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_In the past few years the demand for biocom-
patible materials in implant dentistry has increased.
Despite the good results of ceramic implants in the es-
thetic rehabilitation of single teeth, nothing has so far
been found in the literature concerning the treatment
of complete maxillae/mandibles with ceramic im-
plants. 

Patients with multiple material incompatibility
and holistic pretreatment are asking more and more
often about the possibility of being treated with ce-
ramic materials. The use of one-piece zirconia im-
plants in the edentulous jaw for support is a relative
contraindication but may be an alternative for such
patients. At the present moment evidence-based
studies on the osseointegration of ceramic implants
are not yet available. Nor do we know anything about
the ideal time of loading or the survival rate of ceramic
implants. The present case report describes the treat-
ment of a multi-allergic patient with a fixed maxillary
prosthetic restoration by means of ceramic implants
and bridges and concludes with a critical review of the
studies currently available on the subject of ceramic
implants. It is to be stressed that, for forensic reasons,
the patient has to be fully and extensively informed
and that the surgeon/dentist must be fully aware of
the risks involved.

_Case history

A 47-year old female high-school teacher with a
reduced residual dentition in the maxilla presents to
our clinic requesting a fixed maxillary restoration.
The case history revealed multiple allergies to a num-
ber of materials including latex, bupivacaine, arti-
caine, lidocaine, chromium-cobalt-molybdenum al-
loys. The bioresonance analyses showed a metal in-
compatibility. Her attending physician, a general and
nature-cure practitioner, strongly advised against a
definitive treatment with titanium implants. The pa-
tient asked for advice with respect to a fixed dental
restoration made of biocompatible ceramics. 

_Clinical findings

The clinical examination showed a retruded posi-
tion of the maxilla with a periodontically severely
compromised non-vital upper right central incisor
(with core and post) and left central incisor, a right
lateral with an extended carious lesion, and amalgam
tattoos of the gingiva in the region of the left lateral
and canine. In all, there was transverse vertical and
horizontal bone loss with an alveolar mucosa of
about 3 mm increasing in thickness in posterior di-
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rection. The mandibular teeth had adequate fixed
crowns and bridges. On the lower left second molar
and the root-tip resected lower left first molar a car-
ious lesion was detected mesially. 

_X-ray findings

An OPG was made (Fig. 1). The radiological find-
ings showed a mandibular dentition treated by con-
servative therapy and prosthetic restorations with
proximal radiolucencies indicating caries at the mar-
gins of the metal restorations of the lower left first
and second molar. In the maxilla there was a remain-
ing root with an apical cystic radiolucency at the right
lateral incisor and metallic artifacts after an apicoec-
tomy in the region of the left lateral. After extraction
of the residual maxillary teeth, a three-dimensional
dental CT (Fig. 2) was made for further treatment
planning. This showed a pronounced osteolysis in the
area of the maxillary anterior teeth with reduced
transverse and horizontal bone supply.

_Diagnosis

Maxillary retrognathism with hopeless right and
left central incisor. A retained root in the region of the
upper right lateral incisor, crown margin caries at the
lower left first and second molar. Multiple allergies to
dental materials and anesthetics and metal incom-
patibilities. 

_Treatment planning

First, the patient was informed about a conserva-
tive treatment of the maxilla, a total denture, and im-
plants. To demonstrate the possibilities offered by
implant dentistry, a two-part titanium implant with
angulated ceramic abutment was compared with an
all-ceramic restoration (crown/bridge). The advan-
tages of two-part implants in cases of insufficient
bone supply and the options of subgingival or trans-
mucosal healing were pointed out to the patient.
Special emphasis was placed on the many studies the
results of which indicate very good and predictable
osseointegration and healing of modern titanium
implants. The patient was also told that there were no

reliable studies available as yet related to implants
made of ceramic materials and that so far no case re-
ports have been published dealing with the full max-
illary rehabilitation by means of ceramic implants.
The possibilities of computer-aided treatment plan-
ning and navigated implant insertion were also
demonstrated. After different materials had been
tested by a specialist, a treatment with zirconia im-
plants (bredent whiteSKY®, bredent, Senden, Ger-
many) was planned. Based on computer tomograhy,
a mucosa-supported implant template (Materialise,
Leiden, Belgium) was fabricated (Fig. 3). To protect
the one-piece ceramic implants, a coverdenture on
temporary implants (JMP-Implantate®, JMP-Dental,
Essen, Germany) was made. In the final fixed restora-
tion ceramic compensation caps were to be placed on
the zirconia implants as a mesostructure and aligned
according to the path of insertion of the bridge(s) to
compensate for the axial diversion (Fig. 13). 

