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Carlos Moura Guedes, DDS,2 Ricardo Almeida, DDS,2 António Roma Torres, DDS,2

João Legatheaux, CDT,4 & António Silva, CDT4

1Oral Surgery Department, Malo Clinic Lisbon, Lisbon, Portugal
2Prosthodontics Department, Malo Clinic Lisbon, Lisbon, Portugal
3Research and Development Department, Malo Clinic Lisbon, Lisbon, Portugal
4Malo Ceramics, Lisbon, Portugal

Keywords

Implant-supported prosthesis; lithium
disilicate; metal framework; retrievable.

Correspondence
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Abstract
This clinical report presents the clinical outcome of a maxillary full-arch implant-
supported fixed rehabilitation with lithium disilicate reinforced glass ceramic mono-
lithic crowns opposing a mandibular metal-acrylic implant-supported fixed rehabilita-
tion in a 62-year-old woman. Eight implants were successfully placed (four maxillary,
four mandibular), and no complications occurred in the postoperative or maintenance
periods. Six months after delivery, the maxillary and mandibular prostheses were
found to be clinically, biologically, and mechanically stable, and the patient was sat-
isfied with the esthetics and her ability to function. Although the present indications
for the use of lithium disilicate are still restricted to tooth-borne restorations, it is
possible to successfully rehabilitate edentulous patients through implant-supported
fixed prostheses using lithium disilicate reinforced glass ceramic monolithic crowns.

Meeting a patient’s high esthetic demands through a maxil-
lary full-arch implant-supported rehabilitation depends on the
achievement of several biological and mechanical goals.1,2 The
choice of materials used in such rehabilitations plays an impor-
tant role in the final outcome. Porcelain veneering over gold
alloys or zirconium oxide frameworks have set the standard for
the materials of choice in such cases.3

Porcelain veneered single crowns and fixed dental prostheses
(FDPs) are well known for fulfilling esthetics, biocompatibility,
color stability, and resistance to wear. Nevertheless, chipping
and delamination of the veneering porcelain is a very common
issue, well known by prosthodontists and extensively reported
in the literature.4 In a series of 59 consecutive cases, Sousa
et al reported veneering porcelain chipping and/or delamina-
tion in 46.8% of maxillary zirconia layered full-arch implant-
supported prostheses after a follow-up period ranging between
12 and 29 months.5

The lack of resilience due to the absence of a periodontal
ligament in implant-supported restorations demands the use of
highly sophisticated materials when trying to overcome fatigue
resistance due to occlusal loading. In a complex biomechanical
system, where implants, abutments, frameworks, screws, and
esthetic veneering materials share masticatory stress conduc-

tion, porcelain is the material most commonly prone to failure
with immediate esthetic consequences.4,6,7

Throughout the years, clinicians and laboratory technicians
overcame this limitation through different strategies. One strat-
egy is for a compatible material section between maxillary
and mandibular arches, prior to the combination of a maxillary
ceramic prosthesis with a mandibular metal-acrylic prosthesis
in full-arch rehabilitations. This reduces the overall stiffness
of the prosthetic elements as a whole, dramatically reducing
mechanical complications.6 Protecting the restorations with an
occlusal splint “night-guard” is another method typically used
to protect restorations, particularly when parafunctional habits
are present. It may also lessen the odds of porcelain chipping.8

Another strategy to address the mechanical failure of porce-
lain is to design individual full-contour crowns to be cemented
on a titanium alloy screw-retained bar.9 The benefit of this
concept is based on the ability to remove and repair (or even
replace) an individual fractured crown without the need to re-
move the entire structure,10,11 which in turn allows a lower
cost. As reported in the literature, firing a full-arch ceramic
prosthesis after years in the oral cavity may prove catastrophic,
with resultant air bubbles visible throughout the ceramic’s outer
surface.5,11,12
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Figure 1 Radiographic control after maxillary full-arch rehabilitation
through the “All-on-4” concept (Nobel Biocare AB).

Figure 2 CAD/CAM Titanium framework before finishing the margins.

Figure 3 Wax patterns of the 12 individual crowns with optical scanner
contrast spray.

