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Abstract

Purpose Evaluation of the inner aspect of the maxillary sinus is important for the success of a sinus lift procedure. The most
common surgical complication is perforation of the Schneiderian membrane, which is thought to occur because of the presence of
maxillary sinus septa. Therefore, we retrospectively investigated the incidence and morphology of maxillary sinus septa using
multiplanar reformatted computed tomographic (CT) images from dentate Japanese patients.

Methods A total of 276 patients and 552 maxillary sinus segments were evaluated. The maxillary sinus septa were divided into
four locations: forefront, anterior, middle, and posterior. The heights of the septa were measured at three sites from the deepest
point of the sinus floor: lateral, mid-point, and medial.

Results Sinus septa were identified in 191 of 552 (34.6%) maxillary sinus segments obtained from 111 of 276 (40.2%) patients.
One unilateral septum was most commonly detected, and the sinus septa were most often located in the middle of the maxillary
sinus. The average height of the identified septa was 8.69 +4.68 mm (mean + standard deviation).

Conclusion Multiplanar reformatted CT images can identify maxillary sinus septa in any plane. The height of maxillary sinus
septa in the dentate maxillac was higher than detected in previous studies. Appropriate treatment planning using CT images
should be considered to prevent surgical complications.
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Sinus lift procedure

Introduction

Internal augmentation of the maxillary sinus, formally known
as sinus floor elevation or sinus lift, was conceived and intro-
duced by Tatum [1] and was first published by Boyne and
James [2]. The technique is well known and often used to
aid the placement of dental implants in the posterior atrophic
maxillae. The most common surgical complication is perfora-
tion of the Schneiderian membrane [3]. This is most likely to
occur because of sharp angles or ridge lines, septa, or spines in
the maxillary sinus [4, 5]. However, the morphology of the
maxillary sinus varies between individuals, and even
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bilaterally in an individual skull [5, 6]. Therefore, the evalua-
tion of the inner aspect of the maxillary sinus is important for
the success of this procedure. According to the most recent
systematic review and meta-analysis, sinus septa were present
in 28.4% of 8923 maxillary sinuses investigated across 33
studies [7]. These studies included dentate, as well as partially
or totally edentulous patients. It has been reported that sinus
septa in edentulous atrophic maxillae are shorter and more
common than those found in dentate maxillae [8, 9]. This is
thought to be related to atrophy of the surrounding alveolar
process and excavation of the alveolar process from the cranial
aspect by sinus pneumatization following tooth loss [10].
However, the influence of duration since tooth loss was not
considered in these studies. If a sinus lift procedure is con-
ducted soon after tooth extraction, higher maxillary sinus sep-
ta may be present, which might require modification of the
lateral window design to avoid fracturing the septa and perfo-
rating the Schneiderian membrane. Furthermore, this system-
atic review did not include Japanese research, except for one
study using 15 dry skulls [11]. Therefore, in the present study,
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we retrospectively investigated the incidence and morphology
of maxillary sinus septa using multiplanar reformatted com-
puted tomographic (CT) images in dentate Japanese patients.

Materials and methods
Participants

This study was based on an analysis of maxillary sinus CT
images that were obtained from patients who underwent local
and general oral surgery at the Kobe University Hospital be-
tween January 2008 and December 2012. We set exclusion
criteria to compare normal maxillary sinus morphology bilat-
erally where skeletal growth was completed: (i) patients with a
history of surgical operations over the maxillae, (ii) patients
with maxillary bone cysts and malignant tumors, (iii) patients
less than 18 years old, and (iv) patients with single or multiple
molar tooth loss, to eliminate atrophy of the surrounding al-
veolar process by tooth loss and ensure precise tooth location.
A total of 276 patients were included in this study. This retro-
spective study was conducted in accordance with the World
Medical Association Declaration of Helsinki and was ap-
proved by the Institutional Review Board of Kobe
University Graduate School of Medicine.