_Surgical therapy

Due to multiple local anesthetics intolerance, the
implants were placed under general elimination of
pain and by means of three surgical templates (Ma-
terialise, Leiden, Belgium). The templates were fixed
to the maxillary bone using anchor pins (Anchor Pins,
Nobel Biocare, Gothenburg, Sweden) (Fig. 4). After
initial transgingival implant site preparation with a
pilot drill, the site was enlarged using the subsequent
two surgical drilling templates. Then the implant 
bed as such was prepared with drills of 3.5 mm and 
4.3 mm diameter and 10 mm to 12 mm length. Seven
3.5 x 12 mm zirconia implants were placed transgin-
givally in the region of the upper right second molar,
second premolar, first premolar, upper left central,
canine, first premolar and second premolar (Fig. 5). In
the region of the upper right first molar, right lateral
and left first molar 4.3 x 12 mm whiteSKY implants
were placed (Fig. 7). The implants were inserted 
mechanically following a fixed protocol (Mod. KaVo
INTRAsurg® 1000, KaVo, Biberach, Germany) with a
max. speed of 12 rotations per minute, water cooling
and a max. torque of 35 Ncm (Fig. 6). An “insertion
protocol” was made for each implant insertion. Four
temporary JMP implants (M1[2.0 x 12 mm], JMP-
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Dental, Essen, Germany) were placed manually in the
region of the upper right second/first premolar, left
first/second premolar, first/second molar and inter-
incisally between the upper right and left central in-
cisor. 

_Progress

Immediately after the surgery, a coverdenture
(non-precious metal base, remanium® star, Dentau-
rum, Hanau, Germany; Pala Xpress®, Heraeus Kulzer,
Hanau) was placed on the four temporary JMP im-
plants and polymerized JMP implant retention in-
serts (Fig. 8). To avoid any contact with the mucosa,
the non-precious metal base was completely embed-
ded in the denture acrylic. The patient was seen on the
first, third and seventh postoperative day, then at
two-week intervals. It was planned to place the final
implants after a healing period of at least six months,
according to the specifications of the manufacturer.
After four weeks a mucosal irritation was observed
near the denture indicating incompatibility with the
denture material. Moreover, herpes zoster of the first
right division of the trigeminal nerve developed
within a few days. A non-medical practitioner tested
the material samples and an intolerance of the non-
precious metal base of the coverdenture was diag-
nosed. Therefore a new denture was made as a cover-
denture bridge placed on a titanium framework (re-
matitan Plus®, Dentaurum, Ispringen, Germany). In
addition, VITA ZETA® (VITA, Bad Säckingen, Germany)
and Pala Xpress® (Heraeus Kulzer, Hanau) were used.
Due to the divergent ceramic implants the lateral
movements during oral hygiene and at removal of

the denture had to be limited, and therefore Soft 
Reliner®, Tough Medium (Tokuyama-Dental GmbH,
Altenberge, Germany), a permanently soft denture
acrylic, was applied (Figs. 10–12). At the follow-up
examination 12 weeks after implantation, the im-
plant at the site of the upper left canine had become
loose. The loose implant was “screwed” out of the im-
plant bed with a torque of x < 10 Ncm. Intraorally the
implant bed was lined completely with non-irritated
gingival tissue, and the periimplant tissue was nor-
mal. Extraorally the implant did not show any signs
of incomplete osseointegration or osseoadaptation
(Fig. 9). The failed implant was replaced by a 5.0 x 
13 mm ceramic implant (zit-z®, ziterion, Uffenheim,
Germany) and inserted with a torque of 32 Ncm. This
implant had good primary stability after implanta-
tion. After adaptation of the coverdenture the pa-
tient was checked regularly. Within a follow-up pe-
riod of six months, an attachment loss of not more
than one millimeter was found on only two ceramic
implants. No attachment loss was found around any
of the other implants (Figs. 7, 14, 15). 

