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ABSTRACT
Many different restorative materials are currently available for use in modern dentistry. Clinicians and dental technicians should be able to choose the most suitable materials for each
patient based on research, anecdotal evidence, clinical experience, as well as patient’s expectations and desires. The purpose of this article is to share the challenges presented in full-mouth
rehabilitation and to describe the considerations in selecting three different restorative materials
to achieve a successful restoration in terms of biomechanics, function, and esthetics.
CLINICAL SIGNIFICANCE
Interdisciplinary treatment planning, knowledge of available restorative materials, sequencing
treatment modalities, and adequate communication between all parties involved are key to a
successful treatment outcome when pursuing full-mouth restorative rehabilitation.
(J Esthet Restor Dent 20: 251–265, 2008)

INTRODUCTION

S

atisfying patients’ high expectations for dental esthetics is one
of the challenges in contemporary
dental therapy for both clinicians
and dental technicians. As part of
treatment planning, clinicians
should be able to choose the
appropriate restorative materials to
achieve excellence in natural
esthetics as well as proper biomechanics and durability.1 While
treatment planning for restorative
procedures, many different factors
must be considered. Clinicians
should evaluate the prognosis of

the individual dentition in terms of
gingival and periodontal health,
structural compatibility and vitality, and position. In addition,
patients must be evaluated comprehensively in terms of parafunctional habits, occlusal wear
patterns, existing occlusal schemes,
skeletal relationships, inter- and
intra-arch relationship, vertical
height and horizontal width of the
residual alveolar ridges (for
implant-supported restorations as
well as for pontics), and dentofacial esthetics. Additional factors
to be considered are the type of

individual restoration required
(complete crowns, fixed partial
dentures [FPDs], partial-coverage
restorations), shade of individual
teeth and the harmony of shade
between adjacent restorations, the
type of foundation restoration if
needed, the type of implant abutment and restoration, and the type
of pontic. Bearing in mind all of
the above considerations and with
the ample restorative materials
available for indirect restorations,
material selection should be customized to the individual needs of
the patient while taking into
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account the materials’ mechanical
and optical properties, its biocompatibility, and the skills of the
dental ceramist and the clinician.
Although gold and metal-ceramics
have been used for many years
with a high level of clinical
success,2–4 the challenge of achieving ideal esthetics may be facilitated with the use of all-ceramic
restorations. With highly translucent teeth, matching the shade and
other optical properties to adjacent
teeth restored with metal-ceramic
restorations may pose a challenge
to the dental ceramist and restorative dentist. Therefore, the prospect of using different all-ceramic
materials to match in different segments of the mouth, which may
require different mechanical properties, may prove advantageous.
There are three major categories of
dental ceramic core materials: glassceramics, glass-infiltrated ceramics,
and polycrystalline ceramics. Each
category of ceramic core materials
has sub-branches with different
chemistry and composition.5 Clinical studies have demonstrated that
different ceramic cores showed different levels of clinical success and
longevity. Although some materials’
success has been limited to the anterior segment, others have demonstrated clinical success in the
posterior segment as well.6–11 The
selection of an all-ceramic system
is confounding because of many
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available different systems and
scarcity of information regarding
their long-term use in particular for
posterior FPDs.12 On the other
hand, clinical studies demonstrated
high success rates with metalceramics2–4 and porcelain laminate
veneers13–16 and proved their
safety of use.

zirconia-based systems, these
studies reported some minor cohesive chipping of the veneering porcelain mainly on the second
molars, which did not require the
replacement of the restoration.
Thus, with these types of
restorations, the weak link may be
the veneering porcelain.22–24

As dental materials continue to
evolve, new all-ceramic materials
with superior mechanical properties, such as high flexural strength
and high fracture toughness, are
continuously being introduced to
the market.17,18 Such are the
zirconia-based computer-aided
design and computer-aided manufacturing (CAD/CAM) systems,
which have been introduced
recently.19 These systems are
gaining popularity in both the
anterior and posterior segments
for multiple indications.20–24

The purpose of this article is to
demonstrate and discuss the challenges of material selection for fullmouth fixed rehabilitation. The
following clinical report describes
the different considerations in
selecting different restorative
materials to achieve a
successful restoration.

