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Fracture Resistance of Bonded CAD/CAM Restorations
with Standard or Extended Preparations

ABSTRACT

Colloquial conversations have been reported, in both educational and private practice
settings that bonded CAD/CAM restorations reinforce cusps with wide, extended preparations
and reduced cuspal thickness. The purpose of this study was to evaluate the fracture resistance
of teeth with standard or extended preparations bonded with CAD/CAM materials. Extracted third
molars were prepared and scanned with a CAD/CAM acquisition unit. Ten teeth per preparation
type (standard or extended) were restored with milled lithium disilicate or resin nano ceramic
materials, or left unrestored (negative control). An additional ten teeth were not prepared nor
restored (positive control). After thermocycling and cyclic loading, specimens were fractured in a
material testing device. Although bonded CAD/CAM restorations reinforced tooth structure,
fracture load was significantly lower with teeth with extended preparations. The type of CAD/CAM

restorative material did not significantly affect fracture load.

INTRODUCTION

The introduction of computer-aided design and computer-aided manufacturing
(CAD/CAM) has drastically changed the landscape of dentistry today. CAD/CAM technology was
initially developed primarily to solve the challenge of making tooth restoration easier, faster, and
more accurate.’ Practitioners are most often able to provide patients with a definitive restoration
on the same day as tooth preparation. Among other things, same day delivery eliminates perhaps
the most difficult component of conventional inlay and onlay procedures, the provisional
restoration, due to the non-retentive design of the preparations.? Accuracy has also been
significantly improved by this modern technology. It has been reported that marginal adaptations

as good as 9-15um have been achieved in milled restorations.>  Additionally, CAD/CAM



fabricated restorations allow for the elimination of porosities inherent in hand-applied porcelain
restorations.*

Since its introduction in the mid-1980s, CAD/CAM technology has seen a multitude of
restorative materials used throughout the years. Early material options such as feldspathic
porcelain and leucite-reinforced porcelain fundamentally demonstrated reduced flexural strength
and fracture toughness. These included Vita Mark | and Vita Mark Il (Vita, Yorba Linda, CA) and
IPS Empress CAD (lvoclar Vivadent, Amherst, NY), to name a few. Moderate gains in strength
were gained with the advent of a lithium-disilicate-based CAD/CAM material (IPS e.max CAD,
lvoclar Vivadent).” These lithium disilicate glass-ceramic blocks are machined in the partial
crystallization phase, or blue phase, and then tempered to reach their final state. During this
process, lithium-disilicate crystals are formed giving the ceramic the final shade and desired high
flexural strength, reported by the manufacturer as high as 500 MPa. Additionally, the modulus of
elasticity of the fully crystalized state has been reported as 95 GPa.®’ Unfortunately, this
additional laboratory procedure, as well as any necessary correction firings, further increases
chair time and delays restoration delivery.

Unlike ceramic blocks, inherent properties of millable composite-resin blocks allow for the
material to be more easily adjusted, polished, and repaired.5 Lava Ultimate (3M ESPE, St. Paul,
MN) is a newer resin nano ceramic containing approximately 80% by weight of nanoceramic
particles bound in a resin matrix. The filler particles consist of both nanoclusters and nanomer
particles. Specifically, the nanoclusters are made from nanomer particles - silica (20 nm) and
zirconia (4-11 nm) that amass to form aggregates. According to 3M ESPE, the nanotechnology
and resin achieve a combination of exceptional flexural strength (204 MPa) and esthetics with
shorter milling times, greater edge quality, and the ability to be repaired by traditional composite
resin restorative materials. Additionally, the manufacturer reports that Lava Ultimate has a
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flexural modulus of 12.8 MPa, which is similar to the value of human dentin (17.5 Lava

Ultimate restorative material is indicated for inlays, onlays, and veneers.?



Conventional inlay preparation guidelines still apply to CAD/CAM preparations, with
increased emphasis on well-defined cavosurface margins and rounded internal line angles
necessary for accurate image acquisition. The occlusal aspect of the preparation should be at
least 1mm-1.5mm thick in the central fissure, depending on material, and have a 90-degree butt-
joint configuration at cavosurface margins.? Additionally, cavity walls of proximal boxes should
have at least 6 to 8 degrees of taper.® However, the literature is controversial on what extent
wider preparations may be restored with inlay restorations.>'""® Anecdotal observations made at
dental conventions and continuing education circuits undoubtedly include a multitude of millable
restorative materials used to restore teeth with extended preparations. Additionally, colloquial
conversations have been reported in both educational and private practice settings that bonded
CAD/CAM restorations reinforce teeth with wide preparations.

