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	 Background:	 The aim of this study was to simulate implant placement in the maxillary sinus septum, as a potential alterna-
tive site to avoid sinus grafting.

	 Material/Methods:	 One hundred partially or completely edentulous patients, with their maxillary sinus septum present in the 
edentulous region, were selected from the database of the Department of Maxillofacial Surgery, Cliniques 
Universitaires Saint Luc, Bruxelles, Belgium.

		  Three-dimensional (3D) reconstructions were created using 3D planning software. 3D reconstructions were 
performed for each maxillary sinus. Using the software implant library, the implants that presented the best fit 
with the maxillary sinus septum and that followed the established inclusion criteria were selected.

	 Results:	 All of the implants were inserted in premolar and molar regions. Most implants were inserted in the position 
of the second molar (21 of 55) or in the position of the first molar (17 of 55). In all sites the most frequently 
used implant was 4 mm in diameter and 7 mm in height.

		  The mean coronal angle for the implant was 80.19±17.13 degrees and the mean sagittal angle was 94.83±9.94 
degrees.

		  The septal height represents 38.13% of the total available bone height (ABH). The mean percentage of the sep-
tum used to insert the implants was 47.33±2.47%. The septum increased the available bone height by a mean 
value of 2.18±1.47 mm.

		  In 45 cases, the septa did not permit implant placement.
	 Conclusions:	 In completely edentulous patients, inserting implants in sinus septa does not exclude the need for sinus 

grafting, but in partially edentulous patients, this minimally invasive technique is an alternative to subantral 
augmentation.
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Background

The successful placement and restoration of dental implants in 
the edentulous posterior maxilla could potentially be compro-
mised by a lack of adequate vertical dimension of the alveolar 
bone present between the alveolar crest and the floor of the 
maxillary sinus. To address these problems, maxillary sinus el-
evation surgery was developed to increase the height of the 
bone available for implant placement in the posterior maxilla [1].

Although the complication rate of maxillary sinus bone aug-
mentation is low [2], there exist intra-operative risks of sinus 
membrane perforation and bleeding [3–9] and postoperative 
risks of wound infection and sinusitis [2,7,8,10–12], graft or 
barrier membrane exposure [13], graft infection (warranting 
its removal) [14], cyst formation [15], and flap dehiscence. In 
addition to the maxillary sinus bone augmentation procedure, 
the implant surgery itself, whether performed simultaneously 
or as a second-stage procedure, may be complicated by im-
plant displacement, implant migration into the sinus, or fail-
ure to achieve osseointegration.

As an alternative to maxillary sinus bone augmentation, 
some publications described positive outcomes for tilted im-
plants [16–22]. The described advantages were as follows: 
1) the placement of longer implants, 2) a reduced cantilever 
length, and 3) increased posterior implant support with avoid-
ance of anatomical structures [17–22].

To overcome the drawbacks of maxillary sinus bone augmenta-
tion, some authors have suggested the use of alternative ana-
tomical areas for implant placement [23]. Inserting the implant 
in the pterygoid process or tangential to the palatal curvature 
in the area of the first or second molar was proposed in sever-
al studies [19,24,25]. For the non-grafted maxilla, Krekmanov 
placed the implants into the pterygoid plate, palatally tilted, 
close to and parallel with the posterior sinus wall or close to 
and parallel with the anterior sinus wall [26].

However, some authors mentioned a risk of severe compli-
cations after using the pterygoid area for implant insertion. 
Reychler and Olszewski reported perforation of the skull base 
and penetration of the middle cranial fossa after inserting pter-
ygoid implants in the pterygoid process with associated chron-
ic fatigue and severe headaches [27]. Krekmanov reported mo-
bility of 3 of the 14 implants inserted in the pterygoid plate, 
palatal curvature, and close to the posterior sinus wall [26].

Another alternative area for implant placement, not requir-
ing the use of specific implants, could be maxillary sinus sep-
ta. The feasibility of this method was initially described by 
Fortin; 3 out of 11 implants were placed into maxillary sinus 
septa with the help of an intra-operative surgical guide [23].

The hypothesis was that maxillary sinus septa are suitable al-
ternative anatomical areas for implant placement to avoid si-
nus grafting in partially and completely edentulous patients. 
Therefore, the aims of this simulation study were to assess: 1) 
the anatomical region of best use for implants within maxillary 
sinus septa, 2) the type of implant that fits best with maxillary 
sinus septa, and 3) the added bone height to the available al-
veolar bony height obtained by using maxillary sinus septa.

