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Abstract: Background: The anatomical structures of anterior area of sphenoid sinus are observed by CT reconstruc-
tion of radiographic images in some studies. However, the detailed anatomic information of the extended transs-
phenoidal approach is still incomplete. Method: Fifteen cases (30 sides) of adult cadaveric skulls and 20 cases (40
sides) of bleached adult dry skulls were observed and measured under microscope. CT imaging data were obtained
from 12 patients. Results: Anatomy of anterior area of sphenoid sinus and sphenopalatine artery observed from
CT three-dimensional reconstructed images was consistent with that observed from adult cadaveric skulls and
bleached adult dry skulls. The anterior sphenoid sinus wall resembled a bird head, with midline protrude prismati-
cally. The sphenoid ostia on both sides were in shape of bird-eyes, and the sphenoidal rostrum below was like the
beak. The “shallowest point” was firstly reported in this study and was defined as the nearest point from the nostril
to the anterior sphenoid sinus wall. It was located about 5.5 mm from sphenoid sinus ostium, and 5 mm from the
upper edge of the posterior choanae. It was an important anatomical reference mark in locating the sphenoid sinus
ostium in the anterior sinus wall. Conclusion: The three-dimensional images reconstructed by CT scan can visually
display the bone structure of anterior area of sphenoid sinus, sphenopalatine artery and its main branches. Virtual
endoscopy reconstruction can confirm the structural details of CT reconstruction and simulate transsphenoidal
surgery.

Keywords: Transsphenoidal surgery, sphenoid sinus ostium, sphenopalatine artery, microsurgical anatomy, CT,
three-dimensional reconstruction

Introduction and structures within the sphenoid sinus on
radiographic images. Routine MR and CT imag-

The trauma of transsphenoidal resection of ing can only provide two-dimensional anatomy

pituitary adenoma through unilateral endona-
sal transsphenoidal approach is significantly
reduced than that through the sublabial
approach [1]. The extended endonasal appro-
ach can remove pituitary adenomas that extend
forward, backward or sideways and lesions in
the upper clivus [2-7]. The above surgery
approaches should be guided by the anatomi-
cal landmarks of the anterior wall and the sphe-
noid sinus ostia. To accurately guide the
approach and direction of surgery and to open
the anterior sphenoid sinus wall in a safe and
convenient way, it is very important to identify
the anatomical features of individual patient.

It is very important to identify the morphologi-
cal features and variations of nasal septum,
sphenopalatine artery, sphenoid sinus ostia

images. These two-dimensional images are
different from three-dimensional structures
observed in the operation and in the speci-
mens. And surgical risk can be increased if
surgeries are performed based on the informa-
tion from two-dimensional images. The three-
dimensional CT reconstruction and virtual
endoscopy reconstruction can directly reveal
the anatomical structures and their adjacent
structures for the surgical approach.

In some studies, the morphology of sphenoid
sinus and its ostium is observed through unilat-
eral endonasal transsphenoidal approach [8,
9]. The anatomical structures of anterior area of
sphenoid sinus are observed by CT reconstruc-
tion of radiographic images [10-12]. However,
the detailed anatomic information of the
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extended transsphenoidal approach is still
incomplete. This study aims to observe and
measure the anatomy of the anterior sphenoid
sinus wall and its adjacent structures in dry
skulls and cadaveric skulls through unilateral
endonasal transsphenoidal approach. CT scans
were performed in patients with spontaneous
subarachnoid hemorrhage to reconstruct the
radiographic images of sphenoid sinus. The
transsphenoidal approach was simulated by
the virtual endoscopy. Our results provide
detailed anatomy data of sphenoid sinus for
the transsphenoidal approach.

Materials and methods
Specimens and patients

Specimens of 20 bleached adult skulls and 15
adult cadaveric skulls were collected from
South-eastern China area. The age of these
cadaveric specimens was from 19 to 76 years
old, with an average age of 32 years. There
were 11 males and 4 females. The specimens
were fixed in 10% formalin (Clinical Anatomy
Center, Fuzhou General Hospital, Fuzhou,
China). CT imaging data were obtained from 12
patients who had subarachnoid hemorrhage
caused by rupture of intracranial aneurysm and
underwent CT angiography. There were 7 males
and 5 females, aging from 22 to 55 years old.

