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Abstract. Proper implant positioning in the posterior region of the edentulous maxilla
commonly requires sinus floor elevation. Maxillary sinus septa increase the risk of
membrane perforation during sinus floor elevation. The purpose of this retrospective,
cone beam computed tomography (CBCT)-based study was to examine the frequency,
number, location, and orientation of antral septa in the maxillary sinus. Further,
possible associated factors were assessed. Measurements were performed on CBCT
scans of 301 patients (602 sinuses). The data were analysed statistically with respect to
patient age, sex, and dentition type. One or more septa were detected in 117 patients
(38.9%). A total of 188 septa were found in the 602 sinuses (31.2%). Septa were most
often coronally oriented (53.2%), followed by sagittal (24.5%) and transverse (22.3%)
orientations. Septa were most often found in the region of the first and second molar
(37.2%), followed by the posterior region of the third molar (33.0%) and the anterior
region of the premolars and canines (29.8%). A significant association was found
between edentulism and the presence of septa. For edentulous patients, the septa were
most often transversally oriented. Maxillary sinus septa are encountered in every third
patient. This may have an influence on the performance of sinus floor elevation.

International Journal of

Oral &
M, axi]]g%cial

Surgery

Clinical Paper
Pre-Implant Surgery

A. Hungerblihler, C. Rostetter, H.-
T. Liibbers, M. Riicker, B. Stadlinger

Clinic of Cranio-Maxillofacial and Oral
Surgery, University of Zurich, University
Hospital Zurich, Zurich, Switzerland

Key words: oral surgery; pre-implant surgery;
cone beam computed tomography; maxillary
sinus; sinus septum.

Accepted for publication
Available online 22 October 2018

The cavity of the maxillary sinus is com-
monly subdivided by septa. Maxillary sinus
septa are thin structures of cortical bone.
These septa may divide the sinus into two or
more compartments' . In 1910, the anato-
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mist Arthur S. Underwood described the
sinus septa as thin, fragile, and sickle-
shaped walls’. Thus the maxillary sinus
septa are often called Underwood’s septa.
The morphology of the maxillary sinus is

influenced by the person’s age and tooth
loss. Edentulous and elderly patients show a
decreasing dimension of the maxillary si-
nus’. With regard to the development of
septa, there are two types of septa: primary
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septa originate from congenital diversity
and secondary septa may develop after
tooth loss and irregular pneumatization of
the maxillary sinus floor' .

Implant planning in the maxilla is often
complicated by bone atrophy of the alve-
olar process, which mostly happens in the
distal region of the alveolar ridge. With
lower vertical bone height induced by
resorption after tooth loss, the necessity
for maxillary sinus floor elevation
increases®’. The need for sinus floor ele-
vation procedures is also influenced by
prosthetically driven implant planning,
augmenting bone where it is needed.
The presence of maxillary sinus septa
influences any sinus floor elevation pro-
cedure, as the adhesive strength of the
Schneiderian membrane is higher in the
area of a maxillary septum™’. Several
studies have shown an association be-
tween the presence of maxillary septa
and perforation of the membrane during
sinus floor elevation'®'”. With digital
implant planning software based on cone
beam computed tomography (CBCT),
possible risks such as interfering maxillary
sinus septa can be detected. These risks
can be taken into account during implant
planning and later implant placement' ',

The purpose of this study was to exam-
ine the frequency, number, location, and
orientation of septa in the maxillary sinus
based on CBCT imaging. Further, associa-
tions between sinus septa and individual
patient-related factors (age, sex, and den-
tition type) were investigated.

Materials and methods
Study design

This retrospective study was based on
CBCT scans that were performed consec-
utively at the Clinic of Cranio-Maxillofa-
cial and Oral Surgery (CMFO-S), Centre
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of Dental Medicine of the University of
Zurich, Switzerland. The CBCT scans
were screened for the following inclusion
criteria: (1) both maxillary sinuses were
entirely depicted, (2) no detectable pathol-
ogies were present, (3) no foreign bodies
or biomaterial were present, and (4) no
surgical procedures had been performed
according to the X-ray. The study protocol
was approved by the Cantonal Ethics
Committee of Zurich. The study was con-
ducted in accordance with the World Med-
ical Association Declaration of Helsinki.