Zirconia is the strongest and
toughest ceramic material available
so far.20 Clinical reports and anecdotal evidence demonstrated that
zirconia-based restorations could
be used for both anterior and posterior complete crowns and
FPDs.20–22 Moreover, short-term
clinical studies demonstrated favorable results on the use of zirconiabased systems for posterior FPDs,
which is the ultimate and most
challenging mechanical and functional clinical test. In terms of
mechanical challenges presented by
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C A S E P R E S E N TAT I O N

A 57-year-old Caucasian male
patient presented with the following chief complaints: “I would like
to have longer teeth and have a
better-looking smile.” His medical
history was noncontributory except
for history of gastroesophageal
reflux disease (GERD). The patient
was referred to the gastroenterology department for evaluation.
However, his medical consultation
reported that he did not have any
current signs or symptoms
of GERD.
Extraoral examination indicated
relative facial symmetry, straight
facial profile, asymptomatic
temporomandibular joint (TMJ),
and asymptomatic muscles of
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Figure 1. An initial frontal view of the patient at
rest position.

mastication and facial expression.
Dentofacial analysis demonstrated
visually a shortened facial height
for the lower third of the face and
a slightly enlarged interocclusal
space, implying a minor loss of
vertical dimension of occlusion.25
The maxillary dental midline deviated 1.0 mm to the right side as
compared with the facial midline.
At rest, the patient did not display
any portion of his teeth (Figure 1),
but in full smile, he displayed
about 90% of his maxillary
central incisors.26
Clinical examination revealed
several “cupping” lesions on the
occlusal surfaces of his posterior
dentition. The patient was recommended the use of fluoride mouth
rinse and toothpaste to increase the
potential for remineralization and
decrease the potential for demineralization.27 The patient presented
with composite-resin and amalgam
restorations, missing teeth, a gold
onlay, gold crowns, and metal-

Figure 2. A frontal view of the patient’s dentition in maximum
intercuspal position.

ceramic crowns. Some of these restorations were failing because of
overhanging margins, recurrent
caries, and fractures. The majority
of the posterior dentition was structurally compromised. Tooth #3 was
extracted because of fracture a year
prior to the initial examination.
Moderate tooth structure loss was
noticed in the anterior as well as
posterior dentition because of
erosion. Although exposed dentin
was noticed on the palatal surfaces
of maxillary incisors and on some
of the occlusal surfaces of premolars and molars, the patient did not
report or demonstrate any signs or
symptoms of sensitivity. The clinical
crown length of maxillary central
incisors was 8 mm and that of
mandibular central incisors was
5 mm. Thus, in general, the
patient displayed short clinical
crowns (Figures 2–4).
Periodontal examination
was within normal limits, with
the patient revealing a thick

periodontal biotype. Radiographic
examination demonstrated generally adequate bone levels and
crown-to-root ratios, with the
exception of the endodontically
treated tooth #29, which presented
minimal bone loss, nonfavorable
crown-to-root ratio, and a periapical pathosis (Figure 5).
Diagnostic data collection included
clinical examination, full-mouth
periapical radiographs, a panoramic radiograph, diagnostic
casts, dentofacial analysis, photographic documentation, and a
diagnostic wax-up. The dentofacial
analysis was made utilizing an
indirect acrylic-resin occlusion
rim.28,29 The treatment plan
included initial preparation and
caries removal and completemouth clinical crown lengthening
surgical procedures to expose 1.5
to 2 mm of tooth structure circumferentially for adequate ferrule for
resistance and retention forms at
the posterior segments, and to
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Figure 3. A preoperative maxillary occlusal view. Note the
failing restorations and the structurally compromised
bicuspids. Cupping lesions can be noted on the bicuspids
and second molars as well as wear on the anterior teeth.

Figure 4. A preoperative mandibular occlusal view. Note
the failing restorations and tooth wear.

Figure 5. Preoperative full-mouth periapical radiographs.

facilitate esthetic gingival
levels anteriorly.30
The patient expressed his desire to
display more teeth both at rest and
smile. As the patient did not
display any maxillary teeth at rest,
the maxillary incisors were planned
to be lengthened 2 mm incisally.31
Thus, the maxillary central incisors
were planned to be lengthened
1.5 mm apically and 2 mm incisally. The vertical dimension of
occlusion was planned to be
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Figure 6. A frontal view of the diagnostic
wax-up.

restored by a 3-mm increase at the
incisor area in order to gain more
space for the restorative materials
and to make longer maxillary and
mandibular incisors.25 After an
adequate healing period, restorative procedures were planned for
the full-mouth rehabilitation,
including complete crowns and
FPDs and porcelain laminate
veneers for the mandibular
anterior dentition. Additionally,
tooth #29 was planned to be
extracted because of poor crown-
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to-root ratio, poor ferrule,
external root resorption, and
pathologic mobility.
After the removal of failing restorations and caries removal, esthetic
clinical crown lengthening surgical
procedures were performed as
planned with the diagnostic
wax-up (Figure 6). According to
bone sounding procedures made
prior to surgeries, normal crest
dentogingival dimensions were
noticed.32 In addition, the
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Figure 7. A frontal view of the patient’s dentition in maximum
intercuspal position after healing post crown lengthening
procedures.