Mehl et al. evaluated the reinforcement effects of a milled feldspathic ceramic (Vita Mark
I, Vita) and an indirect composite inlay made from a direct composite restorative material (Tetric,
Ivoclar Vivadent) in various extended MOD inlay cavities." The preparations of different isthmus
widths were restored and loaded in a chewing simulator, and fracture resistance was established.
Their study determined that the milled ceramic provided significantly greater reinforcement than
the indirect composite inlay. Nevertheless, this reinforcement effect was reduced in the case of
extremely extended preparations (e.g., 1.3mm or less of the remaining cuspal thickness).
Although the Mehl et al. study had significant clinical implications, newer materials have been
introduced such as lithium disilicate and resin nano ceramic.™ Unfortunately, no current literature
has been published on the evaluation of the potential reinforcement of tooth structure with wide
preparations with these newer materials.

The objective of the present study was to examine and compare the extent to which
CAD/CAM lithium disilicate glass-ceramic (IPS e.max CAD) and resin nano ceramic (Lava
Ultimate) inlays can predictably reinforce extended Class Il preparations. To accomplish this, the

fracture resistance after mechanical fatigue loading of several design preparations were
3



determined in vitro. The null hypotheses were that there would be no difference in fracture load
based on 1) preparation type or 2) restorative material. Another hypothesis was that there would

be no difference in fracture load between any of the groups and the unprepared control.

MATERIALS AND METHODS

Seventy extracted, caries-free mandibular third molars of similar size were used in this
study. Each tooth was embedded in self-cured bis-acrylic resin (Integrity, Dentsply, Milford, DE)
to 2mm below the CEJ in a custom cylindrical block. In thirty teeth, standardized MOD
preparations were prepared, with 4.5mm buccal and lingual/palatal wall thickness remaining and
proximal boxes extending 1mm coronal to the cementoenamel junction. See Figure 1. In thirty
teeth (extended preparation), the buccal and lingual/palatal walls were reduced to a thickness of
3mm. See Figure 2. Groups were divided into seven groups of ten teeth each and consisted of
the following:

1) resin nano ceramic, Lava Ultimate - standard preparation;

2) lithium disilicate, IPS e.max CAD - standard preparation;

3) resin nano ceramic, Lava Ultimate - extended preparation;

4) lithium disilicate, IPS e.max CAD - extended preparation;

5) unrestored standard preparation (negative control group #1);

6) unrestored extended preparation (negative control group #2);

7) unprepared teeth (positive control).
Twenty standard and twenty extended preparations were digitally scanned with a CEREC
Omnicam Acquisition Unit (Sirona, Charlotte, NC). Following the digital design using the CEREC

software (Version 4.4, Sirona), inlay restorations were milled from their respective blocks (size

C14, shade A2) using a milling unit (MCXL, Sirona).



Figure 1: Scanned standard preparation Figure 2: Scanned extended preparation

After fitting all inlays, the restorations were cemented according to their respective
manufacturer recommendations. For Lava Ultimate restorations, the intaglio of the Lava Ultimate
inlays were sandblasted with 50pym aluminum oxide at two bars (30 psi) (Basic Quattro IS,
Renfert, Chicago, IL) and then steam cleaned (i700B, Reliable, Toronto, Ontario). Scotchbond
Universal Adhesive (3M ESPE) was applied for 20 seconds and then air dried for 5 seconds using
a three-way syringe. Enamel was selectively etched with 37.5% phosphoric acid (3M Scotchbond
Etchant, 3M ESPE) for 15 seconds, then rinsed and lightly air dried. Scotchbond Universal
Adhesive was applied to the enamel and dentin. Next, a uniform layer of Rely X Ultimate Adhesive
Resin Cement (3M ESPE) was mixed according to the manufacturer's recommendations and
applied to the restorations. The restorations were then completely seated, tack cured for 1 second
with a curing light (Bluephase G2, Ivoclar Vivadent) and then excess cement was removed with
a sharp instrument. Lastly, the restorations were light cured for 20 seconds per surface.
Irradiance was recorded with a power meter (PowerMax, Coherent, Inc, Santa Clara, CA) and
considered acceptable if greater than 1000 mW/cm?.

For IPS e.max CAD restorations, the intaglio of the IPS e.max CAD inlays were etched
with 5% hydrofluoric acid (IPS Ceramic Etching Gel, Ivoclar Vivadent) for 20 seconds, rinsed, and
thoroughly dried. Next Monobond Plus (lvoclar Vivadent) was applied to the etched surface,
allowed to react for sixty seconds, and dried. On the prepared teeth, Multilink Primer A and B
(Ivoclar Vivadent) was applied to enamel and dentin. Next, Multilink Automix resin cement (lvoclar
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Vivadent) was applied directly onto the etched and silanated restorations. The restorations were
then completely seated, tack cured for 1 second with a curing light, and then excess cement was
removed with a sharp instrument. Lastly, the restorations were light cured for 20 seconds per
surface. After removing excess cement, the specimens were polished following the
manufacturer’s recommendations.