Material and Methods

One hundred partially or completely edentulous patients, with 
maxillary sinus septum present in the region of the edenta-
tion, were consecutively identified from the cone beam com-
puted tomography (CBCT) database of the Department of Oral 
and Maxillofacial Surgery, Cliniques Universitaires Saint Luc, 
Bruxelles, Belgium.

The study was retrospective, and the CBCT examination was 
performed for a reason other than for this study. The exclu-
sion criteria included minors, pregnant women, and patients 
with CBCT images that presented either inadequate informa-
tion or signs of a previous surgery.

The study received approval from the Comité d’éthique hospi-
talo-facultaire of the Université Catholique de Louvain, Brussels, 
Belgium (2014/13MAR/104).

The CBCT (i-CAT) radiological protocol was as follows: 120 KvP, 
18 mAs, 0.3 mm voxel size, 21 cm height and 16 cm diameter 
field of view. The axial images were transferred to the 3D plan-
ning software (Nobel Biocare, Göteborg, Sweden). The DICOM 
files obtained from CBCT were introduced into the software 
that displays axial, coronal and sagittal images. A 3D recon-
struction was also available.

The implant was selected from the library and freehand posi-
tioned in 2-dimensional (2D) images and visualized by 3D re-
construction [28]. The presence of maxillary sinus septa was 
initially evaluated using the axial planes, and then using the 
reconstructed sagittal and coronal planes. Three-dimensional 
reconstructions were performed for each patient. For each pa-
tient, 1 observer defined the position of the implant accord-
ing to the available bony crest and to the sinus septal volume. 
The observer analyzed whether the tilted axis of the implant 
did not intersect with the adjacent teeth. Reformatted views 
of the planned implant axis were always reviewed. The sim-
ulation was carried out in real time in all 3 planes (Figure 1). 
The transverse (also known as axial or horizontal) plane is an 
X-Z plane, parallel to the ground, which separates the superi-
or from the inferior. The coronal (also known as frontal) plane 
is a Y-X plane, perpendicular to the ground, which separates 
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the anterior from the posterior. The sagittal (also known as lat-
eral) plane is a Y-Z plane, perpendicular to the ground, which 
separates left from right.

Every bony prominence more than 4 mm wide or 4 mm high 
was considered as a septum [29].

One observer (E.D.) selected the implants with the best fit for 
each maxillary sinus septum corresponding to the following 
criteria: 1) the angle between the implant axis and the trans-
versal axis ranged between 45o and 135o and 2) the implant 
was mesiodistally and buccopalatally surrounded by a mini-
mum of 1.5 mm of bone (Figure 1).

The transversal axis was freehand positioned parallel to the 
transversal plane. The transversal plane was automatical-
ly calculated by the software and displayed on a screen. The 
angles were evaluated in the coronal and sagittal planes. 

The coronal angle was the angle formed by the implant axis 
(automatically generated by the software) and the transver-
sal axis in the coronal plane. The sagittal angle was the an-
gle formed by the implant axis and the transversal axis in the 
sagittal plane (Figure 2).

The implant library provided 23 types of implants, with di-
ameters ranging from 2.8 mm to 6 mm and lengths ranging 
from 7 mm to 52.5 mm. The zygomatic implants, 30–52.5 mm 
length, are not suitable for implant placement in sinus septa.

The implants were represented by their real shapes, to allow 
the clinician to perform a realistic 3D virtual surgery.

The observer evaluated the crestal height, the septal height, and 
the percentage of the maxillary sinus septum used for implant 
insertion (ABH = septal height + crestal height). The heights 
were measured on 2D reformatted images. The crestal height 

A B

Figure 1. �Simulation of implant placement (A) and bone assessment around the implant in the axial plane (B). The blue circle is the 
apex of the implant and the semi-transparent yellow zone indicates a by-default tolerance of 1.5 mm.

A B

Figure 2. �Coronal and sagittal angles (the angle formed by the implant axis (the green vertical line) and the transversal axis (the 
yellow horizontal line) parallel to the transversal plane (the orange line; the coordinate reference system was automatically 
proposed by the software) in the coronal (A) and sagittal planes (B), respectively).
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was defined as the distance between the margin of the alve-
olar bony crest and the base of the septum. The septal height 
was defined as the distance between the base of the septum 
and the top of the septum (Figure 3).

All of the measurements (the sagittal and coronal angles and 
the crestal and septal heights) were performed twice by 1 ob-
server (E.D.), with a 1-week interval between measurements.

Obtained data and scan data were recorded in an SPSS data-
base (IBM). Statistical analysis was performed using SPSS ver-
sion 20 for Windows 7 (IBM).