Figure 9. An occlusal view of the mandibular
preparations.

cementoenamel junction (CEJ) was
detected 1.5 mm below the free
gingival margins. A vacuumformed surgical template was used
as a reference for the prospective
desired gingival levels during the
surgeries. Full-thickness flaps with
scalloped incisions were elevated to
preserve interdental papillae.33,34
Osteotomy was performed according to surgical templates to develop
2.0 mm of biologic width and
1.0 mm of sulcular depth.35,36

Figure 8. An occlusal view of the maxillary
preparations.

Figure 10. A frontal view of the patient’s smile with the
provisional restorations.

After 9 months of healing, the gingival tissues were matured and
ready for the restorative treatment
(Figure 7).37 The teeth were prepared according to a vacuumformed preparation guide, and selfcured acrylic-resin shells were
clinically relined to fabricate selfcured acrylic-resin interim restorations.38 The complete crowns and
FPDs were prepared and planned to
be completed prior to the treatment
with porcelain laminate veneers on

the mandibular anterior dentition
(Figures 8 and 9). The diagnostic
interim restorations were modified
until the patient was satisfied with
phonetics, esthetics, and function
(Figure 10). The interim restorations were placed on prepared teeth
and functioned for about 4 months
to assess the patient’s adaptation to
the proposed new vertical dimension of occlusion and the new clinical crown lengths. Subsequently, the
gingival tissue around the tooth
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Figure 11. The mandibular FPD is designed utilizing the
CAD unit. Note that an interocclusal record is used to
allow for adequate design of the framework to allow for
adequate space and support for the veneering porcelain.

preparations had matured and was
ready for making the master
impressions using polyvinylsiloxane
impression material (Imprint III
light body & Imprint II Penta
Heavy body, 3M ESPE, St. Paul,
MN, USA). The double-cord technique was utilized to retract the
tissues to expose preparation finish
lines. First cord, a #00 (Ultrapack,
Ultradent, South Jordan, UT, USA),
was used, and the second cord was
selected as needed among #0, 1,
and 2 (Ultrapack, Ultradent). A
centric relation record was made,
utilizing the anterior interim restorations as an anterior reference
point and silicon interocclusal
record material in the posterior segments (Jet-bite, Coltène/Whaledent,
Altstatten, Switzerland).
In choosing the restorative materials, zirconia-based crowns and an

256

Figure 12. An occlusal view of the maxillary zirconia-based
copings on the maxillary definitive cast.

FPD (Lava, 3M ESPE, St. Paul,
MN, USA) were selected, excluding
teeth #’s 2-p-4, 15, 17, 22 to 27,
and 31 (Figures 11–13). The mandibular anterior dentition was
planned to be restored with feldpathic porcelain laminate veneers,
and teeth #’s 2-p-4, 15, 17, and 31
were planned to be restored with
metal-ceramic crowns and an FPD.
Zirconia-based restorations were
selected because of the patient’s
expectations and demands of high
esthetics, metal-free oral environment, high biocompatibility, proper
function, and longevity in both the
anterior and posterior segments
and for FPDs as initially demonstrated in clinical studies. An additional consideration was the ability
to use one all-ceramic system that
could be delivered using conventional luting procedures because of
the patient’s gingival health, which
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was less than perfect. Metalceramic restorations were selected
for the second molars and for the
FPD with the second molar retainer
because of reports of chipping of
veneering porcelain mainly on the
second molars in clinical studies
evaluating posterior zirconia-based
FPDs. After the definitive cast was
fabricated and sectioned, a definitive full-contour wax-up was completed and tried in the patient’s
mouth to verify esthetics (Figure 14). The dies were scanned for
the fabrication of the all-ceramic
copings and the FPD framework.
Lava Ceram Overlay Porcelain
(3M ESPE) was selected for layering porcelain of the zirconia-based
all-ceramic restorations, and IPS
D-Sign (Ivoclar, Schaan, Liechtenstein) was selected for the metalceramic restorations, with high
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Figure 13. An occlusal view of the mandibular
zirconia-based copings and the FPD framework on
the mandibular definitive cast.

