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Objective: 70 analyse the anterior extension of the maxillary sinus, distribution of the sinus

septa and vertical relationship between the maxillary sinus and molar roots using cone beam

computed tomography (CBCT).

Methods: Imaging data of 970 consecutive patients who underwent CBCT scans were retro-

spectively collected. The anterior border, septa distribution of the maxillary sinus and relation-

ship between the maxillary sinus and molar roots were analysed. The root—sinus relationship

was divided into three types, the roots protruding into the sinus or touching the floor without
a bony barrier was defined as Type I root—sinus relationship.

Results: Overall, 15.5% of the maxillary sinuses extended beyond the incisor region and
68.9% extended beyond the canine region. A bony septum of > 2 mm was detected in 16.9%
(328/1940) of the maxillary sinuses from 26.0% (252/970) of the patients. Among the 355

septa in the 328 sinuses with septa, 108 (30.4%) were located at the first and second premolar
region, 180 (50.7%) at the first and second molar region and 67 (18.9%) posterior to the
second molar. Among the first molars, a Type I root—sinus relationship was detected in 61.0%
of palatine roots, 55.4% of distobuccal (DB) roots, and 52.7% of mesiobuccal (MB) roots.

Moreover, among three-rooted second molars, a Type I relationship was detected in 62.0%,

58.2% and 45.8% of MB, DB and palatine roots, respectively.

Conclusion: The maxillary sinus can extend beyond the incisor region; approximately 1/6 of
sinuses have bony septa; and 1/2 of molar roots protrude into the maxillary sinus or touch the
sinus floor without a bony barrier.
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he maxillary sinus is an important anatomical
structure of the midface region. The development
of modern dentistry, particularly implantation, neces-
sitates a precise knowledge of the anatomical structure
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of the maxillary sinus, including the sinus border, septa
on the sinus floor and the relationship between the molar
roots and the sinus floor. Anterior pneumatization of the
sinus is occasionally encountered on dental periapical or
panoramic radiographs and might be misunderstood as a
cystic lesion. However, few reports have focused on the
anterior border of the maxillary sinus. Maxillary sinus
septa are barriers of cortical bone that divide the maxil-
lary sinus floor into two or more compartments!-2, Dur-
ing sinus floor augmentation surgery, the presence of a
maxillary sinus septa may complicate the creation of an
access window into the lateral sinus wall as well as ele-
vation of the sinus membrane from the bony sinus floor.
The risk of sinus membrane perforation is reportedly
increased during such procedures’~. The prevalence

29



Zhang et al

Fig 1 Anterior border of the maxillary sinus extended beyond
the central incisor.

of maxillary sinus septa varies distinctly among 7% to
70% according to former studies that used panoramic
radiograph, cone beam computed tomography (CBCT)
and computed tomography (CT)%%12, Recognition of
the anatomical relationship of teeth relative to the max-
illary sinus is essential for a successful endodontic or
tooth extraction procedure. The bone barrier between
the root and the inferior sinus floor can be thin, and the
spreading of a periapical or periodontal infection can
probably cause maxillary sinusitis'>-!7. Of note, oro-
antral fistula or root displacement into the sinus cavity
is a frequent complication after extraction of first and
second molars; moreover, intrusion or bodily movement
of teeth across the sinus floor by orthodontic treatment
has been known to cause moderate apical root resorp-
tion'8. Reportedly, 10% to 36.7% of maxillary molars
protrude into the sinus!3!5-1°, These marked differences
in the aforementioned findings regarding the prevalence
of sinus septa and the sinus—molar root relationship
might be explained by differences of ethnic background,
sampling size, imaging modality and interpretation of
anatomical structures?%-2!. Furthermore, there are no
comprehensive studies of the maxillary sinus that con-

sider anterior pneumatization, sinus septa distribution
and the sinus—molar root relationship, particularly in the
population of northern China. Nowadays, CBCT images
providing high-resolution three-dimensionality are com-
monly used in dental practice, which facilitates a thor-
ough analysis of these anatomic structures.