Prior written and informed consent were
obtained from every patient or the patients’
family. This study was approved by the ethics
review board of Fujian Medical University.

Specimen observation

According to the requirements of transsphenoi-
dal surgery, skull bone structure was observed
and measured. Skull was sawed sagittally or
coronally. Under the operating microscope,
bony structures including nasal septum, turbi-
nates, sphenoid sinus ostium, sphenopalatine
foramen, sphenoid sinus, posterior ethmoid
sinus, and optic canal were observed from dif-
ferent angles. And the corresponding anatomi-
cal features were measured. Briefly, a compass
was put into nasal cavity under operating
microscope to locate the corresponding struc-
tures. Then the distance between the corre-
sponding structures was determined by mea-
suring the distances between the two tips of
compass with a vernier caliper. To determine
the viewing angle, a line was drawn along the
middle of the sagittal plane by a ruler. Then, the
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viewing angle was measured by a protractor.
The midpoint of nasal columella was located at
the midpoint of the midline in the front of nasal
columella. The line from the midpoint of nasal
columella to the lower edge of the sphenoid
sinus ostia was used as the viewing angle. The
sphenopalatine artery, lateral nasal artery, pos-
terior nasal septum artery and descending pal-
atine artery were exposed after removing the
posterior wall of maxillary sinus and separating
the wing palate part of maxillary artery. Their
distribution and adjacent structures were
observed. Surgical approach was simulated to
measure the location of sphenoid sinus ostium
and its relations with sphenopalatine foramen.
A straight probe was stretched from the nostril
to the anterior sphenoid sinus wall, to deter-
mine the nearest point on the anterior sphe-
noid sinus wall, which was defined as the “shal-
lowest point”. Then the “shallowest point” was
recorded and measured as above described.

Clinical CT

GE Discovery Ultra 16-slice spiral CT scanner
(New Jersey, USA) was used for CT scan. The
parameters included 0.5 s rotation time, 0.625
mm or 1.25 mm thickness, 0.625 mm space,
0.275:1 pitch, 1.2 s imager scan distance, 250
mm field of view, 512 x 512 matrix, 140 Kv
tube voltage and 180 mAs tube current.
Patients were in supine position, and received
intravenous injection of contrast medium
Omnipaque through the cubital vein using high-
pressure syringe. The dose of Omnipaque was
2 ml/kg and the flow rate was 2.5 to 3.5 mi/s.
When CT value of target vessel reached the
preset threshold, Smart Prep scanning system
was started to complete the scanning process.
After scanning, original data of CT scan were
first used for cross-sectional reconstruction,
and then further analyzed by the ADWA4.1
Advanced Workstation. The cross-sectional
images were used for volume rendering (VR),
multiplanar reformation (MPR) and virtual
endoscopy (VE), respectively. Finally, the three-
dimensional and virtual endoscopy images
of nasal septum, anterior area of sphenoid
sinus, sphenopalatine foramen, sphenopala-
tine artery, and sphenoid sinus were
constructed.

Statistical analysis

Measurement data of each group was expre-
ssed as mean * standard deviation (SD), using
SPSS13.0 statistical software.
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Figure 1. Autopsy observation of anterior area of sphenoid sinus. A: Skull specimens were sawn along the coronal
way, and anterior area of sphenoid sinus was observed from the front to show its range and anatomy. Numbers in
this figure indicated the following structures: 1. Nasal septum; 2. Sphenoid ostium; 3. Sphenopalatine foramen;
4. Middle turbinate; 5. Lower turbinate; 6. Posterior ethmoid cell. The trapezoidal area in the figure indicated the
traditional surgical opening of anterior area of sphenoid sinus. The white symbol “*” indicated the location of
the “shallowest point”. B: Preservative cadaveric head specimens were sawn along the median sagittal way and
dissected through nasal mucosal to reveal posterior nasal septum artery. The nasal septum of the right side was
shown. Numbers in this figure indicated the following structures: 1. Septal nasal cartilage; 2. Perpendicular plate of
ethmoidal bone; 3. Lateral nasal cartilage; 4. Upper branch of posterior septum artery; 5. Lower branch of posterior
septum artery; 6. Sphenopalatine nerve; 7. Sphenoid sinus; 8. Ethmoid sinus cell. The white line indicated the nasal

surgical path. The white symbol “*” indicated the location of the “shallowest point”.