The authors have been using individual porcelain crowns
with computer-aided design/computer-aided manufacturing
(CAD/CAM) zirconium oxide individual copings (Procera
Zirconia, Nobel Biocare, AB, Gothenburg, Sweden) cemented
on a CAD/CAM titanium alloy screw-retained framework
(Procera Implant Bridge, Nobel Biocare) for more than 10
years.10 Several reports, including a review focused on the
prosthetic success outcome of this kind of rehabilitation, show
survival rates ranging between 87% and 92.1% with a follow-up
between 5 and 15 years.10

Figure 4 Digital enhancement after double-scanning of the individual
crowns.

Figure 5 Precrystallized lithium disilicate reinforced glass-ceramic
crowns in place on the implant-supported prosthesis.

Among the range of commercially available ceramic sys-
tems, lithium disilicate reinforced glass ceramic has generated
considerable interest throughout the last decade, due to the ma-
terial’s physical properties, excellent esthetic features, ability
to comply to adhesive cementation protocols, and versatile fab-
rication process (either lost-wax technique or more recently,
CAD/CAM manufacturing).13-15 The development of different
precrystallized ceramic CAD/CAM blocks of different translu-
cencies allowed for the production of monolithic full-contour
anatomical crowns that could later be crystallized and char-
acterized for customization. Monolithic crowns offer a flexural
strength of 360 MPa compared to 90 MPa offered by the veneer-
ing ceramic in veneered zirconia crowns. According to Guess
et al,13 in a recent laboratory study on fatigue and durability of
lithium disilicate reinforced glass ceramic monolithic crowns
compared to layered zirconia crowns, the first yielded a failure
rate of 0% after 1 million cycles, whereas the second presented
90% of failures after 100,000 cycles.9,10,13,16,17

The aim of this clinical report was to describe the full-mouth
rehabilitation of a 62-year-old woman with implant-supported
fixed prostheses in the maxillary and mandibular arches and
to discuss the rationale behind our choice of materials and
prosthesis design in an attempt to overcome porcelain chipping.
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Figure 6 Aspect of the precrystallized central incisors showing sec-
ondary anatomy.

Figure 7 Translucency of the crystallized and cemented posterior
crowns.

Figure 8 Cemented crowns on the maxillary implant-supported
prosthesis.

Clinical report

A 62-year-old female patient was referred to a private prac-
tice (Lisbon, Portugal) in January 2011. She complained of
maxillary denture intolerance after more than 30 years of eden-
tulism. After a careful medical history (which was unremark-
able), physical examination (maxillary and mandibular class 2

Figure 9 Waxing of the pink tissues before acrylic processing.

Figure 10 Definitive rehabilitation after delivery.

Figure 11 Occlusal view of the maxillary definitive rehabilitation.

edentulous ridges, according to the Prosthodontic Diagnostic
Index for complete edentulism18) and cone beam CT-scan (Ko-
dak 9500 CBCT; Eastman Kodak, Rochester, NY) evaluation,
a maxillary full-arch, implant-supported rehabilitation with an
immediate occlusal loading protocol was proposed.

Standard open-flap surgery was performed under general
anesthesia for a complete maxillary and mandibular full-arch
rehabilitation with the placement of four implants in each arch
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(NobelSpeedy Groovy; Nobel Biocare) according to the “All-
on-4” concept19 (Fig 1). Straight and angulated abutments were
installed (Multi-Unit Abutment; Nobel Biocare). Immediate
screw-retained interim prostheses were delivered on the same
day of surgery. During the first 6 months postoperative, regular
oral hygiene appointments, which included patient instruction,
peri-implant charting, and panoramic radiographs, were per-
formed to monitor bone levels and peri-implant soft tissues.
Simultaneously, the occlusion was adjusted to obtain even con-
tacts in centric occlusion, canine guidance during lateral excur-
sions, and incisive guidance during protrusion, using 200- and
a 12-µm occlusion paper (Dr. Jean Bausch GmbH & Co., Köln,
Germany).19

