Relationship of the Optic Nerve to the Posterior Paranasal Sinuses:

A CT Anatomic Study
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PURPOSE: To delineate the relationship between the optic nerves and the posterior paranasal
sinuses using CT data. METHODS: Direct coronal sinus CT scans of 150 consecutive patients with
chronic inflammatory sinus disease were reviewed by two radiologists. Axial oblique reconstruc-
tions along the course of the optic nerve were obtained for the first 100 patients. The direct
relationship between the optic nerve and the posterior ethmoid and sphenoidal sinuses was
recorded, as were indentations into the sinus wall, course of the nerve through the sinus region,
pneumatization of the anterior clinoid process, and bone dehiscence. RESULTS: The relationship
of the optic nerve to the posterior paranasal sinus fell into one of four discrete categories, type 1
through type 4. All 300 nerves were intimately related to the sphenoidal sinus. A small minority
(3%) were in contact with the posterior ethmoidal sinus. Only type 4 nerves had contact with the
posterior ethmoid air cell. Type 1 nerves course adjacent to the sphenoid sinus without indentation
of the wall (228 nerves, 76%). Type 2 nerves course adjacent to the sphenoidal sinus, causing
indentation of the sinus wall (44 nerves, 15%). Type 3 nerves course through the sphenoid sinus
(19 nerves, 6%). Type 4 nerves course immediately adjacent to the sphenoidal sinus and the
posterior ethmoidal air cell (9 nerves, 3%). Bone dehiscence over the optic nerve was found in 24%
of the nerves; 4% of the optic nerves in our study had an associated pneumatized anterior clinoid
process and 77% of these had an associated dehiscence over the optic canal. CONCLUSIONS: In
all our cases the course of the optic nerve was adjacent to the sphenoidal sinus. Only 3% were in
contact with the posterior ethmoidal sinus. Anatomic configurations that predispose the optic nerve
to injury include type 2 or 3 optic nerves, bone dehiscence over the nerve, and pneumatization of
the anterior clinoid process. These configurations are common and should be routinely sought out
so that devastating complications from sinus surgery can be avoided.
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The use of functional endoscopic sinus surgi-
cal procedures has increased steadily since
their introduction in 1984. An estimated
171 000 endoscopic sinus surgeries were per-
formed to treat chronic inflammation of the na-
sal cavity and paranasal sinus disease in 1990,
and approximately 250 000 such procedures
were performed in 1994. Concurrently, an in-
crease in the frequency of serious complica-
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tions, including death and intracranial and or-
bital injuries, was noted. Of these, the most
common are injuries of the orbit and optic
nerve. Thus, a clear understanding of the rela-
tionship between the paranasal sinuses and the
course of the optic nerve is critical in planning
and performing surgery involving the posterior
ethmoidal and sphenoidal sinuses.

The enormous variability in the anatomy of
the sphenoidal and posterior ethmoidal sinuses
is well documented (1-7). Accurate evaluation
of these structures is possible with preoperative
computed tomography (CT) of the sinuses.
With the introduction of the nasal endoscope
and expanded surgical procedures, knowledge
of this anatomy takes on added significance.

In our radiologic evaluation of the paranasal
sinuses of patients with chronic inflammatory



670 DELANO

disease, we found that the coronal plane shows
a distinct relationship between the medial rectus
and the posterior ethmoidal sinus. Our experi-
ence has shown that the optic nerve is always
immediately adjacent to the lateral wall of the
sphenoidal sinus and is usually not contiguous
with the posterior ethmoidal sinus. The objec-
tive of this study was to delineate the precise
relationship between the optic nerves and the
posterior paranasal sinuses using CT imaging
data, and to determine the relative frequency of
variations in this relationship. It is hoped that
this information will provide a more accurate
understanding of the regional anatomy in order
to decrease the possibility of surgical complica-
tions associated with functional endoscopic si-
nus surgery of the posterior paranasal sinuses.

