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ABSTRACT

Purpose: The objectives of this radiographic study were to determine to what degree the available residual bone area for
implant placement was underestimated on panoramic radiographs (by comparison with multislice computed tomography
CT/cone beam CT images combined with planning software) and to what degree the rate of severely resorbed posterior
maxillae requiring sinus lift was overestimated on panoramic radiographs (by comparison with planning software in
combination with strategic implant placement).

Materials and Methods: During a 2-year period, every patient who presented for the placement of implants in the posterior
maxilla was examined by three practitioners to discuss the treatment plan. When two to three practitioners indicated a sinus
lift with creation of a lateral window, a CT scan was performed and examined using dedicated three-dimensional software
by a clinician familiar with the Computer Assisted Design/ Computer Assisted Manufacturing (CAD/CAM) implant
placement protocol. For each tooth to be replaced, the presence of anatomical features such as anterior or posterior wall,
palatal curvature, and septa were examined in view of the placement of an 8-mm or longer implant.

Results: One hundred one patients were studied in this case series for the treatment of 135 edentulous spans accounting for
301 missing teeth. After examination of the CT data on the three-dimensional software, 202 teeth (67.1%) could be replaced
using a CAD/CAM procedure; 60.7% of the edentulous spans could be completely repaired by a crown or bridge supported
by implants. In addition, 67.3% of edentulism with no teeth posterior to the span could be completely repaired using a fixed
prosthesis supported by implants.

Conclusion: This radiological study demonstrates that the use of a panoramic exam for oral implant planning in severely
resorbed maxillae overestimates the need for a sinus augmentation procedure when compared with the use of both
three-dimensional planning software and strategic implant placement on small remaining bone volume.
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INTRODUCTION

In severely resorbed posterior maxilla, implant place-
ment posterior to the first premolar requires bone
grafting, a well-documented procedure in the litera-
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and decreased number of dental units. The implant
placement procedure should be either conventional®!
or image guided."? Thus, prior to implant placement, the
radiological exam should highlight the remaining bone
volume. Panoramic radiography is the most commonly
used examination for oral implant placement in the
upper jaw according to the European Association for
Osseointegration guidelines.'” The panoramic X-ray can
provide a sufficient view of the residual crest height
under the sinus floor. For anatomical features such as the
anterior or posterior wall and the septa of the sinus, the
palatal curvature, and the pterygoid process, one must
consider that panoramic image quality is highly depen-
dent on the radiologist’s skill and remains a two-
dimensional image of a three-dimensional volume with
superimposition of anatomical structures that may
make the assessment of the true anatomical situation
surrounding the sinus cavity uncertain.

The objectives of this radiographic study were to
estimate to what degree the available residual bone area
for implant placement was underestimated on pan-
oramic radiographs (by comparison with multislice
computed tomography [CT]/cone beam CT images
combined with planning software) and to what degree
the rate of severely resorbed posterior maxillae requiring
sinus lift using panoramic radiographs was overesti-
mated (by comparison with planning software in combi-
nation with the four aforementioned clinical concepts).

MATERIALS AND METHODS

During a 2-year period, consecutive patients who pre-
sented at the department of oral surgery (University
Hospital, Lyon, France) for the placement of implants in
the posterior maxilla were eligible for inclusion in this
radiographic study.

Primary planning was based on intraoral findings
and standard radiological exams, either an intraoral
or a panoramic radiograph (Cranex Tome®, Soredex,
Tuusula, Finland). When the treatment option decided
by the dental surgeon was sinus elevation with creation
of a window in the lateral antral wall, standard
radiological exams were submitted to three practitioners
who are well trained in implant dentistry. These three
practitioners expressed opinions while blinded to each
others’ observations. Based on this examination, each
practitioner had to decide whether the treatment option
for each edentulous span would be:
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+  Sinus lift by compacting bone using an osteotome
instrument to gain bone volume;

+  Sinus elevation with creation of a window in the
lateral antral wall; and

+  Placement of short implants.

