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ABSTRACT

Aim
The aim of this study was to evaluate the effects that variations in cantilever length have
on fracture strength and maximum load of screw retained implant ceramic crowns that are
constructed using CAD/CAM technology.
Materials and Methods
A scan body was mounted in a customized typodont with an implant replica located in
the center of the space of tooth #30, 3 mm below the buccal cemento-enamel junction of
the adjacent molar #31. The scan body was scanned using a chairside scanner. The
computer software was used to digitally design three clinically appropriate anatomical
crowns for a mandibular first molar with different cantilever lengths. For Group 1 the
implant position and the screw openings were located in the center of the crown. For
Groups 2 and 3, the implant position and the screw openings were repositioned 1.5 mm
and 3 mm distally from the center. After size and contour of the crowns had been inspected
and confirmed digitally for each group, 30 lithium disillicate crowns were milled, 10 for
each group. After firing, each crown was luted to its respective Vario-base with a universal
resin cement under a standard weight of 5 kg. After cementation, all samples were
subjected to thermocycling for 10000 cycles Then, all groups were loaded until
catastrophic fracture occurred.

X

Results
The mean fracture strength for Group 1 (equal ceramic dimension mesial and distal to
screw hole) was 1407 N (SD = 454 N), for Group 2 (7 mm mesial “cantilever” extension)
1722 N (SD = 311 N), and for Group 3 (8.5 mm mesial “cantilever” extension) 1708 (SD
= 293 N). The difference between groups was not statistically significant (p-value = 0.113;
one-way analysis of variance). For the maximum load, Group 1 demonstrated the lowest
mean value of 1453 N (SD = 449 N) followed by Group 2 with a mean value of 1733 N
(SD = 313 N), while Group 3 showed the highest mean value of 1939 (SD = 116 N). The
difference between the groups was statistically significant (p-value = 0.012; one-way
analysis of variance). Post-hoc tests showed that there was a statistically significant
difference between Group 1 and Group 3 (p-value = .009; Tukey’s HSD). However, there
was so statistically significant difference between Group 2 and Group 3 (p-value = 0.376;
Tukey’s HSD) and Group 1 and Group 2 (p-value = 0.158; Tukey’s HSD).
Conclusion
Within the limitations of this study, different mesial extensions of lithium disillicate
screw-retained implant crowns did not lead to significant differences in fracture strength
values. Lithium disilicate screw-retained implant crowns with equal mesiodistal crown
dimensions demonstrated statistically significantly lower maximum load than crowns with
a cantilevering extensions of 8.5 mm. Crowns that have a substantial cantilevering contour
should be handled with caution because of the increased chance for unfavorable fracture
patterns.
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INTRODUCTION:

Dental implants are common in contemporary dental practices, and they offer a
long-lasting and predictable tooth replacement.1,
completely and partially edentulous jaws.3,

4

2

They can be used to treat both

Two types of implant prostheses are in

common use: screw- retained and cement-retained prostheses.5 Comparative studies have
found no statistically significant differences in the clinical success and exhibit acceptable
outcomes of both cement and screw-retained implant restorations.6 Cement-retained
prostheses have been associated with biological complications as a result of excess cement
being deposited into the peri-implant tissue space. These complications include periimplant mucositis and peri-implantitis.7 Due to that, many practitioners prefer screwretained prostheses today whenever possible.
Nowadays, Ceramo-metal implant prostheses are accepted as the gold standard of
implant prostheses, and they are associated with minimal restorative problems. However,
as a result of the increased patient demand for highly aesthetic dental treatments, an allceramic system has been introduced as a new treatment modality for dental prostheses.8, 15
There are currently three classes of all-ceramic implants available: glassy ceramic,
polycrystalline ceramic, and particle-filled glasses ceramic. In general, glassy ceramic
offers better aesthetic properties than the other types of prostheses. However, it has the
weakest mechanical properties. Therefore, it has limited use as a veneer or as a veneer
material for metal or ceramic substructures.10 Polycrystalline ceramic is considerably
tougher and stronger than the other types of ceramic. Nevertheless, it is more opaque and
cannot be used as full contour prostheses in a highly aesthetics zone.1, 11 Finally, particle-
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filled glasses combine filler particles with the base glass composition to enhance both the
optical and mechanical properties of the glass ceramic. Lucite was the first filler to be used
in dental ceramics, due to its high expansion/contraction behavior, which allows porcelains
to be fired onto metal substructures. In addition, the Lucite filler offers two important
properties. First, it exhibits the ability to maintain ceramic translucency. Second, it has a
selective etching property, which provides good micromechanical bond to the tooth
structure .12, 13,14 Recently, a new approach to forming a special subset of particle-filled
glass was introduced. After forming a glass object, crystallites precipitate and grow within
the glass as a result of the application of a special heat treatment. This new particle-filled
structure is known as glass ceramic. Many contemporary dental practices use a 70% of
volume crystallized lithium disilicate glass ceramic.9
Lithium disilicate glass ceramic demonstrates a high mechanical strength that is
comparable to the other ceramics used in dentistry.16 Lithium disilicate restoration has two
methods of manufacture: heat pressing using the lost wax technique, or computer-aided
design/computer-aided manufacturing (CAD/CAM).17 As a result of the advancement of
CAD/CAM technologies in dentistry, dentists can now perform chairside fabrication of
ceramic implant restorations that decrease treatment time, facilitate high-precision
restorations, simplify fabrication protocol, and minimize human intervention.18, 19
Recently, an IPS e.max® CAD hybrid abutment crown has been introduced to the
market as an additional option to fabricate CAD/CAM implant restorations. This hybrid is
manufactured by combining a titanium base with a monolithic crown in one piece. The
monolithic crown is luted to the abutment extraorally before being screwed onto the
implant as a single piece intraorally. In an ideal, prosthodontically driven clinical scenario,
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the implant is placed in the central long axis of a planned restoration. This will help to
create an implant crown of the same contour dimensions mesial and distal from the implant
axis or screw opening. However, various clinical factors often lead to an implant position
that is not ideal, i.e., not central to the crown design, resulting in a possible cantilevering
effect in the ceramic design. Therefore, the aim of this study was to evaluate the fracture
strength of crowns with different ceramic contours made from IPS e.max® CAD hybrid
abutment blocks in combination with prefabricated titanium bases in order to evaluate the
effect of a cantilevered ceramic design on fracture strength.

