known, for a metal-ceramic shoulder preparation, a facial tooth
reduction of about 1.3 to 1.5mm is required. The excessive
reduction of sound tooth structure was found with increase in pulpal
complications. Radiographic periapical pathologies from 0.4 to 2%

were found with patients having metal ceramic crowns.

Langelnd in 1970*% agreed with Erickson and said that 2.9%
periapical pathologies were reported with usage of full coverage
crowns. About ten years later, a rate of 4% increase of periapical

pathologies were detected.

Robert in 1970% recommended Onlay as retainers for short-span
FPD in caries-resistant dentitions. In addition to facilitating
superior periodontal health, onlays enable the preservation of

healthy tooth structure.
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Mondelli et al 1980%° stated that the loss of tooth structure, either
as a result of a carious lesion or a cavity preparation, reduces
fracture resistance. When a cavity is wide bucco-lingually, it has
lower fracture strength than an intact tooth. Hence the MOD
preparation of Onlay proved to be beneficial in restoring tooth with
large proximal caries involving the cusps since Onlay preserves

sufficient amount of enamel and dentin.

Kishimoto et al in 1983%% said that most of the teeth for Onlay
restorations had previous MOD restorations that proved to be
insufficient and needed replacement. The design of a MOD Onlay
preparation is led by the condition of the tooth, where the isthmus
usually follows caries in the central groove of the occlusal surface.
Mesial or distal proximal boxes are often used to remove proximal

caries.

Eakle et al in 1986*" said that, Clinically, glass-ceramic Onlay
restorations and the natural tooth cusps are susceptible to fracture
under occlusal forces. Hence a thickness of the restorative material
forming the Onlay should be adequate to withstand the stresses. In
stress bearing areas, a minimum thickness of 1 - 2 mm has been

recommended.

Banks et al in 1990 said that restoration fracture is not only be

related to the mechanical properties of the material used.

20



REVIEW OF LITERATURE

Preparation design and restoration outline may contribute to Onlay
failure. Different Onlay preparation designs have been described.
On one hand, preparation designs have been centered on traditional

concepts, using a restrictive retention form.

On the contrary Broderson in 19944° said that Onlay preparation
does not rely on retention form but it is solely dependent on the

adhesive cements used.

Roulet in 1997°° stated that Onlays may be adhesively bonded to
tooth structure, notably to enamel. Such restorations are considered
clinically acceptable alternatives to cast gold restorations and

amalgam fillings.

Brunton in 1999°! Teeth that are restored with composite Onlay
restorations showed a higher fracture resistance than those restored
using a glass-ceramic. The nano-filled resin-composite contains 80
%, by weight, silica or zirconia nanoparticles within a resinous
matrix. Interestingly, a major manufacturer has recently
recommended that one of their resin-composite products be limited
to inlays and Onlays not crowns “because crowns are debonding at a

higher-than anticipated rate” (3M).

Mondelli et al in 2001°? stated that the thickness of any Onlay

restoration must be considered during tooth preparation. In stress
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bearing areas, a minimum thickness of 1 - 2 mm has been
recommended. Occlusal reduction of cusps and pulpal floors are
designed to permit 1.5 — 2.0 mm thickness. Axial reduction should

have 1.0 — 1.5 mm thickness.

Vandijiken in 2001°3 evaluated the durability of restorations with
extensive dentin/enamel-bonded posterior partial and complete
ceramic coverage crowns. The partial coverage restorations showed
many clinical advantages such as less destruction of healthy tissue,
and avoidance of endodontic treatment and/or deep cervical

placement of restoration margins.

Edelhoff D, Sorensen JA (2002)°* stated that 18-22% of crowns
which are placed on endodontically treated teeth are all-ceramic.
The ceramic full crowns involve significant tooth reduction. If these
tooth preparations are accomplished on a young person with large
dental pulps, or a person with sensitive teeth, patients will need
endodontic therapy. In such cases a more conservative and longer-
lasting restorations could be achieved by preparing the tooth for

onlay, preserving the facial and lingual tooth surfaces.

Barghi and Berry et al in 2002°° show in their study that porcelain
overlays with supragingival margins entirely on enamel that rely
primarily or entirely on bonding for their retention, can provide

excellent aesthetics, good function and perhaps long-term durability
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if properly designed, fabricated and bonded. Porcelain overlays
fabricated from high leucite content porcelain, bonded to sound
enamel and dentin with a dual-cure luting resin, and a fourth-
generation dentinal adhesive provide satisfactory clinical results

and high patient satisfaction.

Meyer et al in 2003°° supported that direct resin based composite
restorations are not ideal restorative material when posterior teeth
are weakened, owing to the need for wide cavity preparations.
Ceramic inlays and Onlays can be used to achieve aesthetic, durable
and biologically compatible posterior restorations in such

conditions.

Magne et al in 2005°" introduced concepts of Immediate dentin
sealing after tooth preparation of indirect restorations. Tooth
preparation for indirect bonded partial restorations can generate
significant dentin exposure. This freshly cut dentin surfaces should
be sealed with a dentin bonding agent immediately after tooth
preparation, before impression making. First, freshly cut dentin is a
good substrate for dentin bonding. Secondly, prepolymerization of
the dentin bonding agent improved bond strength. Thirdly, IDS
allow for stress-free dentin bond development. Finally, IDS protect
the dentin from bacterial leakage and sensitivity during the

temporary restoration.
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Pascal magne in 2006°® said that indirect bonded restorations
worked on principle of biomimetics to make all dental tissues work
under full function as a single unit against masticatory stresses. He
said cuspal coverage for endodontically treated teeth stiffen crown

and provide cuspal stabilization.

Guess et al in 2006°° found that all ceramic materials IPS e-max
(Pressed-Lithium Disilicate) and PRO CAD (CAD/CAM made
lithium disilicate), seem to be indicated as a suitable material for

partial coverage restorations on molars.