For Lava Ultimate, the surfaces of the restoration were finished with the Sof-Lex Spiral
Finishing Wheel (3M ESPE) and polished with the Sof-Lex Spiral Polishing Wheel (3M ESPE).
For IPS emax.CAD, the surfaces of the restorations were polished with the Dialite LD Extra-Oral
Polishing System (Brasseler, Savannah, GA).

Finally, all teeth from the seven groups were stored in distilled water solution at 37°C for
24 hours in an incubator (Model 20 GC, Quincy Labs, Chicago, IL). After storage in distilled water,
each tooth specimen was thermocycled in distilled water for 2000 cycles at 5°C and 55°C with a
dwell time of 30 seconds at each temperature (Sabri Dental Enterprises, Downers Grove, IL) and
then mechanically loaded in the chewing simulator (Sabri Dental Enterprises) in order to simulate
clinical loading. The machine subjected the mounted teeth submerged in distilled water to a
cycling force of 10 - 150 N at a rate of 1 hertz for 100,000 cycles parallel to the occlusal surface
using a 12.7mm diameter flat-ended cylindrical piston resting on the cusp tips. Ten teeth per group
were loaded simultaneously in the machine. The load was verified using a digital force meter
(Infinity CS, Cooper Instruments, Warrenton, VA) before each load sequence.

Static fracture loading was initiated subsequent to fatigue loading. The teeth were oriented
so that a 6-mm diameter round-ended probe applied the load to the center and long axis of the
molars with the edges of the probe resting on the occlusal inclines of the buccal and lingual cusps
of the natural tooth. Loading was performed in a universal testing machine (Instron 5943,
Norwood, MA) at a crosshead speed of 1 mm/min until the first fracture occurred. The fracture

force was recorded in Newtons and a mean and standard deviation was determined per group.



The data were analyzed with a two-way ANOVA and Tukey’s post-hoc test to evaluate the
effect of preparation type (2-levels) or materials/no-material (3-levels) on fracture load (alpha =
0.05). The data were also analyzed with Dunnett’s test to compare the fracture load of all groups
to the unprepared control (alpha = 0.05). The data from the restored groups were also compared
between extended and standard preparations and between material types with unpaired t-tests
(alpha = 0.05).

Lastly the fracture mode of each specimen was analyzed visually and categorized
according to the following criteria modified from Burke et al. (1993):"

Type |: isolated fracture of restoration

Type Il: isolated fracture of small portion of the tooth

Type llI: restoration fracture involving one cusp

Type IV: fracture involving more than half of the tooth, without periodontal involvement

Type V: fracture with periodontal involvement
RESULTS

The mean fracture loads and standard deviations are reported in Table 1. The extended
preparations resulted in significantly less fracture load than the standard preparations (P<0.05).
The unrestored teeth had significantly less fracture load than the restored teeth (P<0.05), which

were not significantly different from each other (P=0.623). All groups were significantly less than

the unprepared group (P<0.007).



Fracture Load

Newtons (st dev)

Preparation Type

Standard Extended Mean
IPS e.max CAD 3248.2 (781.2) Aa 2547.9 (468.7) Ab 2936.9 (736.0) A
Lava Ultimate 3504.9 (916.4) Aa 2736.9 (524.6) Ab 3120.9 (826.7) A
Unrestored 1586.6 (436.8) Ba 731.0 (290.2) Bb 1158.8 (568.2) B

Unprepared 4475.3 (797.4) C

Table 1: Fracture load of groups. Groups with the same upper case letter per column or lower
case letter per row are not significantly different (P>0.05).

The mode of fracture of the specimens for each material is represented in Figure 3. In
general, all of the restored teeth had a large number of Type 4 or Type 5 fractures - fracture of
more than half the tooth and fracture involving the periodontium respectively. Of the restored
teeth, the extended preparations restored with IPS e.max CAD had the least catastrophic
fractures (Type 5). Overall, the restored standard preparation groups demonstrated a greater
number of unfavorable fractures compared to the restored extended preparation groups. The
unrestored extended preparation group (negative control) demonstrated the most favorable
fracture mode. Lastly, the positive control group (unprepared teeth) demonstrated the greatest

number of catastrophic, non-restorable fractures (Type 5).
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Figure 3: Fracture modes of groups

The purpose of this in vitro study was to evaluate the fracture resistance of teeth with and
without extended tooth preparations bonded with lithium-disilicate and resin nano ceramic
restorations. The null hypothesis based on preparation type was rejected. There was a difference
in fracture load based on preparation type. The extended preparations with reduced cuspal

thickness resulted in significantly less fracture load than the standard preparations. While the



mean fracture load of the restored extended preparation groups was 2642.4 + 479.4 N, a mean
failure load of 3376.55 + 817.9 N was observed for the restored standard preparation groups.
Furthermore, all preparation groups were significantly less than the unprepared group, which
demonstrated mean a fracture load of 4475.3 + 797.4 N. These findings were consistent with
results seen in a study with a similar design, which found a significant reduction in fracture load
of feldspathic ceramic and composite inlays in teeth with extended preparations.™ However, the
results of this study contradicted Morimoto et al, who reported that the fracture load of teeth
restored with ceramics inlays was similar to intact teeth.’® But, their study involved only one
material type (feldspathic porcelain) and only one type of inlay preparation, defined as having an
isthmus width of 1/2 of the intercuspal distance. Overall, the findings of this study suggest that
the evaluated restorative materials reinforce teeth, but to a far lesser extent with reduced cuspal
thickness.