Following the customary healing period for maxillary and
mandibular implants, abutment level silicone impressions were
taken (Light Body and Putty Soft Fast Setting; Zhermack
Co, Rovigo, Italy). In a subsequent appointment, a facebow
record and an interocclusal record (Occlufast Rock; Zhermack
Co) were made using the fixed provisional prostheses. The
master casts were mounted on a semiadjustable articulator
(Artex Articulator System; Girrbach Dental GmbH, Pforzheim,
Germany). Denture acrylic teeth (Pala Premium Line; Heraeus
Kulzer GmbH, Hanau, Germany) were used to try in the es-
thetic and functional positioning of teeth, and after the patient’s
approval, these were processed as a second interim prosthe-
sis using pink acrylic resin (PalaXpress Ultra; Heraeus Kulzer
GmbH) and temporary abutment level cylinders (Temporary
Coping Multi-Unit Titanium; Nobel Biocare).

The manufacturing process of the definitive prostheses
started once the patient was comfortable with the esthetic and
functional aspects, 4 weeks following the delivery of the second
prosthesis. A silicone mask index (Zetalabor; Heraeus Kulzer
GmbH) was made with the maxillary and mandibular interim
prostheses removed from the patient and screwed onto the mas-
ter casts to serve as a guide for the final restoration.

A resin framework template (GC Pattern Resin; GC Co, Al-
sip, IL) was fabricated according to the contour of the maxillary
second interim prosthesis with individual abutment prepara-
tions to accommodate the corresponding individual ceramic
crowns. Reduction in the abutment component of the frame-
work allowed for optimal crown thickness, with a minimum
of 1.5 mm on all aspects. This pattern was scanned (Nobel
Procera optical scanner; Nobel Biocare), and CAD designed.
A titanium screw-retained bar was manufactured after CAM
processing (Fig 2). Only the stone model was scanned for
margin information. The wax pattern was scanned for final
contour information. The titanium framework was not tried in
prior to scanning the preparations.

A light-curing opaque liner (Monopaque; Ivoclar Vivadent
AG, Schaan, Liechtenstein) was applied to the abutment com-
ponents of the titanium bar. A silicone impression (Light Body
and Putty Soft Fast Setting) was made on the bar and poured in
extra-hard gypsum (Vel-Mix Die Stone Gypsum; Kerr Den-
tal Laboratory Products, Orange, CA). An individual full-
contour wax-up was completed (Dental Wax; Yeti Dentalpro-
dukte GmbH, Engen, Germany; Fig 3). Once each individual
crown was double-scanned for both abutment and outer contour
(Nobel Procera optical scanner; Fig 4), precrystalized lithium
disilicate reinforced glass ceramic crowns (IPS e.max CAD,

Ivoclar Vivadent AG) were fabricated (Figs 5 and 6). A try-in
of the maxillary titanium substructure, precrystallized individ-
ual crowns, and mandibular acrylic prosthesis was performed
before finishing the rehabilitation.

The crowns were later crystallized, custom trimmed, and
stained following the manufacturer’s instructions and according
to the patient’s individual characteristics and esthetic expecta-
tions (Figs 7 and 8). To keep the retrievability of the prosthesis
as a whole, crowns #4 and #8 were drilled using a high-speed
water-cooled handpiece (Synea; W&H, Burmoos, Austria) in
their palatal aspect to gain direct access to the structure’s reten-
tion screws.

Crowns were cemented according to an adhesive cementation
protocol (Multilink Automix; Ivoclar Vivadent AG). Gingival
anatomy was waxed up for a try-in (Preparation Wax Pink; Yeti
Dentalprodukte GmbH). Following the patient’s approval, the
prosthesis with the waxed gingival form was invested in the
lower half of a flask (Duoflask; Heraeus Kulzer GmbH). Once
the plaster was set, the prosthesis was sprued, and pink acrylic
resin (PalaXpress Ultra) was injected according to the manufac-
turers’ protocol (Fig 9). In the mandible, a metal-acrylic hybrid
prosthesis was fabricated, using a titanium bar as substructure
(Titanium Implant Bridge, Nobel Biocare), acrylic teeth (Pala
Premium Line; Heraeus Kulzer GmbH), and pink acrylic resin
(PalaXpress Ultra).