LITERATURE REVIEW

Implant Restorations
A 2014 study conducted by Wittneben et al. systematically reviewed existing literature
on implant restorations that was published between 2000 and 2012 with the intention of
investigating the reported complications and survival rate of screw- and cement-retained
implant restorations. The survival rate was determined as the number of restorations that
remained in situ over the study period. Two main types of complications were reported:
biological and technical. Biological complications included perimplantitis, soft tissue
complications, peri-implant mucositis, recession, bone loss that exceeded 2 mm, esthetic
complications, and the loss of the implant. Technical complications involved screws
loosening, retentions loosening, loss of screw access due to filling material,
chipping/fracture of the veneer, and fracture of any component of the implant. An analysis
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of the literature that met the inclusion criteria concluded with the following findings: The
five-year survival rate for single crowns was 91.16% for screw-retained and 96.37% for
cement-retained. For fixed partial dentures (I-FDPs), the five-year survival rate was
91.48% for screw-retained and 94.60% for cemented I-FDPs. However, the differences
between the survival rates of screw-retained and cement-retained restorative treatments
were not significant. The overall technical complications rate revealed that there was a
statistically significant lower rate of complication with screw-retained implant prostheses
than there was with the cement-retained counterpart. Chipping/fracture of the restoration’s
ceramic was statistically significantly more common in screw-retained implant treatments
than it was in cement-retained prostheses. However, on the other hand, abutment loosening
was statistically significantly more common with cemented implant treatment types than it
was with screw-retained treatments. For biologic complications, only presence of
fistula/suppuration demonstrated a statistically significant higher event rate with cement –
retained prostheses compared to screw-retained implant treatments. The review concluded
that the use of screw-retained implants is preferable to the cement type, taking into
consideration the restricted ranges for interventions after final delivery of restoration and
the risks involved with the cemented form of implant restorations.22
A 2000 paper published by Belser et al. reviewed the fixed implant restorations
management of partially dentate patients. The paper recommended the use of a cementretained implant restoration in areas where the implant is not deep, and where the platform
of the implant can be easily seen and cleaned from excess cement. On the other hand, in
the esthetic zone, where a submucosal implant shoulder location is recommended, a screw-
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retained implant restoration should be considered in cases in which the implant platform is
deeper, thus eradicating the need for cement cleaning. 23
Cement-retained implant restorations
Implant cement-retained restoration and conventional fixed prosthodontics are highly
correlated where a crown is cemented onto an abutment similar to the conventional
treatment where a crown is cemented on a prepped natural tooth.24
Cement-retained implant prostheses offer many advantages over screw-retained
restorations: they are easier to use as posterior restorations than the screw counterparts,
clinical and laboratory work involving these prostheses are relatively straightforward, they
allow the passive fit of restoration framework, and they improve the technician’s ability to
enhance esthetics and occlusion due to the elimination of the screw access hole.25,26,27
However, disadvantages and complications are also associated with cement-retained
prostheses. These complications include clinical inflammation, bleeding on probing, and
the presence of exudation around the implant due to the incomplete removal of excess
cement.6 Gouges and scratches may be created on the surface of the implant due to the use
of metallic and plastic instruments to remove the excess cement.28 Cement-retained
restorations are also more time consuming to place due to the additional time required to
cement the implant restoration and remove the excess cement, particularly if the sulcus
depth is more than 3 mm. In addition to all these disadvantages, technicians have a limited
ability to modify the superstructure designs of cement-retained implants.29
Screw-retained implant restorations
In 1988, Lewis et al. published an article entitled “UCLA Abutment,” in which they
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explained a new implant abutment technique that employed prefabricated machine patterns
with a plastic tube to fit accurately on the implant platform with wax pattern integrated into
the plastic tube and both removed during the burnout process. At this time, the application
of full-metal casting directly to the implant platform was popular, and the screw-retained
ceramo-metal prostheses were not.30
In 2014, Sherif et al. systematically investigated the dental articles from 1966 to
2007 to evaluate and compare the outcomes of screw-retained and cement-retained implant
prostheses. The outcomes were classified as minor and major outcomes. Minor outcomes
were defined as complications that required clinician intervention, which included
porcelain fracture that did not require prosthetic replacement, decementation and screw
loosening. Major outcomes were defined as complications that led to complete restorative
failure. These complications included severe prosthesis fracture, esthetic failure, implant
failure, and abutment fracture. The results concluded that the failure of restorations over a
100-year period was 0.81, with the screw-retained group exhibiting a slightly lower failure
rate of 0.72 per 100 years compared to the cement-retained group at 0.87 per 100 years. In
terms of the minor outcomes, they found that there were no significant differences between
the screw- and cement-retained groups. Authors concluded that both retention systems