CT measurement procedure

The CT examinations were performed at the time of diagnosis
using the Aquilion64® system (Toshiba Medical Systems,
Tokyo, Japan) at the Kobe University Hospital (tube voltage
120 kVp, tube current 150 mA, slice thickness 0.5 mm, field
of view 150 mm) and Wakaba Imaging Support Center (tube
voltage 120 kVp, tube current 100 mA, slice thickness
0.5 mm, field of view 170 mm). The slice plane was parallel
to the occlusal plane and the scanned area extended from the
floor of the orbit to the inferior border of the mandible.
Panoramic images with a cross-section of 1 mm were obtained
to detect septa and/or spines in the maxillary sinus, and then
complete septa that divide the maxillary sinus into two or
more segments were distinguished using axial images. The
measurement points and methods were based on and modified
according to previous studies [6, 12, 13]. To reduce data var-
iation, a single author (D.T.) measured the CT images in this
study. Each antral cavity exhibiting a septum was divided into
four locations: forefront (mesial aspect of the second premo-
lar), anterior (mesial to distal aspect of the second premolar),
middle (distal aspect of the second premolar to distal aspect of
the second molar), and posterior (distal aspect of the second
molar). Moreover, reformatted multiplanar reconstruction CT
images (slice thickness 0.5 mm) were used to assess the com-
plete course of the septa using ShadeQuest/ViewR
(Yokogawa Medical Solutions Corporation, Tokyo, Japan)
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from axial images (Fig. 1). The heights of the maxillary sinus
septa were measured at three sites (lateral, mid-point, and
medial) from the deepest point of the sinus floor using coronal
images (Fig. 2).

Results
Incidence of maxillary sinus septa

Sinus septa were found in 191 of 552 (34.6%) maxillary sinus
segments (276 left and 276 right segments) obtained from 111
of 276 (40.2%) patients. There were 60 males and 51 females
with a mean age of 37.1+ 15.6 years (mean =+ standard devi-
ation) ranging between 18 and 81 years. Ninety-one of 191
(47.6%) sinus septa were localized to the left maxillary sinus
segment, and 100/191 (52.4%) sinus septa were localized to
the right maxillary sinus segment. At most, two sinus septa
were detected in either side of a maxillary sinus segment, and
sinus septa varied unilaterally or bilaterally in the maxillary
sinus segments. Sixty-one of 111 (55.0%) patients had sinus
septa unilaterally, and 50/111 (45.0%) had sinus septa bilater-
ally. In the left maxillary sinus segment, 35/111 (31.5%) pa-
tients had no sinus septum, 61/111 (55.0%) had one sinus
septum, and 15/111 (13.5%) had two sinus septa.
Conversely, in the right maxillary sinus segment, 26/111
(23.4%) patients had no sinus septum, 70/111 (63.1%) had
one sinus septum, and 15/111 (13.5%) had two sinus septa.
The overall distribution of the 191 identified maxillary sinus
septa was as follows: 55 patients had one sinus septum, 36
patients had two sinus septa, 16 patients had three sinus septa,
and four patients had four sinus septa (Table 1).

Position of maxillary sinus septa

In the left maxillary sinus segment, sinus septa were detected
as follows: four sinus septa in the forefront, 22 sinus septa in
the anterior, 42 sinus septa in the middle, and 23 sinus septa in
the posterior. Conversely, in the right maxillary sinus segment,
sinus septa were detected as follows: six sinus septa in the
forefront, 21 sinus septa in the anterior, 46 sinus septa in the
middle, and 27 sinus septa in the posterior (Table 2). These
findings indicated that sinus septa were most often located in
the middle of the maxillary sinus.

Height of maxillary sinus septa

The average height of the identified maxillary septa was 8.69
+4.68 mm (mean + standard deviation). Among the four re-
gions, sinus septa in the forefront were higher than other lo-
cations in the maxillary sinus (Fig. 3).
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Fig. 1 Axial images were used
for identification of Underwood’s
septa and were reformatted to
multiplanar reconstructed CT
images

Fig. 2 The heights of the maxillary sinus septa were measured at three
sites from the deepest point of the sinus floor: (1) lateral, (2) mid-point,

and (3) medial

Table 1  Incidence of maxillary sinus septa (n=111)

