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Abstract

Clinicians and dental technicians are constantly challenged with 

harnessing new technologies and materials with the goal of 

providing patients with indirect restorations that have superior 

biomechanical and optical properties. This visual essay focuses on 

concepts of restoration design for complete-coverage restorations 

and demonstrates appropriate restorative materials selection 

from a biomechanical and esthetic perspective while maintaining 

sound restorative concepts for fostering a successful long-term 

treatment outcome.
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Introduction
The continuous evolution of all-ceramic systems 
in the last 20 years has been driven by increas-
ing patient demand for metal-free restorations 
and the ongoing development of restorative 
materials, concepts of restoration design, and 
restoration manufacturing technologies. One 
of the main advantages of such restorations is 
their ability to facilitate an esthetic treatment 
outcome at the soft-tissue restorative interface, 
especially when patients present with a thin, 
translucent gingival phenotype.

Numerous considerations, which may re-
quire the involvement of multiple dental disci-
plines, must be weighed during the treatment- 
planning phase prior to commencing treatment. 
One such consideration is restoration design 
and material selection for complete-coverage 
restorations such as crowns and fixed dental 
prostheses (FDPs), both tooth- and implant-
supported.1 With the use of either computer-
assisted design/computer-aided manufactur-
ing (CAD/CAM) technology or the waxing and 
heat-pressing technique for their processing, 
all-ceramic restorations may be designed using 
two major concepts. To date, heat-pressing tech-
nology may provide superior control of restora-
tion contours and occlusal contacts versus CAD/
CAM technology, an area in which virtual wax-
ing with three-dimensional imaging and display 
is still evolving. 

Concepts of Restoration Design

Bi-layered Approach
All-ceramic restorations may be designed and 
fabricated as a bi-layered system, much like 
metal-ceramic restorations. Such systems utilize 
an infrastructure substitute in the form of high-
strength ceramic to support the corresponding 
veneering porcelain. The veneering porcelain 
may be applied using one of three techniques: 
conventional layering with a powder and liquid; 
waxing and heat pressing to the high-strength 
ceramic infrastructure; and digital veneering, 
which fuses a partially sintered milled veneering 
ceramic with the high-strength ceramic coping.2-4 
In the esthetic zone, the bi-layered approach re-
lies mainly upon the skills of the dental ceramist 
for a customized ceramic layering and allows the 
fabrication of highly esthetic restorations.

However, from a biomechanical perspective, the veneering porcelain 
is relatively weak compared to high-strength ceramics and may be sus-
ceptible to cohesive fractures, as well as adhesive failure due to the pres-
ence of an interface between the framework and the veneering porcelain. 
Moreover, adequate framework design to support the veneering porcelain 
is required.5,6 In addition, one must consider that the occlusal surfaces 
and contacts are made of weaker material and, if the infrastructure is con-
ventionally layered, control of occlusal contacts may not always be ideal.

Monolithic Approach
All-ceramic restorations can also be designed and fabricated as a mono-
lithic system, such as cast gold restorations. With this approach, a high-
strength ceramic material is used to provide a complete contour restora-
tion all the way from the intaglio surfaces to the proximal and occlusal 
surfaces. This approach may facilitate the ability of clinicians to provide 
a more durable restoration, since the occlusal surfaces and contacts are 
made of a high-strength ceramic material. In addition, with the technolo-
gies currently used for fabricating such restorations, a more accurate re-
production of the occlusal surfaces and occlusal contacts is facilitated 
(particularly with the waxing and heat-pressing technique). However, 
such an approach may be accompanied with some esthetic limitations, as 
characterization of the restoration is mainly limited to external staining.

Hence, these two concepts of restoration design present with their 
relative advantages and limitations. The bi-layered approach may be 
more appropriate in the anterior segment, where internal characteriza-
tion, translucency, and color matching are critical and occlusal forces are 
relatively low. The monolithic approach may be more appropriate in the 
posterior segments, where esthetics may be a lesser concern and occlusal 
forces are relatively high. However, in some clinical scenarios, patients 
may present with evidence of occlusal parafunction or occlusal dysfunc-
tion in the anterior segment. In such situations, prudent management 
of anterior and canine guidance is critical to the longevity of the resto-
rations. Yet, esthetics is an equally essential element when it comes to 
achieving adequate color matching, translucency, and characterization.

The Hybrid Design
Therefore, in such clinical scenarios, a hybrid restoration design may be 
preferred. A monolithic, high-strength surface is designed and fabricated 
at the functional palatal aspects of the restoration to ensure that the pala-
tal anatomy of the restorations coincides with the patient’s envelope of 
parafunction and to ensure optimization of the mechanical properties of 
the occlusal contacting areas of the restorations. The remaining ceramic 
infrastructure at the facial and incisal aspects of the restoration may be 
conventionally layered with the corresponding veneering porcelain to fa-
cilitate internal characterization, translucency, and color match with the 
adjacent and opposing dentition. 