Results
Anatomy of anterior area of sphenoid sinus

The anatomical features of anterior area of
sphenoid sinus, including sphenoid sinus osti-
um, sphenopalatine foramen and the “shallow-
est point”, were shown in Figure 1. The surgical
opening of the anterior sphenoid sinus wall was
indicated in Figure 1A as the trapezoidal area,
which was enclosed by sphenoid sinus ostia of
both sides and sphenopalatine foramen.
Among the 70 sides of specimens, there were
36 sides (51%) with sphenoid sinus ostium in
round shape, 20 sides (29%) in oval shape, and
14 sides (20%) in ovoid shape. The measure-
ment data of sphenoid sinus ostia of both sides
were shown in Table 1. The large diameter
(length) of sphenoid sinus ostium on the left
side was 5.6 + 0.3 mm (4.9 mm to 5.9 mm),
and the short diameter (width) on the left side
was 3.6 + 0.2 mm (3.1 mm to 4.0 mm). The
sphenoid sinus ostium was 12.2 + 1.0 mm
from the posterior choanae. Sphenopalatine
foramen was located below and lateral to the
sphenoid sinus ostium and at the rear of middle
turbinate, with distance of 6.9 + 1.4 mm to
sphenoid sinus ostium. The distance from
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upper edge of sphenoid sinus ostium to cribri-
form plate was 11.6 + 3.1 (9.4 to 12.8) mm.

The anatomy and location of sphenopalatine
foramen was also shown in Figure 1A. Among
the 70 sides of specimens, there were 10 sides
of sphenopalatine foramen with round shape,
37 sides with oval shape, 5 sides with triangu-
lar shape, and 18 sides with irregular shape.
There were 61 sides with only one sphenopala-
tine foramen, and some of them had a second-
ary foramen. There were 8 sides with two fora-
mens, and 1 side with three foramens. The
height of sphenopalatine foramen was 6.09 +
0.69 mm (4.28 mm to 7.47 mm) and the width
of sphenopalatine foramen was 5.24 + 0.57
mm (4.12 mm to 6.19 mm). The distance
between the medial edges of sphenopalatine
foramen on both sides was 18.23 + 2.46 mm.

The “shallowest point” was the nearest point
from nostril to the anterior sphenoid sinus wall,
locating at about 5 mm above the upper edge
of the posterior choanae and at the joint
between vomer and sphenoid (Figure 1A and
1B). This “shallowest point” was also located
inferior and medial to sphenoid sinus ostia, and
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Table 1. Measurement data of sphenoid sinus ostium

Distance (mm) Left side (n = 35)
Length 5.6 + 0.3 (4.9~5.9)
Width 3.6 £0.2(3.1~4.0)
12.0 + 1.1 (9.5~13.8)
9.8+0.8(9.1~11.5)

Right side (n = 35)
5.67 + 0.4 (5.0~5.7)
3.5+0.2(3.3~3.9)

12.4 + 0.8 (9.9~12.7)
9.2+0.9 (8.5~12.1)

19.5 + 1.1 (16.9~21.1) 19.5 + 1.4(16.5~20.4)

6.9+ 1.2(4.6~8.9) 6.9 + 1.6 (4.9~10.0)

Note: Data were expressed as mean + SD. The minimum value and the maximum value were given in brackets.

