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The therapeutic regimen for treating patients with
missing teeth has been significantly expanded by

modern implant methods. The prosthesis supported
by osseointegrated implants has become an integral
part of restorative therapy for both completely and
partially edentulous patients.1–5 However, a prerequi-
site for successful oral implants is sufficient jaw bone
volume. Placement of implants in the dental alveolar
crest of the maxilla is limited by the height of bone
between the alveolar crest and the maxillary sinus
and floor of the nose. Consequently, the use of
osseointegrated implants in the atrophic maxilla is
often restricted because of the lack of supporting
bone. To overcome such problems, various augmen-

tation procedures have been proposed for rehabilita-
tion of patients with atrophic maxillae.6 Sinus lift and
augmentation procedures using iliac crest grafts with
simultaneous placement of endosseous implants is a
treatment modality for atrophic posterior maxillae.6–9

The edentulous maxilla may be managed either by
alveolar ridge augmentation with onlay iliac bone
grafts and immediate implant placement,6,7,10–13 or
by Le Fort I osteotomy in conjunction with an inter-
positional iliac crest graft and immediate endosseous
implants for severely atrophic maxillae.14,15 With the
latter method, advancement of the maxilla can be
carried out simultaneously in patients where a con-
siderable sagittal intermaxillary discrepancy has
developed as a result of maxillary atrophy.14,15

Titanium is a highly attractive material for dental
prostheses because of its excellent corrosion resis-
tance and biocompatibility in the oral environ-
ment.16,17 Other advantages are its light weight, high
strength-to-weight ratio, and low thermal conductiv-
ity. To avoid galvanic effects, it has become desirable
to use the same metal or dental alloy for all restora-
tions placed in the oral cavity.18 In this respect, titan-
ium appears to be the material of choice for implant
restorations. However, prosthodontic application of
titanium first required the mastery of a number of
technical problems, since it is highly reactive at high-
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er temperatures. Because of its high melting point,
low specific gravity, and reaction with oxygen at high
temperatures, the casting of titanium has necessi-
tated development of suitable casting machines and
investment materials. Even with special casting
methods, precision casting of titanium dental pros-
theses was subject to certain difficulties such as sur-
face oxygen contamination and surface interaction
with the investment, development of pores, and diffi-
culties in obtaining a precise fit, especially with com-
plicated structures.19–21 Since osseointegrated
implants are much less mobile than natural teeth,
obtaining a precise fit with fixed implant-supported
prostheses is of paramount importance to prevent
excess loading of the surrounding bone.22,23

The problems associated with titanium casting
led to the application of additional technologies such
as CAD/CAM, laser welding, and spark ero-
sion.20,21,24 Only recent improvements in casting
technology and investment materials have made it
possible to produce titanium crown and fixed partial
prostheses with about the same accuracy as that
achieved in conventional restorative castings.25

Another important issue that had to be considered
when using titanium for esthetic crowns and fixed
partial prostheses was the application of porcelain
veneers. Because titanium undergoes transformation
from a hexagonal close-packed alpha phase to a
body-centered cubic beta phase at 882°C, and
because it has a high affinity for oxygen, the porce-
lain should be fired at a temperature below 850°C
to prevent excess oxide formation. Consequently,
suitable low-fusing porcelains were developed.20,21

However, a problem encountered with these porce-
lain veneering systems was the formation of an
interfacial oxide layer during firing that affected the
porcelain-titanium bonding and thus restricted clini-
cal use. The thicker this layer, the weaker the bond-
ing.26,27 Further improvements in these veneering
systems included application of special bonding
agents.20 Since data from recent in vitro studies have
demonstrated sufficient bonding strength with these
newly developed materials, their clinical application
can be recommended.28–30 Data from clinical stud-
ies have not been reported thus far.

As a result of these developments, ceramometal
implant-supported titanium-cast restorations have
been used in our department for prosthetic therapy
of atrophic maxillae following augmentation proce-
dures. These prostheses were used in combination
with titanium crown and fixed partial prostheses sup-
ported by natural teeth for full-mouth rehabilitation
of patients requiring a comprehensive treatment plan
involving the combined efforts of maxillofacial
surgery and prosthodontics.