The present study aimed to investigate the anterior
pneumatization of the maxillary sinus, the prevalence
and distribution of the sinus septa, and the relationship
between the sinus floor and molar roots in the popula-
tion of the Beijing area through the use of CBCT.

Materials and methods

Subjects

In this retrospective study, CBCT images of patients

who presented at our imaging centre from January to

December 2015 were retrospectively collected and eval-

uated. The study design was approved by the institution-

al review board of our school (PKUSSIRB-201732010).
Inclusion criteria included:

 patients aged 18 to 45 years;

* complete dentition (third molar as an exclusion);

» field of view (FOV) of 15 x 15 cm, with the entire
maxillary sinus visible;

* high-quality images without motion or beam-harden-
ing artefacts.

Exclusion criteria included the presence of:

 periapical or severe periodontal lesions, endodontic
or implantation treatments;

» tumoral lesions, cleft lip and palate or systematic dis-
eases;

 orthodontic or orthognathic treatment.

Y

Fig 2 lllustrations of different locations of the sinus septa. (a) Anterior. (b) Middle. (c) Posterior.
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A total of 970 patients took part in the study, including
341 men and 629 women ranging in age between 18 and
42 years (mean: 26.2). High-quality CBCT images were
acquired from all patients.

Evaluation of CBCT images

CBCT images were obtained using NewTom VGi (QR
s.r.l. Verona, Italy) with the following exposure settings:
110 kV, automatic mA and 3.6 s impulsive exposure.
The voxel size was 200 um during the reconstruction
of the volume data. The NNT software (version 4.00.1;
Verona, Italy) provided by the CBCT machine was uti-
lized for data analysis. All images were assessed respect-
ively by two experienced oral radiologists. In the event
of a disagreement, the cases were discussed until a con-
sensus was reached.

For each patient, the anterior pneumatization of
the maxillary sinus was initially observed on axial
images set parallel to the occlusal plane and recorded
according to the corresponding tooth position via a
reconstructed panoramic view set perpendicular to the
occlusal plane (Fig 1). An inferiorly extended maxillary
sinus was defined as > 3 teeth touching the sinus floor.
Meanwhile, the molar relationship was recorded as
Class I to III based on Angle’s classification.

The floor of the maxillary sinus, combined with the
inferior lateral wall, was observed under multiplanar
reconstruction (MPR) images, and the presence and
number of septa were recorded. As suggested by Naitoh
et al’, only bony septa of >2 mm in height were reg-
istered. The septa locations were classified into three
types relative to the neighbouring tooth: anterior (pre-
molar region), middle (first and second molar region)

Fig3 Two buccopalatal septa (T) and one sagittal septum ()
were observed on the axial view of the CBCT scan.

and posterior (posterior to the second molar) (Fig 2).
Furthermore, the orientation of the septa was classified
as sagittal and coronal (Fig 3).

The vertical relationship between each molar root and

the sinus floor was classified into three types (Fig 4):

* Type I: The root penetrated into the sinus floor or
touched the sinus floor with cortical bone discontinu-
ity.

* Type II: The root touched the sinus floor with con-
tinual cortical bone or the distance between the sinus
floor and the root apex was <2 mm.