Sinus ostium-the posterior choanae
Sinus ostium-rear part of upper turbinate
Sinus ostium-rear part of middle turbinate

Sinus ostium- Sphenopalatine foramen

Table 2. Measurement data of the shallowest point

Distance (mm)

The shallowest point-columella nasi

The shallowest point-lower edge of sphenoid sinus ostium
The shallowest point-middle point of sphenoid sinus ostium
The shallowest point-the posterior choanae 5.2+0.3(4.9~7.2) 5.0+ 0.3 (4.5~6.8)
The shallowest point-anterior nasal spine 54.3+4.4(47.8~58.1) 54.7 £4.7 (51.5~59.9)
Note: Data were expressed as mean = SD. The minimum value and the maximum value were given in brackets.

Left side (n = 15) Right side (n = 15)
64.1+£4.9 (55.5~74.1) 64.5+5.1(56.5~73.8)
5.2+0.4(3.9~7.4) 5.8+ 0.4 (4.2~7.1)
7.0+ 0.4 (6.4~8.2) 7.4 £ 0.4 (6.9~8.9)

above and medial to the sphenopalatine fora-
men. From the sagittal plane, the “shallowest
point” was located at the leading edge of the
anterior sphenoid sinus wall. The measurement
results of the “shallowest point” were shown in
Table 2.

Anatomy of sphenopalatine artery

The anatomical features of sphenopalatine
artery and its main branches in 30 sides of
cadaveric skull specimens were shown in
Figure 2A and 2B. There were 17 sides (56.7%)
of sphenopalatine artery branching before exit-
ing sphenopalatine foramen, and 13 sides
(43.3%) branching after exiting sphenopalatine
foramen. The outer diameters of sphenopala-
tine artery, lateral nasal artery and posterior
nasal septal artery were 2.1 £ 0.5 mm (1.5 mm
t0 2.4 mm), 1.8 + 0.4 mm (1.5 mm to 2.0 mm)
and 1.7 mm + 0.4 mm (1.4 mm to 2.1 mm),
respectively. The distance from sphenoid sinus
ostium to upper branch of nasal septum artery
was 8.2 + 0.5 (6.6 to 12.2) mm.

According to the branching site of sphenopala-
tine artery, the branching pattern can be classi-
fied as four types of Type |, Type ll, Type Il and
Type IV (Figure 2C). In Type |, the sphenopala-
tine artery divided into lateral nasal artery and
posterior nasal septum artery after exiting
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sphenopalatine foramen. In type Il, sphenopal-
atine artery divided into two branches before
entering sphenopalatine foramen and these
two branches entered the nasal cavity through
sphenopalatine foramen together. In type llI,
the artery was divided into two branches before
sphenopalatine foramen, and entered the
nasal cavity through sphenopalatine main fora-
men and secondary foramen, respectively.
Type IV was similar to type Ill. However, the pos-
terior nasal septum artery divided into two
branches before exiting the sphenopalatine
foramen and the two branches passed through
main foramen simultaneously. There were 5
sides with type | (16.7%), 7 sides with type Il
(23.3%), 8 sides with type Il (26.7%) and 10
sides with type IV (33.3%).

The posterior nasal septum artery is the end
branch of sphenopalatine artery. The posterior
nasal septum artery can be classified as three
types of Type |, Type Il and Type Il (Figure 2D).
In type |, the stem of posterior nasal septum
artery exited the sphenopalatine foramen and
branched outside the sphenopalatine foramen.
A total of 5 sides (16.7%) had type I. In type I,
the posterior nasal septum artery itself entered
the sphenopalatine foramen and branched
after exiting the sphenopalatine foramen. There
were 15 sides with type Il (50%). In type lll, the
posterior nasal septum artery branched before
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Type | Type |l Type lll Type IV