Materials and Methods

Clinical Procedures. Since radiographic examina-
tion is of particular importance before endosseous
implants are placed into severely resorbed alveolar
ridges, computed tomography was used to accurately
assess the amount of residual bone.31 The restorative
design was determined preoperatively by a diagnostic
wax-up on articulated diagnostic casts. The wax-up
was used to select the ideal location and angulation of
implants with regard to the anticipated restorative
design, and a surgical template was then fabricated
accordingly.32 If Le Fort I osteotomy was performed
in conjunction with maxillary advancement, position-
ing of the maxilla and the anticipated occlusal plane
were also determined by means of diagnostic casts
and wax-up. In this manner, the restorative design
rather than the anatomy dictated implant placement
to achieve a favorable restorative result.

For reconstruction of edentulous atrophic maxil-
lae, Le Fort I osteotomy, in combination with an
interpositional bone graft and miniplate osteosynthe-
sis, was followed by immediate placement of
endosseous implants in a submerged manner using
ITI-Bonefit screw implants (Straumann, Walden-
burg, Switzerland). The horseshoe-shaped cortico-
cancellous graft was harvested from the iliac crest.
The atrophic posterior maxilla was treated by aug-
mentation of the maxillary sinus floor with iliac crest
block grafts and simultaneous implant placement,
also using ITI-Bonefit screw implants.

After completion of a 5- to 6-month healing per-
iod, the implants were exposed by punching, and
healing caps were placed.33 Ten to 14 days later,
abutment connection was carried out, and prosthetic
treatment was initiated. Preference was given to the
ITI-cone abutments with 6-degree taper.

The restorative therapy followed certain guide-
lines. In partially edentulous jaws, small-unit restora-
tions and single-crown prostheses were generally
used to avoid extensive blockage. Whenever possible,
implant prostheses were kept separate from natural
teeth. If tooth-to-implant fixed prostheses were used,
a rigid design without any additional flexible element
was applied. Whenever possible, a mutually protected
occlusion was created. Occlusion in centric relation
was carefully equilibrated to avoid premature and
excessive contacts.

Cemented restorations were preferred. Titanium
castings were fabricated using the Castmatic casting
machine (Dentaurum, Pforzheim, Germany). For
veneering, the low-fusing Vita Titanium Porcelain
(Vita, Bad Säckingen, Germany) was applied. Final
placement was achieved with zinc oxide phosphate
cement.



Case Reports

Case 1. A 47-year-old man presented for prosthetic
treatment with a severely atrophic maxilla providing
little support for a complete denture (Fig 1a). In the
mandible, the central incisors, premolars, and molars
were missing with the exception of the mandibular
right premolar, which was scheduled for extraction.

The comprehensive treatment plan included
implant therapy, maxillofacial surgery, and fixed
prosthodontics. In the mandible, implants were
placed in the molar and premolar regions. Attempts
to place an implant in the molar region of the left
mandibular quadrant failed for lack of sufficient
bone. Implant therapy to replace the central incisors
had been performed by a private practitioner. The
healing period for the mandible was followed by
placement of provisional resin-veneered restorations.
The atrophic maxilla was treated by Le Fort I
osteotomy in conjunction with an interpositional iliac
crest graft, maxillary advancement, miniplate
osteosynthesis, and simultaneous placement of six
endosseous implants. After completion of the 5-

month healing period, second-stage surgery was per-
formed to expose the implants. Definitive prosthetic
treatment was then initiated after abutment connec-
tion. Angulated abutments were selected for the
implants in the region of the maxillary incisors.
Prosthetic reconstruction (Figs 1b and 1c) included
placement of titanium-ceramic fixed prostheses in
both of the maxillary quadrants. Implant-supported
ceramometal restorations and crowns supported by
natural teeth were placed in the right mandibular
quadrant, and a fixed cantilever prosthesis, support-
ed by a combination of teeth and osseointegrated
titanium implants, was placed in the left mandibular
quadrant.