Kramer et al in 2006°° found IPS Empress Inlays and Onlays
bonded with syntac classic were found to have a 92% survival rate
after eight years of clinical service. He also evaluated the effect of
two different adhesive resins composite combinations for luting of
IPS Empress inlays. Syntac/Variolink 11, IBS (3M ESPE). They
concluded that no difference between the two luting systems was

detectable.

Prakki et al in 2007%' compared the effect of resin cement
thickness on the fracture resistance of all-ceramic restorations.
Cementing ceramics with resin luting agents provides a means of
stress transfer from ceramic to resin cement, from resin cement to
bonding agent, from bonding agent to hybrid layer, and from hybrid

layer to dentin. Increasing the cement layer from 20 to 200 pm,
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there was a 50% reduction in strength. The authors state that the
mixing procedure for a dual-cure luting material incorporates air
into the bulk of the material. The incorporation of porosity in
composites has been shown to reduce shrinkage stress as a
consequence of increased free area inside the bulk. Therefore, this
porosity could be more prominent in thick layers distributing this
stress more uniformly. The resin cement film thickness did not
influence the fracture resistance of 2-mm ceramic plates. When the
ceramic thickness falls below about 1 mm, flexural radial cracking
becomes predominant. In this case, the stiffness of the substrate,
such as luting cements and tooth structure, plays a role in causing

failure.

Stappert et al in 2007%2 said that both IPS e-max press and ProCad
restorations can withstand loads within the range of mastication
forces, both are suitable for use of posterior partial crowns. Since
traditional fillings reduce tooth structure to 75%, inlays and onlays
can be used as suitable alternative, as they are bonded directly onto
the tooth by high strength resins, and increase the strength of a

tooth by up to 75%.

Frankenburger in 2008%% show that IPS Empress Inlays and Onlays
(Leucite based), exhibited satisfactory clinical outcomes over a 12-
year clinical period. They also declared that dual cure resin cements

redeuced incidence of bulk fractures.
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Yamanel in 2009% stated that the onlay design is more effective in

protecting tooth structures than the inlay design.

Magne in 2010° said that with the development of superior
CAD/CAM techniques and advanced adhesive technology, more
conservative thinner restorations can also be considered. He stated
that CAD/CAM composite resin for occlusal veneers in posterior
tooth had significantly higher fatigue resistance when compared to
ceramic occlusal veneers. When porcelain is required, IPS e.max

CAD performs much better than IPS Empress CAD.

Rekow in 2011°® said that Onlays made of modern glass-ceramics
have demonstrated good fatigue resistance, enough to fulfill both
the functional and esthetic requirements of the oral environment

(Rekow et al. 2011).

Murgueitio R, Bernal G (2012)%" studied the survival of IPS-
leucite-reinforced ceramic Onlays and partial veneer crowns and
concluded that thickness, vitality, location of tooth and type of

dentition has a direct influence with survival rate.

Guess et al in 2013°® said that most of failure of Onlays was due to
fracture rather than caries, and debonding. Onlays with ultrathin

ceramic showed significantly higher mean fracture loads compared

26



REVIEW OF LITERATURE

to their standard thickness Onlays. Ceramic thickness had a strong

influence on the fracture resistance of the Onlay groups.

Li ma et al in 2013°%° investigated the load bearing properties of
minimal-invasive monolithic lithium disilicate and zirconia occlusal
Onlay. When bonded to enamel (supported by dentin), the load-
bearing capacity of lithium disilicate can approach 75% of that of
zirconia, despite the flexural strength of lithium di-silicate (400
MPa) being merely 40% of zirconia (1000 MPa). When bonded to
dentin (with the enamel completely removed), the load-bearing
capacity of lithium disilicate is about 57% of zirconia, still

significantly higher than the anticipated value based on its strength.

Ozoney et al in 20137° found that ceramic Onlays had 90% success
rate with regard to marginal integrity over a period of 24 months.
Margin integrity and discoloration are most likely influenced by the
intimacy of margin fit of the ceramic restoration, and mechanical
and chemical degradation of the adhesive cement. Such problems
are further accentuated if there is inaccuracy in the margin fit of the
ceramic restoration, or failure to seat the restoration due to the
viscosity of composite cements. Further, a wider gap will increase
the portion of cement that is subjected to water sorption and

eventual hydrolysis and plasticing of the polymer contents.
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Vohra et al in 2013’! evaluated multiple factors which could
potentially influence the resin polymerization of all ceramic bonded
restorations. Ceramic restorations of 2mm thickness bonded well to
enamel and dentin when luted with dual cure resin cement
polymerised with LED curing light. |Increasing the ceramic
thickness, using opaque resin cement, decreasing the curing light
intensity bonding to compromised tooth substrate (carious,
sclerotic, bleached dentine) will result in an unpredictable and

compromised outcome.

Ahmed Hamdy et al in 2015’2 compared fracture resistance of
Lithium disilicate full crowns, inlays, Onlays and Endocrowns and
found that Onlays and Endocrowns showed the highest fracture
resistance respectively. They concluded that lithium disilicate
Onlays are suitable material of choice for restoring molars with

intact buccal and lingual walls.

Baader in 201673 stated that most common cause for ceramic Onlay
failure is debonding which reflects failure at the cementation
interface. Although the use of adhesives is commonplace in the
modern dental practice, the procedure for ceramic bonding remains
technique sensitive. Factors that complicate ceramic adhesion
include cement manipulation and adherence to bonding protocol,

moisture control and etching. This is even more important for

28



REVIEW OF LITERATURE

Onlays due to the generally less retentive preparation and the

greater reliance on the adhesive bonding to retain the restoration.

Archibald et al in 2017’* found that Onlays had greater surface
roughness and survived for a period of 42 months. He also evaluated
Onlays for hypersensitivity and found 90% survival. A greater
chance for Onlays failure occurred for patients with parafunctional

habits.