Type | Type Il Type lll

Figure 2. Anatomy of sphenopalatine artery and its branches. A: The anterior part of preservative cadaveric head
specimen was sawn along the median sagittal way, and along the coronal way at the level of the sphenopalatine
foramen, to reveal sphenopalatine artery and its branches. The view observed from the left front way was shown.
Numbers in this figure indicated the following structures: 1. Maxillary artery; 2. Sphenoid descending artery; 3.
Sphenopalatine artery; 4. Lateral nasal artery; 5. Posterior nasal septum artery; 6. Upper branch of posterior sep-
tum artery; 7. Lower branch of posterior septum artery; 8. Sphenopalatine nerve; 9. Posterior ethmoid cell; 10.
Sphenoid ostium; 11. The posterior choanae. B: The preservative cadaveric head specimen was sawn along the
coronal way at the level of sphenopalatine foramen, to reveal sphenopalatine artery and its branches of both sides.
Numbers in this figure indicated the following structures: 1. Sphenopalatine artery; 2. Posterior nasal septum artery;
3. Lateral nasal artery; 4. Sphenoid ostium; 5. Posterior ethmoid cell; 6. Lower branch of posterior nasal septum
artery; 7. Upper branch of posterior nasal septum artery. The white symbols of “*” indicated the location of the
“shallowest point”. C: Schematics of branches of left sphenopalatine artery (front view), including branching Type
I, Type ll, Type Ill and Type IV. Numbers in this figure indicated the following structures: 1. Sphenopalatine artery; 2.
Posterior nasal septum artery; 3. Lateral nasal artery. The oval indicated sphenopalatine foramen, and the small
oval indicated the secondary sphenopalatine foramen. D: Schematics of branches of right sphenopalatine artery
(front view), including branching Type |, Type Il and Type Ill. Numbers in this figure indicated the following structures:
1. Sphenopalatine artery; 2. Lateral nasal artery; 3. Posterior nasal septum artery; 4. Upper branch of posterior
nasal septum artery; 5. Lower branch of posterior nasal septum artery. Oval indicated sphenopalatine foramen.

entering sphenopalatine foramen. There were CT image analysis and three-dimensional re-
10 sides with type Il (33.3%). There were 21 construction

sides (70%) of two branches, 3 cases (23.3%)

of three branches, and 2 cases (6.7%) more CT images were collected from 12 patients.
than 3 branches. The three-dimensional reconstructed CT image
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Figure 3. CT three-dimensional reconstruction of an-
terior area of sphenoid sinus. CT images were col-
lected from 12 patients. The front view of anterior
area of sphenoid sinus was shown. The sphenoid
ostium and sphenopalatine foramen were close to
each other. Posterior nasal septum artery passed
through lower edge of sphenopalatine foramen, then
divided into two branches and extended to nasal
septum along the anterior sphenoid sinus wall. Num-
bers in this figure indicated the following structures:
1. Posterior ethmoid cell; 2. Nasal septum; 3. The
posterior choanae; 4. Sphenoid ostium; 5. Spheno-
palatine foramen; 6. Posterior septum artery.

of anterior area of sphenoid sinus was shown in
Figure 3. Sphenoid sinus ostium was located at
the rear of upper turbinate. There were 8 cases
of bilateral sphenoid sinus ostia on the same
scanning planes, and 4 cases on different
scanning planes. There were 24 sides with
identifiable bone sphenoid sinus ostia, and 5
sides with unidentifiable mucosa sphenoid
sinus ostia. The long diameter of sphenoid
sinus ostium was (5.81 + 0.36) mm, and short
diameter was (3.64 + 0.24) mm. The maximum
distance between two sphenoid sinus ostia
was (14.34 + 2.32) mm. Structures including
sphenoid sinus ostia, the anterior sphenoid
sinus wall, top part of nasal cavity, upper nasal
turbinate, sphenopalatine foramen, sphenoid
sinus and its septations were shown in the
reconstructed images (Figure 3). There were
14 sides of sphenoid sinus ostia in round
shape, and 10 sides in oval shape. These
results suggest that the three-dimensional CT
image of sphenoid sinus and ethmoid sinus
was successfully reconstructed.

