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Maxillary Sinus Ostium Observation with Cone-beam

Computed Tomography Using Jugal Point as Reference

Tatsuo Funakawa', Hitoshi KawaNnaBe® and Akinobu Usamr’

Imaging ranges of cone beam computed tomography (CBCT) is limited and there

have been no reports on reference points on the face surface for effective capture of

maxillary sinus ostium.

Using 49 cadavers, we performed CBCT imaging of maxillary sinus ostium in order

to determine whether the jugal point could be used as a reference point.

The present findings indicated that the jugal point might be a useful surface land-

mark for CBCT imaging of the maxillary sinus ostium.
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Background

It is important to understand the shape of
the ostium of the maxillary sinus in patients
suspected to have maxillary sinusitis’. The
maxillary sinus ostium is located in the middle
meatus, on the lateral nasal wall between the
middle and inferior concha, while the ethmoid
bulla and uncinate process of the ethmoid bone
are located around it*®. The maxillary sinus
and nasal cavity are wrapped with ciliated
epithelium cells, by which ciliate action sweeps
away secretions to the narrow opening of
the maxillary sinus and into the nasal cavity.
Moreover, the ostium of the maxillary sinus is
present in the superior region of the sinus?. In
some cases, elevation of the maxillary sinus floor

is performed for oral implant placement®®, though

secretions often increase due to of inflammation
occurring following that surgical procedure”.
Therefore, it is important to understand the
shape of the maxillary sinus ostium prior to
the diagnosis of maxillary sinusitis that occurs
postoperatively with dental implant surgery.
For preoperative diagnosis, observation of
the cone-beam computed tomography (CBCT)
imaging of both the floor and ostium of the
maxillary sinus is useful. However, the lateral
wall of the nasal cavity is quite complex”, thus
it is difficult to decide which region to scan for
lateral transmission imaging of the cranium.
While no known study has reported regarding
positioning landmark on the body surface of the
CBCT device toobtain the ostium of the maxillary
sinus. In this report, the jugal point, the point
where the upper margin of the zygomatic arch
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Fig. 1 Indicators for CBCT imaging
Ju : The jugal point, the point where the upper
margin of the zygomatic arch bends sharply upwards
at the anterior end.
Or-Po : The Frankfurt horizontal plane

bends sharply upwards at the anterior end?,
was used as the reference.In the present study
we set the jugal point as the reference landmark
to obtain CBCT images of the maxillary sinus
ostium. Thereafter, its position was determined
on CBCT slice images. We found that use of the
jugal point as a landmark allowed for obtaining
useful CBCT images of the ostium.

Materials and Methods

Forty-nine cadavers (22 males with 44 sides;
27 females with 54 sides; average age 80.7
years) were used in this study. The Frankfurt
horizontal plane of the cranium was set
parallel to the floor. To decide the region to
perform CBCT scanning, the reference guide
for the coronal plane were set on the median
line. The reference guide of the sagittal plane
was set on the left jugal point (Fig. 1), where
the upper margin of the zygomatic arch bends
sharply upwards at the anterior end. CBCT
images were obtained using a 3DX Multi Image
Micro CT FPD (Morita, Kyoto, Japan), with
scanning performed for 18 seconds at 80 kV
and 5 mA. The distance from the center of each
horizontal reconstructed CBCT image to the
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Fig. 2 Measurement items
length

horizontal CBCT images, while superior-inferior

Antero-posterior was measured using

and medio-lateral lengths were measured using
coronal CBCT images.

ostium of the maxilla was measured with used
as antero-posterior length, while the vertical
and horizontal distances from the center of the
coronal plane to the ostium of the maxilla were
measured with used as the superior-inferior
and medio-lateral lengths respectively (Fig.
2). All measurements were performed using
a Morita One Volume viewer (Morita, Kyoto,
Japan). The study protocol was approved by the
ethics committee of Ohu University (No.185).

A Kolmogorov-Smirnov normality test and
an F-test were used for comparisons. Gender
differences were compared using an unpaired
t-test, with a P value less than 0.05 considered

to indicate a significant difference.

Results

The antero-posterior length from the center
to the ostium of the maxillary sinus on the CBCT
images was 13.98+5.29 mm and 11.11%4.95
mm forward in males and females, respectively,
while the average of all results was 12.55%5.28
mm forward. There was a significant difference
between the genders. As for the superior-
inferior length, that was 0.38%5.09 mm supra
in males and 0.94+3.84 mm supra in females,
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Antero-posterior length Superior-inferior length Medio-lateral length
(mm) (mm) (mm)
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2 * 15 s 2 NS
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15 . 15
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Unpaired t-test p<0.05 Unpaired t-test NS Unpaired t-test NS
Fig. 3 Measurement results
Table. 1 Measurement results
with the average of all results 0.69+4.42 mm Taotal
supra. There was no significant difference Mean(mm) S.D.
between the male and female subjects. Finally, . 12.55
. Antero-posterior length (t ) Q 5.28
the medio-lateral length was 16.97£2.79mm orwar
lateral in males and 17.2942.61 mm lateral Superior-inferior length (s?lﬁfa) 4.42
in females, and the average.of all reéuhfs was Medio-lateral length (113.131) 568
17.13+2.68 mm lateral, with no significant atera

difference between the genders (Fig. 3, Table.
1, 2).