_Prosthetic restoration

A study model was made which showed an angu-
lation of x > 30° of the implant direction vectors. As
the manufacturer did not offer any prefabricated an-
gulation caps, customized ceramic compensation
caps (Fig. 13) were made by the dental technician. The
initial intention of fabricating a cross-arch ceramic
bridge in the maxilla on an intermediate mesostruc-
ture of ceramic compensation caps could not be re-
alized. After a treatment period of six months after
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implantation, the dental laboratory was changed
upon the patient’s wish and one closer to her home
was chosen. The follow-up examination at that time
revealed a loosened implant at the site of the upper
right second molar which was removed using a
torque of x < 20 Ncm without being replaced. The
prosthetic treatment plan was revised. In view of the
esthetic wishes of the patient, it was now planned to
fabricate three bridges which were then to be adhe-
sively bonded to each other intraorally. To protect the
one-piece implants, the incorporation of bridge at-
tachments was tested on the model, but the idea was
dropped for esthetic reasons. It was decided to pre-
pare the parts of the implants extending into the oral
cavity. After taking an anatomical impression, the
bridge abutments were aligned in the parallelometer
on the model, and grinding copings were fabricated
for the preparation of the one-piece ceramic im-
plants (Fig. 14). A gingivectomy using a laser (YSGG-
Millennium Waterlase, Biolase Europe GmbH, Floss)
was performed to position the copings and obtain a
good customized impression (Fig. 15). The copings
were placed and the grinding process started with
maximum water cooling to prevent damage due to
overheating. 

After taking a precision impression of the new sit-
uation, three zirconia bridges were made (Cercon®,
DeguDent, Hanau) and veneered with Ducera Cercon
Kiss® (DeguDent, Hanau). At the esthetic try-in of the
first bake the JMP implants were removed, and the
maxillary bridge the patient had used until then was
relined with a permanently soft material (Fig. 10). As
a result, the zirconia implants were functionally
loaded for a period of approx. four weeks (Figs.

10–12). On the interproximal surfaces between the
bridges and inside the Cercon crowns the bond 
was improved by surface conditioning with alumina
(110 micron). Due to the retromaxillary anomaly, 
several esthetic try-ins were required before the final
bridges were fabricated (Figs. 16–17). The bridges
were fixed to the ceramic implants by means of 
Multilink (Ivoclar Vivadent, Ellwangen/Jagst, Ger-
many). They were fixed to each other in the same way
(Fig. 18). Figure 19 shows the postop-opG after in-
sertion of the final suprastructure. 

_Conclusion

Planning a fixed restoration on one-piece im-
plants in the edentulous maxilla represents a special
challenge. Three-dimensional CT-supported plan-
ning provides a better picture in cases of an atrophic
ridge, but does not always offer a clear impression of
the bone quality found clinically. Mucosa-based
templates facilitate minimally invasive implant
placement, but are not available for all current types
of implants. Due to the resilience of the mucosa and
in patients with flattened atrophic alveolar processes
(bone quality D1) there is the risk of the implant slip-
ping towards the cortical bony edge despite osseous
fixation of the implant templates. In the present case,
this is demonstrated by the drifted position of the im-
plant at the site of the upper right second premolar.
In contrast to restoring an edentulous ridge segment
between natural teeth or replacing a single tooth,
there is at present no indication of full rehabilitation
of complete upper or lower jaws with one-piece ce-
ramic implants. The situation is different in case of a
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denture incompatibility and/or multiple allergic re-
actions. If conventional total dentures fail to restore
the masticatory function or if there is a multiple 
intolerance of dental materials, alternatives are
needed. One crucial condition in such cases is to en-
sure the protection of the ceramic implants during
the healing period. Therefore, the case described here
is a relative contraindication as a fixed suprastruc-
ture was placed on ceramic implants in a patient with
a diagnosed titanium intolerance. 

_Literature analysis from 
the practitioner’s point of view

No evidence-based studies on the osseointegra-
tion of ceramic implants in humans have so far been
published. Healing and the long-term prognosis of
the implants are considered to be “operator-depend-
ent”. This is why for a comparative study of the suc-
cess rates of each case the insertion protocol supplied
by the manufacturer should be strictly implemented
and documented. This applies in particular to the
compromised maxilla. In the case described here, the
bone supply was reduced (class D-E) with a cortical
bone quality of class D1.18

Most operators will have to get used to a max. in-
sertion torque of 35 Ncm in D1 bone, as mentioned
above. All the more so, as in animal experiments with
ceramic implants after twelve weeks of healing a re-
moval torque of 25 Ncm (!) was mentioned.10 In the
case described above, one implant (upper left canine)
also loosened after twelve weeks. Comparative stud-
ies have shown an average maximum removal torque
of 150 Ncm for titanium implants after four weeks of
healing.4, 19