Fig 4 Classification of the vertical relationship between molar roots and the maxillary sinus floor. (@) Mesiobuccal and palatal roots
of the molar penetrated into the sinus floor (Type |). (b) Distobuccal and palatal roots of the molar touched the sinus floor with cortical
bone discontinuity (Type |). (c) The palatal root of the molar contacted the sinus floor with continual cortical bone (Type ). (d) The
distance between the sinus floor and molar roots was > 2 mm (Type llI).
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Table 1 Distribution of 355 septa among 252 patients.
Anterior Middle Posterior
1 septum 27 & 11
L 2 septa 2 7 1
N = 80 P
3 septa 0 0 0
Unilateral septa
1 septum 30 45 13
R
N <96 2 septa 7 4 3
3 septa 1 1 1
. L 7 10 9
2 symmetric
t =2
septan =26 R 7 10 9
) L 10 23 6
2 asymmetric
t =
septa n = 39 R 9 o5 5
Bilateral septa
3 septa L 2 9 3
N=9 R 3 7 3
4 septa L 2 1 1
Total 108 180 67
L: Left; R: Right.
Results

e Type III: The distance between the sinus floor and
root apex was > 2 mm.

Statistical analyses

Statistical analyses were conducted using the SPSS soft-
ware (version 22.0; IBM, Chicago, IL) to investigate the
prevalence of the anterior border of the maxillary sinus,
the distribution of the sinus septum and variations in
the root—sinus floor relationship. In addition, chi-square
tests were performed to assess differences among later-
ality and gender. P <0.05 was considered statistically
significant. In terms of the vertical relationship between
the sinus floor and molar roots, patients were classified
into two groups according to their median age (24.5
years): <24 and > 24 years. Chi-square tests were also
conducted to compare the difference between the two
age groups.

32

Anterior border of maxillary sinus

Overall, 3.4% of the maxillary sinus extended anterior-
ly into the central incisor region (Fig 1), 12.1% into the
lateral incisor, 68.9% into the canine, 14.2% into the first
premolar, and the remaining 1.4% into the second pre-
molar or first molar region. The anterior pneumatization
did not statistically differ between men and women or
between the two sides of the sinuses (P = 0.909).

The prevalence of an inferiorly extended maxillary
sinus was 52.3% (152/291) in Class I molar relation-
ships, 51.0% (176/346) in Class Il and 53% (176/333) in
Class III molar relationships, and no significant differ-
ences were found among these three types (P = 0.937).
In addition, statistical analysis showed no gender differ-
ences in the prevalence of inferiorly extended maxillary
sinus (P = 0.549).
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Table 2 Vertical correlation of the maxillary sinus floor to the first and three-rooted second maxillary molars.

Root Type | Type Il Type Il
6MB 52.7% 22.9% 24.5%
6MD 55.4% 21.1% 23.0%
6P 61.0% 14.6% 23.8%
7MB 62.0% 19.4% 18.6%
7MD 58.2% 22.1% 19.7%
7P 45.8% 22.9% 31.3%

6: First maxillary molar; 7: Second maxillary molar; MB: mesiobuccal; MD: mesiodistal; P: palatal.

Prevalence of septa on the maxillary sinus floor (Table 1)

A bony septum of >2 mm was detected in 16.9%
(328/1940) of the maxillary sinuses from 26.0%
(252/970) of the patients. Among the patients with sinus
septa, 80 (31.7%) had septa on the floor of the left maxil-
lary sinus, 96 (38.1%) had septa on the right side, and 76
(30.2%) had septa on both sides. Among the 328 sinuses
with septa, 302 (92.1%) sinuses had a single septum, 25
(7.6%) had two septa, and 1 (0.3%) had three septa. In
terms of septa location, 180 (50.7%) septa were located
in the middle region of the sinus floor, 108 (30.4%)
in the anterior region, and 67 (18.9%) in the posterior
region. The orientation of the septa was transverse (buc-
copalatal) in 323 (91.0%) and sagittal (mesiodistal) in
32 (9.0%). Moreover, in terms of septa prevalence, no
significant differences were detected between men and
women or between the two sides of the maxillary sinuses
(P=0.383).

