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ABSTRACT

Aim Zygomatic implants are mainly indicated for the
rehabilitation of extremely atrophic maxilla when bone
augmentation should be avoided. One disadvantage of zygomatic
implants, which typically pass through the sinus, is initial or late
bone resorption around the implant neck, which can result in oro-
antral communications followed by possible sinusitis. To decrease
the risk of sinus infection, a modified technique was developed to
preserve the integrity of the sinus membrane and to regenerate
bone around zygomatic implants through an extended sinus
augmentation approach without bone grafting.

Case report This case report describes the treatment of a
53-year-old female patient who was completely edentulous
in the upper and lower jaws and was wearing a complete
removable denture. The patient’s chief complaint was related to
the removable prostheses and she asked for a fixed rehabilitation.
The patient was treated with zygomatic implants in the upper
atrophic maxilla and with 4 intra-foraminal implantw in the
mandible with the immediate loading procedure according to the
BARI Technique.

Conclusion This approach permitted to deliver two fixed, screw-
retained, implant-supported fixed prostheses to the patient.

KEYWORDS Immediate loading; Maxillary sinus
augmentation; Zygomatic implants.
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INTRODUCTION

The implant-supported rehabilitation of upper and lower
edentulous jaws has been extensively documented with
excellent outcomes and long-term follow up (1-4). Those
treatments can be applied on ideal anatomical conditions
and permit to deliver to the patient screw-retained or
cemented fixed complete prostheses. In cases of severe
atrophy in the maxilla the treatment plan often includes
additional surgical procedures in order to augment the
bone volume and to allow a proper implant insertion.
Several procedures have been proposed such autologous
bone block grafts harvested intra and extraorally, inlay-
onlay grafting procedures or interpositional grafts
in combination with Le Fort | osteotomy (1, 5-13). In
the most challenging cases the association of Le Fort |
osteotomy and iliac crest grafts has shown predictable
results, although it is considered to be a highly demanding
technique for the patient because of its invasiveness (7,
14, 15).
An alternative procedure is the use of zygomatic implants.
In 1999 Per-Ingvar Branemark and colleagues introduced
the zygoma implant concept (16) and widely documented
it in several studies (17-23). The main advantages of this
approach are as follows.
1. Donor site morbidity is reduced or avoided altogether.
2. Treatment time can be remarkably reduced or
eliminated entirely in cases of immediate loading.
3. Bone graft survival and consolidation are not
considered.
4. The total number of implants to support the prosthesis
is reduced.
5. The treatment is more affordable and less invasive
than alternative treatments.
Totally edentulous patients often require complex
prosthetic procedures in order to fabricate a valid
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FIG.3

rehabilitation from both the functional and the aesthetic
points of view. The use of interim provisional dentures
before implant placement could be useful in order to
determine the correct intermaxillary relationships (24).
The BARI technique permits to transfer the informations
obtained during the diagnostic phase to the final
restoration (25).

The aim of this paper is to report a case of edentulous
maxilla and mandible with severely resorbed maxilla
and posterior mandible. The patient was treated with
zygomatic implants in the upper atrophic maxilla and
with four intra-foraminal implants in the mandible with
the immediate loading procedure according to the BARI
Technique (25). The zygomatic implants were placed in
conjunction with maxillary sinus augmentation without
bone grafting; this modified technique was developed
to preserve the integrity of the sinus membrane and to
regenerate bone around zygomatic implants using an
extended sinus augmentation approach without bone
grafting.

This approach permitted to deliver two fixed, screw-
retained, implant-supported fixed prostheses to the
patient.

CASE REPORT

The patient presented to the Multidisciplinary Department
of Medical and Dental Specialties, Oral and Maxillofacial
Surgery Unit, AOU, University of Campania (Naples, Italy).
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FIG. 1A, 1B Insufficient labial support in front and
lateral view. FIG. 2A, 2B Intraoral view of the upper
and lower jaw. FIG. 3 Pre-operative OPG.