Materials
To date, lithium disilicate and zirconium dioxide-based restorative sys-
tems have gained popularity in the dental market as high-strength ce-
ramic materials for crowns and FDPs using both the monolithic and the 
bi-layered approach for restoration design.7 Both materials vary in terms 
of mechanical properties, optical properties, wear properties, and bio-
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Figure 1a: Preoperative facial view of two failing metal ceramic crowns on #8 
and #9. Note the gingival recessions and inadequate margins as well as the 
opacity of the restorations.

Figure 1b: Preoperative occlusal view of the two failing metal ceramic crowns. 
Note the wear patterns on the palatal aspects of the crowns.

Figure 1c: Although #8 and #9 were asymptomatic, a 
preoperative radiograph indicates a failing endodontic 
treatment and less-than-adequate marginal integrity on 
the crown of #8.

In the esthetic zone, the bi-layered approach relies mainly upon the skills 
of the dental ceramist for a customized ceramic layering and allows the 
fabrication of highly esthetic restorations.
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Figure 2a: The failing restorations were removed, and the severity of the 
discoloration was noted for #8. The lack of adequate fit of the cast post and 
core for both teeth was determined as well.

Figure 2b: The cast post and core has been removed from #8 and the 
endodontic therapy was remade. Subsequently, internal bleaching procedures 
were performed, followed by the placement of a fiber post and composite-
resin core. Due to the complexity of the post removal and the concern about 
possible complications, it was decided not to remove the cast post and core 
from #9. The tooth preparations were refined, and a master impression was 
made.

compatibility. These variations affect their indi-
cations and limitations, as well as some of the 
clinical procedures applied while using them, 
including preparation design and delivery pro-
cedures (conventional versus adhesive cementa-
tion).1,7

Lithium Disilicate
Lithium disilicate may be designed and pro-
cessed with either the lost wax and heat-press-
ing technique or via CAD/CAM technology. Al-
though inferior to zirconium dioxide in terms of 
mechanical properties, this material allows for 
the fabrication of relatively translucent restora-
tions with favorable wear properties as related 
to the opposing dentition.7-9 Lithium disilicate 
restorations may be fabricated using the mono-
lithic, bi-layered, or hybrid design approach. The 
latter two include the use of nano-fluorapatite 
porcelain as a veneering material. The intaglio 
surface of the lithium disilicate monolithic or 
layered restoration may be etched for 20 seconds 
with 9.5% hydrofluoric acid and subsequently 
adhesively cemented to enhance strength and 
longevity.1 In the esthetic zone, it is the author’s 
preference to employ this material for single 
crowns exclusively using the hybrid design ap-
proach in the following clinical scenarios:

•	When the abutment tooth is translucent 
and gingival health is adequate enough to 
not compromise the bonding procedure, 
use a more translucent lithium disilicate 
ingot. 

•	When the abutment tooth is discolored and 
gingival health is adequate enough to not 
compromise the bonding procedure, use a 
more opaque lithium disilicate ingot. 

Zirconium Dioxide
With excellent biocompatibility, zirconium di-
oxide may be designed and processed via CAD/
CAM technology.7 Superior to lithium disilicate 
in terms of mechanical properties, zirconium 
dioxide currently allows for the fabrication of 
less translucent restorations for both crowns 
and FDPs.10,11 However, new zirconium dioxide 
materials are being developed with improved 
optical and mechanical properties. In addition, 
the wear properties of zirconium dioxide are im-
proving as related to the opposing dentition.12,13 
With zirconium dioxide, restorations might be 
fabricated using the monolithic, bi-layered, or 
hybrid design approach. The latter two include 
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Figure 3b: A monolithic approach was used for the design and 
fabrication of the functional palatal aspects of the crowns to 
ensure that the palatal anatomy of the restorations coincided 
with the patient’s envelope of parafunction. This was reproduced 
using the provisional restorations and to ensure optimization 
of the mechanical properties of the occlusal contacting areas 
of the restorations. The facial and incisal aspects of the crowns 
were conventionally layered to facilitate internal characterization, 
translucency, and esthetics using nano-fluorapatite-layering 
ceramics (IPS e.max Ceram).

Figure 4a: The restorations were tried in the patient’s mouth to 
assess color match and esthetics and internal and proximal fit, 
and to assess occlusal contacts. Functional, esthetic integration 
with the adjacent and opposing dentition, as well as integration at 
restorative soft-tissue interface, was noted. 

Figure 4b: Once verified, the restorations were bonded with dual-
cured translucent composite-resin cement (RelyX Ultimate, 3M ESPE; 
St. Paul, MN). However, it was also noted on the palatal aspect of 
the crown on #8 that the discolored tooth projected a low value 
through the restoration due to the translucency of the restorative 
material.

Figure 3a: Lithium disilicate ceramic material was selected for the 
fabrication of definitive all-ceramic crowns on #8 and #9. Medium- 
opacity lithium disilicate ingots (MO1, IPS e.max Press, Ivoclar 
Vivadent; Amherst, NY) were selected for the fabrication of partial 
monolithic all-ceramic crowns. 
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Figure 5a: A frontal view demonstrates both high translucency at the incisal areas and characterizations at the 
facial aspect of the restorations; this was the result of the artistic capabilities of the dental ceramist who layered 
the restorations’ facial and incisal aspects.

