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Abstract

Background: Advanced knowledge of the shape and length of the maxillary sinus and its internal septa is useful for
treatment planning of extraction, implant and sinus lift procedures.

Purpose: This study evaluates the prevalence, morphology, orientation, location, height, and length of bone septa
in the maxillary sinus using cone-beam computed tomography (CBCT) images, for completely dentate versus partially
or fully edentulous patients. Also, since dental extractions may induce formation of sinus septa, this study assesses the
correlation between edentulism and prevalence of the maxillary sinus septa.

Material and methods: Four hundred forty-three CBCT images were selected to evaluate the prevalence of a
septum in the maxillary sinus to perform an anatomic study of septum morphology. All images were evaluated by one an
expert in oral radiology. The x2 test was used to verify the relationship between the presence of septa and sex, age, and
edentulism status. Variance analysis and the Tukey test showed a relationship between partial or full edentulism and the

height and length of the maxillary sinus septum.

Results: A maxillary sinus septum was found in 50.1% of the study sample size. 69.8% of patients with a septum
were partially edentulous. Gender did not correlation with septum prevalence. The length of the septum in the transverse
orientation, and the location of the septum in the medial aspect of the sinus, both correlated with tooth loss.

Conclusions: Maxillary sinus bone septa are more prevalent in partly or fully edentulous populations. Given the
diversity of septa morphology among patients, a detailed evaluation of each patient’s septa using CBCT is useful for
customizing bone graft and implant placement treatment planning for each patient.

Keywords: Bone septum; Maxillary sinus; Cone-beam computed to-
mography; Anatomic variation

Introduction

The maxillary sinus is described universally as a pyramidal cavity
in the maxilla [1] and it was mentioned for the first time in the litera-
ture by Underwood in 1910 [2,3]. The septum walls in humans are thin
within the maxillary sinus [4] and the septum can be primary when it
originates during maxillary development and tooth growth or second-
ary when it results from pneumatization of the maxillary sinus after
tooth loss and resorption of the alveolar process [5-7]. Therefore, an
antral septum is considered partly as an anatomic variation and partly
an acquired structure in the maxillary sinus; prevalence in the popu-
lation is variable [8]. The presence of insufficient alveolar bone height
may render an implant site inappropriate for implantation and [2,8,9],
in these cases, lifting the maxillary sinus floor is a technique commonly
used for restorations in the posterior maxilla with a high success rate
for placement of dental implants [9]. Consequently, the maxillary si-
nus septum should be considered as an anatomic structure of interest
in planning surgery because the knowledge of its location can prevent
perforating the septum. Moreover, it’s interesting know that the septum
forms a compartment useful if the entire compartment was filled with
bone grafting material [10].

The septum has a size can vary between 2.5 and 12.7 mm in mean
length [5] and spans from the medial wall to the lateral wall through the
sinus floor [11]. Some clinical implications must be considered when
approaching the sinus in the presence of a septum, such as access ob-

structed by the lateral wall of the maxillary sinus during the sinus ele-
vation surgical procedure, the high risk of perforation due to the tight
attachment of the membrane in the septum wall, and the difficult of
inserting bone graft material when the lateral wall of the sinus is opened
in only one area divided by septa [11,12].

Thus, understanding of the sinus anatomy is required and cone-
beam computed tomography (CBCT), a widely used imaging tool in
dental practice, can provide high-resolution images of hard tissues with
no overlapping of adjacent anatomic structures allowing accurate sur-
gical planning [12]. Thus, the aim of this study is to evaluate the prev-
alence, morphology, location, orientation, height, and length of bone
septa in the maxillary sinus using CBCT images in dentate and edentu-
lous patients. Moreover, the relationship between presence of a septum,
age, sex, and edentulism was investigated.
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Materials and Methods

After approval of this study by the Ethics Committee in Research of
the Dental School of the Sdo Leopoldo Mandic, Campinas, Sdo Paulo,
Brazil (Protocol Number: 2010/0297), 500 CBCT images were selected
from a database of a private dental radiology clinic in Natal, RN, Bra-
zil from January 2009 to April 2011 to investigate the anatomy of the
maxillary sinus and bone septa. Jaw images were included when they
covered the maxilla as a region of interest regardless of the FOV (Field
of View), respectively, of 5.9 to 13 cm (height of the FOV). Images were
excluded if some type of intervention, surgical or traumatic, had taken
place; a total of 443 images remained for retrospective evaluation.