When two to three practitioners indicated a sinus
lift with creation of a lateral window, the patient was
included in the study (Figure 1A). A conventional radio-
graphic guide made of transparent acrylic resin and
radiopaque teeth was made. Axial images via multislice
CT (Somatom Plus S®, Siemens, Erlangen, Germany) or
three-dimensional images via cone beam CT (NewTom
VGI, Verona, Italy) were then made with the radio-
graphic guide in the mouth. The time between the two
radiographic examinations varied from 1 to 3 months.
CT images were then examined using the three-
dimensional Easy-Guide® planning software (Keystone-
Dental, Burlington, MA, USA), by a clinician familiar
with image-guided surgical procedure for the treatment
of resorbed posterior maxilla."” For each tooth to be
replaced, the presence of residual bone was examined.
Implant placement was judged acceptable if an 8-mm or
longer implant could be placed in an upright or tilted
position using a conventional drill set sequence or the
assistance of a guidance template depending on the
prosthetic tooth (Figures 1B and 2).

RESULTS

One hundred twenty-eight patients were examined
during the study period. After the standard exams were
assessed by the three practitioners, 101 patients were
included in this case series for the treatment of 135
edentulous spans (Table 1), accounting for 301 missing
teeth to be replaced by 8-mm or longer osseointegrated
implants (55% males, 45% female; mean age 59 years;
range 41-82 years). After examination of the CT data
using the computerized planning software, 202 teeth
(67.1%) could be replaced (Table 1). The first premolar
could be replaced in 89.3% of cases, the second premolar
in 71.4%, the first molar in 51.8%, and the second
molar in 75.5%. Considering the 135 edentulous spans
(Table 2), 82 (60.7%) could be completely repaired by
crown or bridge supported by implants. A single missing
tooth could be replaced in only 54.1% of cases, while
three and four missing teeth could be replaced in 71.4%
and 72.2%, respectively. If the 92 cases of edentulism
with no teeth posterior to the span are considered, 62
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Figure 1 (A) Panoramic radiography highlighting a very limited amount of bone in the posterior maxilla. Patients were considered
for this study when at least two practitioners indicated a sinus lift with creation of a lateral window. (B) Three-dimensional images
for the placement of an implant on the septa in front of the second molar to avoid a sinus lift.

(67.3%) could be completely repaired by a fixed pros-
thesis supported by implants. The length and diameter
of planned implants ranged from 8 to 12 and 4 to 5 mm,
respectively. Angulations, depending on the location,
ranged from 1 to 46° (Table 3).

DISCUSSION

In this radiological study, the combination of cross-
sectional exams associated with dedicated planning
software instead of a panoramic exam and four clinical
concepts (implant tilting, short implants, reduced
number of implants, and decreased number of dental

units) was used to optimize placement planning for oral
implants in atrophied posterior maxillary. Conventional
placement and an image-guided procedure to handle
small bone volume were considered. To our knowledge,
this is the first report that attempts to quantify the
overestimation of the sinus augmentation procedure
caused by the use of the panoramic exam. Panoramic
radiographs systematically underestimate the avai-
lable remaining bone for implant placement in the
severely atrophic posterior maxillae. The inferiority of
panoramic radiographs, when compared with cross-
sectional images, has already been highlighted for



Figure 2 Implants are planned around the cavity (anterior wall
and palatal curvature, posterior wall), not only on a plane
passing through the cavity.

implant planning. In fact, cross-sectional images associ-
ated with dedicated planning software provide accurate
measurements and predictable planning for both the
number and location of implants to be planned.'*"®
Several aspects have a negative impact on the reliability
of panoramic radiographs. Malpositioning the patient

leads to discrepancies and distortion."” The panoramic
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X-ray is a two-dimensional image of a three-
dimensional volume, with superimposition of neigh-
boring anatomical structures, real or ghost structures,
and shadows of soft tissue and air. Oblique projection
geometry also hampers good visualization. Panoramic
radiographs have an inherent horizontal magnification,
particularly in the upper premolar region, that makes
planning more haphazard and less reliable because of a
variable degree of overlap.