Variables
No. of patients %
Sample size 111 100.0
Bilateral 50 45.0
Unilateral 61 55.0
Side of maxillary sinus septa
Left sinus segment 111 100.0
No sinus septum 35 31.5
One sinus septum 61 55.0
Two sinus septa 15 13.5
Right sinus segment 111 100.0
No sinus septum 26 234
One sinus septum 70 63.1
Two sinus septa 15 13.5
No. of maxillary sinus septa per patient 111 100.0
One sinus septum 55 49.6
Two sinus septa 36 324
Three sinus septa 16 14.4
Four sinus septa 4 3.6
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Table 2 Locations of sinus septa in the left and right maxillary sinus secondary type arises from these excavations and therefore
segments (n=191) . C .
may vary in appearance in different areas of the alveolar pro-
Variables cess [10]. However, it is not possible to classify septa as either
primary or secondary without a radiographic history when
No. of sinus septa % they are located over an edentulous region [16]. Therefore,
Sample size 191 gl this sdtudy., we focuseilon deFltate patlents‘,‘ SO (;Ve mos(‘;l’y
Left maxillary sinus segment 01 100.0 etect”e primary maxillary sinus septa ( ,n erwood’s
septa”). Correlation between Underwood’s septa and
Forefront 4 43 Schneideri b hick has b d
Anterior » 242 c nfn erlan membrane thic n§ss a's een suggeste , SO
Middl 42 462 the risk of membrane perforation might be higher when
1 (5] .
. Underwood’s septa are present [17]. Conversely, another
Posterior 23 253 .. .. .
. . . study found no statistically significant correlation between
Right maxillary sinus segment 100 100.0 . S
Forefiont 6 60 primary or secondary septa and the Schneiderian membrane
ore . . . . . .
Anters . 510 thickness [18]. However, consideration must still be given to
t . . . . . .
) eror the design of the lateral window to avoid fracturing maxillary
Middle 46 46.0 . . Sy
) sinus septa and perforating the Schneiderian membrane.
Posterior 27 27.0 . . . . . .
Cutting the maxillary sinus septa with a chisel and removing
them with hemostatic forceps has been suggested [2]. If the
Discussion septa are located high in the sinus, two windows can be made

The aim of this study was to examine the incidence, location,
and height of maxillary sinus septa using multiplanar
reformatted CT images of dentate patients. Maxillary sinus
septa were first described by Underwood in 1910 [14] and
for decades were thought to be clinically insignificant anatom-
ical variations. They have been divided into two different
types depending on their origin [8—10]. The primary type is
congenital and arises during development of the maxillae,
corresponding to the septa first described by Underwood
[10]. These are thought to act as masticatory force-carrying
struts during the dentate phase of life [5]. Maxillary sinus
volume appears to continue increasing until the third decade
in males and the second decade in females [15]. Then, tooth
loss causes remodeling and resorption of the surrounding al-
veolar process. Atrophy of the alveolar process, especially in
the posterior maxillae, results in a vertical loss of bone vol-
ume, while progressive sinus pneumatization leads to an ex-
cavation of the alveolar process from the cranial aspect. The
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Fig. 3 The average height of the identified maxillary sinus septa at each
measuring point
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(one on each side); if the septa are low in the sinus, one w-
shaped window can be used for access [5].

In the latest systematic review, primary and secondary
maxillary sinus septa were mostly located in the first or second
molar region and had a mean size of 7.5 mm [7]. A previous
study also reported that maxillary sinus septa tended to be
positioned antero-posteriorly, in accordance with the trans-
verse palatine suture [11]. These results are consistent with
our study. It is reasonable that the height of the primary max-
illary sinus septa in our study was higher than in studies that
included secondary maxillary sinus septa. Recently, cone-
beam CT (CBCT) has been developed with a spatial resolu-
tion higher than that of multislice CT, which has the advantage
of exposing the patient to a lower dose of radiation. In a sys-
tematic review using only CBCT, the prevalence of maxillary
sinus septa ranged from 33.2-58% across five studies, but
there was no meta-analysis on the height of the septa [19].
Another study evaluated the posterior superior alveolar artery
using CBCT [20]. It is important to be aware of this significant
anatomical landmark in the maxillae to prevent intra- and
postoperative complications. We will focus on this measure-
ment in a future study.

In conclusion, maxillary sinus septa were detected in
34.6% of the maxillary sinus segments obtained from 40.2%
of dentate patients in our study. Most commonly, one unilat-
eral septum was found per patient, the molar region was the
most common site, and the average height of the identified
maxillary sinus septa was 8.69 +4.68 mm (mean + standard
deviation). The variety of anatomical morphologies on the
inner aspect of the maxillary sinus defines the surgical ap-
proach. Multiplanar reformatted CT images can show maxil-
lary sinus septa in any plane. The height of maxillary sinus
septa in a dentate region might be higher than detected in
previous studies. We should consider appropriate treatment
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planning, including the anatomy of maxillary sinus septa,
using CT images to prevent surgical complications.
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