Vertical relationship of molar roots and the maxillary
sinus floor (Table 2)

All the maxillary first molars were three-rooted. Among
first molars, a Type I root—sinus relationship was detect-
ed in 61.0% of palatine roots, 55.4% of distobuccal (DB)
roots and 52.7% of mesiobuccal (MB) roots. Among sec-
ond molars, 20.5% had one fused root, 24.9% had two
roots, 53.5% had three roots and 1.1% had four roots.
Among three-rooted second molars, a Type I root—sinus
relationship was detected in 62.0% of MB roots, 58.2%
of DB roots and 45.8% of palatine roots. Of the total
number of roots, a Type I relationship was detected in
56.7%, 50.0% and 59.4% of one-, two- and four-rooted
second molars, respectively. Statistical analysis showed
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no gender differences of root—sinus relationship in all
the different roots (P > 0.05); however, significant dif-
ferences were found between two sides of the root—sinus
relationship in MB (P = 0.016) and DB (P = 0.001) roots
of the first molar and palatine roots (P = 0.005) of the
second molar. Additionally, it was revealed that a Type |
relationship occurred more frequently in all the differ-
ent roots of the < 24-year age group (P < 0.05), particu-
larly in the first molar (Table 3), compared with that of
the > 24-year age group.

Discussion

As an important structure of the midfacial area, parana-
sal sinuses act as shock absorbers, account for weight
reduction of the head and are involved in voice reso-
nance. Maxillary sinus pneumatization is a physiologi-
cal process; its volume increases after 12 to 13 years of
age and ends with the completion of third molar eruption
at 18 years?2. It is known that the volume of the maxil-
lary sinus varies among the adult population; neverthe-
less, few studies have focused on the anterior extension
of the sinus. The present study revealed that the anterior
border of the maxillary sinus could reach the central or
lateral incisor regions. Clinically, a huge-sized maxillary
sinus could be misdiagnosed as an alveolar cyst on con-
ventional radiographs. In addition, in cases of implants,
an excessive extension of the sinus beyond the incisors
might diminish the available bone volume of this region.

Maxillary sinus septum is considered to be primar-
ily formed by chewing pressure. Previous studies have
reported varied prevalence of maxillary sinus septum,
which could be related to age, ethnicity and imaging
modality?. By using CBCT, Qian et al?3, Shahidi et
al**, and Naitoh et al’ found that the prevalence of
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Table 3 Vertical relationship between molar roots and sinus floor in two age groups.

1st molar Three-rooted second molar One-rooted W OSsen,
DB MB DB P second molar second molar
<24yrs | Typel 65.5% 67.9% 71.5% 71.9% 65.1% 50.8% 64.4% 60.0%
Type Il 20.3% 18.4% 12.3% 17.8% 22.4% 24.4% 21.4% 22.5%
Type lll 14.2% 13.7% 16.2% 10.3% 12.5% 24.8% 14.2% 17.5%
>24yrs | Typel 39.7% 43.6% 51.5% 52.4% 51.6% 41.0% 48.9% 39.8%
Type Il 25.5% 23.8% 17.0% 20.9% 21.7% 21.5% 31.6% 28.6%
Type lll 34.8% 32.6% 31.5% 26.7% 26.7% 37.5% 19.5% 31.6%

Note: Four-rooted second molars were not catalogued because only 16 patients were observed.

septa varied from 37% to 57.6%. In 2012, Pommer et
al? reviewed the available literature from 1995 to 2011
and summarized that the prevalence of maxillary sinus
septa ranged from 24.3% to 32.5%. In the present study,
the prevalence, location and orientation of septa were
observed using high-resolution CBCT images. The
results revealed that 16.9% of sinuses had septa on the
floor of the maxillary sinuses. The prevalence of max-
illary sinus septa was slightly lower than that reported
in previous studies. One reason was that only septa
of > 2 mm detectable on the maxillary sinus floor and
inferior lateral wall were registered, in view of the fact
that septa>2 mm in height significantly impede the
success rate in sinus floor elevation’24; and septa origi-
nating from other sinus walls were not listed. Moreover,
all patients possessed complete dentition in the present
study; the aim was to reveal the intrinsic prevalence of
maxillary sinus septa and to avoid the bias of a second-
ary septum in edentulous patients>2!-23,