Case 2. This 43-year-old man had a temporo-
mandibular disorder, missing posterior teeth in the
right maxillary quadrant, and an atrophic alveolar
ridge. Premolars were missing in the left maxillary
quadrant, and removal of the third molar was indi-
cated. Subsequent loss of the vertical dimension of
occlusion was noted. In the mandible, the first and
second molars had been replaced by extensive
restorations (Fig 2a).
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Fig 1c Patient 1. Panoramic
radiograph taken after com-
pletion of prosthetic treat-
ment.

Fig 1b Patient 1. Frontal view with ceramometal restorations
in situ.

Fig 1a Patient 1. Three-dimensional visualiza-
tion of the severely atrophic maxilla generated
from CT scans taken preoperatively.



The comprehensive treatment plan included func-
tional therapy, maxillofacial surgery, and implant
prosthodontics. Functional therapy involved splint
therapy followed by provisional restorations to
increase the vertical dimension. Successful comple-
tion of this initial treatment phase was followed by
implant placement. In the right maxillary quadrant,

sinus lift surgery was performed using an iliac crest
block graft in combination with immediate implant
placement. For definitive prosthetic restoration (Figs
2b to 2d), implant-supported ceramometal prosthe-
ses were placed in combination with single crowns.
In the left maxillary quadrant, the single implant was
connected to the adjacent molar.
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Fig 2d Patient 2. Panoramic radiograph after
completion of prosthetic treatment.

Figs 2b and 2c Patient 2. Occlusal view after placement of ceramometal restorations (photographs
were taken in mirror).

Fig 2a Patient 2. Panoramic radiograph taken
preoperatively.



Results

Healing was uneventful in both patients, who showed
no clinical signs of infection. There was no inflamma-
tion of either the bone grafts or the maxillary sinuses.
All implants were clinically stable at abutment con-
nection. Follow-up examinations initially were car-
ried out every 3 months and subsequently every 6
months. Radiographs were taken after definitive
placement of restorations and then scheduled annu-
ally to monitor marginal bone loss. Complication-free
serviceability of the titanium ceramometal restora-
tions used in the cases presented has been observed
for a period of up to 24 months. All implants fol-
lowed up in these patients showed healthy peri-
implant tissues without any remarkable changes in
the pocket depth or Periotest values. No significant
changes were noted with respect to periodontal
health, ie, pocket depth, attachment level, or bleed-
ing upon probing. Furthermore, stability of occlusion
and articulation was maintained.

Discussion

This clinical report indicates that favorable treatment
results can be achieved using titanium implant-
supported restorations for patients with atrophic max-
illae requiring comprehensive treatment. These find-
ings are in accordance with observations in patients
who received full-mouth rehabilitation of periodon-
tally involved dentitions, also using osseointegrated
titanium prostheses. In the latter patients, complica-
tion-free serviceability has been documented through-
out an observation period ranging from 18 to 30
months. However, the observation periods have thus
far been limited in both patient groups. Consequently,
follow-up examinations on a regular basis and thor-
ough documentation of these patients treated with
titanium-ceramic fixed prostheses after reconstructive
bone graft surgery are of paramount importance.
Several aspects are of specific relevance in these cases.

Monitoring of marginal bone height has been pro-
posed as an important criterion for evaluating
implant success.34 After bone graft augmentation
procedures, an altered bone-remodeling potential
and peri-implant bone responses differing from those
in a nongrafted situation may be anticipated,35 since
iliac bone grafts are subjected to osteoconductive
revitalization.11 A study by Feifel et al36 of mandibu-
lar bone density after iliac crest grafting using quanti-
tative computerized tomography (QCT) revealed that
nonvascularized grafts healed with a reactive sclero-
sis, an irregular reparative metaplastic process, and
mineralization. Integration of the iliac bone grafts
into the biodynamics of the jaw and early loading

with physiologic forces have been recommended to
avoid bone resorption.37

Bacterial studies of peri-implant microflora
demonstrated different morphologic phenotypes
when comparing the edentulous and partially dentate
patient. Thus, periodontal pathogens from natural
teeth may infect implant sites.38,39 Furthermore, it
has been stated that the immunologic capacity of the
peri-implant soft tissue to react against bacterial
endotoxins and exotoxins is inferior to that of the nat-
ural tooth because of reduced vascularization.23,40

Also, an enhanced tendency towards plaque accumu-
lation has been reported for commercially pure tita-
nium when compared to porcelain or conventional
dental alloys.20 Whether these findings imply that
partially dentate patients with implant restorations
after reconstructive bone graft surgery are possibly at
greater risk for peri-implant bone loss remains to be
clarified by controlled clinical studies providing lon-
gitudinal data. These observations, however, empha-
size the importance of periodontal maintenance and
a strict regimen of oral hygiene.