Veneziani et al in 2017° gave a morphology driven preparation
technique for preparation of Onlays and overlays in which he gives
importance to enamel quantity and thickness, minimal dentin
exposure and maximum preservation of tooth structure. He also put
forth newly developed indirect restorations like overlay, table tops,

that can be applied for all traditional indirect restorations.

Abdou et al in 2018'% evaluated the longevity of ceramic Onlays
and found the various factors that influence the survival of Onlays.
These include fracture, followed by debonding and caries. Loss of
marginal integrity and discoloration are most common factors for
failure. Longevity of Onlay can be achieved if preparation involves
2mm occlusal reduction and incorporates retentive features. Teeth
that are nonvital, in a more posterior region, or teeth for patients
with parafunctional habits are associated with greater ceramic

failure.
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Zarone et al in 201977 in his review stated that flexural strength of
IPS Emax Press and IPS Emax CAD are similar and manufacturing
process did not affect the mechanical characteristics. New
technologies like Spark plasma sintering induce refinement and
densification of Nano crystalline structure of lithium disilicate

ceramics.

Escobar and Anil kishen et al’® in 2019 described a technique in
which endodontic treatment and permanent restoration were
completed in one appointment with CAD/CAM systems. The rapid
milling time reduces waiting time and avoids need for permanent

restoration.

Edelhoff et al in 20197° evaluated the survival rate of occlusal
Onlays made with lithium disilicate and found a 100% survival rate
for a period of 11 years. No secondary caries, debonding, or
biological incompatibility was found and periodontal parameters

were good.
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MATERIALS AND METHODS

Materials:
Root Canal treatment:
e 48 freshly extracted Maxillary First Premolar
e 3% Sodium Hypochlorite solution (Septodont)
e 15% EDTA and 10% Carbamide Peroxide gel (Endoprep Rc,
Anabond Stedman)
e Normal saline solution (0.9%)
e Clear acrylic resin (DPI-RR Cold cure resin)
e Agquasil light body (Dentsply)
e Gutta percha points (Dentsply)

e AH Plus sealer — (Dentsply)

Armamentarium:

e Airotor handpiece (NSK, japan)

e Stainless steel hand K-file # 10, #15, #20, #25 (Dentsply
maillefer, Switzerland)

e X-smart rotary motor with handpiece (Dentsply maillefer,
Switzerland)

e Protaper Gold files (Dentsply maillefer, Switzerland)

e Disposable syringe (5ml- Dispovan)(30 G sidevent needle)

e Diamond burs- BR 31, TF 12, TF 13, TF 42, TF43 (Mani)

e Light cure unit- (Dentsply)
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Luting Materials:

Etchant — 37% Phosphoric acid (lvoclar Vivadent)

Tetric N bond — (lvoclar vivadent)

Ceramic Etchant- 5 % Hydroflouric acid (lvoclar vivadent)
Monobond N (lvoclar Vivadent)

Multilink Primer A and B (lvoclar vivadent)

Multilink N Self cure Resin cement (lvoclar vivadent)

Type | GIC — (GC Japan)

Ceramic Materials:

Porcelain fused metal ceramic (PFM) - VITA (lvoclar
vivadent)-A3 shade
Lithium disilicate (LDS) -IPS Emax Press- (lvoclar vivadent)-

A3 shade.

Equipment Used:

Thermocycling Unit

Universal testing Machine (UTM) (M 100) (FSA)

32



MATERIALS AND METHODS

Methodology
Selection of Teeth:

48 freshly extracted sound Maxillary First Premolar with two
roots, without any caries, cracks or previous restoration and those
extracted for orthodontic purposes were selected for the study. The
teeth were examined previously in a stereomicroscope for presence

of any pre-existing defects.

Criteria for Selection of Teeth:
Inclusion Criteria:
Intact Maxillary First Premolars with two individual roots
extracted for orthodontic purposes.
1. Free of caries
2. Free of cracks
3. Free of restorations

4. Free of root curvatures

Exclusion Criteria:
1. Calcified canals
2. Root with curvatures
3. Tooth with cracks

4. Tooth with caries or restoration
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Preparation of Specimen:
Teeth Selection:

Forty-Eight freshly extracted Maxillary First Premolars were
selected according to the inclusion criteria. The patients were
informed that their tooth will be used for study purposes and informed
consent obtained from each patient. The teeth were cleaned for
removal of blood, any attached soft tissue, calculus and examined
under microscope for presence of cracks. Those with cracks were
rejected and teeth free of cracks were selected for study. The teeth
were then stored in distilled water to maintain physiologic

characteristics and were removed only during testing procedures.

Specimen Preparation:

The Teeth were randomly divided into four groups: (n=12)
Group 1: Control Group (N=12); (No experiment done)
Group 2: Lithium Disilicate Onlays (N=12);

Group 3: Lithium Disilicate Full crowns (N=12);

Group 4: Porcelain fused to metal crowns (N=12);

The specimen of group 2, 3 and 4 were subjected to root canal
treatment. Access cavities were prepared according to standardised
form using round bur (BR 31), straight line access achieved and pulp
extripated. Apical enlargement was done upto 25 k file and
biomechanical preparation was done by crown down technique using
Protaper gold files (Dentsply) (Sx, S1, S2, F1 and F2). Obturation

was done by Cold lateral condensation technique with Gutta percha
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using AH Plus Endodontic sealer. Access cavities were restored with
composite restoration (Tetric N Ceram, Ivoclar Vivadent) to achieve

optimum coronal seal.

All the teeth were surrounded by thin aluminium foil and then
placed in a self-curing acrylic block 2mm below the cementoenamel
junction. Once the acrylic resin is set the samples are removed.
Polyvinyl siloxane light body (Aquasil Light body Dentsply) was
injected into acrylic mould to simulate periodontal ligament and tooth

samples were inserted back into mould.