CBCT images were obtained with an i-CAT scanner (Imaging Sci-
ence, Hatfield, PA, USA) using the following parameters: 80 kVp, 4.8
mA, acquisition time of 40 s, reconstruction time of 62 s, and a voxel
of 0.3 mm. All images were assessed by an expert oral radiologist using
Xoran device software (Xoran Technologies, Imaging Science, Hatfield,
PA, USA). Initially, demographic aspects, such as sex and age were tak-
en from the patient records and the images were evaluated for the pres-
ence of a bone septum in the maxillary sinus. All images with a septum
were subdivided into three groups: Fully dentate, partially edentulous
and total edentulous. Fully dentate corresponds to presence of 28 teeth
(no third molars) and partially edentulous means the absence of one
or more of the superior-posterior teeth. Finally, total edentulous cor-
responds with no teeth. The images with a bone septum were analysed
in detail by one expert in oral radiology experienced in computed to-
mography with regard to type, orientation, location, height, and length.
An intra-observer test was realized before the image assessments to
improve the study reliability. The type of the septum was categorized
as complete (totally closed the sinus in its interior with a creation of
secondary compartment of the maxillary sinus) or incomplete (not lim-
its an entire sinus compartment) and the orientation was classified as
sagittal, transverse, coronal, vestibule-medial, vestibule-sagittal, or ves-
tibule-palatal. Figure 1 showed a schematic diagram of septum orienta-
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Figure 1: Schematic diagram of septum orientations in the maxillary sinus.
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Figure 2: Axial sections of CBCT showing septa orientations in the maxillary sinus.
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Figure 3: Panoramic CBCT reconstruction showing a septum in the left maxil-
lary sinus with transverse orientation and anterior location (Arrow).

tions. The axial CBCT slices showing septum orientation are presented
in Figure 2. The septum location was categorized as premolar area, first/
second molar area, or tuberosity area for transverse orientation and the
Figure 3 showed a premolar transverse septum inside the maxillary
sinus in the panoramic reconstruction of the CBCT. For septa classi-
fied as sagittal and vestibule-sagittal, the location was categorized as
premolar area, middle area (center of maxillary sinus), and tuberosity
area or lateral, middle area and medial. For septa classified as vestibule-
medial, vestibule-palatal and coronal, the location was categorized as
inferior, middle, and superior or anterior, middle and posterior. The
height of sinus septum (distance between lower and the higher point
of the septum/inferior-superior direction) was measured in the coronal
and sagittal depending on their orientations. The septa measuring less
than 2 mm in height were not considered in order to exclude the alveo-
lar recess within the floor by tooth loss or sinus pneumatization. The
length of the sinus septum (distance between the more lateral and the
medial point of the septum) was measured on axial slices.

The ¥’ test was used to investigate the association between sex, age,
type of edentulism, and septum presence in the maxillary sinus. Vari-
ance analysis and the Tukey test were applied to evaluate the relation-
ship between height and length and the effect on each type of eden-
tulism. P values less than 0.05 were considered statistically significant.
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Results

A bone septum was found in 222 (50.1%) of 443 CBCT images eval-
uated and although the majority of patients selected in the study were
female, the x* test revealed no significant relationship (x*=0.20, P=0.655)
between the presence of a bone septum and sex (male, 51.4%; female,
49.2%). No significant correlation was found between the presence of a
septum and age (x’=7.39, P=0.3894); nevertheless, the age group with
the highest prevalence of a septum was between 49-68 years.