Figure 15. An occlusal view of the maxillary restorations
on the definitive cast.

noble alloy (Aquarius XH, Ivoclar
Williams, Amherst, NY, USA), and
for the porcelain laminate veneers.
Porcelain butt margins were used
on the facial aspect of tooth #4
retainer of the metal-ceramic FPD.
A silicone-based disclosing agent
(Fit Checker, GC, Tokyo, Japan)
was utilized for fit verification and
as try-in paste prior to the definitive cementation for final esthetic
evaluation and initial occlusal

Figure 14. A frontal view of the full-contour wax-up.

Figure 16. An occlusal view of the mandibular restorations
on the definitive cast.

adjustments. The teeth were airparticle abraded with 50 mm Al2O3
prior to the cementation procedures. The definitive complete
crowns and FPDs of the maxillary
arch and the mandibular posterior
segments were ready for cementation (Figures 15–18). Because of
the excellent mechanical properties
of zirconia, a conventional cementation technique was selected. A
self-etching, self-adhesive, dual-

cured composite resin cement
(RelyX Unicem, 3M ESPE) was
used for all crowns and FPDs. A
translucent shade was used for the
zirconia-based crowns and FPD.
With the aid of a silicone matrix
made of the diagnostic wax-up, A2
shade light-cured direct composite
resin buildups (Filtek Supreme Plus
Universal Restorative, 3M ESPE)
were completed for the mandibular
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Figure 17. A view of the intaglio surface of the maxillary anterior
restorations with zirconia margins.

Figure 19. An occlusal view of the mandibular
veneer preparations.

anterior teeth right after the
completion of the cementation procedures for the crowns and FPDs.
This allowed the clinicians to
provide the patient with the
desired new anterior guidance
immediately on the day of cementation. The composite resin buildups were also utilized as
preparation guides for the prospective porcelain laminate veneers.
Subsequently, the mandibular incisors and canines were prepared for
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Figure 18. A close-up of the maxillary central
incisors definitive restorations. Note the detailed
characterizations.

Figure 20. A postoperative frontal view of the patient’s
restoration in maximum intercuspal position.

feldspathic porcelain laminate
veneers (Figure 19) and provisionalized utilizing an indirect bisGMA (Synfony, 3M ESPE), which
was temporarily cemented with
flowable composite resin after spot
etching. Feldspathic porcelain laminate veneers were fabricated using
the refractory die technique. IPS
D-Sign porcelain (Ivoclar Vivadent,
Amherst, NY, USA) was used for
the veneers’ fabrication. Once tried
in, the porcelain laminate veneers
were bonded with a translucent
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shade of light-cured composite
resin cement (RelyX Veneer, 3M
ESPE) (Figures 20–22). A heatprocessed hard occlusal guard
(Lucitone Clear, Dentsply, York,
PA, USA) was delivered for managing clenching habit, providing the
patient with a mutually protected
occlusion (Figures 23–25).
DISCUSSION

Loss of tooth structure presented
with this patient was attributed to
the erosion caused by GERD.
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Figure 21. A postoperative lateral view of the patient’s left
side in left laterotrusive movement.

Figure 22. A postoperative lateral view of the patient’s
right side in right laterotrusive movement.

Figure 23. A close-up of the patient’s smile. Note the blending between the
zirconia-based crowns and the feldspathic porcelain laminate veneers.

Figure 24. A postoperative view of
the patient’s full face smile.