Remodeling and bone healing
Such observations are explained by remodeling

processes. Related to the present case this means the
following: The surgical trauma may cause a necrosis
of the bone extending up to 1 mm around the im-
plant. Only in the cortical areas where osteocytes are
strongly anchored to the bone surface, bone remod-
eling is said to take place. The rest of the transcortical
implant surface is affected by a periimplant necrosis
and bone tissue lysis which is clinically demonstrated
by implant loosening. Four to five months after im-
plantation the remodeling activity has reached its
peak.23 The explanation for bone healing is the com-
bination of osteoconduction (migration of matrix-
synthesizing cells to the implant surface), the for-
mation of new matrix, and remodeling. This com-
bination is essentially determined by the design of 
the implant itself.6 This is why in the case described
the loosened implant (bredent whiteSKY®, bredent,
Senden) at the site of the upper left canine was re-
placed by a zirconia implant of a different design
(zit-z®, ziterion, Uffenheim). Using a bigger implant
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of the same system is also possible. However, at the
time of implantation such an implant was not of-
fered by the manufacturer. How ZrO2 grows into the
bone and the morphologic response of the adjacent
tissue are not conclusively explained in the litera-
ture, neither in themselves nor by a comparison. The
studies quoted also differ in terms of models, types
of animals and raw materials.3, 5,11,13,16, 22, 24 In this
connection some authors discussed the findings of
other studies with their own results and arrived at
the conclusion that zirconia does not negatively af-
fect the cellular reactions.15

Taking X-rays of ceramic implants
An objective evaluation of the bone density or the

quality of the bone directly surrounding the implant
is not possible. Zirconia implants have a striking ra-
diopacity (fig. 20). Zirconia implants can be distin-
guished from natural tooth substance in the X-ray
without any problem. Structures around clinically
“loosened” implants can be identified rather reliably
as radiolucency in the X-ray. In such cases a resorp-
tive zone at the neck of the implant can be clearly
identified. In the X-ray of an osseointegrated implant
no lytic processes can be seen and no soft tissue be-
tween the bone and most of the implant surface. 

Grinding the implants
The zirconia-based ceramic materials used in the

case described are called “medical-grade zirconia”.
Just as other industrially used ceramics, zirconia has
a microstructure that is never free of small cracks or
fissures which can further propagate even under
minor tensile or bending stresses. This process is
called “subcritical crack propagation”.12,14, 20 Even if
exposed to a purely static load, ceramic materials
are showing a “fatigue behavior”. “In the process, a
crack of an initial size of ai will slowly propagate up
to the critical load-depending size ac at which point
an unstable critical crack propagation will be initi-
ated.”21 This finally means implant fracture. What is
special about zirconia is its bending strength and
fracture toughness and its resistance to stress cor-
rosion cracking. In order to estimate the life ex-
pectancy of ceramic implants, it is important to con-
sider the combination of material composition, mi-
crostructure and history of the material.20 In combi-
nation with heat treatment, some types of surface
treatment have an influence on the heterogeneous
phase distribution and the resulting mechanical
properties of the ceramic material.9,17 These include
the implant insertion technique, grinding and the
subsequent fixation of the suprastructure. On the
one hand, this explains the low insertion torque
(max. 35 Ncm) of implantation. On the other, me-
chanical treatment of the surface means that sur-
face crystallites change from the tetragonal to the
monocline phase with a tendency to expand. This

leads to compressive stress in the surface, and the
material gets stronger. Therefore, treating the sur-
face with alumina for surface conditioning and
greater bonding strength makes sense. Some au-
thors think it is inevitable to condition the oral sur-
face of the implant for optimum bonding of the ad-
hesive and the denture.22 Heat treatment above the
transformation temperature causes the monocline
phase to change back into the tetragonal phase, and
bending strength deteriorates. The material be-
comes brittle. Therefore the implant must be pre-
pared with utmost care and maximum water cool-
ing and in one session, if possible. Grinding and heat
may lead to the formation of micro cracks on the im-
plant surface and finally to fracture, but can also
contribute to a more rapid moisture-induced trans-
formation under load.8 In the case described, the
manufacturer had not treated the implant surface
in any way. The internal surfaces of the bridges
and the interproximal surfaces were mechanically
roughened by the dental technician in order to im-
prove adhesive bonding. The adhesion to the me-
chanically untreated ceramic bridge material and
the adhesive bonding of the three bridges in the
mouth actually compensated for the reduced bend-
ing strength of individual implant bridge abutments. 

_Outlook

On the basis of a current literature analysis, zirco-
nia and titanium do not essentially differ with regard
to their capability for osseointegration. Thus, for cer-
tain indications zirconia implants represent at present
a white alternative to titanium implants. If the surface
is further modified, zirconia implants, similar to the
development of titanium implants, can be expected to
markedly enhance their osseointegration properties.
Studies dealing with the improvement of surface
roughness and predictability of osseointegration
processes would be useful. As a result, the current lim-
itation for the indication of ceramic implants to inter-
dental edentulous spaces and single-tooth restora-
tions could in future be extended to include pontic
spans, cantilever situations and edentulous ridges in
cases of intolerance of dental materials._
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