Results

The intraclass correlation coefficient has been advocated as 
a statistic for assessing agreement or consistency between 2 
methods of measurement, in conjunction with a significance 
test of the difference between means obtained by the 2 meth-
ods [30]. The intraclass correlation coefficient (ICC) showed 
that there was no statistically significant difference between 
the 2 intra-observer measurements (p>0.05).

All of the implants were inserted in premolar and molar re-
gions (Table 1).

In all sites, the most frequently used implant was 4/7 mm (di-
ameter/length) (Table 2).

The range and the mean values of the performed measure-
ments are shown in Table 3. The mean septal height repre-
sented 38.13% of the ABH. The mean percentage of sinus sep-
ta used to insert the implants was 47.33±2.47%. The highest 
mean percentage value (53.34%) was encountered in the site 
of the second premolar. The septum increased the available 
bone height by a mean value of 2.18±1.47 mm.

In 45 cases, the septa did not allow for implant placement.

Discussion

According to the European Association for Osseointegration 
guidelines, panoramic radiography is the most commonly used 
examination for oral implant placement in the upper jaw [31]. 
Fortin evaluated the degree to which the rate of severely re-
sorbed posterior maxillae requiring sinus lift was overestimat-
ed on panoramic radiographs, showing that the use of the pan-
oramic exam for oral implant planning in severely resorbed 
maxillae overestimates the need for a sinus augmentation 
procedure when compared with the use of both 3D planning 

Figure 3. �Measurement of crestal and septal heights on 
2-dimensional reformatted images.

Implant diameter Implant length Frequency

3 10 7

3 11.5 8

3 13 2

3 15 1

3.75 7 1

3.75 8.5 1

3.75 10 4

3.75 11.5 1

3.75 13 1

4 7 17

4 8.5 2

4 10 2

4 11.5 2

4 13 4

4 15 1

5 8.5 1

Table 1. Implant type and frequency.

Location
Implant 

frequency
Percentage of septal 

height from ABH

First premolar 4 39.77

Second premolar 13 40.49

First molar 17 37.83

Second molar 21 36.60

Table 2. �Distribution of implants and percentage of septal height 
from ABH according to location.
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software and strategic implant placement. The author consid-
ers that an image-guided procedure allows the surgeon to take 
advantage of the septa and palatal curvature [32].

Maxillary sinus septa are often described as a potential prob-
lematic area during maxillary sinus floor elevation when per-
forming sinus lift surgery because of the risk of membrane 
perforation. Instead, in this study we tried to use maxillary si-
nus septa as an alternative source of available bone height to 
treat partially and completely edentulous patients.

With the mean added bone height (2.18±1.47 mm) we can use 
a longer implant and can also better angulate the implant axis. 
The mean coronal angle of 80.19±17.13° and the mean sag-
ittal angle of 94.83±9.94o found in our study are within the 
range previously described by Malo et al. for tilted implants 
(45° to 135°) [21].

The most frequently used implant was 4/7 mm. Placement of 
short implants has been described as a valuable alternative 
to sinus grafting [33,34]. 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 [21].

CBCT and 3D virtual planning should become mandatory when 
using alternative anatomical regions such as sinus septa for 
implant positioning, for 3 main reasons: 1) to evaluate the 
anatomy and 3D dimensions of sinus septa, 2) to allow for 

the precise planning of implant positioning with virtual plan-
ning software based on CBCT imaging, and 3) to generate an 
accurate 3D surgical guide that allows the surgeon to place 
implants precisely into planned positions [35].

In further studies, the development and experimental valida-
tion of surgical guides for implant insertion in sinus septa, us-
ing low-cost 3D printers, should be assessed.

A drawback of this study is that this was a simulation study 
performed on 3D reconstructions and not on real patients; 
when we determined the implant insertion sites, we did not 
take into consideration the final prosthetic restoration.

Conclusions

The null hypothesis was accepted; the maxillary sinus septum 
may partially increase the total bony height in partially and 
completely edentulous patients. The molar region is the best 
area to place implants in maxillary sinus septa.

The implant with a 4 mm diameter and 7 mm height had the 
best fit with maxillary sinus septa.

The septum increased the available bone height by a mean 
value of 2.18±1.47 mm.

Descriptive statistics

N Minimum Maximum Mean Std. deviation

Coronal angle 55 45 120 80.19 17.133

Sagittal angle 55 74 128 94.83 9.949

Crestal height 55 3 14 7.59 2.313

Septal height 55 2 11 4.69 2.167

Percentage 55 .05 1.00 .4733 .24730

Table 3. The range and the mean values of the performed measurements.
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