The clinical approach used in this study demon-
strates that bone grafting for implant placement in
the antrum region considered to be severely atrophied
according to the standard radiological exam is not
always necessary. Indeed, we found the prerequisite
anatomical features in 67.3% of the teeth to be
replaced. The vast majority of first premolars and
second molars can easily be replaced without grafting,
while half of the first molars required a graft. When
considering edentulous spans, 60.7% could be com-
pletely repaired with a fixed prosthesis — a crown or
bridges — supported by implants, increasing to 67.3%
when patients had no teeth posterior to the edentulous
section, given that the posterior teeth can take advan-
tage of the posterior wall of the sinus to support a
bridge. This could also be used for the completely
edentulous patient because posterior cantilevers are
considered an option to replace molars.”® In some

TABLE 1 Missing Teeth and Occurrence
Type of Missing Teeth and

Occurrence of Missing Teeth Replaced

% of Missing Teeth Replaced

Occurrence without Graft without Graft
First premolar 28 25 89.3
Second premolar 63 45 71.4
First molar 112 58 51.8
Second molar 98 74 75.5
Total 301 202 67.1

TABLE 2 Number of Missing Teeth, Edentulous Span, and Occurrence

Edentulism Single Tooth 2 Missing Teeth 3 Missing Teeth 4+ Missing Teeth Total

With distal tooth 20 18 5 43

Free posterior 4 40 30 18 92

Completely restored 13 31 25 13 82
(number)

Completely restored (%) 54.1 53.4 71.4 72.2 60.7
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TABLE 3 Distribution of Implants according to Location, Inclination, and Length

Location

Inclination
(Range, Degree)

Implant Length
(Range, mm)

Implant Diameter
(Range, mm)

Anterior wall
Septa

Palatal curvature
Posterior wall
Buccal curvature

Combination of anterior wall and palatal curvature

1 to 36 8to 12 4to 4.3

7 to 26 8 to 10 4to5

9 to 32 10 to 12 4t05
17 to 24 10 4t05
29 to 46 10 4t05
16 to 31 10 410 4.3

situations, not replacing the second molar can also be
considered an option.*!

Three-dimensional analysis outperforms the plan-
ning procedure because the surgical strategies are differ-
ent when they are planned with standard radiographic
exams or when they are planned with dedicated three-
dimensional software. Implants are planned throughout
the sinus cavity, not only on a plane passing through the
cavity (Figure 2). Indeed, with intraoral radiography or
a panoramic view, the modalities used in this clinical
study, the practitioner cannot evaluate the complexity of
the bone volume, because the data are presented in a
two-dimensional format that superimposes the different
structures.'® Neither small bone volume nor their par-
ticular orientation can be properly assessed by the prac-
titioner. To analyze large cavities such as the maxillary
sinuses, CT is more appropriate. Jacobs and colleagues'’
have demonstrated that the use of dedicated three-
dimensional software outperforms the analysis. With
dedicated three-dimensional software, the orientation of
reformatted slices is chosen by the practitioner to match
the clinical need. On the contrary, either axial or refor-
matted slices provided by the radiologist are displayed
in a pre-calculated orientation, perpendicular to the
native axial slices. Ideally, reformatted slices should pass
through the implant axis that matches prosthetic request
and the available bone. Thus, it should highlight a small
amount of bone if such is the case. Because different
levels of atrophy are frequently present in the same area
of the posterior maxilla, we often choose the lowest
value in terms of width and height to classify the defect
and treat it. Contrary to CAD/CAM guidance, the
highest value of remaining bone in this bone volume has
to be taken into consideration for the treatment strategy.
This reduces the need for additional surgery such as
grafting.