Preparation Design:
Group 2 (Onlay Tooth preparation):

Mesio-Occluso Distal cavities were prepared on all teeth under
group 2 with cavity width % of intercuspal distance, proximal boxes
4mm deep, and margins of boxes placed 2mm above the CEJ.
Occlusal reduction 2mm, and occluso-gingival height of both cusps

at 2mm, width of shoulder kept at 1.5mm.

Immediate Dentin Sealing:

After tooth preparation for Onlays the samples were subjected
to immediate dentin sealing. The tooth samples were etched with 37%
phosphoric acid for 30 seconds and rinsed with water. The samples
were air dried and a coat of adhesive (Tetric N Bond) was applied to

seal the dentin. The adhesive is then light cured for 20 seconds.®’
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Group 3 and 4 (Tooth preparation for full crowns):

The samples under group 3 and 4 were prepared to receive full
coverage crowns. Occlusal reduction 2mm for both cusps, 6-degree
taper given on the proximal walls, Shoulder finish line of widths 1.5

mm placed 0.5mm above the CEJ.

Restoration fabrication:

Impression of samples under groups 2, 3 and 4 were taken by
Polyvinyl siloxane impression material (Aquasil, Dentsply) and
master dies fabricated with type 1V dental stone. For Group 4 (PFM)
the metal copings were prepared by pattern wax and casted with
nonprecious cobalt-chromium base metal alloy (d. SIGN 30, Ivoclar-
Vivadent). Ceramic (VITA, Ivoclar-Vivadent) was later used to
veneer the copings, using a ceramic furnace (Vita Vacumat, Ivoclar-
Vivadent). The restorations were then fitted, finished and polished.
For Group 2 and 3 ceramic ingots (IPS EMAX Press-A3 Shade-lvoclar
vivadent) were pressed into refractory mould made by lost wax
technique. After pressing, restorations were recovered and final

finishing polishing and glazing procedures carried out.

Cementation Techniques:
For Group 2 and group 3 the surfaces of the teeth were etched
with 37 % phosphoric acid for 20 seconds and then washed followed by

application of bonding adhesive (Multilink primer A and Adhesive B).
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The restorations are treated with 5% hydrofluoric acid washed
for 20sec, dried followed by application of silane coupling agent
(Monobond N). The restorations are then luted to teeth with self-cure

resin cement (Multilink N lvoclar vivadent).

For Group 4 the teeth were rinsed with pumice washed dried
and luted with Type 1 Glass lonomer Cement (GC Japan). Excess
cement removed with scaler after setting of cement. The samples were
stored in normal saline solution for 1 week and subjected to

thermocycling.
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PROCEDURAL FLOW CHART FOR SPECIMEN

PREPARATION

[ 48 freshly extracted human Maxillary First Premolar ]
p '
Removal of debris and teeth stored in distilled water ]
‘ ¥
Teeth randomly divided into four groups ]
Group 2- Lithium Grdo.uﬁ.?"lt"tfh'ﬁm Group 4-
disilicate onlays IStiicate Tu Porcelain fused
crowns metal full crowns
No Experiment [ Root canal treatment done for Group 2,3,4 ]
-3 ¥ ¥
MOD cavities Tooth preparation Tooth preparation
prepared for for Emax full done for PFM full
onlays crowns crowns

|

IPS Emax Press for IPS Emax Press for
Lithium disilicate onlays Lithium disilicate base metal alloy for
Full crowns PFM

Porcelain layered over
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IPS Emax Press for IPS Emax Press for Porcelain layered over
Lithium disilicate onlays Lithium disilicate base metal alloy for

l full crowns PFM

Restoration surface etched with 5% HF acid and
coated with silane coupling agent

|

Tooth surface etched with 37% phosphoric acid
followed by application of adhesive Primer A
and Adhesive B. Restoration luted with dual cure
resin cement (Multilink N)

=B
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Testing
Thermocycling:

All the samples were subjected to aging by means of
thermocycling. The samples are placed in water bath at 5 degree and
55 degree (Dwell time 20 sec in each water bath and transfer time 5
sec) for a period of 5000 cycles and then stored in distilled water for

7 days at room temperature.

Fracture Toughness:

The samples are then subjected to fracture toughness in a
Universal testing machine (M 100- FSA). Samples placed in gripping
device and controlled load was applied using a steel rod of diameter
0.5mm perpendicular to long axis of the tooth. Crosshead speed was
Imm/min. All samples were loaded until fracture and loads were
recorded in Newtons (N). Failure pattern of samples were examined

using stereomicroscope 20x.

Analysis of Failure Pattern:

Score 1: Minimal fracture of crown
Score 2: Less than % of crown is lost.
Score 3: Crown fracture through midline.
Score 4: More than % of crown is lost.

Score 5: Severe fracture of crown or tooth
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Statistical Analysis:

Data were analysed with One-way ANOVA and a statistically
significant difference was found between groups. (P value < 0.05).
Comparison between groups was done by Post-hoc test. Statistical

Analysis was done with SPSS version 22(1BM corp).
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Fig 1: Total no of Samples (48)
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Fig 2 a: Root canal preparation

Fig 2 b: Obturation
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Fig 3: Materials used for Root canal preparation:
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Fig 4: Tooth preparation of samples:

Fig 5: Samples after Crown fabrication
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MATERIALS AND METHODS

Fig 6a: Luting Materials

Fig 6b: Luting Materials
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MATERIALS AND METHODS

Fig 7 a: Etching restoration surface with 5 % HF acid and

etching tooth with 37% Phosphoric acid:
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MATERIALS AND METHODS

Fig 7 b: Application of Silane coupling agent:

Fig 7 c: Luting with resin cement following application of

Primer A & B and light cured;
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Fig 8: Luting of PFM crowns:

Fig 9: Samples after luting:
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Fig 9a: Samples after luting
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Fig 10: Fracture toughness testing
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Fig 11: Determination of fracture strength using Universal

Testing Machine:

Fig 11a: Peak values indicating fracture of crowns:
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Fig 12: Samples after fracture testing

Fig 12a: Samples after fracture testing:
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Fig 13: Failure mode analysis

a) Crown fracture through Midline

b) Severe fracture of crown and tooth
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c) More than half of the crown is lost

d) Less than half of crown is lost

55



RESULTS

RESULTS

Table 1: Load at Peak Values (Newton)

Lithium Lithium Porcelain
Control o o
Disilicate Disilicate full fused metal
Group
S.no Onlays crown full crown
(Newton)

N=12 (Newton) (Newton) (Newton)
) N=12 N=12 N=12
1 182 838 583 1498
2 1505 1367 1269 657
3 361 2120 978 1610
4 1903 1695 879 2200
5 659 914 1179 949
6 1829 1618 2515 1192
7 592 1089 688 2089
8 530 1132 560 2166
9 1609 1227 993 1609
10 1700 1724 978 2700
11 1250 989 876 1750
12 731 1567 872 731
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RESULTS

Table 2: Compressive strength in Newton/mm?

Lithium o Porcelain
Control . Lithium
Disilicate o fused metal
group Disilicate full
S.no Onlays full crowns
(N=12) crowns (N=12)
(N=12) (N=12)
(N/mm?) (N/mm?)
(N/mm?) (N/mm?)
1 362.078 1667.149 1159.843 2980.179
2 2994.105 2719.562 2578.312 1307.061
3 718.187 4217.610 1945.671 3202.996
4 3785.901 3372.098 1748.716 4376.765
5 1311.040 1818.347 2345.548 1887.977
6 3638.683 3218.911 5003.438 2371.411
7 1245.803 2166.498 1368.734 4864.177
8 1170.548 2278.382 1120.764 3608.232
9 3117.450 2441.041 1975.512 2900.724
10 2590.249 3813.754 1989.438 5369.494
11 2662.483 2150.583 1748.716 3531.180
12 1438.212 3117.450 1734.790 1357.485

57




RESULTS

Table 3. Descriptive statistics and One-way ANOVA to compare

the difference in mean values between the groups

95% CI for Mean

Variable Mean SD P value
Lower
Bound Upper Bound

Control 1070.91 |623.34 674.86 1466.97

PFM 1588.41 |593.74 | 1211.17 1965.66

0.014
Emax Full | 1030.83 |513.49 | 704.57 1357.09

Emax

1542.50 |283.22 | 1143.46 1473.03
Onlay
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Table 4. Tukey’s HSD Post-hoc test for pairwise comparison

between the groups

Mean 95% CI
(1) Group| (J) Group Difference i
(1-3) value | Lower Upper
PFM -517.50 .019 -946.0092| -88.9908
Control Emax Full 40.08 .851 |-388.4259|468.5925
Emax Onlay -471.91 .032 |-900.4259|-43.4075
Control 517.500 .019 | 88.9908 |946.0092
PFM Emax Full 557.583 012 |129.0741/986.0925
Emax Onlay 45.5833 831 |-382.9259|474.0925
Control -40.083 .851 |-468.5925|388.4259
Emax Full PFM -557.58 .012 |-986.0925|-129.0741
Emax Onlay -512.00 .020 |-940.5092|-83.4908
Control 471.916 .032 | 43.4075 |900.4259
EnmI:(/ PFM -45.583 .831 |-474.0925|382.9259
Emax Full 512.000 .020 | 83.4908 |940.5092

A post hoc test was done to determine intergroup comparison.

Inference:

Significant difference is found between

e Control & PFM — PFM higher

e Control & Emax Onlay — Onlay Higher

e PFM & Emax Full — PFM higher

¢ Emax Onlay & Emax Full — Emax Onlay higher
e EMAX ONLAY AND PFM ARE COMPARABLE (P=0.83 or
P >0.05)

59



RESULTS

Load at Peak (N)
1800
1600
1400

1588.41 15425

1200 1070.91 1030.83
1000

800
600
400
200

Control PFM Emax Full Emax Onlay

Chart 1. Comparison of mean ‘Load at peak’ values between the

groups
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Table 5. Chi square cross tabulations for distribution of fracture

grades among the groups

Failure analysis
Chi
. Less More p
half | crown | half statistic
of of
crown | €rown fracturelcrown crown
is lost lost
Control 2 6 0.95 0 1
PFM 5 6 1 0 0
17.52 | 0.13
Emax Full 0 5 3 2 2
Emax
Onlay 6 4 1 0 1

Inference: There is no significant difference in distribution of

fracture grades among the groups
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Failure analysis

7
6 6 6
6
5 5
5
] 4
@ 4
(&)
23
Z 2
2
0 95 1
1
0 l
0
Minimal Less than half Midline crown More than half Severe fracture
fracture of crown is lost fracture crown lost of crown
crown
E Control =PFM mEmax Full Emax Onlay

Failure analysis

4
3
095 1
Ioo I I

No of cases

Control Emax Full Emax Onlay
® Minimal fracture of crown m Less than half crown is lost
® Midline crown fracture More than half crown lost

m Severe fracture of crown

Chart 2. Distribution of fracture grades among the groups
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DISCUSSION

DISCUSSION

The endodontically treated teeth are easily susceptible to
fracture due to wide proximal cavities and extensive restorative
procedures resulting in excessive loss of tooth structure.® Hence the
restoration of such teeth should not only improve the fracture
resistance but also restore the tooth in order to maintain proper

functions in the oral cavity.?