The principles outlined in the Declaration of Helsinki have
been followed (26). The patient signed the informed
consent form. At the moment of the first visit she was 53
years old and in good general health without any disease
that could affect treatment.

The patient was completely edentulous in the upper
and lower jaws and was wearing a complete removable
denture. Her chief complaint was related to the removable
prostheses and she asked for a fixed rehabilitation (Fig.
1A, AB).

The diagnostic phase started with facial analysis according
to Arnett, in order to evaluate facial and lip support of
the prosthesis, upper lip length and position, maxillo-
mandibular relation (Angle's <class), tooth display at rest
and during smile (27,28). Phonetic tests were also carried
out (29-32) (Fig. 2A, 2B).

Intra-oral examination with careful evaluation of the
relationship between the arches in the sagittal, vertical
and transverse dimension was performed. Radiographs
(panoramic and lateral x-rays) were also performed (Fig. 3).
These analyses showed a severe atrophy in the maxilla and
in the posterior mandible. The patient's prostheses were
incongruous because of the loss of vertical dimension,
probably because of the wear occurred during the years.
The tooth display in the maxillary arch was insufficient.
The initial treatment plan included the fabrication of
two new provisional, removable, complete maxillary
and mandibular prostheses according to the diagnostic
removable rehabilitation approach (24). The aim was to
modify the occlusal and inter-arch relationships in order
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FIG. 4H FIG. 4l

FIG. 4A-4C
VD detecting.

FIG. 4D-4G
Lip support and final
complete denture.

FIG. 4H-4L
Complete dentures
in front and lateral
view.

FIG. 4M

FIG. 4M-4N
smile exposure
before and after
prosthodontic
treatment.

FIG. 4N
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FIG. 4L

to achieve improved aesthetics and function, modifying
the length and the inclination of maxillary and mandibular
incisors, the occlusal plane and the position of the first
lower molar. The use of these interim removable dentures
also allowed the soft and hard tissues management.

The provisional prostheses were used not only to provide
the patient with acceptable function and aesthetics until
the delivery of the definitive prostheses, but also had a
“diagnostic” function and could be modified several times
until a satisfactory aesthetic and functional result could
be obtained with balanced inter-arch relationship. All
the phonetic, aesthetic and functional parameters were
assessed again with the diagnostic protheses before
implant placement. Then the definitive prosthesis could
be the copy of the provisional, but with a different and
more durable material.

Initial alginate impressions were taken and individualized
impression trays were built with a self curing resin (SR
Ivolan). The flanges of the customized impression trays
were functionalized with a polyether material usually
used for fixed prostheses impression, but also appropriate
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FIG. 5 X-ray
stent.

FIG. 6C

FIG.6D

FIG. 6C,6D (B CT 3D, treatment plan configuration of the
upperand lower jaw.

for this purpose (Impregum, 3m Espe) (33).

Baseplates with wax registration material were built and
the face bow recorded in order to mount the maxillary
cast on the articulator. The intermaxillary relations were
established and recorded according to the phonetic,
aesthetic and functional tests and the lower arch coupled
with the upper one (29-31,34) (Fig. 4A-N).

After two months a radiopaque acrylic resin copy of
the prosthesis was fabricated and used to perform a
3D radiographic evaluation with a software designed
for surgical navigation (Nobel Clinician, Nobel Biocare,
Sweden) (Fig. 5). The double scan protocol was used
for radiographic acquisition of the patient and denture
data, then superimposed using the radiopaque spheres
embedded in the prosthesis' replica for reference. This
step of the treatment allows to determine the position of
the implants that should be the best possible according to
the prosthetic project, and allows to evaluate the amount
of available bone in the planned implant sites. The CT scan
showed a severe atrophy of the jaws, especially of the
maxilla. Since the patient expressed her desire to receive
a fixed prosthesis, two options were evaluated for the
maxillary arch: extensive bone grafting and subsequent
implants placement or zygomatic implants that could
avoid the need of bone grafting. The patient and the
dental team together chose the zygomatic implants option
because of the reduced treatment time and the relatively
low morbidity if compared with extraoral grafting.