The use of the aforementioned anatomical features,
except the septa, has already been described.®!" This
paper presents the addition of software that can accu-
rately analyze the three-dimensional bone volume and
image-guided procedure that provides accurate guid-
ance during the implant placement process to take
advantage of a possibly limited amount of bone. An
image-guided procedure reduces the invasiveness of the
surgical procedure. It is not necessary to raise a flap or to
insert a straight probe on the sinus to visualize the sinus
wall.® Furthermore, it allows the surgeon to take advan-
tage of the septa and palatal curvature, an option that is
not routinely described in conventional procedures. The
septa are sometimes intact: 31.7% of sinus floors with
at least one septum were observed by Ulm and col-
leagues™. Most septa are located in the region between
the second and the first premolar, with a mean height of
7 mm. With the image-guided procedure, the septa are
no longer considered a possible complication but rather
an advantage.

The radiological data obtained within this study
must now be confirmed in long follow-up clinical
studies. In fact, implant placement in limited residual
bone volume also requires reducing the length and
number of implants, and angulating them. There is evi-
dence that these clinical concepts are effective solutions.
Placement of short implants has been described as a
valuable alternative to sinus grafting.'>'**»** In this
study, short implants were planned for the anterior wall
and the septa.

With the procedure proposed in this paper, implants
are often tilted, which does not seem to be a drawback
because preliminary studies on tilted implants have
indicated a high survival rate.'>* The tilted implant
employing the anatomical features of the arch has the
advantage of expanding the prosthetic base of the arch.



Also of interest with regard to this treatment proto-
col is the need to reduce the number of implants. There
is evidence that two implants used to support three-
unit fixed partial dentures are an effective solution for
a limited edentulous span.**** Completely edentulous
patients need to have six to eight implants placed.

With regard to the reduced number of dental units
to be replaced, it seems that a missing second molar does
not interfere with the patient’s functional and aesthetic
needs.'"?!

The advantages of strategic implant placement
to avoid a sinus augmentation procedure should be
weighed against the need for cross-sectional images
incurring radiation and the extra cost involved, as well
as, in some situations, the use of image-guided surgery.
Because only 60.7% of cases could be completely
restored, the choice of the most effective surgical plan
remains controversial, but the more teeth that need
replacement, the more advantages strategic implant
planning can offer. In fact, two-thirds of sinus augmen-
tation procedures can be avoided in cases of at least
three missing teeth (Table 2). It should also be added
that the use of radiographic guides, templates, and
computerized planning software is recommended for
complex cases.””” For one missing tooth, it seems that
the sinus augmentation procedure with immediate
implant placement when possible is the most appro-
priate solution because CT exams are not required.
Although further investigations are necessary, particu-
larly to determine the implant survival rate, the aes-
thetic outcome, and the use of a minimal amount of
bone that can be expanded, the advantages of this
surgical method as a therapeutic option are clear: it
reduces surgical and treatment duration by eliminating
the graft healing period, it reduces patient and practi-
tioner discomfort and risk of morbidity resulting from
the need for bone harvesting if autogenous bone is
used, it reduces the cost, and it should increase patient
acceptance, particularly for severely resorbed posterior
maxillae if the bone has to be harvested in the iliac
crest under general anesthesia.

CONCLUSION

This radiological study demonstrates that the use of a
panoramic radiological exam for oral implant planning
in severely resorbed maxillae overestimates the need for
a sinus augmentation procedure when compared with
the use of both three-dimensional planning software
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and strategic implant placement when there is little
remaining bone volume. This clinical procedure reduces
the duration of surgery and treatment by eliminating
the graft healing period, thus reducing the cost of treat-
ment, patient and practitioner discomfort, and risks of
morbidity. It should also increase patient acceptance,
particularly if donor bone would otherwise have to be
harvested from the iliac crest under general anesthesia.
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