Of the 222 (50.1%) patients with a septum in the maxillary sinus,
9.9% were fully dentate, 69.8% were partially edentulous, and 20.3%
were totally edentulous. The distribution of the number of septa, orien-
tation, location, and edentulism is presented in Tables 1 and 2. Analysis
of total axial CBCT scans showed complete septum in 54.8% of the sec-
tions and incomplete septum in 45.2%; however, the difference was not
significant (x*=5.19, P=0.0746). The most prevalent septum orientation,
regardless of the type of edentulism, was transverse (Table 1), and in
terms of location, the region of the first and second molars was the most
common regardless of the type of edentulism (Table 2).

Analysis of variance revealed no difference in the height of the sep-
tum in dentate, partially edentulous, and totally edentulous patients

Partially Totally

Orientation Fully dentate edentulous edentulous Total
Af* | Rf* | Af @ Rf Af Rf Af Rf
Sagittal 6 | 87 48 |69.6 15 217 69 100
Transverse 36 10.7 228 67.9 72 21.4 336 100
Coronal 0 0.0 16 |94.1 1 5.9 17 100
Vestibule-medial 0 | 0.0 24 |68.6 1 314 35 100
Vestibule-sagittal 0 0.0 1 | 100 0 0.0 1 100
Vestibule-palatal| 0 | 0.0 1 1250 3 75.0 4 100
Total 42 1 9.1 318 68.8 102 221 462 100

Table 1: The number (Af) and percentage (Rf) of bone septa in the maxillary sinus
according to orientation and type of edentulism.

) Totall
Location Fully dentate e::r:::?llzjs Y Total
edentulous

Af* Rf** Af Rf Af Rf Af Rf
Anterior 9 15.8 35 61.4 13 22.8 57 100
Antero-inferior 0 0.0 7 77.8 2 22.2 9 100
Antero-lateral 1 20.0 2 40.0 2 40.0 5 100
Antero-medial 0 0.0 24 58.5 17 415 41 100
Antero-superior 0 0.0 13 81.2 3 18.8 16 100
Infero-lateral 0 0.0 1 100 0 0.0 1 100
Infero-medial 1 6.2 13 81.3 2 12,5 16 100
Latero-medial 2 33.3 2 33.3 2 33.3 6 100
Latero-superior 0 0.0 6 100 0 0.0 6 100
Middle 21 9.5 151  68.6 48 21.8 220 100
Middle-sinusal 0 0.0 1 100 0 0.0 1 100
Middle-superior 0 0.0 4 80.0 1 20.0 5 100
Posterior 6 11.3 36 67.9 11 20.8 53 100
Postero-medial 0 0.0 3 50.0 3 50.0 6 100
Postero-inferior 2 18.2 8 72.7 1 9.1 11 100

Postero-superior 0 0.0 0 0.0 1 100 1 100
Other locations 0 0.0 10 71.4 4 28.6 14 100
Total 42 9.0 316 | 675 110 235 468 100

Table 2: The number (Af) and percentage (Rf) of bone septa in the maxillary sinus
according to location and type of edentulism.

(P=0.2210). However, the length of the septum varied significantly ac-
cording to the type of tooth loss (P=0.0021) and was longer in partial-
ly edentulous patients than totally edentulous patients. The transverse
orientation was found to have the greatest height and length (27.78 mm
and 18.98 mm, respectively). The average height of the septum was 7.29
mm and the mean length was 9.33 mm.

Discussion

The maxillary sinus is the first of the paranasal sinuses to develop
in the human fetus and is in close proximity to dental elements [2].
Bone septa are anatomic structures with an arched shape arising from
the floor and the walls of the sinus and act as barriers of cortical bone,
dividing the maxillary sinus into two or more cavities [5,6]. The prev-
alence of bone septa and their type, orientation, location, height, and
length are heterogeneous among individuals and a careful analysis
should be performed before surgical procedures to avoid rupture in
one or more walls of the maxillary sinus during manipulation of this
region [13].