This study failed to reject the null hypothesis based on restorative material. The type of
material did not affect fracture load. These results were achieved, despite the fact that two very
different materials with very different properties were used. As stated previously, lithium disilicate
(IPS e. max CAD) has a reported flexural strength as high as 500 MPa (IPS e.max CAD, Ivoclar
Vivadent), compared to a reported 204 MPa for the resin nano ceramic, Lava Ultimate.
Conversely, the resin nano ceramic material has a much lower modulus of elasticity (12.8 GPa)
than lithium disilicate (95 GPa)."” Compared to lithium disilicate, the resin nano ceramic material
used in this study is more similar to human dentin in terms of flexibility under function, which may
help compensate for the lower flexural strength property. Lastly, the design of this study and the
design of fracture studies in teeth ultimately test not just the physical properties of the materials
in question, but the teeth as well. Clearly, the thermal and mechanical loading of the restored
tooth creates a more dynamic process than simple physical property tests of the materials. For

example, the 6-mm diameter round-ended probe engaged natural tooth structure on the occlusal
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inclines of the buccal and lingual cusps, perhaps allowing the lower modulus resin-ceramic
material to flex with the tooth prior to fracture of the tooth and/or restoration.

Some general observations can be made concerning fracture modes. The fracture mode
of the unrestored extended preparations had the most favorable fractures. Without the bonded
restorative material, the force applied to the extended preparations resulted in significantly lower
fracture load, but a more favorable fracture mode. Conversely, the unprepared tooth required the
greatest amount of force to fracture, but resulted in the most catastrophic fractures involving the
periodontium. In general, the force applied to the tooth structure in the restored extended
preparation groups resulted in less favorable fracture modes compared to the unrestored
extended preparation group, but better than the restored standard preparation groups. The
extended preparations restored with IPS e.max CAD had the least catastrophic fractures, but the
lowest fracture load of the restored groups. Itis important to note, however, that the fracture loads
reported in this study are well above the forces that normally occur in the oral cavity. The mean
masticatory forces during mastication reported in humans is approximately 40 N, while the
average maximum posterior masticatory forces vary from 200 to 540 N.'® Static fracture tests
may screen for the durability of restorative materials. Repeated stresses of cyclic loading can
predispose restorations to fail under fatigue. This study subjected the specimens to thermal (2000
cycles) and mechanical loading (100,000 cycles) before application of a static load. Studies
demonstrate that mean fracture resistance decrease significantly when the number of cycles
exceed one million. However, fatigue loading will decrease the load to failure regardless of the
number of cycles.™

The purpose of this study was to evaluate the colloquial claims that CAD/CAM restorations
reinforce teeth with wide preparations and reduced cuspal thickness. Limited in vitro and, to the
authors’ knowledge, no in vivo studies have addressed this practice. Additional research should
evaluate additional preparation designs such as inlay preparations with further extended

preparations along with other CAD/CAM restorative material types (e.g., leucite-reinforced,
11



polycrystalline ceramics). A limitation to this study is that the force was only applied along the
long axis of the tooth.

The results of this study suggest that bonded CAD/CAM restorations reinforce tooth
structure compared to unrestored prepared teeth. However, this reinforcement decreases as the
remaining cusp width decreases. Although more favorable fracture modes occurred with
extended preparations, the load to failure was significantly higher with standard preparations.
Therefore, caution is advised in restoring teeth with wide preparations. Practitioners should
consider covering the cusps with the CAD/CAM restorative material to reduce the potential for
fracture in cases with reduced cuspal thickness, especially in patients with heavier occlusion or

functional load.

CONCLUSIONS

Within the limitations of this study, the following statements can be made. The type of
CAD/CAM restorative material did not significantly affect fracture load. Although bonded
CAD/CAM restorations reinforced tooth structure, the fracture load was significantly lower with

teeth with extended preparations.

Disclaimer

The views expressed in this study are those of the authors and do not reflect the official policy
of the United States Air Force, the Department of Defense, the Uniformed Services University of
the Health Sciences or the United States Government. The authors do not have any financial

interest in the companies whose materials are discussed in this article.
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