were similarly appropriate for the partially edentulous patient. 31
Research has found that there is a lower rate of technical complications with screwretained implant prostheses than there is with cemented prostheses. Chipping/fracture of
restoration’s ceramic is more common in screw-retained implant treatments, and abutment
loosening is more common with cemented implant treatment types. Taking into
consideration the restricted ranges for interventions after final delivery of restoration and
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all the risks involved with the cemented type of implant restorations, screw-retained
implants are preferable to the cement-retained option.22 Torrado et al. reported that screwretained implant restorations sustained lower force to fracture compared to cement-retained
implant restorations. They found that the fracture resistance of porcelain was not affected
by changing the location of the screw access channel on the occlusal surface.32
Dental Ceramics
Based on the dental ceramic structure, Kelly et al. proposed a new classification for
dental ceramic materials that consisted of three main categories: (1) predominantly glassy
materials; (2) particle-filled glasses; and (3) polycrystalline ceramics.33
1. Predominantly glassy materials
Predominant glassy ceramics have an amorphous structure. Glass atoms are 3D
networks that have an irregular angle and distance between atoms. Glass ceramics are
derived principally from feldspar and based on silicon oxide (silica or quartz) and alumina
oxide (alumina). Predominantly glassy materials offer the best esthetic properties of the
various ceramic types that are available. For example, the optical properties of these
materials mimic the appearance of natural teeth. However, these ceramics also have
weakest mechanical properties. As such, they have limited use as veneers, be it as a material
for use in either a platinum foil or a refractory die technique or as veneer materials for
metal or ceramic substructures.33, 34
2. Particle-filled glasses
The optical property control and mechanical properties of a ceramic can be improved
by adding filler particles to the base glass composition. Leucite was the first filler to be
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used in dental ceramics. 13,36 Compared with feldspathic ceramic, leucite offers a high
coefficient of thermal expansion/contraction. To create porcelain that is thermally matched
with dental alloys, a certain mass percentage of leucite fillers are added to the base glass.
Leucite is the filler of choice for dental ceramics for two main reasons. First, it has a very
close index of refraction to feldspathic ceramic, which is important for maintaining
translucency. Second, base glass etches at a slower rate than leucite, which creates tiny
features for resin cement tags. This selective behavior improves the micromechanical bond
strength of the cement.33
Glass-ceramics as a special subset of particle-filled glasses
In this type of ceramic, fillers are mechanically added to the composition during
manufacturing. Glass powders are simply mixed with crystalline particles before firing. In
the most contemporary techniques, crystallites are grown and precipitated within the glass
after the formation of the glass object by applying a specific heat treatment. Such a
formation is referred to as glass ceramics. Currently, lithium disilicate crystalline fillers
that have a volume of 70% are common for dental restoration use.33
3. Polycrystalline ceramics
With the advancement of computer-aided manufacturing, polycrystalline ceramics
have become increasingly practical. Polycrystalline ceramic structures are air free, dense,
and glass free without any intervening matrix. These types of ceramics are generally
stronger and tougher than alternative glass-based ceramics. However, polycrystalline
ceramics are more opaque and challenging to process into complicated forms. In the
esthetics zone, polycrystalline ceramic cannot be used as full contour prostheses. To
overcome the opacity issues and attain pleasing esthetics, glass ceramics are used to veneer
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the polycrystalline substructure.33
Lithium disilicate glass ceramic:
Lithium disilicate glass ceramic structures are particle-filled glass ceramics. They
offer excellent esthetics and mechanical properties and provide new choices for superior
dental restoration quality. They can be used as a single or as multi-unit dental prostheses.37
Crystallization of Lithium Disilicate Glass Ceramics
Making a frit is the first step in the lithium disilicate crystallization process and
involves melting a glass batch at around 1200 to 1450 °C for 4 hours followed by rapid
cooling by quenching. By using a surface crystallization mechanism, the glass powder is
sintered to crystallize. Surface and volume crystallization both take place with the addition
of a nucleating agent. By manufacturing the suitable composition, the bulk will nucleate,
after which the glass can be cast into blocks. At around 400-900 °C, the glass block
nucleates, anneals and is exposed to volume crystallization. The nucleation step is carried
out at around 450-700 °C for between 30 min and 4 hours, and the crystal growth is
facilitated at around 700 to 100 °C in the range of several minutes to several hours
depending on the composition of the material.37
Crystalline Phase Development
The melting point of the stoichiometric composition of the lithium disilicate phase is
1033oC. As shown in the system Li2 O-SiO2 phase diagram, the melting points of Li2O and
SiO2 are 1727 and 1713 °C respectively. L2S =Li4SiO4 includes different phases: lithium
disilicate= Li2Si2O5 and lithium metasilicate=Li2SiO. When the Li2O content exceeds the
stoichiometric content of lithium disilicate, lithium metasilicate (Li2SiO3) crystallizes and
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other crystalline phases can form. As the Li2O content decreases in comparison to the
stoichiometric content, a separation of the metastable glass-in-glass phase occurs that
stimulates crystal growth and crystal nucleation.37