Conventional methods for restoration of endodontically treated
tooth involve the placement of appropriate post and core techniques
followed by placement of full crown.®® But these procedures reduce
excessive amount of sound tooth structure for retention and
restoration purpose, making the remaining tooth structure easily
susceptible to fracture. The development of more than one interface
between post and core and final crown interferes with adhesion and

will also lead to crack propogation and ultimately fracture.33

Tooth preparation for full crown reduce greater amount of
sound tooth structure, have hazardous effect on periodontium
interferes with biological width, and also require the development of
a new occlusal scheme.!-23:81 pPartial coverage bonded restorations on
the other hand retains maximum amount of tooth structure and
maintain natural contours of the tooth.®3® Such restorations have a
monoblock effect on the tooth and also provide superior periodontal

health as the margins are placed in self-cleansable areas.8!
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In considering restoration of endodontically treated teeth
porcelain fused metal crowns are considered as gold standard.
According to studies done by Ozer et al®!, PFM crowns had similar
long-term clinical survival when compared with Zirconia crowns, and
no significant difference was found when PFM crowns where
compared with Zirconia. Naumann et a®? in his study declared that a
survival rate of 95.7% was seen over a period of 5 years with respect
to PFM crowns. Hence PFM crowns have been considered as

conventional method for restoring endodontically treated teeth.

Lithium disilicate (2Si02eLi20) dental ceramics were first
introduced in 1988 for use as a heat-pressed core material marketed
as IPS Empress 2 (lvoclar Vivadent, Lichtenstein).'! Empress 2 was
classified as a glass ceramic, a subgroup of particle-filled glasses,
and contained approximately 70% crystalline lithium disilicate filler.
The use of a pressure casting procedure resulted in a material that
possessed less defects and more uniform crystal distribution.!!
Reformulation and refinement of the production process of Empress
2, led to the production of a new ceramic line. The new ceramic
formulation was released in 2005 under the brand of IPS EMax
Presst!. According to Zhao et al®® and Irena et al®’ Lithium disilicate
has been considered as suitable replacement for conventional PFM
crowns. According to studies conducted by Pascal magne®® and Guess
et al®® in 2006 Lithium disilicate is the material of choice for indirect

restorations like Onlays and inlays.
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The fracture toughness of various ceramic indirect restorations
has been compared in several invitro studies.®38487 However, none of
the studies compared the efficacy of Lithium disilicate Onlays and
full crowns with that of gold standard PFM crowns for restoring the
endodontically treated posterior teeth. Hence the purpose of the study
was to compare the fracture resistance of LDS Onlays and full crowns
with that of conventional PFM crowns and to determine if the
minimally invasive, morphology driven preparation design of Onlays
along with proper adhesion protocols increases the fracture resistance
of Onlays when compared to the PFM crowns and aid in long term

survival of the restoration.

The maximum occlusal force in humans in posterior region
ranges from 300-880N.%8 Schwickerath and Coca®® also reported that
force of 400 N is generated in the molar region during mastication.
Maxillary first premolars were selected for the study because
premolars are subjected to more lateral forces than molars and
undergo flexion and fracture during mastication. They also require
esthetic restoration and undergo occlusal loading similar to molars.
Hence in order to achieve long term result the Maxillary First

Premolar should be able to withstand the maximum occlusal forces.

In the current study resistance to fracture is shown as Mean *
SD for all four groups. The statistical significance of differences

across the four groups has been assessed using One-way analysis of
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variance with Post hoc test for multiple group comparisons. P value

of less than 0.05 was considered statistically significant.

From the result it has been concluded that all the above
restorations are suitable for restoring the endodontically treated teeth
since the compressive strength of all the restorations were greater
than the normal masticatory load. Hence for restoring an
endodontically treated Maxillary First Premolar Lithium disilicate
full crowns, Lithium disilicate Onlays and Porcelain fused metal

crowns are considered acceptable.

The mean force applied to cause failure for Group 1(Control)
was 1070.91+ 623.34 N, for Group 2 (Lithium disilicate Onlay)
1542.50 + 283.22 N, and for Group 3 (Lithium disilicate full crown)
1030.83 +513.49 N, Group 4 (PFM) 1588.41+£593.74 N. From the
result it has been inferred that Porcelain fused metal group had
significant difference in fracture resistance when compared with
Control and Lithium disilicate full crown (P value < 0.05) However,
between Lithium disilicate Onlays and PFM group no significant
difference was found in fracture resistance (P value-0.8). The failure
modes involved in all the groups included tooth and restoration
fracture. The least amount of fracture resistance was seen in Lithium
disilicate full crown group and the highest fracture resistance was

seen in Porcelain fused metal group (PFM group). Lithium disilicate
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Onlay group showed fracture resistance comparable to that of

Porcelain fused metal (PFM) group.

Failure mode analysis was done by Chi-square test and found
no significant difference in distribution of fracture modes between
the groups. However, group 3 showed incidence of oblique, vertical
root fractures that cannot be restored by any other means. In Lithium
disilicate Onlay and PFM group most of the failures were Score 1 and
Score 2. In such instances the tooth can be salvaged with re-

restorative procedures.