Eight months after implant placement, both the maxillary
and mandibular prostheses were delivered (Figs 10 and 11). All
the prosthetic screws were given a final torque of 15 N/cm. The
prosthetic screw access holes were sealed using cotton pellets
and composite material (Aelite Flow A3; Bisco Inc., Schaum-
burg, IL), and the occlusion was evaluated and adjusted to a
mutually protected occlusion scheme respecting the patient’s
centric relation.

Follow-up up visits were scheduled every 6 weeks during
the first 3 months, 6 months after the insertion of definitive
prostheses, and every 6 months after that. At 6 months, the
prosthesis was removed. Biological (inflammation, peri-
implant infection, suppuration, supporting bone) and mechan-
ical (prosthetic screw loosening evaluated through torque val-
ues, fractures, chipping) complications were assessed. Further
follow-ups were carried out 12 and at 18 months after delivery.

Outcome

The definitive rehabilitation remained stable during the 18
months after its connection. No biological or mechanical com-
plications occurred during the follow-up of this clinical report.
The patient was satisfied with the esthetics and function of the
prostheses. Supporting bone levels remained stable (absence of
marginal bone resorption >2 mm compared to baseline bone
levels, determined through periapical radiographs), and soft
tissues maintained a healthy appearance without any signs of
inflammation or suppuration. Eighteen months following deliv-
ery, all screws were still fully torqued to 15 N/cm as suggested
by the manufacturer, and no chipping or wear of the ceramic
was observed. The interface between the ceramic crowns and
the acrylic gingival anatomy remained visually intact and free
of pigmentation.
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Discussion

The pursuit of truly reliable implant-supported full-arch re-
habilitations has always been a challenge for dentists and
laboratory technicians. The ability to resist fatigue in implant-
supported restorations can be attributed to the lack of resilience
in these prosthetic systems. The choice of individual ceramic-
layered crowns cemented on a metal substructure addresses to
some extent the mechanical failures in ceramic, yet it does not
prevent them from happening.10

There are some advantages and disadvantages of processing
the plastic acrylic after the crowns have been cemented. On
one hand, this procedure allows hiding of crown margins. In
addition, the sealing of the acrylic resembles the esthetics of
the anatomical gingival sulcus and allows removal of the excess
cement before processing the pink esthetics. On the other hand,
this procedure might represent a disadvantage when replacing
an individual crown, where it may force replacement of the
entire pink acrylic in order to avoid a different color patch of
the new acrylic.

Lithium disilicate reinforced glass-ceramic monolithic
crowns have proved to be superior in terms of flexural
strength and fatigue resistance when compared to any ceramic-
layered system (regardless of using metal or zirconia as an
infrastructure).13 Alumina crowns have optimal esthetic prop-
erties; however, their mechanical properties contraindicate their
use in implant-supported restorations. Zirconia has proved to
be superior in terms of its mechanical stability, but poses an
esthetic problem due to its white opaque nature. Also, the ab-
sence of chemical bonding between zirconia and the layering
porcelain still remains a concern regarding reliability.20 The
introduction of precrystallized CAM blocks allowed the fabri-
cation of highly cost-effective ceramic restorations with very
satisfying esthetics. Presently, this kind of monolithic pigment
stained ceramic crowns may be unable to perfectly match the
optical properties of an adjacent natural tooth but when deal-
ing with a full-mouth rehabilitation, especially in elderly pa-
tients, a natural and satisfying esthetic result can be achieved.
In addition, this option can also reduce the odds of porcelain
chipping.21-24

These type of ceramics have just recently been introduced
to the dental industry with very promising results, yet manu-
facturers still show prudence by limiting their indications to
tooth-supported restorations.25 Despite these restrictions, it is
our belief that monolithic ceramic crowns may prove to be re-
liable and cost-effective when used to rehabilitate implants,
regardless of the mechanical issues involved. More studies
with a higher hierarchy of clinical evidence and study de-
sign and longer follow-up periods are necessary to test this
hypothesis.

Conclusion

Although the present indication for the use of lithium disilicate
is restricted to tooth-borne restorations, our report suggests that
it could be a good material of choice for implant rehabilitations
in the completely edentulous patient.
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