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C L I N I C A L P R A C T I C E

The presence of a pneumatized maxillary sinus is
often a contraindication to the placement of
osseointegrated implants in the posterior maxillary

segments without prior surgical procedures, such as onlay-
type maxillary ridge augmentation,1 sinus lift techniques2,3

and the less invasive osteotome technique.4 These tech-
niques have yielded good success rates, although many
patients are hesitant to undergo them because they are
perceived as invasive.5,6 In the case of the sinus lift, compli-
cations may occur,7,8 and the 2-stage technique that is often
employed lengthens treatment time by 6 to 12 months (the
period needed for the bone graft to be incorporated).
Patients are more likely to accept overall treatment that
avoids the need for a sinus lift.

Case Report
An 81-year-old woman presented with a request for

placement of osseointegrated implants in the second
premolar and molar sites of the right maxilla. She was
taking medication for hypertension (irbesartan), hormone
replacement therapy (conjugated equine estrogen) and
osteoporosis (etidronate). She had smoked for 35 years but
had quit 25 years previously. All teeth on the right maxilla
other than the central incisor had been missing for 20 years.
Eleven years previously 2 implants had been placed in the
right lateral incisor and cuspid positions (Fig. 1). The
implant in the maxillary right cuspid location was angu-
lated distally, which prevented future placement of an
implant in the first premolar site (Fig. 2). The implants had
been placed in the existing ridge, which had subsequently

Intentional Angulation of an Implant to Avoid
a Pneumatized Maxillary Sinus: A Case Report

• Terry J. Lim, DMD, Dip Prostho, FRCD(C) •
• Anna Csillag, DDS, Dip Oral Rad, FRCD(C) •

• Tassos Irinakis, DDS, Dip Perio, MSc •
• Adi Nokiani, BSc, DMD •

• Colin B. Wiebe, DDS, Dip Perio, MSc, FRCD(C) •

A b s t r a c t
This case report describes placement of an implant in the posterior maxilla so as to avoid a pneumatized sinus and
also to avoid the need for a sinus lift procedure. An 81-year-old woman presented with an edentulous span in the
upper right posterior maxilla. She had been missing teeth in this area for many years, and there was a combination
of resorption of the alveolar ridge and pneumatization of the maxillary sinus. Eleven years previously, implants had
been placed anterior to this region, but the patient was told that implants could not be placed posteriorly unless a
sinus lift was done. At the time of the current presentation she was still unwilling to undergo a sinus lift procedure
but wanted to know if implants could be placed in the posterior right maxilla. A tomogram obtained with a radi-
ographic stent in place indicated that there was insufficient bone height to allow placement of implants at the usual
angulation without a sinus lift. Therefore, to avoid the need for a sinus lift, 2 implants were placed with palatal angu-
lation as guided by a tomographically determined surgical stent. The treatment planning and surgical and restora-
tive techniques are reviewed here. A postoperative tomogram was obtained to determine the final position of the
implants. The outcome has been favourable for the patient and the clinicians. In situations where there is sufficient
palatal bone medial to the maxillary sinus, placing implants at an angle may prevent the need for a sinus lift proce-
dure, assuming that proper development of an occlusal restorative scheme is possible.
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resorbed; the result was palatal positioning that necessitated
an angled abutment to restore the teeth in non-crossbite
occlusion. The metal of the abutments were apparent when
she smiled, although she was not concerned about this
esthetic compromise. The implants in sites 12 and 13 had
been restored by splinting them together and adding a
cantilever pontic at site 14.

The patient was happy with her previous implant ther-
apy but desired more posterior teeth on the right maxilla.
At the time of the initial implant treatment she had been
told that posterior implants could not be placed unless a
sinus lift was done first. She had declined the sinus lift at
that time and had proceeded with the site 12 and 13
implants. She was now hopeful that new types of implants
or techniques might allow her to have posterior teeth with-
out undergoing a sinus lift. Tomography performed with a
radiographic stent in place revealed 4 to 6 mm of vertical
bone height from the crest of the ridge to the floor of the
sinus. Interestingly the tomograms also showed a thick
palatal wall from the medial wall of the sinus to the hard
palate, and it was decided to use the palatal bone rather
than elevating the sinus (Figs. 3a to 3c).