Methods of Fabricating Lithium Disilicate Glass Ceramic Crown Restorations

Heat-pressed technique
This method involves the production of the molds for ceramic dental restorations in the
dental laboratory using the lost wax method. Then, pressable glass ceramics are heated to
a temperature at which they turn into highly viscous liquids before being pressed into the
formed mold. Pressable glass ceramic is manufactured in the form of ingots. Ingots have
similar microstructures to porcelain powder but have less porosity and more crystalline
content. There have been two generations of pressable glass ceramic. The first generation
employed leucite as the crystalline phase, while the second generation used lithium
disilicate as the crystalline phase and more than doubled the strength of the first generation,
leading to more expanded use for computer aided manufacture restoration.38

The use of CAD/CAM technology
Computer-aided design (CAD) and computer-aided manufacturing (CAM) technology
is becoming increasingly widespread and is commonly used in most dental practices and
laboratories. There are three different CAD/CAM production systems in use in dentistry,
which vary according to the location of the CAD/CAM component.39
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1) Chairside production
To use this production method, the dental office must have access to CAD/CAM
components. Dental restoration fabrication takes place in the office without the
requirement for a laboratory process. When this method is employed, the conventional
impression is replaced using an intra-oral camera, which can provide a digital impression.
This helps to reduce the time taken to fabricate the restoration and provides patients with
the final restoration in one appointment.39
2) Laboratory production
When this method is employed, the dentist takes the traditional impression and sends it
to the laboratory, which fabricates the master cast. With the assistance of a scanner, threedimensional data are created based on the master die. The data are processed using dental
design software, and the modeled restoration is subsequently produced using a special
milling machine in the dental laboratory. The restoration fit can be later evaluated and
corrected using the master cast.39
3) Centralized production
The third method by which dental restorations can be fabricated using computerassisted restoration is centralized production in a milling center. When this method is
employed, the laboratory scanner is connected to the production center via the Internet.
After the data are processed using the dental design software in the dental laboratory, the
data are sent to the production center for prostheses milling with a CAD/CAM machine.
The CAM production center then sends the prostheses to the laboratory for final finishing.39
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CEREC AC with Bluecam
CEREC AC with bluecam is one of the most recognized examples of chairside
CAD/CAM in dental practice. CEREC Bluecam uses a blue LED light to conduct digital
impression scanning. When this system is employed, the operator needs to capture images
only from the path of insertion and does not need to take images from different angles.
However, a fair amount of opaquing powder (titanium oxide) is required to complete the
data acquisition. This system utilizes a new technique called active triangulation to create
the digital cast; the camera shines various arrangements of blue light onto the dentation,
and the reflecting light is read back at slightly different angles.40 The 3D model is then
generated by the computer software as a virtual model. Utilizing the design software, the
operator can check the tooth preparation, rotate the cast in all directions, design the planned
restoration, set up the marginal and internal gap thickness and location, and visualize the
complete restoration. As soon as the restoration is approved, the data can be sent to the
milling machine.41
The Fracture Strength of Ceramic Material
Fracture strength measures the amount of stress a material can take before breaking.42
In the oral environment, microcracks in ceramic material keep propagating over time under
multiple stress until the restoration fractures. According to the crack propagation theory,
ceramic materials have low tensile strength due to small flaws in the ceramics, which tend
to open up and propagate under tensile forces. However, ceramic is much stronger when
compressed because flaws tend to close up with the residual compressive stress. Therefore,
the compressive strength of the ceramic materials is higher than the tensile strength.47 In
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regard to materials, the strength of all-ceramic crowns depends on the thickness of the
crown, the type of ceramic, the design of the restoration, and the bond strength between
the veneer and the core.43
Guess et al. tested the fracture strength of e.max CAD crowns of 2 mm occlusal and
1.5 axial thickness, and reported a fracture strength value that varied from 1100 N to 1200
N.44 Seydler et al. measured the effect of the wall thickness of lithium disilicate posterior
crowns on the fracture loads. They used the CEREC system to fabricate molar crowns
using e.max blocks. They found that the mean (SD) fracture strength for crowns of a wall
thickness of 1.5 mm, 1.0 mm, and 0.5 mm were 980.8 (115.3) N, 889.1 (154.6) N, and
369.2 (117.8) N respectively.45
Tinschert et al. compared the fracture resistance of leucite-reinforced, In-CeramAlumina, In-Ceram-Zirconia, lithium disilicate, and zirconia-based three-unit bridge. They
found that the highest fracture resistance, above 2000 N, was achieved with the zirconiabased bridge, whereas an intermediate value of around 1500 N was achieved for the threeunit bridge of lithium disilicate and In-Ceram Zirconia. However, FPDs of Leucitereinforced and In-Ceram Alumina exhibited the lowest fracture resistance at less than 1,000
N.48
Another study by Dogan et al. evaluated the fracture load of single-tooth implantsupported crown restorations that were fabricated using different CAD/CAM blocks. They
compared the initial and max fracture value of feldspathic glass ceramic (Vita Mark II),
lithium disilicate glass IPS e.max CAD, and resin nano-ceramic (Lava Ultimate). They
defined the force that resulted in a total fracture of the ceramic as max fracture load, while
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the force that causes a crack to the ceramic as the initial fracture load. They reported that
the mean initial fracture load value of feldspathic glass ceramic (Vita Mark II) was 220 N
(SD = 50 N), the resin nano-ceramic (Lava Ultimate) was 165 N (SD = 65 N), and the
lithium disilicate was 320 N (SD = 110 N). The mean max fracture load value of feldspathic
glass ceramic (Vita Mark II) was 1130 N (SD = 220 N), resin nano-ceramic (Lava
Ultimate) was 2490 N (SD = 510 N), and the lithium disilicate was 2645 N (SD = 545 N).
They concluded that lithium disilicate glass ceramics had the highest fracture and cracking
resistance values of the groups tested.53
After numerous study outcomes, scientists suggested that 500 N should be strong
enough for posterior all-ceramic restorations to tolerate a natural human biting force in the
posterior zone. However, cyclic fatigue in the oral environment must also be taken into
consideration. Furthermore, ceramic materials are inherently flawed, and the conditions of
the oral environment may cause crack propagation that develops to a risky size. As a result,
it is wise to accept that a safety range of within 1,000 N for an initial fracture load must be
considered for a favorable clinical prognosis of all-ceramic materials. 47,48