In the present study, after analysis of CBCT images of fully dentate,
partially edentulous and totally edentulous patients, a bone septum was
found in 50.1% of patients, a higher value compared with almost all
articles in the English literature [5,14-28] Previous studies reported val-
ues of 14.7% to 47% [14-18,20-28]; only two studies reported higher
values (58% and 70%) than ours [5,23]. Thus, the prevalence of a bone
septum in the maxillary sinus is variable and the higher prevalence in
some studies, including ours, may be due to the imaging tool used to
investigate the bone septum, such as the thin slice interval of CBCT im-
ages (0.3 mm). Edentulism may also be an important factor associated
with the variation in the prevalence of bone septa in different studies;
tooth loss seems to be related to bone septum onset [29]. According to
Jang et al. after the teeth extraction, the sinus septa start its formation
between 6 and 12 months [29]. The CBCT images in the present study
revealed prevalence of a bone septum of 69.8% and 20.3% in partial-
ly edentulous and totally edentulous patients, respectively, which is in
agreement with most studies in the English literature.

The association between the prevalence of bone septum and sex
and age showed no significant differences. Similar findings were found
by others [5,6,17,18,20,22,23,27,28,30]. Therefore, these demographic
aspects are probably not related to a bone septum and cannot be con-
sidered as relevant to the presence of this anatomic structure. The sep-
tum orientation in the maxillary sinus varies widely; transverse was the
most frequent orientation found in this study. The transverse septum
of the maxillary sinus tend to be more linear and regular this way, its
trajectory can be bypassed, when the sinus lift/elevation surgical pro-
cedure is recommended, this is a great advantage on it [31]. However,
other authors reported miscellaneous findings on bone septum orien-
tation [6,22,24,27,28,30]. Thus, variation in bone septa orientation can
be explained by the subjective rating for this factor, which may also
vary from evaluator to evaluator as well as for different imaging meth-
ods. This study used CBCT images, providing high-resolution images
of a delicate bone septum; conventional imaging methods may lead to
misdiagnosis in 21.3% of cases due to the difficulty in differentiating
overlapping anatomic structures [20,22,23,27]. Therefore, the three-di-
mensional structure of the maxillary sinus should be evaluated using
three-dimensional imaging methods before implant surgery to avoid
surgical complications.

The most frequent location of bone septa in the present study was
the middle (region of the first and second molars) in agreement with
several previous studies [5,6,8,15,19,20,22,26,27,30]. The location of
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a bone septum is directly related to its development, primary or sec-
ondary. In our study, 69.8% of the septa were discovered in images of
partially edentulous individuals with a predominance of transverse
orientation; the middle is the most likely location to find secondary
septa. Another important feature of the bone septum is its type; how-
ever, analysis of variance showed no evidence of statistically significant
differences between complete and incomplete type in the Brazilian pop-
ulation investigated in this study. On the contrary, incomplete predom-
inance was found by some authors [14,17,27,32] suggesting that diverse
outcomes are the result of population variability and differences in the
tools, the evaluator, and data collection methods.

No statistical difference was found between septum height and
tooth loss; higher septa were found in fully dentate patients. Corrob-
orating our findings, a previous article reported that the height of the
septum was greatest in dentate or nonatrophied segments [17]. Howev-
er, the length of the septum was associated with edentulism, especially,
in partially edentulous patients [17,24,28]. Reports relating height and
length of bone septa and edentulism are scarce in the English literature
and, despite the limitations of the findings, the height of the septum
is probably not related to its length because higher septa were found
in partial edentulous patients and larger septa were found in dentate
patients.

Conclusions

According to our results, it is possible to conclude that the preva-
lence and the length of bone septa are related to loss tooth, particularly
in partially edentulous patients. Nevertheless, variations in all anatomic
aspects of a bone septum should always be evaluated and CBCT imag-
ing is a useful tool in the planning for dental implants and bone grafts
because it provide crucial information.
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