There were 10 sides of sphenopalatine fora-
men in round shape, 10 sides in oval shape,
and 4 sides in irregular shape. There were 22
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sides with one foramen and 2 sides with two
foramens. The long diameter was (6.24 + 0.71)
mm, and short diameter was (5.31 + 0.53) mm.
The distance between the medial edges of both
foramens was (18.63 + 2.12) mm. There were
four types of sphenopalatine arteries in the
coronal plane (Figure 4), including M type of
sphenopalatine artery (Figure 4A), Intermediate
type of sphenopalatine artery (Figure 4B), Y
type of sphenopalatine artery (Figure 4C) and T
type sphenopalatine artery (Figure 4D). The
upper part of Figure 4 showed the different
types of sphenopalatine artery on CT three-
dimensional reconstruction images. The lower
part of Figure 4 showed the schematics of
the different types of sphenopalatine artery.
However, this CT angiography method was not
effective in showing small arteries. The reveal
rates of different segment of sphenopalatine
artery were shown in Table 3.

Transsphenoidal surgery was simulated to
reconstruct the anterior area of sphenoid sinus
(Figure 5). Virtual endoscopy was introduced
into the sphenoid sinus through the unilateral
nostril and the sphenoid sinus ostium. The sel-
lar protuberance protruded into the sphenoid
sinus from the back-up side of the sphenoid
sinus. Figure 5A showed the dynamic image
under virtual endoscopy. The corresponding
structures on CT images were shown in Figure
5B (axial CT image), Figure 5C (coronal CT
image), and Figure 5D (sagittal CT image).

Discussion

In this study, we proposed the concept of the
“shallowest point” when performing transsphe-
noidal surgery. The “shallowest point” was
defined as the nearest point from the nostril
to the anterior sphenoid sinus wall. During
simulated transsphenoidal surgery on cadav-
eric skulls, the “shallowest point” was found
beneath the sphenoid sinus ostia and above
and medial to sphenopalatine foramen. It was
located about 5.5 mm from sphenoid sinus
ostium, and 5 mm from the upper edge of the
posterior choanae. We suppose that the “shal-
lowest point” is an important anatomical refer-
ence mark in locating the sphenoid sinus osti-
um in the anterior sinus wall. The “shallowest
point” has not been reported previously.
Anatomy features of sphenopalatine foramen
and sphenopalatine artery branches of cadav-
eric skulls were observed and analyzed. The
distance from sphenopalatine foramen to
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Figure 4. Sphenopalatine artery on CT three-dimensional reconstruction images (coronal view). CT images were col-
lected from 12 patients. The upper part showed the different types of sphenopalatine artery on CT three-dimension-
al reconstruction images. The lower part showed the schematics of the different types of sphenopalatine artery. A:
M type of sphenopalatine artery. B: Intermediate type of sphenopalatine artery. C: Y type of sphenopalatine artery.
D: T type sphenopalatine artery. Numbers in this figure indicated the following structures: 1. Maxillary artery; 2.
Descending palatine artery; 3. Sphenopalatine artery.

Table 3. Reveal rate of different segment of sphenopalatine artery in three-dimensional reconstruct-

ed CT image

Artery reveal rate

Artifacts and nonreveal rate

Trunk of sphenopalatine artery

Lateral nasal artery

Posterior nasal septum artery

Upper branch of posterior nasal septum artery
Lower branch of posterior nasal septum artery
Total

75% (18/24)
70.8% (17/24)
87.5% (126/144)

100% (24/24) 0% (0/24)
91.7% (22/24) 8.3% (2/24)
87.5% (21/24) 12.5% (3/24)

25% (6/24)
20.3% (7/24)
12.5% (18/144)

sphenoid sinus ostium was about 7 mm. The
above mentioned information was important to
identify structures of sphenopalatine foramen
and sphenopalatine artery, and to stop bleed-
ing during transsphenoidal surgery. Further-
more, these results from cadaveric skulls were
confirmed by data from CT reconstructed
images.