The treatment plan included also a fixed prosthesis in
the mandible supported by four implants placed in the
interforaminal area (Fig. 6A-6D).

Surgical procedure

Surgery in the maxilla started with a mid-crestal incision
and the elevation of a full thickness muco-periosteal
flap. Access to the maxillary sinuses was performed by
means of osteotomies of the lateral wall of the sinuses.
A careful elevation from the floor and medial dislocation
of the sinus membrane were performed with appropriate
instruments to allow a conservative approach (Fig. 7A-7B).
Once that both sinuses were identified and preserved, the
osteotomies for zygomatic implants were performed. The
surgical template was used in each surgical step so as to
verify the consistency of implant site preparations with the
prosthetic project. The lateral window and the subsequent
elevation from the floor and medial dislocation of the sinus
membrane were extended to the superolateral aspect of
the maxilla of the planned implant sites in the zygomatic
bone. This prolonged lateral window was helpful during
surgery for determining the orientation of implants
within the zygoma and the maxillary sinus. After the
sinus membrane was elevated and adequately dislocated,
initial access into the zygomatic bone was obtained with
a round bur. Depending on the quantity and quality of
existing bone, the optimal positions for the implants in the
regions of the second premolar and the first molar were
defined. The angulations of the implants were checked to
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FIG. 7A Lateral bone window osteotomy using FIG. 7B Conservative elevation from the floor
piezosurgery. and medial dislocation of the sinus membrane.

confirm that they fit within the provisional prosthesis. The
exact position of the tip of the implant in the zygomatic
arch was marked with a round bur after the sinus window
had been prepared. Subsequently, different drills with
increasing diameters were used to prepare the sites for the
insertion of the zygomatic implants (Nobel Biocare). The
precise implant lengths were determined by the use of a
special depth gauge. The exact positions of the Branemark
System Zygoma TiUnite (Nobel Biocare) were: site 1.5, 1.3,
2.3 and 2.6. All the implants were 4 mm of diameter (Fig.
8). The lengths were 4.75 mm in region of 1.3 and 2.3; 4.25
mm in region of 1.5 and 2.6. The angular (17°) Multi Unit
Abutments (3 mm height) were placed on the implants. At
the end of the surgical session, prosthetic procedures for
immediate loading were performed (Fig. 9A).

FIG. 9B Upper
Prosthetic procedure surgical and
The master models, already mounted on the articulator, prosthetic stent

were excavated using the one-model technique (34). in occlusal view.
Then, two plates with three occlusal stops were built from
the master model in order to record the implant position.
These plates were to be stabilized by the closure of the
patient against three occlusal stops (without interfering
with the prosthetic components) according to the BARI
technique (25) (Fig. 9B-9C).

After the placement of 4 zygomatic implants (Nobel
Biocare) and angulated multi-unit abutments, impression
transfers were screwed on the implants. An acrylic resin

(Pattern Resin, GC America) was used to connect the FIG. 9C Surgical

transfers to the previously realized plates (Fig. 9D-9F). A and prosthetic
new set of impression transfers was then placed on the stent in CR in
implants and connected among them, thus creating a frontal view.

"verification jig".

Implant analogues were connected to the transfer
embedded in the plates. The plates then allowed
repositioning of the analogues in the excavated master
models, already mounted in the articulator as previously
described. The analogues were blocked into the casts with
IV grade plaster stone (Fujirock EP, GC Europe, Leuven BE).
When the stone was set, the plates were removed. The
second set of transfer connected with resin was used to
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FIG. 9D An acrylic resin was used to connect
the transfers to the previously realized plates;

lateral view. occlusal view.

FIG. 10A

FIG. 10D

FIG. 10E

check the position of the analogues and to avoid possible
errors (Fig. 9F).

All information previously recorded regarding inter-arch
relationships could be used for the implant-supported
rehabilitation. The provisional diagnostic phase with the
removable dentures was carefully performed and with a
great effort to find the correct inter-arch relationship.
With the described procedure no information was lost.