In vitro oral environment simulation (aging)
The process by which dental materials deteriorate in the oral environment is
difficult to understand, and there are many factors involved. To this end, many in vitro
techniques have been developed as a means of conducting research in an environment that
adequately mimics oral conditions. The most common of these techniques are
thermocycling and mechanical loading.
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Thermocycling is widely considered to represent an adequate in vitro technique for
dental ceramic aging procedures because it mimics the temperature variations that occur in
the oral environment. Gale et al. suggested an estimate of approximately 10,000
thermocycles is equivalent to one year of clinical function.46
Ceramics undergo complex stresses in the oral environment during mastication;
therefore, a large amount of literature documents the use of mechanical cycles to simulate
these complex forces. Different cycles have been described. One recent study found that a
normal adult person chews at a rate of about 800,000 cycles per year.54 Kohorst et al.
suggested that 1000,000 cycles is equivalent of around 15 months.49 Another report by
Kassem et al. proposed that 1,000,000 cycles is equivalent to an in vivo service time of
between 5 and 10 years.50
Seydler et al. combined 10,000 thermocycles with 1,200,000 mechanical loading cycles
to simulate a long clinical performance.51 However, the study employed different aging
protocols and did not provide a justification as to why these protocols were chosen.
Therefore, the standardization of aging protocols is required to allow these in vitro studies
to be reliably compared.52
HYPOTHESES:
•

IPS e.max screw-retained implant crown with equal mesial and distal dimensions from
the screw opening will require higher axial force to fracture than those with a 7 mm
mesially extended cantilevering contour . IPS e.max screw-retained implant crowns
with an 8.5 mm mesial cantilevering contour will require less axial force to fracture
than those with 7 mm.
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•

IPS e.max screw-retained implant crown with equal mesial and distal dimensions from
the screw opining will have higher maximum load than those with 7 mm mesially
extended cantilevering contour. IPS e.max screw-retained implant crowns with an 8.5
mm mesially extended cantilevering contour will have lower maximum load than those
with 7 mm.

RESEARCH OBJECTIVES:
•

To evaluate the fracture strength of CAD/CAM-fabricated lithium disilicate screwretained implant crowns with different cantilever-like ceramic contours.

•

To evaluate the maximum load of CAD/CAM-fabricated lithium disilicate screwretained implant crowns of different cantilever-like ceramic contours.

•

To establish if CAD/CAM-fabricated lithium disilicate screw-retained implant crowns
of different cantilever-like ceramic contours have a fracture resistance that exceeds the
acceptable clinical limit of 1000 N.

•

To evaluate the mode of failure of CAD/CAM-fabricated lithium disilicate screwretained implant crowns of different cantilever-like ceramic contours.

CLINICAL SIGNIFICANCE OF THE STUDY:
The results of this study will provide clinicians with insights into the performance
of CAD/CAM-generated lithium disillicate screw-retained implant crowns and the effect
that cantilever design has on the performance of such crowns.
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MATERIALS AND METHODS:

Sample preparation and testing:
A scan body was mounted in a customized typodont with an implant replica located in
the center of the space of tooth #30, 3 mm below the buccal cemento-enamel junction of
the adjacent molar #31. (Figures 1 and 2). A scan body (BL 4.1 L, Sirona, Charlotte, NC)
was then placed on the implant analog and scanned with a chairside scanner (CEREC AC
Bluecam, Sirona, Charlotte, NC). Dental design computer software (CEREC 4.4, Sirona,
Charlotte, NC) was used to digitally design three clinically appropriate crowns for a
mandibular first molar, each of which had different dimensions or contours mesial and
distal to the implant long axis. For Group 1 (Figures 3, 4, and 5), the implant position and
the screw opening were located in the center of the crown. For Groups 2 and 3, the implant
position and the screw opening were repositioned 1.5 mm and 3 mm, respectively, from
the center (Figures 6, 7, 8, 9, 10, 11, and 12). All groups followed the long axis of the
implant at a 0o degree angle and had a minimum restorative thickness of 2 mm occlusally
and an axial wall thickness that ranged from 0.5 mm cervically to 1.5 mm near the occlusal
surface. After size and contour of the crown had been inspected and digitally confirmed
for each group, 30 lithium disillicate crowns, 10 for each group, were milled from IPS
e.max CAD abutment blocks (Ivoclar, Buffalo, NY) using the MC XL Milling system
(Sirona, Charlotte, NC),
After calibrating a Programat P500 furnace (Ivoclar, Buffalo, NY), all crowns were
fired according to the manufacturer’s recommended settings. Before bonding, the inner
surface of each crown was treated with 9.3 % hydrofluoric acid (IPS® ceramic etching gel,
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Ivoclar, Buffalo, NY) according to the manufacturer’s recommendations. Then, silane
(Monobond-S; Ivoclar, Buffalo, NY) was applied for 60 seconds as per the manufacturer’s
recommendations. After that, self-adhesive universal resin cement (Multilink® Hybrid
Abutment, Ivoclar, Buffalo, NY) under a standard weight of 5 kg was used to attach each
crown to its corresponding Titanium base (RC Variobase for CEREC, Straumann USA,
Andover, MA). A hand scaler was then employed to remove any excess cement. All
surfaces of the crowns were subsequently light cured for 20 seconds. After cementation,
all samples were subjected to thermocycling (VWR Scientific 1156, VWR, Rodnor, PA)
for 10,000 cycles between two water baths at 5°C and 55°C with a dwell time of 30 seconds
in each bath.
Using a manual torque wrench (Straumann USA, Andover, MA), a force of 35 Ncm
was applied to the RC Basal Screw (Straumann USA, Andover, MA) in each hybrid
abutment crown to tighten it to a Bone Level RC implant replica secured in a custom mount
(Figures 13, 14, 15, and 16). For each hybrid abutment crown, a new implant replica was
used. The custom mount containing the implant replica was fixed at a 90◦ angle relative to
the mechanical indenter. A universal testing machine (Model 5566; Instron, Canton, MA)
was used to record the maximum load (Newtons) and the highest force (Newtons) at which
the fractures occurred by loading the specimens with a 0.5 mm/min crosshead speed with
the force applied to the mesial marginal ridge of the crown and parallel to the long axis of
the implant until the point of fracture. The universal testing machine was controlled using
a computer software system (Bluehill® Software, Canton, MA).20, 21 Maximum load, force
of fracture, and mode of failure were recorded by a single operator.
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Sample size calculation
nQuery Advisor (Version 7.0) was used to perform a power calculation. Based on
the results of Chong et al. 35 an effect size of Δ2 = 1.41 was assumed. With this effect size,
a sample size of n = 10 in each group corresponded to a Type I error rate of α = 5% and a
power (1 – β) exceeding 99%.
After aging, all samples were inspected, and one sample was subsequently excluded
from Group 3 due to crack formation. The power calculation was then redone. Under the
above assumption for the effect size (Δ2 = 1.41), sample sizes of n = 10 (Group 1), n = 10
(Group 2), and n = 9 (Group 3) still corresponded to a Type I error rate of α = 5% and a
power (1 – β) exceeding 99%
Data Analysis
Descriptive statistics (means, medians, standard deviations, and inter-quartile ranges)
were calculated. The Shapiro-Wilk test was used to evaluate normality. Levene’s test was
applied to assess the equality of variances. One-way analysis of variance (ANOVA) was
used to assess statistical significance. When significant results were obtained with the
ANOVA, Tukey’s HSD was used for post-hoc tests. Fisher’s exact test was applied to
compare the groups in terms of mode of failure; the Bonferroni correction was used in posthoc tests. All statistical analyses were performed in SPSS software Version 24 (IBM, New
York).
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RESULTS
After thermocycling, all samples were inspected. One sample from Group 3 had to be
eliminated due to crack development. The fracture strength results (mean, median, standard
deviation, and interquartile range) for each group are shown in Table 1. The mean fracture
strength for Group 1 (equal ceramic dimension mesial and distal to screw hole) was 1407
N (SD = 454 N), for Group 2 (7 mm “cantilever length”) it was 1722 N (SD = 311 N), and
for Group 3 (8.5 mm “cantilever length”) it was 1708 (SD = 293 N). Figure 17 presents the
boxplot of each group. In all cases, no significant evidence of non-normality was found
(Group 1 p-value = 0.095, Group 2 p-value = 0.080, and Group 3 p-value = 0.585; ShapiroWilk test). In this analysis, equality of variances was not found to be violated (p-value =
0.340; Levene’s test). The difference between groups was not statistically significant (pvalue = 0.113; one-way analysis of variance).
The maximum load results (mean, median, standard deviation, and interquartile range)
for each group are shown in Table 2. For the maximum load, Group 1 (equal mesial and
distal dimension from the screw hole) demonstrated the lowest mean value of 1453 N (SD
= 449 N) followed by Group 2 (7 mm “cantilever length”) with a mean value of 1733 N
(SD = 313 N), while Group 3 (8.5 mm “cantilever length”) revealed the highest mean value
of 1939 (SD = 116 N). Figure 18 shows the boxplot of each group. In all cases, no
significant evidence of non-normality was found (Group 1 p-value = 0.204, Group 2 pvalue = 0.071, and Group 3 p-value = 0.642; Shapiro-Wilk test). In addition, equality of
variances was not found to be violated (p-value = 0.067; Levene’s test). The difference
between groups was statistically significant (p-value = 0.012; one-way analysis of
variance). Post-hoc tests showed that there was a statistically significant difference
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between Group 1 and Group 3 (p-value = .009; Tukey’s HSD). However, there was no
statistically significant difference between Group 2 and Group 3 (p-value = 0.376; Tukey’s
HSD) and Group 1 and Group 2 (p-value = 0.158; Tukey’s HSD).
Table 3 shows the distribution of mode of failure for each of the three groups. In Group
1 only ceramic fractures of the hybrid abutment crown occurred (Figure 19). In Group 2,
three fracture patterns were documented. The most common pattern was a ceramic fracture
(80%) (Figure 20), followed by ceramic fracture with abutment deformation (10%) (Figure
21), and ceramic fracture with partial abutment fracture (10%) (Figure 22). In Group 3, the
most common pattern was an abutment fracture (66 %) (Figure 23), followed by abutment
deformation with ceramic fracture (33%) (Figure 24). Fisher’s exact test comparing the
groups was statistically significant (p < 0.001). In post-hoc tests, the difference between
Groups 1 and 3 was significant (p < 0.001), as was the difference between Groups 2 and 3
(p < 0.001), but there was no difference between Groups 1 and 2 (p = 0.474).