Porcelain fused metal crowns had highest fracture resistance
compared to all the groups. It is observed that thickness of coping
material and increase in modulus of elasticity of coping material led
to decreased stress development regardless of type of preparation
used®. Hence the cracks associated with PFM crowns were within
Score 1 and Score 2 not extending to the underlying tooth. However,
the coping metal can also bring adverse reactions in patients.®®> The
coping metal can be either a noble metal alloy like gold, platinum,
and palladium or a base metal alloy such as nickel and cobalt. The
coping material used in the present study is cobalt chromium alloy.
(d SIGN 30). Porcelain fused metal crowns with noble metal alloys
have excellent biocompatibility whereas the base metal alloys are
known to cause gingival irritation and recession.®® According to

Nakada et al®® placement of cobalt chromium base metal alloy causes
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hypersensitivity reactions in patients. Patients who are allergic to
cobalt-chromium developed pustules in their palms and foot for 1
month after receiving metal ceramic restorations and the symptoms

subsided on removal of crowns.®2®

Plaque retention in relation to PFM crowns is another important
aspect influencing the health of surrounding tissues. According to
Parkinson et al® metal ceramic crowns with overcontoured facial and
lingual surfaces resulted in greater accumulation of plaque and
calculus leading to gingival inflammation. In a similar study
conducted by Frankenhauser et al®’ the metal ceramic crowns after
period of 3 years and saw increased inflammation around the gingival
margins, increased gingival bleeding and mobility. According to him
80% of metal ceramic crowns are overcontoured to a mean value of
0.36mm. This overcontouring limits ability for oral hygiene resulting
in plaque accumulation. However, in case of Lithium disilicate
Onlays the margins of the restorations are placed in self-cleansable
areas that aids in improving the oral hygiene of patients and dentist’s
ability to remove excess cement and to provide smooth plaque free

restoration.

LDS full coverage crowns had the least fracture resistance
compared to all the groups.®® This is primarily due to loss of
pericervical dentin and removal of sound tooth structure that weaken

the tooth during restoration purposes. According to Tao Yu et al®®
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the thickness of Emax crowns has direct influence on its fracture
toughness (ldeal thickness-1-1.2mm). Thickness of Emax crowns
ranges from 1.5-2mm results in 75% loss of tooth structure, In this
study the increased occlusal reduction of 1.5- 2mm might have been

a contributary factor for causing fracture of LDS crowns.

According to Junxin zhu et al®® in an FEA study, the Von
misses’ stresses (VMS) were concentrated in occlusal area in enamel
and in dentin VMS was concentrated in cervical area of the tooth.
When lithium disilicate was used as restorative material stresses were
distributed equally on enamel, dentin and restorative material, under
occlusal load.®%In LDS Onlay the pericervical dentin is preserved
which prevents the forces from acting directly on the cervical margins
of the tooth making it a suitable restoration for endodontically treated

teeth in a biomechanical perspective.®®

LDS onlay group has high fracture resistance next to PFM
group. The reason for high fracture resistance is because the stress
between the onlay and the tooth is equally distributed to the
surrounding strutures. This is based on the Compression Dome
concept by Greame Milicich®® who said that Enamel itself acts as
Compression dome transferring the stresses to the underlying dentin.
The dentinoenamel junction acts as medium and transfers the stresses
to dentin. Once the occlusal enamel is violated the stresses are

concentrated in dentin rather than dissipating to surrounding
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structures.®® Enamel compression dome has many microstructures
like peripheral rim or biorim. Biorim is the area that lies below the
maximum convexity. If Enamel acts as compression dome, the biorim
forms the walls of the dome and transfers the stresses avoiding the

forces to be transferred directly to the dentin.%°

Lithium disilicate Onlay acts on the principle of compression
dome.®® The occlusal Onlay acts as compression dome and transfers
the stresses to the external walls. The marginal chamfer is kept above
the height of contour that acts as a biorim and transfers the
compression stresses and avoids the tensional stresses from affecting
the underlying dentin.°® This concept works only with Lithium
disilicate that has high modulus of elasticity since materials with low
modulus of elasticity undergo high flexibility. Lithium disilicate
performs equally to that of zirconia and metal ceramics because the
primary advantage of Lithium disilicate is that it can be adhesively
bonded.®® It is proved that the presence of a liner or a base increases
the risk of fracture twice that of material without liner or base. The
adhesive technology along with high strength Lithium disilicate
material helped in providing a restoration that mimics close to the

biomechanical state of the tooth before it got affected by caries.®°

Lithium disilicate is also known to have superior esthetics
when compared to porcelain fused crowns, since PFM has a metal

substructure as base that prevents light to pass through restoration.
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Esthetics is primarily dependent upon translucency of material.
According to Zarone et al’’ Lithium disilicate crowns are highly
translucent than the crowns with metal substructure. So, the Lithium
disilicate crowns are used in teeth with high translucency similar to

natural teeth.

Immediate dentin sealing (IDS) was done to the Lithium
Disilicate Onlay groups immediately after tooth preparation. The
purpose of IDS was to seal the dentinal tubules from contamination,
prevent microleakage, reduce the stress development during luting
procedures. Since the dentin remained free of contamination, IDS can
be considered as a contributing factor for the increased the fracture

resistance of LDS onlays.®’

Similar results were observed with Morimoto et al®! where 99%
survival was seen with feldspathic occlusal Onlays (VITA MARK I1)
over a period of 93 months. The feldspathic ceramic has compressive
strength one third of Lithium disilicate hence better results can be

expected with LDS Onlays.

Schulte®? in his study determined the fracture resistance of IPS
Empress ceramics (Leucite reinforced) Onlays and found that they
had a survival rate of 95% at the end of 9.5 years. The success of
these weaker materials was attributed to adhesive lamination concept

where ceramics can be adhesively bonded to the enamel. The Enamel
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acts as circumferential tie provides good marginal adaptation,

reduces microleakage and increases bond strength?®2

The crack that occurred with Lithium disilicate Onlays were
most commonly oblique fracture resulting in loss of cusp. Once the
compression dome is violated the stresses are directly transferred to
the underlying dentin®. Hence the fracture of Lithium disilicate
crowns showed loss of minimal portion of crown and in some cases
loss of half portion of crown. However, these fractures were
restricted to crown and did not involve the tooth indicating that the

tooth can be restored again with restorative material.

Based on these results it can be concluded that partial bonded
restorations preserve greater amount of tooth structure, and maintain
natural contours of the tooth. They can be considered as a suitable

alternative to the porcelain fused metal crowns.