Immediate loading

At this point it was possible to deliver the restorations
2 days after surgery (immediate loading). Titanium
abutments were used. A metallic framework was casted
and luted to the abutments with anaerobic cement
(Panavia SA Cement - Kuraray, Tokio, Japan). The second
set of prosthesis was excavated and positioned onto the
metallic framework in order to verify its passive fit. The
framework and the prosthesis were connected with the
resin for removable dentures and then the prosthesis
extension was reduced removing parts of the flanges.

FIG. 9E An acrylic resin was used to connect
the transfers to the previously realized plates;

FIG. 9F A new set of impression transfers was
then placed on the implants and connected
among them, thus creating a “verification jig.

FIG. 10A-10C
Prosthesis
delivered 2 days
post-operatively.

FIG. 10C

FIG. 10D-10F
Two months
post-operatively.
The pictures in
the right show
the radiographic
control in PA and
LLviews.

FIG. 10F

Finally the prostheses were polished. At the end of this
procedure the upper removable denture was transformed
in an implant-supported, screw-retained fixed prosthesis.
Two days after implant placement the prosthesis was
delivered to the patient, tightening the screws at 10 N/
mm. The care taken in the procedures of information
transfer allowed to avoid major occlusal adjustment at
the moment of delivery and to maintain the aesthetic
and functional conditions already extensively tested for
several weeks in the patient's mouth (Fig. 10A-10F).
Sutures were removed 11 days after surgery.

Two months later, four implants were placed in the
lower arch in the interforaminal area, so as to respect
the recommended ratio between the distal cantilever
of the prosthesis and the length between the implants
(36). The two distal implants were placed in a tilted
position according to the All-on-four protocol (37). A
crestal mucoperiosteal incision was performed with two
releasing incisions at the distal ends of the crestal cut.
A full thickness flap was raised and mental foramina
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FIG. 11 Delivered of the lower jaw prostheses 2
days later post-op.

were isolated with special care in order to avoid any
neuro-sensory damage. The knife-edge portion of the
bone crest was removed with the aid of a relatively large
bur mounted on a straight low-speed handpiece, under
abundant irrigation. When a sufficient bone width in
order to place reqular sized implants was achieved, the
bone was drilled at the center of the mandible so as to
create a bed for positioning the surgical template. Implant
site preparations were performed and four 13 mm long
implants with 4 mm of diameter with external connection
were placed (Nobel speedy, Nobel Biocare, Sweden). The
two distal implants were distally tilted (Fig. 11).
Multi-unit abutments (30° of angulation and 3 mm
of height) were connected to the implants in order to
compensate the different implant inclinations. Impression
were taken and a fixed hybrid prosthesis was delivered 24
hours after surgery, following the same prosthetic steps
described for the upper arch.

Sutures were removed after 8 days. Follow-ups ensued at
30 and 60 days and a lateral radiograph was taken at the
end of treatment (Fig. 12A-12C). The patient was enrolled
into the maintenance program with professional hygiene
session every 6 months.

DISCUSSION

Zygomatic implants could be an excellent solution for the
rehabilitation of patients with severe maxillary atrophy.
This treatment option can reduce the complexity of the
treatment and certainly shortens treatment time.
Traditionally, extremely atrophic maxillae, when standard
implants cannot be inserted because of severe bone
resorption, have been treated with dentures or fixed
prostheses supported by implants placed in augmented
bone.

Denturesare associated with different morbid (stomatitis,
traumatic ulcers, and irritation-induced hyperplasia) and
psychological alterations (depression), as well as social
problems (38, 39).

Grafting  procedures, including maxillary  sinus
augmentation, onlay bone graft, and apposition graft
with or without Le Fort | osteotomy, were commonly
used, showing success rates between 60% and 90%
(40-47). However, the need for a multi-staged approach,
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FIG. 12A 24 months later.

FIG. 12B 24 months later.