Preoperative Evaluation
A radiographic stent with gutta-percha markers was used

for the tomographic scan. The most incisal point of the

gutta-percha marker over the desired implant site was used
as a reference point (Fig. 4). To accommodate the implant
into the medial wall of the sinus, angulation of 31° for the
tooth 15 implant and 30° for the tooth 16 implant was
necessary. A protractor was used to draw lines on the stent
at the necessary angles for each corresponding marker. A 2-
mm twist drill (Nobel Biocare, Göteborg, Sweden) was
then used to hollow out the stent at the necessary angles.
The surgeon could then use the predrilled angles in the
stent to guide both the pilot drill and the 2-mm twist drill.

A Comm-Cat IS-2000 complex-motion tomographic
unit (Imaging Sciences International, Hatfield, Pa.) was
used for tomographic evaluation of the area of missing
teeth 14, 15 and 16. A tomographic stent with gutta-percha
markers intimately adapted to the buccal surfaces of the
teeth at the proposed sites of implantation was in place
during the imaging. A maxillary vertex view was obtained
and scanned into the computer. This initial image of the
maxillary vertex, along with scout images, helped in select-
ing the angle of the cross-sectional cuts to yield accurate
anatomic information. Special care was taken to align the
tomographic plane (layer) perpendicular to the alveolar
process.

Slice thickness was set at 2 mm for the cross-sectional
images and 15 mm for the sagittal (reference) views. The
magnification was 26% throughout (Grossman technique).

Figure 1: Implants placed in the site 12 and
13 region of an 81-year-old woman 11
years previously. The angled abutment was
an esthetic concern, and there was a
cantilever pontic at site 14.

Figure 2: Periapical radiograph of the site
13 implant, which is distally angulated into
site 14. A grid shows lack of bone height at
sites 15 and 16.

Figure 3a: Diagram of the bone located
inferior to the right maxillary sinus.

Figure 3b: Diagram of the traditional sinus
lift procedure.

Figure 3c: Diagram of the implant
angulation strategy employed in this case to
avoid a sinus lift procedure.

Figure 4: Radiographic and
surgical stent. The drill is
positioned at 31°.
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Hypocycloidal motion was used for both the cross-sectional
and sagittal views. During scanning, a cross-sectional tomo-
gram was obtained every 3 mm through the area of interest.
The tomograms were traced, and height and width were
measured for each individual slice. The height measure-
ments were performed in the axial inclination as indicated
by the tomographic markers (5.5 to 8.5 mm through the
scanned area). The tomograms revealed that the cortices
were well defined and of nearly uniform thickness. The
cancellous bone was of relatively lower density, consisting of
smaller marrow spaces and a regular trabecular network.

The extent of the maxillary sinus was evaluated in the sagit-
tal plane and in the bucco-palatal direction. This structure
appeared to occupy the buccal portion of the alveolar process,
with sufficient bone remaining between the medial part of the
maxillary sinus and the palatal aspect of the alveolar process.

Mild thickening of the mucosal lining, parallel to the floor of
the maxillary sinus, was noted; this was most likely of infec-
tious or allergic origin. No significant buccal or palatal resorp-
tion of the alveolar process was observed, and the alveolar
process was 11 to 13 mm wide in the area of interest.

Surgical Procedure
A full-thickness crestal incision was made from site 14

distal to the 17 area, with small releasing incisions to the
buccal and palatal surfaces (on both the mesial and distal
extent of the flap; Figs. 5a and 5b). The palatal flap was
held in a retracted position by a suture that encircled a
bicuspid on the left maxilla. The radiographic stent was
positioned, and a round bur was used to start the
osteotomy; the standard 2-mm twist drill was then used in
the Brånemark implant system (Nobel Biocare). A standard
osteotomy was prepared with the pilot drill and 3-mm twist

Figure 5a: With the surgical stent in place,
the osteotomy was performed according 
to angulation determined from the
tomograms.

Figure 5b: Insertion of the implant. Figure 6a: Pretreatment tomogram of site 15.