Imaging and analysis

The CBCT scans examined in this study
had a voxel size varying between
0.125 mm and 0.4 mm. The scans were
generated by a KaVo CBCT scanner
(KaVo 3D eXam; KaVo Dental, Biberach,
Germany) with a field of view varying
from 8cm x 16cm  diameter  to
13 cm x 16 cm diameter (operating pa-
rameters: 120 kV, 5 mA, 4 seconds of ex-
posure time). Images were analysed using
eXam Vision software (KaVo Dental).
The following patient-related parame-
ters were recorded: sex (male, female),
age (at the time of CBCT), and status of
the upper jaw dentition (full dentition,
partial dentition, or edentulous). The soft-
ware measurement tool was used to mea-
sure the septa. The septa were recorded
from a minimal expansion of 2 mm and
categorized into sagittal, coronal, and
transverse (axial) orientation (Fig. 1).
The septa were further spatially divided
into anterior (distal canine to second pre-
molar distal), middle (first molar mesial to
second molar distal), and posterior (sec-
ond molar distal to maxillary tuberosity
region) sinus (Fig. 2). All measurements
were performed by two independent raters
(AH, CR). Initially both raters evaluated
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the same 15 patients and then re-evaluated
these cases after a period of 3 months to
obtain data on the inter-rater and intra-
rater reliability.

Statistics

A descriptive analysis of the dataset was
first performed. The X test was used to
determine differences between patient
age, sex, and dentition type and the occur-
rence of septa. Furthermore, the difference
between the orientation of the septa and
the dentition type was calculated using the
same test. Cohen’s kappa test was used to
evaluate inter- and intra-rater reliabili-
ty'>16. All statistical tests were performed
using R software'’. A P-value of less than
0.05 was considered as significant.

Results
Investigation of the general population

A total of 560 CBCT scans were per-
formed at the CMFO-S clinic during the
study period. Three hundred and one
CBCT scans fulfilled the inclusion criteria
and were included in the study. Thus, a
total 602 maxillary sinuses were observed.
Septa were detected in 117 patients.

Of the patients examined, 138 (45.8%)
were male and 163 (54.2%) were female.
The mean age of the patients was 44 years
(median 43 years, range 18-87 years).
With regard to the type of dentition, 173
(57.5%) patients had a full dentition, 106
(35.2%) had a partial dentition, and 22
(7.3%) were edentulous. Age was classi-
fied into the following groups: 18-
20 years (n=31), 20-30 years (n=81),
3040 years (n=33), 40-50 years
(n=35), 50-60years (n=47), 60—
70 years (n = 38), > 70 years (n = 36).

Fig. 1. Septa orientation: (a) sagittal septum shown in a coronal cut of the maxillary sinus; (b) coronal septum shown in a sagittal cut of the
maxillary sinus, (c) transverse septa shown in a sagittal cut of the maxillary sinus. © Sandro Sieber/Alex Hungerbiihler.
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Fig. 2. Spatial division of the maxillary sinus. © Sandro Sieber/Alex Hungerbiihler.

Detection of maxillary sinus septa

At least one septum was detected in 117
patients. Of these patients, 102 (87.2%)
showed only one septum and 15 (12.8%)
showed more than one septum. With re-
gard to male patients, 80 (58.0%) showed
no septum and 58 (42.0%) showed one or
more septa in the CBCT. For female
patients, 104 (63.8%) showed no septum
and 59 (36.2%) showed one or more max-
illary septa.

The distribution of patients according to
dentition type and the presence or absence
of septa is shown in Table 1.

In 301 CBCT scans, representing 602
single sinuses, 188 septa were measured.
One septum was found in 142 sinuses
(23.6%), two septa were found in 17
sinuses (2.8%), and three septa were found
in four sinuses (0.7%). Thus, 163 (27.1%)
sinuses in total showed one or more septa.

Out of the 188 septa, 100 (53.2%) were
coronally oriented (20.0% in the anterior
third, 44.0% in the middle third, and
36.0% in the posterior third), 46
(24.5%) were sagittally oriented (50.0%

anterior third, 23.9% middle third, 26.1%
posterior third), and 42 (22.3%) were
transversally oriented (31.0% anterior
third, 35.7% middle third, 33.3% posterior
third). The orientation of the septa accord-
ing to their location is shown in Table 2
and Fig. 3.

Associations between septa
characteristics and other variables

The presence of septa was found not to be
associated with age or sex (Table 3).
However, a significant association was
observed between the absence/presence
of septa and the dentition type: patients
with a full dentition more often showed no
septa and edentulous patients more often
had septa present.

When looking at the orientation of the
septa, there was a significant association
between the number of transverse septa
and the edentulous dentition type. This
was not the case for coronally or sagittally
oriented septa. Thus, edentulous patients
more often had septa present compared to

Table 1. Descriptive statistics of patients according to dentition type and prevalence of septa.