Figures 5b & 5c: Right and left lateral views of the patient’s partial 
smile demonstrate the successful integration of the restorations with 
the upper and lower lips.

Figure 6: A postoperative radiograph 
underscores the success of the 
endodontic therapy and the new fiber 
post and core on #8, as well as the 
excellent marginal integrity and the 
complete excess cement removal.
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Figure 7: A preoperative facial view of esthetically failing metal ceramic crowns on #6, #10, and #11; 
and a failing metal ceramic FDP on #7 (retainer), #8 (pontic), and #9 (retainer). Note the opacity of the 
restorations, which were made and remade a few times previously.

Figure 8: The patient had a history of trauma to the six anterior maxillary teeth. Although they were asymptomatic, a preoperative 
radiograph demonstrated an endodontic treatment on #9 with a history of periapical surgery.
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the use of feldspathic porcelain as a veneering 
material, and it has been reported that the use 
of leucite-containing veneering porcelain may 
reduce the likelihood of cohesive porcelain 
fractures.14 Although zirconium dioxide can-
not be etched, it can be treated tribochemical-
ly15,16 or with special methacryloxydecyl phos-
phate (MDP) monomer adhesives to facilitate 
bonding.17,18 In addition, due to the superior 
mechanical properties of zirconium dioxide, 
these restorations can be conventionally ce-
mented without compromising their longev-
ity.10,11,19 In the esthetic zone, it is the author’s 
preference to use this material with the hybrid 
design approach in the following clinical sce-
narios:

•	If the abutment tooth is discolored and 
gingival health is adequate enough to not 
compromise bonding procedures, use a 
coping thicker than 0.6 mm on the facial 
aspect. 

•	If the abutment tooth is discolored and 
gingival health is inadequate enough to 
compromise bonding procedures, use a 
coping thicker than 0.6 mm on the facial 
aspect. 

•	If the abutment tooth is translucent and 
gingival health is inadequate enough to 
compromise bonding procedures, use a 
coping thickness of 0.3 mm on the facial 
aspect.

These restorations are not limited to single 
crowns exclusively, as they have been shown 
to be successful for both anterior and poste-
rior FDPs.10,11

Summary
Acknowledging the advantages and limita-
tions of the different ceramic core materials 
and harnessing new technologies and restora-
tion design philosophies are key elements for 
a successful contemporary practice. This visual 
essay demonstrates how these concepts can be 
applied to different clinical scenarios, as sug-
gested herein for multiple crowns and FDPs. 
By following sound concepts of material se-
lection and restoration design, clinicians and 
ceramists may customize the design of resto-
rations in the esthetic zone based upon each 
patient’s individual needs and, as a result, pro-
mote both restoration longevity and esthetics. 

Figure 9: A preoperative occlusal view of the failing metal ceramic restorations. 
Note the wear on the crowns’ palatal aspects as well as the lack of color match 
with the adjacent dentition.

Figure 10: The failing restorations were removed and the severity of the horizontal 
residual alveolar ridge deficiency at the site of #8 was noted.
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Figure 11a: Soft tissue augmentation of the residual alveolar ridge 
was performed using acellular dermal matrix (Alloderm RTM, 
Lifecell, Biohorizons; Birmingham, AL) to eliminate the horizontal 
ridge deficiency at the pontic site.

Figure 11b: A provisional restoration was delivered with the pontic 
shortened at the cervical aspect to eliminate pressure at the 
augmented site. After three months, once the tissue healed, the 
pontic site was trimmed with a KS4 extra-coarse football-shaped 
diamond bur (Brasseler USA; Savannah, GA) and a direct composite 
resin was added to the cervical part of the pontic to mold the tissue 
at the pontic site. The tissue was left to heal for an additional three 
months.

Figure 12: Once the pontic site was completely healed, the tooth 
preparations were refined and a master impression was made for a 
zirconium dioxide-based, four-unit FDP for #7 (retainer), #8 (pontic), 
and #9 (retainer); and zirconium dioxide-based crowns on #6 and 
#11.1

Figure 13: A zirconium dioxide framework with extensive palatal 
and interproximal struts was designed and milled with a CAD/CAM 
system (Lava, 3M ESPE). The framework and copings were tried 
in the patient’s mouth for fit and for soft tissue evaluation at the 
pontic site. A monolithic approach was used for the design and 
fabrication of the restorations’ palatal aspects.
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Figure 15: The restorations were conventionally cemented with self-
etching, self-adhesive, dual-cured composite resin cement (RelyX 
Unicem 2). 

Figure 16: Excellent marginal integrity and excess cement removal were confirmed.

Figure 14: The zirconium dioxide framework was conventionally 
layered with a corresponding veneering porcelain (Creation ZI-F, 
Jensen Dental; North Haven, CT). The zirconium dioxide-based 
crowns were layered using a digital veneering approach (Lava DVS 
digital veneering system).
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Figures 17a & 17b: The patient was provided with a mutually protected occlusion with canine guidance in lateral excursions and anterior 
guidance in protrusive movement.

Figure 18: The ceramist layered the facial and incisal aspects of the restorations so as to provide characterizations and translucency to the 
patient’s satisfaction.
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