Little is known about the effects of many treat-
ment factors related to implant suprastructures, ie,
restorative design and abutment selection, size,
shape, or orientation, with regard to the biomechani-
cal strains generated and their influences on alveolar
bone responses and peri-implant bone loss. Despite
their prosthodontic importance, the impact of sys-
temic and local factors on alveolar bone responses to
biomechanical strains has yet to be investigated.41 As
a result of impaired tactile function of osseointe-
grated implants, lack of precision in the occlusal
rehabilitation might not be readily detected by
patients with implant-supported prostheses.23,42,43

Consequently, occlusion and articulation need to be
regularly reexamined to avoid excessive and prema-
ture contacts, since their role as variables for peri-
implant bone loss is thus far unknown.44

In the patients described above, small-unit
restorations were preferred to avoid extensive splint-
ing (of abutments), and implant-supported prosthe-
ses were kept separate from natural teeth whenever
possible (fourth quadrant of patient 1; first, third, and
fourth quadrants of patient 2). The rationale for this
approach was that optimal tactile sensibility of the
natural teeth would create favorable conditions with
regard to oral function and oral hygiene mainte-
nance, since both patients had a history of functional
disturbance. Furthermore, this approach was consid-
ered advantageous because torsions and deforma-
tions of the mandible cannot be compensated by
osseointegrated implants23,45 and because it is more
difficult to apply porcelain veneers to extensive
frameworks than to short-span restorations.
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Moreover, both mandibular third molars in patient
2 showed periodontal changes most likely attribut-
able to stress generated by torsions and elastic defor-
mations of the mandible, following application of an
extensive framework for a fixed prosthesis in the pos-
terior mandible that did not incorporate any stress-
breaking. To facilitate placement of a fixed prosthesis
extending over a small span, implants were placed in
the region of the first and second molars, to provide
additional abutments.

If tooth-to-implant fixed prostheses were used, a
rigid design lacking any flexible elements was applied
according to Rangert et al46 and Richter47 (third
quadrant of patient 1 and second quadrant of patient
2). Richter47 measured vertical forces on molar-
positioned implants connected to a premolar by a
fixed prosthesis. During chewing, lower load levels
were recorded for implants than for teeth. Clenching
in centric occlusion caused similar load levels for
teeth and implants.

Specific factors need to be considered in fabricat-
ing implant superstructures from titanium by casting.
From the surgical point of view, different implant
systems, ie, different screw-form implant systems,
could have been used in the cases described above.
However, from a technical point of view, prefabri-
cated gold alloy copings for the casting-on technique
offered by many implant systems cannot be applied,
since titanium does not bond to these copings. These
difficulties can be avoided by using the ITI-cone
abutments described above, because the same tech-
nical procedures can be applied as for the fabrication
of crown and fixed partial prostheses, when natural
teeth serve as abutments. As materials and technolo-
gies are developed, an increasing number of manu-
facturers might consider offering prefabricated, fully
combustible plastic copings with their implant sys-
tems. These would be suitable for a burn-out tech-
nique, or titanium copings that are suitable for laser
welding could be provided. These plastic copings
could also be applied for the fabrication of cast titan-
ium restorations, cemented as well as screw-retained
restorations.

Conclusions

Implant-supported ceramometal titanium-cast pros-
theses can form a valuable part of restorative therapy
for patients with atrophic maxillae requiring a com-
bined therapeutic approach involving maxillofacial
surgery and prosthetic treatment. Furthermore, tita-
nium-ceramic fixed prostheses may be a meaningful
contribution to implant prosthodontics, facilitating
restorations of optimum biocompatibility.
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