DISCUSSION
In this in vitro study, there was no statistical difference in the mean axial force required
to fracture IPS e.max screw-retained implant crowns of different “cantilever lengths”. As
such, the first hypothesis was rejected. The results of this lab study support the rejection of
the second hypothesis that IPS e.max® screw-retained implant crowns with equal mesial
and distal “cantilever lengths” can support a higher maximum load than IPS e.max® screwretained implant crowns with 7 mm cantilever length. IPS e.max® screw-retained implant
crowns with 8.5 mm “cantilever length” will support a lower maximum load than IPS
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e.max® screw-retained implant crowns with 7 mm “cantilever length”. The highest mean
value of maximum load 1939 (SD = 116 N) was observed in Group 3 (8.5 mm cantilever
length). The difference between the groups was statistically significant.
In this study, fracture load and maximum load were measured. The fracture load was the
force at which the lithium disilicate screw-retained implant crown fractured. The maximum
load was the maximum force that the lithium disilicate screw-retained implant crowns
could endure before fracture. This is the first analysis of its kind to evaluate the
performance of implant restorative materials of different “cantilever lengths”. Studies that
incorporate an in vitro assessment of lithium disilicate implant crowns with different
ceramic dimensions mesial or distal of the screw access hole have not previously been
performed. In this experimental study, although the results relating to fracture strength
were comparable, and there were no statistically significant differences in the mean axial
force to fracture, different fracture patterns were documented. For the first group, only the
ceramic fracture pattern of the hybrid abutment crown was documented. This pattern of
fracture is considered to be least severe because it only affects the coronal part of the
implant and does not cause any damage to the implant structure. As such, fractures of this
nature are relatively easy to fix and repair. Three patterns of fracture were documented
within the second group. The most common pattern of fracture was ceramic fracture (80%),
followed by ceramic fracture with abutment deformation (10%), and ceramic fracture with
partial abutment fracture (10%). In the second group, two additional patterns of fracture
were seen: ceramic fracture with abutment deformation and abutment fracture with partial
abutment fracture. The two new types of fracture were considered to be most unfavorable
because they cause direct damage to the implant that could result in implant fracture. Thus,
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for the second group, an unfavorable fracture occurred in 20% of samples. Two patterns of
fracture were recognized within the third group of specimens. The most common pattern
of fracture was abutment fracture (66%) followed by abutment deformation with ceramic
fracture (33%). In this group, both patterns were considered to be unfavorable because they
present a high risk of implant structure damage. As such, fractures of this nature are
relatively hard to repair and may result in the need for the implant to be replaced. Therefore,
the specimens in the third group had a 100% rate of unfavorable fracture.
Group 1 (equal mesial and distal ceramic dimensions from the screw hole) exhibited the
lowest maximum load (mean = 1453 N, SD=449 N), followed by Group 2 (7 mm
“cantilever length”) (mean = 1733 N, SD=313 N), and Group 3 (8 mm “cantilever length”)
(mean = 1939 N, SD=116 N). The mean differences were determined to be significantly
different only between Group 1 and Group 3. This can be explained by analyzing the stress
concentration area during the mechanical test. Within Group 1, the stresses were mostly
concentrated on the ceramic. Therefore, the mean fracture strength was within the same
range as the mean maximum load, with 100% of the specimens exhibiting only ceramic
fracture (Figure 25). For Group 2, due to the 7 mm “cantilever length”, additional stresses
started to affect the implant abutment level (Figure 26). Consequently, 20% of the
specimens exhibited abutment fracture and abutment deformation, and 80% of the
specimens had a ceramic fracture. Abutment plastic deformation started to arise in Group
2. However, this plastic deformation was limited and did not affect the maximum load
value, which remained within the same range as the fracture load. The majority of the
stresses observed in Group 3 were concentrated on the implant abutment level (Figure 27).
At the maximum load, all specimens exhibited abutment plastic deformation followed at a
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lower force by two patterns of fracture: abutment fracture (66%) or ceramic fracture (33%).
Thus, the mean maximum load was higher than the mean fracture strength.
The higher mean value of the maximum load and fracture strength in Group 2 and Group
3 in comparison to Group 1 could be attributed to the difference in thickness of the ceramic.
Group 3 demonstrated the highest ceramic thickness on the mesial side of the crown of
approximately 6.5 mm, followed by Group 2 with approximately 5 mm, and Group 1 with
around 3.5 mm. It is also important to bear in mind the fact that the force was applied on
the mesial side of the crowns. This area was thicker in the specimens in Group 2 and Group
3 than it was in those in Group 1.
In this study, the mean fracture load of lithium disilicate screw-retained implant crowns
of different “cantilever lengths” exhibited values that varied from 1407 N to 1722 N. In an
another study that was conducted by Guess et al., the fracture strength of e.max CAD
crowns of 2 mm occlusal and 1.5 axial thickness was tested, and values that varied from
1100 N to 1200 N were reported.44 Seydler et al. found that the mean (± SD) fracture
strength of lithium disilicate posterior crowns with wall thicknesses of 1.5 mm, 1.0 mm,
and 0.5 mm were 980.8 N (115 N), 889.1 N (154 N), and 369.2 N (117 N), respectively.45
The implant hybrid abutment crown demonstrated a higher fracture strength than a lithium
disilicate crown on a natural tooth. The higher numbers observed in the current study could
be attributed to the difference in the ceramic thickness between a tooth born crown and the
hybrid abutment crown. Comparing an implant hybrid abutment crown to a posterior threeunit bridge, Tinschert et al.48 found a comparable fracture load result of around 1500 N for
lithium disilicate three unite bridge with 4 mm connector height.
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Comparing the fracture load of posterior implant crowns, the numbers observed in the
current study were lower than those reported by Dogan et al., who found a mean fracture
load value of a lithium disilicate implant molar crown of 2645 N (SD ± 545 N).53 The
lower numbers recorded in the current analysis could be attributed to differences in the
implant crown type and the use of screw-retained implant restorations and the presence of
a screw opening. An alternative explanation could be related to the load position area: In
the previous study, the load was applied to the central fossa of the specimens, while in the
current study, the load was applied to the mesial coronal aspect of the implant crown.
Another study conducted by Albosefi et al. compared the fracture load of zirconia custom
abutments of different thicknesses and angulations mounted on acrylic jigs using
Straumann 4.1mm RC replica. They reported that the zirconia custom abutments of 0.71mm thickness and 0o-15o angulation had a mean fracture load that varied from 160 N (±60
N) to 230 N (±95 N). No implant replica damage was found. This could be explained by
the fact that the authors employed a lower maximum fracture load than that applied in the
current study.59
Calderon et al.55 reported a mean maximum bite value of 522 N for non-bruxers and
490 N for bruxers. They concluded that bruxism did not affect maximum bite force.
Another study by Van Der Bilt et al.56 reported an average bilateral bite force of 569 N,
and average unilateral bite forces of 429 N (left), and 430 N (right) for healthy patients.
Accordingly, lithium disilicate hybrid abutment implant crowns exceed the acceptable
safety range of 1,000 N for initial fracture load, rendering a favorable clinical prognosis
of all-ceramic materials with the exception of one sample in Group 1 (912 N).47, 48 Up-todate findings have described the clinical success of both cement and screw-retained
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implant restorations. Both restoration options demonstrate no statistically significant
differences and exhibit acceptable clinical outcomes.31
The samples in the existing study were thermocycled 10,000 times to mimic oral
cavity temperature fluctuation. This was reported to replicate approximately one year of
service. 46 Likewise, in some studies, thermocycling and mechanical loading were
combined to age the samples. However, there are different aging protocols in use, and
there is no clear justification as to why these protocols were selected. 52
In this study, it was important to consider the difference in materials and modules of
elasticity between the replica and the implant. An implant made of titanium has an average
modulus of elasticity of 16 x 106 psi, while the replica made of stainless steel has an average
modulus of elasticity of 28 x 106 psi.57,58 The results of the study may have been impacted
by the fact that the replica with a higher modulus of elasticity could sustain a higher
maximum load than that with a lower modulus of elasticity.
The role of saliva, pH, and different force directions in the oral cavity were not
considered in the current study. These different variables are difficult to assess in in-vitro
studies. Another limitation of this study was that it was performed on a molar-size tooth.
This keeps abundant ceramic around the Vario-base abutment. In addition, the screw
access hole dimension would occupy less of the total occlusal surface of the crown,
permitting the use of more reinforced lithium disilicate. Further analyses need to be
performed to evaluate the performance of hybrid abutment implant crowns of different
sizes that are made from different types of restorative materials.
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CONCLUSIONS