Figure 6b: Post-treatment tomogram of 
site 15. There is minor penetration at the
superior extent of the implant.

Figure 6c: Post-treatment tomogram of 
site 16.

Figure 6d: Final periapical radiograph
before restorative treatment was initiated.

Figure 7: Angulation of pick-up impression
copings used to create the master cast.

Figure 8: Final prosthesis 6 months after
placement.
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drills, along with direction indicators and depth gauges.
Two Brånemark Mark III implants (11.5 mm × 3.75 mm
diameter; Nobel Biocare) were placed at sites 15 and 16.
Bone quality was classified as type 3. Cover screws were
placed, and the incision was closed with interrupted 4-0
sutures. The patient attended postoperative appointments
at 3 weeks and 2 months. At 4 months the implants were
uncovered and 3-mm healing abutments were placed.

Before the restorative phase of treatment was initiated,
new tomograms were obtained to confirm the position of
the implants relative to the maxillary sinus and the palatal
wall. The scanning parameters for the postsurgical tomo-
graphic evaluation were the same as for the initial evalua-
tion. Both implants appeared to be well integrated, with no
perifixtural bone loss. The implants were positioned at a
palatal axial inclination, between the inferior and medial
wall of the maxillary sinus and the palatal cortex of the alve-
olar process (Figs. 6a to 6d). The most superior part of the
implant at site 15 appeared to have minor penetration into
the air space of the maxillary sinus, but no mucosal reaction
was noted at the site of perforation.

Restorative Procedure
Because of the severe angulation of each implant (31°

from the long axis of the marker), an initial transfer impres-
sion was taken, with transfer impression copings (3i
Implant Innovations Inc., Palm Beach Gardens, Fla.) being
used to locate the implants. A custom tray was then fabri-
cated and a final pick-up impression, with pick-up impres-
sion copings (3i Implant Innovations Inc.), was used to
create the master cast (Fig. 7). Custom abutments were
used to correct the angulation, which was then tried in to
verify implant position intraorally and the positions on 
the master cast. A pattern resin index (GC Corporation,
Tokyo, Japan) was used to maintain the relation between
the 2 custom abutments. After verification of the fit of the
abutments, a new occlusal registration was taken, and final
crowns, consisting of porcelain fused to metal, were 
fabricated. The prosthesis was tried in and then cemented
in with TempBond (Kerr Corporation, Romulus, Mich.)
(Fig 8).

Conclusions
The posterior maxilla often loses horizontal bone from

the buccal aspect, this resorption being most evident in the
first year after extraction of the teeth and slowing there-
after.9,10 As a result, the maxilla may develop a crossbite
tendency with the existing mandible, which may create
problems for development of the final occlusal scheme
during definitive restoration. The success of using angu-
lated abutments in this situation is well established.11,12 In
the case reported here, angulated abutment and cemented
crowns were used to correct the 31° angulation of the 2
implants.

The osteotome technique requires sufficient initial bone
height and seems more appropriate for single implants. In
this case there was probably sufficient bone height for initial
fixation. However, the osteotome technique was not used
because the 2 implants were being placed adjacent to one
another and the more vertical angulation of the implants,
combined with the palatal direction of maxillary bone
resorption, would have necessitated facial correction, as was
the case for the previously restored site 12 and 13 implants.

The positioning of the 2 implants was planned so that
the head of each implant exited the alveolar ridge near the
functional cusps of the mandibular teeth. Correction of the
31° angulation of the implants allowed the crowns to be
fabricated such that a crossbite was avoided. Although
appearance was not of major concern to the patient, the use
of custom abutments yielded superior esthetic appearance
anteriorly (relative to the original fixed-bridge implant).
The custom abutments also eliminated the access hole 
that is used in screw-retained restorations. The use of the
angulated implants also helped the patient to accept the
treatment because it addressed her desire to avoid intrusion
into the right maxillary sinus with either a sinus lift proce-
dure or the osteotome technique. Although the osteotome
technique can be effective, the angulated implant in the
medial wall of the sinus offers both the surgeon and the
prosthodontist an alternative to traditional implant place-
ment in this location. C
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