Furthermore, the total number and proportion of dif-
ferent types of septa varied in previous studies. In the
present study, 92.1% of sinuses had a single septum,
7.6% had two septa, and 0.3% had three septa. This was
similar to the result reported by Qian et al**> and may
be explained by the fact that the two studies were per-
formed among the same population. In addition, 30.4%
of the sinus septa in the present study were situated in
the premolar region, 50.7% in the middle region, and
18.9% posterior to the second molar region, which was
similar to previous reports3-2°. This could be attributed
to the fact that the middle region sustained more masti-
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catory pressure than other regions?. Clinically, surgical
elevation of the maxillary sinus floor was primar-
ily performed in the maxillary first and second molar
region, necessitating preoperative CBCT evaluation to
minimize probable complications.

Previous studies have shown close proximity
between the root apex of the maxillary posterior teeth
and the maxillary sinus floor by means of CBCT; how-
ever, the criteria for this relationship suggested by those
authors were different!?2728, Ok et al'® and Tian et al'?
evaluated each root of maxillary molars according to
three types: below the sinus floor, contacting with the
sinus floor and penetrating into the sinus floor. Jung
and Cho?? evaluated each root of the maxillary molars
according to four types: no touching, touching the corti-
cal borders of the sinus, projecting laterally on the sinus
cavity and protruding into the sinus.

The criteria used in the present study was a modifica-
tion of the criteria used in the study by Jung and Cho®’.
The vertical relationship between each molar root and
the sinus floor was classified into three types. In Type
I, the root penetrated into the sinus floor or touched the
sinus floor with cortical bone deficiency. This type of
relationship represents the closest proximity between
the root and the sinus floor, and special care should be
taken to avoid any procedural complications. Obviously,
the spatial resolution of CBCT images was crucial for
observing the continuity of the cortical border on the
maxillary sinus floor. In the present study, the CBCT
images with a voxel size of 200 um confirmed a sat-
isfactory image quality. Results revealed that a Type |
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relationship occurred most frequently in the MB roots of
maxillary second molars (62.0%) and least often in the
palatine roots of second molars (45.8%). This implied
that approximately half of molar roots protruded into the
maxillary sinus or touched the sinus floor without a corti-
cal bone barrier and, therefore, posed a risk of infection
during endodontic procedures or oroantral fistula forma-
tion during tooth extraction surgery. Moreover, severe
deficiency of the bone height could be anticipated if an
implant surgery was needed. The percentage of Type I
relationships in the > 24-year age group was lower than
that in the < 24-year group, which implied that the dis-
tance between the sinus floor and the maxillary posterior
teeth increased with age, as described by Ok et al'> and
Tian et al'3. In the present study, the proportion of roots
protruding into the sinus appeared to be higher than that
reported by Ok et al'> (25.9% to 34.2%) and Tian et al'3
(32.8% to 44.75%), which can be attributed to the differ-
ent criteria and the age ranges of the patients. Patient age
in the present study ranged from 18 to 42 years, while
in the studies conducted by Ok et al 1> and Tian et al'3
it ranged from 14 to 84 years. The relatively younger
age range in the present study might have led to an
overestimation of the Type I root—sinus relationship, and
this should be regarded as a shortcoming of our study.
Further studies of older age groups, as well as edentulous
patients, should be conducted in future.

In conclusion, the maxillary sinus can extend anteri-
orly beyond the incisor region. Approximately a quar-
ter of patients or 1/6 of sinuses have bony septa that
are > 2 mm in height on the sinus floor, and half of the
septa are located in the first and second molar region.
Half of molar roots protrude into the maxillary sinus
or touch the sinus floor without a bony barrier. These
anatomical features provided by CBCT are helpful for
planning and performing relevant endodontic, tooth
extraction and implant procedures.
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