Figure 25. Postoperative full-mouth periapical radiographs.
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GERD is one of the intrinsic causes
of dental erosion. Patients with
GERD present with delayed acid
clearance. Tests such as endoscopic
examination and 24-hour esophageal pH monitoring are used for
accurate diagnosis. Avoiding fatty
and spicy foods and elevating the
head of the bed is part of the treatment being rendered. Histamine-2
blockers and proton pump inhibitors as well as medications to
enhance gastric motility are prescribed to treat GERD. The physiologic type of GERD may be
temporary and thus may not
require medications. The treatment
of dental erosion resulting from
GERD must be multidisciplinary
and should include the physician,
gastroenterologist, restorative
dentist, and dietary consultant.27
The patient did not show any signs
or symptoms of parafunctional
habits or nocturnal bruxism except
for self-reporting of minor clenching habits during the day. The restoration was built with mutually
protected occlusion.39
Clinical crown lengthening procedures were performed prior to the
restorative procedures in order to
minimize the duration of the
interim restorative phase, thus
reducing the prospects of provisional cement wash out and the
development of recurrent caries.40
The restorations differed between
the maxillary anterior dentition
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and the mandibular anterior dentition. Restoring the maxillary anterior teeth required the use of
complete crowns because of the
exposure of dentin on the palatal
surfaces and the prospect of
increasing the vertical dimension of
occlusion. However, porcelain laminate veneers were selected to
restore mandibular anterior dentition, thus allowing predictable
conservative restorations with
relatively less invasive clinical procedures.41 Complete crowns and
FPDs were completed prior to
treatment with porcelain laminate
veneers. This was done because of
the challenge of predictably maintaining interim veneers during the
relatively extended interim restorative phase. Zirconia-based restorations were selected for the crowns
and an FPD, excluding the second
molar restorations where metalceramics restorations with porcelain occlusal surfaces were utilized
because of the overriding considerations of managing higher occlusal
forces42 and the evidence
of longevity.2–4
Zirconia was selected from a
variety of different all-ceramic core
materials because of its unique
properties. Zirconia presents with
high biocompatibility, facilitating
gingival response,43,44 less framework distortion during firing
cycles,20 and adequate marginal
fit.20 In addition, the recommended
size of posterior connectors for a
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zirconia FPD framework is 9 mm2,
which may provide better esthetic
results with an ideal embrasure
form and a better periodontal
response as compared to other allceramic core materials.23 Moreover,
most zirconia-based systems allow
for shaded copings and frameworks as related to the prospective
color of the restoration, while
allowing some level of light transmission similar to alumina-based
ceramic systems.45 With its
superior mechanical properties in
terms of flexural strength and fracture toughness as compared to
other all-ceramic materials,
zirconia-based restorations may
serve as a restorative alternative
for both the anterior and
posterior segments.22–24,46,47
The integration of different types
of restorative materials in complex
full-mouth rehabilitations can be a
challenging task for the dental
technician. It requires thorough
knowledge, understanding, and
creativity to match the shades and
handle the different materials.
Various veneering porcelains and
different types of core materials
exhibit different optical properties,
light reflection, and light absorption. Thus, the ceramist must take
several steps in order to compensate for the color discrepancies of
different types of ceramic cores.
A careful selection of the veneering
porcelains under the aspect of
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color matching is a necessity. A
comparison of the individual shade
tabs of the porcelain systems is
required to translate shade from
one porcelain system to the other.
In the presented patient, a superior
harmony of the dentins and effect
enamels used with metal-ceramic
porcelain and the veneering porcelain for the zirconia framework
facilitated an adequate translation
from one system to the other in
terms of shade matching.
It is imperative to follow a strict
layering protocol throughout the
porcelain stratification. Such layering protocol is the blueprint for the
porcelain buildup process and
derived from the buildup concept
of suitable single-tooth restorations
certainly in accordance with the
patient’s wishes and preferences.
The shade properties of the feldspathic porcelain laminate veneers
for the mandibular anterior teeth
are influenced to a certain degree
by the color of the underlying
tooth structure. The zirconia
framework is a substructure with a
relatively high value and a whitish
appearance in strong contrast to
the metal framework, which exhibits an unfavorable gray opaque
color. The gray color of the metal
substructure must be compensated
by certain measures. Thus, the
value of the metal-ceramic restorations must be slightly elevated to
compensate for the metal’s lower
value. With the presented patient, a

material with a high value was
placed underneath the dentin
buildup to obtain the desired
effects and color match. This
measure is also recommended to
achieve better harmony between
the feldspathic porcelain laminate
veneers and the metal-ceramic restorations. The utilization of the
same veneering material is clearly
indicated. The intense chroma of
the prepared teeth required a slight
compensation with an opaceous
ceramic material.
CONCLUSIONS

A successful esthetic result using
three different restorative materials
was achieved in the presented fullmouth rehabilitation. The use of
three different restorative materials
and different techniques posed a
challenge in achieving natural
esthetic appearance, and in satisfying biomechanics and function as
well as the patient’s ultimate
desires. However, although technically challenging, this approach
facilitated a more conservative
treatment in terms of using
conservative porcelain laminate
veneers in the mandibular anterior
segment and achieving esthetics in
both the anterior and posterior
segments utilizing selectively both
all-ceramics and metal-ceramics
without neglecting biomechanical
considerations. Interdisciplinary
treatment planning, adequate treatment sequencing, excellent communication between all members of

the treatment rendering team, and
a good understanding of the materials in terms of their mechanical
and optical properties by both clinicians and dental ceramists are
key to a successful result of this
type of comprehensive therapy.
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