Discussion

Generally, oral implants are used in the maxilla
and mandible, though a notable anatomical
feature is that the alveolar process of the
maxilla is weaker than that of the mandible
in most areas”. Moreover, the maxillary
sinus, which is the largest paranasal sinus, is
contained within the maxillary body. It shows
age-related growth, with diameter and volume
reaching their maximum size at 16 years of
age'. The alveolar process shows atrophy
after tooth loss'’, while the dimensions of the
maxillary sinus are influenced by both aging
and tooth loss'?. Thus, the acceptable regions of
oral implant placement are affected according
to those limitations, with related surgical
procedures, i.e., sinus floor elevation, related
to the floor of the maxillary sinus occasionally
performed prior to oral implant placement® 9.

A maxillary hiatus is located on the nasal

surface of the maxilla. In the cranial bone, along
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Table. 2 Measurement results of male and female subjects

Males
Mean(mm) S.D.
Antero-posterior length (foll‘%\./g]sr a 5.29
Superior-inferior length (s?l'}?fa) 5.09
Medio-lateral length (1;?3;1) 2.79
Females
Mean(mm) S.D.
Antero-posterior length ( folrizéai‘ a 4.95
Superior-inferior length (s(l)l.gfa) 3.84
Medio-lateral length (1;&321) 2.61

with the ethmoid bone, the inferior nasal concha
and palatal bone exist on the lateral nasal
wall, while the maxillary hiatus is narrowed
and forms the hiatus semilunaris between
the ethmoid bulla and uncinate process of the
ethmoid bone. The hiatus semilunaris is covered
by mucosa. The maxillary sinus opens to the nasal
cavity through the ostium of the maxillary sinus
in the hiatus semilunaris. The lateral wall of the
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nasal cavity is quite complex*®. The maxillary
sinus functions as part of the respiratory
system. Mucosa epithelium is composed of
ciliated cells that function to drain secretions
to the nasal cavity through the opening of the
maxillary sinus in the superior region of the
sinus?. The risk of development of sinusitis is
largely dependent on the shape of the ostium
of the maxillary sinus that opens through the
nasal cavity.

Several reports have shown that the septa on
the floor of the maxillary sinus has effects on
membrane perforation during maxillary sinus
floor elevation performed prior to oral implant
placement in the maxillary molar region'~'". On
the other hand, few studies have noted that the
position of the ostium of the maxillary sinus can
affect occurrence of postoperative complications
following sinus floor elevation.

In the field of otorhinolaryngology, morphological
studies regarding the relationship of the lateral
nasal wall to endoscopic paranasal sinus surgery
have been performed, including measurements
from the nasal sill to lateral nasal wall
landmarks'®. However, those measurements
were performed using the lateral nasal wall of
embalmed half cadaver heads. The maxillary
line is a surgical landmark defined as the
curvilinear eminence on the lateral nasal wall
from the anterior attachment of the middle
turbinate to the root of the inferior turbinate'.
On the other hand, there is no anatomical
landmark for the ostium of the maxillary sinus
on the lateral surface of the cranial bone.

CBCT imaging of the maxillary sinus in the
field of dentistry is usually performed when
planning maxillary sinus elevation and prior to
diagnosis related to oral implant placement®.
To obtain adequate images including the
ostium of the maxillary sinus, it is important
to understand its position, thus scout images
are acquired with CBCT lateral transmission
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imaging of the cranium. The jugal point is a
palpate landmark on the lateral cranium, the
point where the upper margin of the zygomatic
arch bends sharply upwards at the anterior end?®.
This point can be easily detected by palpation
on the body surface. Therefore this point is
considered suitable for use as a landmark for
the ostium of the maxillary sinus. In the present
study, we performed CBCT imaging using the
jugal point landmark to show the location of the
ostium of the maxillary sinus in the examined
cadavers.

In all forty-nine cases, we were able to visualize
the bilateral ostium of the maxillary sinus within
a known range. We measured the distance from
the midpoint of the CBCT image to the opening
of the maxillary sinus ostium, which showed
an antero-posterior length of 12.55£5.28 mm,
superior-inferior length of 0.69+4.42 mm, and
medio-lateral length of 17.13+2.68 mm. Using
the jugal point and median line as landmarks,
the bilateral ostium of the maxillary sinuses was
included in the CBCT image region. The actual
measurements in all of the present cadavers
were less than 1 ecm different from our image
measurements. Furthermore, there were no
significant differences found between males and
females, except for antero-posterior length from

the center to the ostium of the maxillary sinus.

Conclusion

The present findings suggest that the jugal
point is useful as a palpate landmark to
simultaneously visualize the bilateral ostium
of the maxillary sinus by CBCT within the
limited range of the obtained image. Increased
imaging accuracy reduces total radiation dose
for the patient. For measuring from the ostium
of the maxillary sinus to the center of a CBCT
image obtained using the jugal point landmark,
our findings showed an antero-posterior length
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of 12.55+5.28 mm forward, superior-inferior
length of 0.69+t4.42 mm supra, and medio-
lateral length of 17.13+2.68 mm lateral. An
accurate understanding of the position of the
maxillary sinus ostium on images obtained
with the jugal point as a landmark can ensure
efficient diagnosis of maxillary sinus conditions.
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