Unilateral endonasal transsphenoidal approach
may cause intraoperative bleeding in the ante-
rior area of sphenoid sinus, which is usually due
to bleeding of posterior nasal septum artery or
sphenopalatine artery [13-20]. Sphenopalatine
foramen is located below and lateral to the
sphenoid sinus ostium, with distance of about
7 mm from sphenoid sinus ostium and about 9
mm from midline. And, the distance from sphe-
noid sinus ostium to the upper branch of sep-
tum artery is about 8 mm. The above three dis-
tance data are important reference markers to
identify sphenopalatine foramen and to avoid
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injuries to main arteries during transsphenoidal
surgery. After transsphenoidal surgery, tardive
nasal bleeding could occur from time to time.
Tardive nasal bleeding is often associated with
injuries of the sphenopalatine artery and sep-
tum artery, with occurrence rate of about 0.5%
to 2% [13-15]. Raymond et al analyzed arterial
injuries in 1800 cases of transsphenoidal sur-
geries. They found that there were 21 cases of
nasal bleeding, 17 cases of internal carotid
artery injury, 4 cases of sphenopalatine artery
injury, and 4 deaths [13]. Cavallo et al reported
3 cases of sphenopalatine artery bleeding and
1 case of septum artery bleeding in 250 cases
of transsphenoidal surgeries [14]. In another
study by Cappabiance et al, there were 2 cases
of sphenopalatine artery bleeding in 146
cases of transsphenoidal surgeries. Bleeding
occurred at 2 to 30 days after surgery, with
total amount of bleeding up to 1000 ml. And,
there was also repeated bleeding [15].
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Figure 5. Simulated transsphenoidal surgery by virtual endoscopy. This figure showed three-dimensional anatomy
image and corresponding structure on routine CT. A: Reconstruction image by virtual endoscopy. Numbers in this
figure indicated the following structures: 1. Sphenoid sinus ostium; 2. Nasal septum; 3. The posterior choanae; 4.
Sphenopalatine foramen; 5. Upper turbinate. “x” indicated the position of endoscopic lens. B-D: Corresponding

axial, coronal and sagittal CT images were shown. “x” indicated the position of endoscopic lens and the yellow line
indicated the moving path of endoscopy.

Based on CT images, three-dimensional model
of nasal anatomy structures can be established
without distortion and with high resolution.
With this three-dimensional model, nasal anat-
omy structures can be observed from different
angles and adjacent relations between struc-
tures can be displayed [21]. In this experiment,
CT could identify whether the bone sphenoid
sinus ostia of both sides were on the same
plane, determine the heights of sphenoid sinus
ostia and discriminate them accurately during
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surgery. Reconstructed image can be observed
three-dimensionally, virtually and dynamically
and can be revised to better reveal the nasal
anatomy structures. It can also avoid surgical
damages on patients, and help surgical plan-
ning and clinical teaching.

The anterior sphenoid sinus wall resembled a
bird head, with midline protrude prismatically.
The sphenoid ostia on both sides were in shape
of bird-eyes, and the sphenoidal rostrum below
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was like the beak. The characteristics of these
structures are important anatomical landmarks
during surgery. The sphenoid sinus ostium was
located in the anterior sphenoid sinus wall, with
distance of about 12 mm from upper edge of
the posterior choanae. The difference in the
location of sphenoid sinus ostium may be due
to ethnic differences. We first reported the
“shallowest point” in the anterior sphenoid
sinus wall. It was located between the lower
edge of sphenoid sinus ostium and the upper
edge of posterior choanae. Posterior nasal sep-
tum artery passed under the “shallowest point”.
Sphenopalatine foramen was located at 7 mm
below and lateral to sphenoid sinus ostium.
This information could be used to identify sphe-
nopalatine foramen and sphenopalatine artery
during surgery. CT three-dimensional recon-
struction of the anterior sphenoid sinus wall
could be used in preoperative anatomical
assessment of unilateral endonasal transsphe-
noidal surgery. Reconstruction of CT virtual
endoscopy can provide dynamic and three-
dimensional anatomical details of the anterior
sphenoid sinus wall, thus reducing surgical risk.
However, the virtual endoscopy has some dis-
advantages that limit its application. For exam-
ple, under virtual endoscopy, the normal color
of mucosa and bone cannot be displayed.
And, the images lack the sense of texture.
Additionally, the virtual endoscopy can only pro-
vide the space location of anatomical struc-
tures. Unlike the real endoscopy, the virtual
endoscopy cannot directly go through the nar-
row channel of the mucosa ostium. Thus, pro-
spective/pilot studies are still needed to objec-
tively assess the benefit of such techniques.
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