Number of patients with

. recorded septa
Dentition type

Number of patients with unilateral or
bilateral septa

0 (%) =1 (%)

Unilateral septa (%)  Bilateral septa (%)

Full dentition
Partial dentition
Edentulous

116 (67.1%)
60 (56.6%)
8 (36.4%)

57 (32.9%)
46 (43.4%)
14 (63.6%)

35 (61.4%)
28 (60.9%)
9 (64.3%)

22 (38.6%)
18 (39.1%)
5 (35.7%)

fully and partially dentate patients, and
these were often of the transverse type.
The exact P-values for the associations are
shown in Table 3.

Inter- and intra-rater reliability

Cohen’s kappa test for inter-rater reliabil-
ity was 0.92, showing very good agree-
ment. The intra-rater reliability was also
high (AH: 1; CR: 0.92).

Discussion

The aim of this study was to examine the
anatomical structure of antral septa in the
maxillary sinus and their possible associ-
ation with patient-specific factors such as
age, sex, and dentition type. The results
showed that edentulous patients had a
significantly higher prevalence of sinus
septa than partially and fully dentate
patients. The most common septum orien-
tation in edentulous patients was trans-
verse. The highest prevalence of septa
was found in the middle region of the
maxillary sinus. In total, 39% of all
patients showed septa.

In a similar analysis, Tadinada et al.
found a higher number of septa. They
analysed 36 randomly selected preopera-
tive implant planning CBCT scans of
posteriorly dentate and edentulous
patients. Sinus septa were found in 60%
of 72 sinuses, with 28% of the sinuses
showing only one septum and 24% show-
ing two septa. The septa were most com-
monly transverse in orientation'®. These
results were based on a relatively small
number of patients and differ from those
found in the present study. This study
results showed a lower frequency of septa
and a mostly coronal septum orientation,
with only edentulous patients showing a
mostly transverse septum orientation. In a
radiographic study, Bornstein et al. ana-
lysed unilateral and bilateral CBCT scans
of 212 patients and found septa in 67% of
212 patients and 57% of 294 maxillary
sinuses. These numbers are higher than
those found in the present study. The
differences might be explained by the
higher mean age of the patients, being
associated with a higher proportion of
edentulous patients. The most common
septum orientation was coronal, which is
in agreement with the present study, and
the septa were found in the region of the
first and second molar (representing the
middle region in this study)'’.

As sinus floor elevations are performed
in the posterior maxilla, the possible pres-
ence of septa in the molar area is of special
interest. Taleghani et al. examined 300
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Table 2. Number of septa categorized according to different orientations.

Distribution of septa in the maxillary sinus, n (%)

Septum orientation
Anterior third

Middle third Posterior third

Coronal 20 (20.0)
Sagittal 23 (50.0)
Transverse 13 (31.0)
Total septa in A/M/P 56 (29.8)

44 (44.0) 36 (36.0)
11 (23.9) 12 (26.1)
15 (35.7) 14 (33.3)
70 (37.2) 62 (33.0)

CBCT scans of maxillary sinuses from
patients with posterior edentulism. They
detected septa in 44% of all patients and
the spatial distribution was equal across
the anterior, middle, and posterior posi-
tions?’. Dragan et al. found an even higher
prevalence of septa in the posterior region.
Analyzing CBCT scans of 100 edentulous
patients and 100 dentate patients, they
showed septa in 96% and 98% of patients,
respectively®'. In that study, the maxillary
sinus was subdivided into three equal units
that were not defined by the position of the
teeth. Thus the spatial division differed
from that used in the present study. Fur-
ther, they observed an oblique orientation

]

-

C

for most septa’', which is comparable to
the coronal orientation of the present
study. The only significant difference
was shown in the comparison between
the two dentition types, in which it was
observed that edentulous patients had a
lower height of septa compared to dentate
patients®".

Krennmair et al. examined 194 posteri-
or maxillary regions of dentate and eden-
tulous patients subdivided into four
groups: (1) clinically and radiographically
(panoramic radiography) verified atrophic
alveolar processes, (2) cadaveric edentu-
lous maxillae, (3) CT-verified atrophic
alveolar processes, and (4) partially and
C_
0_

Fig. 3. Septa orientation on CBCT: (a) sagittal, (b) coronal, (c) transverse.
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mpletely dentate patients with non-atro-
phic maxillary ridges examined by CT.
They found a significantly higher inci-
dence of septa in edentulous ridges®>. This
is also in agreement with the present study
results; however, a limitation was that
only 22 edentulous patients were included.