The limitation of the study is specimens are prepared according
to the standardized criteria. However, other factors like type of finish
line, position of finish line, type of luting cement may also influence
the fracture resistance of porcelain fused metal and all ceramic
restorations. Hence further long-term in vivo studies are needed to

arrive at a conclusion.
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SUMMARY

The major objective of restoring the endodontically treated
teeth is to restore its form and functions with minimal loss of tooth
structure. Bonded partial coverage restoration provides a suitable
means of restoring the endodontically treated teeth by preserving
majority of tooth structure, provide good retention and resistance
against occlusal forces by maintaining good adhesion with enamel

and dentin.

The aim of the study is to compare the fracture resistance of
endodontically treated Maxillary First Premolar restored with
porcelain fused metal crowns, Lithium disilicate full crowns and
Lithium disilicate Onlays. Freshly extracted Maxillary First
Premolar (n=48) with two straight roots were selected for the study.
The teeth were randomly divided into 4 groups of 12 teeth each
namely, Group 1: Control (n=12), Group 2: Porcelain fused metal
crown (n=12), Group 3: Lithium disilicate full crown (n=12), Group

4: Lithium disilicate Onlay (n=12).

All the teeth were endodontically treated and prepared to
receive full crowns and Onlay restoration except the control group.
The Crowns were luted and subjected to thermocycling for 5000
cycles at 5 degrees and 55 degrees and fracture strength was

determined with a universal testing machine (N). The teeth were
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then examined under stereomicroscope for failure mode analysis and

data were assessed with SPSS software version 22 (IBM Corp).

The following results were obtained

There was a statistically significant difference in mean
fracture strength of LDS onlays when compared with LDS full
crowns (P>0.05)

LDS onlay group had the advantage of retaining maximum
amount of tooth structure and preservation of pericervical
dentin when compared with other two groups and hence was
found to be statistically significant, (P<0.05)

With PFM crowns no statistically significant result was
obtained with onlay group as the LDS onlay produced results
comparable to that of metal ceramic crowns.

PFM crowns had the greatest fracture resistance when
compared to all other groups since the metal coping has high
modulus of elasticity that helped in distribution of stresses
evenly throughout the tooth structure.

LDS full crowns had the least resistance due to concentration
of stresses at the crown tooth interface and excessive
reduction of tooth structure that may have contributed to least

resistance to fracture load.
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CONCLUSION

e From this study it can be concluded that Lithium disilicate
Onlay restoration can be used as a suitable alternative to
Porcelain fused metal crowns for restoring endodontically
treated teeth.

e Porcelain fused metal had the highest fracture resistance and
Lithium disilicate full crowns had the least fracture resistance
for restoring endodontically treated teeth.

e Bonded partial restorations can be used as a suitable choice of
material for restoring the endodontically treated Maxillary

First Premolar.
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ANNEXURES

ANNEXURE - |

PARTICIPANT INFORMATION SHEET (ENGLISH)

NAME OF INVESTIGATOR: HARINI.K

PHONE NO: 9894871222

TOPIC: COMPARING FRACTURE RESISTANCE OF
ENDODONTICALLY TREATED MAXILLARY FIRST
PREMOLAR RESTORED WITH LITHIUM DISILICATE
ONLAYS, LITHIUM DISILICATE FULL CROWNS AND
PORCELAIN FUSED METAL FULL CROWNS-AN INVITRO

STUDY

The aim of the study is to determine the fracture resistance of
extracted teeth restored with different crowns. No risk will be
involved as the tooth is extracted for orthodontic or periodontal
problems. Your records will be maintained confidential and you
have freedom to participate or withdraw from research at any point
of time.

The details of the research have been explained to me in a
language which I understand. | hereby give permission for using my
records, and extracted teeth for professional research and education

purpose only.

SIGNATURE OF PATIENT: -
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PARTICIPANT INFORMATION SHEET (TAMIL)
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ANNEXURE - |11

PARTICIPANT INFORMED CONSENT FORM (PICF)-ENGLISH

IHEC Proposal S.No: 352

Date:

Title of the Project: Comparing fracture resistance of

Endodontically treated maxillary first premolar restored with

Lithium disilicate Onlays, Lithium disilicate full crowns and

Porcelain fused metal full crowns -An invitro study

Name of the Principal Investigator: Dr. Harini. K
Mobile No: +91 9894871222

The contents of the information sheet dated that

was provided have been read carefully by me / explained in detail to
me, in a language that I comprehend, and | have fully understood
the contents. | confirm that | have had the opportunity to ask

questions.

The nature and purpose of the study and its potential risks /
benefits and expected duration of the study, and other relevant
details of the study have been explained to me in detail. |
understand that my participation is voluntary and that I am free to
withdraw at any time, without giving any reason, without my

medical care or legal right being affected.
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| understand that the information collected about me from my
participation in this research and sections of any of my medical
notes may be looked at by responsible individuals from CARE. |
give permission for these individuals to have access to my records.

| agree to take part in the above study.

(Signatures / Left Thumb Impression)
Date:

Place:

Name of the Participant:

Son / Daughter / Spouse of: ___

Complete Postal Address:
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This is to certify that the above consent has been obtained in

my presence.

Date:

Place:

Signature of the principal Investigator

1 Witness — 1 2. Witness — 2

Signature Signature

Name & Address Name & Address
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ANNEXURE-IV
PARTICIPANT INFORMED CONSENT FORM (PICF)-TAMIL
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ANNEXURE -V

RESEARCH METHODOLOGY CERTIFICATE

The Tamil Nadu Dr.M.G.R. Medical University
69, Anna Salai, Guindy, Chennai ~ 600 032.

DEPARTMENT OF EPIDEMIOLOGY
CREDIT POINTS : 30

This certificate is awarded to Dr./Mr./Ms. HARINIK ........................................

for participating as a Delegate in the three days Workshop on ‘Research
Methodology and Binstatistics : How to do a Good Dissertation & Publish?’

from18-12-2019t020-12-2019.
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