Based on the present outcomes and within the limitations of the study, the following
conclusions were drawn:
1) There was no statistically significant difference between the fracture strength
of lithium disilicate screw-retained implant crowns with different “cantilever
lengths”.
2) Lithium disilicate screw-retained implant crowns with equal crown dimensions
mesial and distal to the screw-access hole demonstrated statistically significant
lower maximum load than crowns with a cantilever length of 8.5 mm.
3) The fracture strength of all tested crowns exceeded the acceptable safety range
of 1,000 N fracture load with the exception of one sample in Group 1 (912 N).
4) Statistically significant differences in the mode of failure were observed
between crowns with equal crown dimensions mesial and distal to the screwaccess hole and crowns with a cantilever length of 8.5 mm. In addition, there
was a statistically significant difference between crowns with a cantilever
length of 7 mm and crowns with a cantilever length of 8.5 mm. Crowns with a
cantilever length of 8.5 mm had the highest chance of exhibiting an unfavorable
pattern of fracture (100%) followed by crowns with a cantilever length of 7 mm
(20%). Crowns with equal dimensions mesial and distal to the screw-access
hole did not demonstrate an unfavorable pattern of fracture.
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5) Crowns with an extended ceramic “cantilever” should be used with caution
because there is a higher chance for an unfavorable pattern of fracture.
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Table 1 Fracture strength results
Group

1
2
3

Mean (N)

SD (N)

Median (N)

IQR

1407

454

1229

647

1722

311

1737

364

1708

293

1655

531

Table 2 Maximum load results
Group

1
2
3

Mean (N)

SD (N)

Median (N)

IQR

1453

449

1361

600

1733

313

1745

342

1939

116

1955

117

Table 3 Mode of failure
Group 1

Type of fracture

Group 2

Group 3

Ceramic fracture

10

8

0

Ceramic fracture with
abutment deformation

0

1

3

Ceramic fracture with
partial abutment
fracture
Abutment fracture

0

1

0

0

0

6

Total

10

10

9
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Appendix B: Figures

Figure 1: Customized Typodont.

Figure 2: The customized Typodont with the scan body.
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Figure 3: Digital design for CAD/CAM hybrid abutment crown(Group1) buccal view.

Figure 4: Digital design for CAD/CAM hybrid abutment crown (Group1) occlusal
view.
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Figure 5: Digital design for CAD/CAM hybrid abutment crown (Group1) sectional
view.

Figure 6: Digital design for CAD/CAM hybrid abutment crown(Group2) buccal view
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Figure 7: Digital design for CAD/CAM hybrid abutment crown (Group2) occlusal
view.

Figure 8: Digital design for CAD/CAM hybrid abutment crown (Group2) sectional
view.
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Figure 9: Digital design for CAD/CAM hybrid abutment crown(Group3) buccal view.

Figure 10: Digital design for CAD/CAM hybrid abutment crown (Group3) occlusal
view.
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Figure 11: Digital design for CAD/CAM hybrid abutment crown (Group3) sectional
view.
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Group 1

Group 2

Group 3

Figure 12 Implant position for specimens in each group.
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Figure 13: Custom mount for implant replica for use in universal testing machine.

Figure 14: Custom mount with implant replica.
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Figure 15: Universal testing machine setup without replica.

Figure 16: Universal testing machine setup with replica.
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Figure: 17 Fracture strength boxplots.
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Figure 18 Maximum load boxplots.
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Figure 19: Ceramic fracture of the hybrid abutment crown (Group 1).

Figure 20: Ceramic fracture of the hybrid abutment crown (Group 2).
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Figure 21: Ceramic fracture with abutment deformation (Group 2).

Figure 22: Ceramic fracture with partial abutment fracture (Group 2).
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Figure 23: Abutment fracture (Group 3).

Figure 24: Abutment deformation with ceramic fracture (Group 3).
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Figure 25: Stress / strain curve Group1.

Figure: 26 Stress / strain curve Group2.
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Figure: 27 Stress / strain curve Group3.
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