FIG. 12C OPG 2 years after treatment.

the increased risks of potential intraoral and/or extraoral
complications, high level of bone resorption after bone
graft, and increased operating time as well as costs, has
induced clinicians to seek alternative treatment options
for these patients. For these reasons, the development
of treatment alternatives is welcomed by patients,
especially when immediate implants function is possible
(48, 49).

The relationship between zygomatic implants and
maxillary sinus is still controversial; the most common
complication is maxillary sinusitis, appearing in 8 of 15
studies published in the literature, with a frequency of
1.85% to 18.42% (50-56). The highest percentage of
sinusitis was presented by Kahnberg et al. (55), whose
series included 14% of patients with prior sinus disease.
Zygomatic implants are mainly indicated for the
rehabilitation of severely atrophic maxilla when bone
augmentation should be avoided. One drawback of
zygomatic implants, as they pass through the sinus,
is initial or late bone resorption around the implant
neck, which can result in oro-antral communications
followed by possible sinusitis. To decrease the risk of
sinus infection, a modified technique was developed
to preserve the integrity of the sinus membrane and to
regenerate bone around zygomatic implants using an
extended sinus augmentation approach without bone
grafting. For these reasons the authors preserved the
Schneider's membrane during surgery for zygomatic
implant placement.

Edentulous subjects lack occlusal reference and thus a
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FIG. 13A Cephalometric analysis before surgery.

FIG. 14A Cephalometric analysis 2 years after treatment.
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FIG. 13B, 13C Preoperative Steiner and Ricketts cephalometric parameters.

correct recording of intermaxillary relations and a correct
evaluation of the vertical dimension should be carried
out by means of phonetic, aesthetic and functional tests
(29-31). In the present case, the cephalometric study
showed a slight increase in the parameters evaluating
the vertical dimension when comparing the initial and
the final situation. These changes in the cephalometric
parameters were expected as a consequence of the
increase of the prosthetic height (Fig. 13-16).

The case reported required an extended diagnostic
phase with removable prostheses (diagnostic prostheses)
that could be modified several times until a correct
mandibular position, with pleasant aesthetics and
comfortable phonetics, could be found.

It is clear that the whole process was time-consuming
and therefore it was important for the authors to keep
information acquired so as to deliver the final restoration
with no delays and without repeating part of the work
alredy done. This is the reason why the authors used this
information transfer technique, originally developed
for standard osseointegrated implants, for zygomatic
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FIG. 14B, 14C Postoperative Steiner and Ricketts cephalometric parameters.

FIG.15B

FIG. 15C FIG.15D

FIG. 15A, 15D Clinical front view. Up: Preoperative vertical dimension in
the patient in static and dynamic phase. Below: Postoperative vertical
dimension in the patient in static and dynamic phase.
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FIG. 16B

-

FI1G. 16C FIG. 16D
FIG. 16A, 16D Lateral and oblique view of the face. Left: Preoperative;
Right: Postoperative.

ones. Through this approach, after diagnosis was
performed, all the informations could be maintained
and a definitive implant-supported restoration could be
manufactured based on the diagnostic denture. The use
of these diagnostic dentures to record the facebow and
to mount the models on the articulator as well as the
use of resin plates to transfer the implant position into
the excavated models, guarantee that inter-maxillary
relationships are not lost. When the implant analogues
are embebbed in the master models and the inter-
maxillary registration is maintained, it is easier for the
clinician and the technician to achieve the work with
precision and rapidity.

CONCLUSION

The present paper describes a possible approach to
the rehabilitation of totally edentulous patients with
extremely resorbed alveolar crests. This approach mainly
consist of the following characteristics.

- The use of diagnostic prostheses before implant
placement, which could be modified several times
until the treatment objective is reached.

- The use of zygomatic implants, that are a suitable
alternative for implant placement in cases with
severe posterior maxillary atrophy, and the proposed
lifting of Schneider's membrane of the maxillary
sinus from the floor as well as the medial dislocation
to place zygomatic implants may decrease the risk
of biologic complications, in contrast with traditional
zygomatic implant placement.

- The BARI technique allows a simplified transfer of
information from the diagnostic dentures to the
fixed implant-supported rehabilitation.
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