The clinical importance of maxillary
septa is the possible interference with
sinus floor elevation surgery. Irinakis
et al. analysed the correlation between
septa and surgical interventions, observing
a significant association between interfer-
ing septa (found in CBCT scans) and
complications in sinus floor augmentation.
They described a significant correlation
between interfering septa and sinus mem-
brane perforations, identifying interfering
septa in 48% of all sinuses. Seventy-one
percent of the septa had a bucco-palatal
orientation (corresponding to the coronal
septa in the present study)23 .

Next to radiological studies, human
cadaver studies are of interest. The main
difference is the bias of a threshold in
radiological studies in contrast to the
direct inspection of cadavers. In a human
cadaver study, Rosano et al. described
sinus septa in 33% of 60 sinuses in 30
cadavers, most of them in the middle
region”®. Gosau et al. examined 130
sinuses in 65 cadavers, observing a prev-
alence of septa of 27% in all sinuses.
Most of these septa were found in the
region of the first molar (29%) and the
second molar (23%)°. These two cadav-
er studies showed a lower number of
septa than in many of the radiological
studies, but a percentage of septa com-
parable to that observed in the present
study.

The different percentages of septa
reported in the different studies might
be explained by the sample collection in
each study. A systematic review by Maes-
tre-Ferrin et al. showed a prevalence of
13-35% of septa in maxillary sinuses’.
Calculated according to the number of
patients, the prevalence of septa varied
from 22% to 67%°. Another systematic
review and meta-analysis by Pommer
et al. included studies published between
1995 and 2011 and found a prevalence of
septa in 28% of 8923 sinuses; there was a
significantly higher prevalence of septa in
edentulous maxillae than in dentate max-
illae*®. A systematic review of CBCT
scans by Ata-Ali et al. analysed the fre-
quency of anatomical variations and pa-
thologies in maxillary sinuses. The
frequency of septa was between 33%
and 58%, with the highest prevalence
being in the region of the first and second
molars®’.
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Table 3. Associations between septa characteristics and other variables.

Associations between septa characteristics and other variables P-value®
Prevalence of septa and age 0.460
Prevalence of septa and sex 0.411
Prevalence of septa and dentition type 0.010"
Dentition type and coronal orientation 0.114
Dentition type and sagittal orientation 0.379
Dentition type and transverse orientation 0.013"

iChi-square test.
Significant, P < 0.05.

In general, multiple studies have
assessed the prevalence of maxillary sep-
ta. The majority of the studies discussed
corroborate the findings of the present
study. The results of this study showed
significantly more septa in edentulous
patients than in partially or fully dentate
patients. The septa in edentulous patients
mostly showed a transverse orientation.
The most frequent orientation of septa
was coronal (53.2%), followed by sagittal
(24.5%) and transverse (22.3%). No cor-
relation was found between the prevalence
of maxillary sinus septa and patient age or
Sex.

Edentulous patients in particular suffer
from bone atrophy, often requiring sinus
floor elevation prior to implant placement.
It has been shown that the frequency of
membrane perforations increases with the
presence of septa’"'*12?%2%  Membrane
perforations were described by von Arx
et al. in the presence of septa with a
septum height of >5 mm?’. As the pres-
ence of septa can have an influence on
sinus floor elevation’'’, most guidelines
strongly recommend three-dimensional
imaging prior to these procedures®®'.
In contrast to CBCT, false results in the
detection of septa using panoramic X-rays
has been reported to occur in almost 50%
of cases™.

The clinical importance of the present
study findings lies in the provision of
anatomical information that is helpful dur-
ing implant planning and prior to perform-
ing sinus floor elevations. This anatomical
information can be integrated into the
decision-making process for guided im-
plant placement in the posterior maxilla.
In clinics, there is currently a choice be-
tween long and short implants. The choice
between these two options should be based
on the desired implant position with regard
to the prosthodontic situation and sinus-
related factors like possible septa in the
area of a future sinus floor elevation®***.
A septum in the area of the desired implant
position may speak in favour of a short
implant®®, and the lack of a septum may
speak in favour of a long implant. In the
future, such information could also be

integrated into decision-making algo-
rithms using machine learning or artificial
intelligence®. This would also allow a
preoperative risk analysis, taking the pres-
ence of septa and the desired implant
position into account.

In conclusion, the results of this study
show that the frequency of septa in the
maxillary sinus requires preoperative
three-dimensional imaging to minimize
risk. This is of high relevance for maxil-
lofacial surgeons, dentists, and insurance
providers. Furthermore, this three-dimen-
sional information could influence deci-
sion-making during implant planning and
also reduce the number of membrane per-
forations during sinus floor elevation, as
the position of the septa can already be
taken into account during implant plan-
ning. However, this should be investigated
in another, ideally prospective study.
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