Materials and Methods

We reviewed the findings on 150 consecutive CT scans
of the paranasal sinuses of patients examined for chronic
inflammatory disease of the nasal cavity and paranasal
sinuses. The patient population included 97 female and 53
male subjects. Direct coronal CT scans were obtained with
4-mm section thickness, 4-mm table incrementation,
2-second scan time, 120 mA-s, and 120 kV(p) on a Sie-
mens (Iselin, NJ) Somatom-Plus CT scanner. Both bone
(window, 2500 Hounsfield units (HU); level, 500 HU) and
soft-tissue (window, 1700 HU; level, —300 HU) scans were
available for interpretation.

Because direct axial sinus CT is not performed routinely
at our institution, an axial oblique reconstruction along the
course of the optic nerve through the optic canal was
obtained and evaluated for the first 100 patients to add to
the validity of our observations on the coronal examina-
tion.

The direct relationship between the optic nerve and the
posterior ethmoidal and sphenoidal sinuses was recorded
separately for the left and right sides. Furthermore, inden-
tations into the sinus wall, the coursing of the nerve
through the sinus, and the presence of bone dehiscence
along the optic nerve were also recorded. Pneumatization
of the anterior clinoid process was also noted. Bone dehis-
cence was defined as the absence of visible bone density
separating the sinus from the course of the nerve.

As the aim of the study was to evaluate the normal, fully
developed sphenoidal sinus, patients younger than 13
years old were excluded from the study (8), as were pa-
tients with bone disease.

Results

A total of 300 optic nerves were evaluated in
150 patients. In all cases the optic nerves
coursed in close relationship to the sphenoidal
sinus. We found the optic nerve to be contigu-
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TABLE 1: Description and frequency of optic nerve types

Total

Type Description R Side L Side (Percent)
1 Adjacent to sphenoidal sinus 119 109 228 (76)
2 Indentation on sphenoidal sinus 18 26 44 (15)
3 Optic nerve traversing 8 11 19 (6)
sphenoidal sinus
4 Adjacent to sphenoidal and 5 4 9 3
posterior ethmoidal air cells
Total 150 150 300 (100)

ous with the posterior ethmoidal air cell in only
9 (3%) of the 300 cases (Table 1).

The relationship of the optic nerve to the pos-
terior paranasal sinuses was characterized as
one of four types. In the most common form,
type 1 (76%), the optic nerve is immediately
adjacent to the lateral or superior wall of the
sphenoidal sinus, without impression on the si-
nus wall (Fig 1). Type 2 nerves (15%) cause an
impression on the lateral sphenoidal sinus wall
(Fig 2). Type 3 nerves (6%) course through the
sphenoidal sinus rather than simply run adja-
cent to the sinus (Figs 3 and 4). Type 1 through
3 nerves do not come in contact with the pos-
terior ethmoidal air cells. Type 4 nerves (3%)
course immediately lateral to the posterior eth-
moidal and sphenoidal sinuses. Contact with
the posterior ethmoidal air cell was usually at
the sphenoethmoidal junction (Fig 5).

Two hundred twenty-eight nerves were found
to be of type 1 configuration, with 119 on the
right and 109 on the left. Forty-four nerves were
type 2, with 18 on the right and 26 on the left.
Nineteen nerves were type 3, with 8 on the right
and 11 on the left. Nine nerves were type 4, with
5 on the right and 4 on the left (Table 1).

Dehiscence was present in 7% of type 1
nerves, in 82% of type 2 nerves, and in 100% of
type 3 optic nerves. Only one of the nine type 4
nerves was dehiscent. No discernible bone sep-
arating the sphenoidal sinus from the optic
nerve was seen in 24% of cases (Table 2).

The anterior clinoid process was pneuma-
tized in 13 (4%) of 300 nerves. Ten (77%) of
these were associated with dehiscence of the
optic nerve. Pneumatization was most fre-
quently associated with a type 2 (31%) or type
3 (54%) nerve configuration, although type 1
and type 4 nerves accounted for 8% each (Fig
6).

There was no significant left-sided or right-
sided predominance for dehiscence, with 34
(47%) of 73 dehiscences present on the right
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Fig 1. Type 1 optic nerve. Coronal CT scans from anterior (A) to posterior (C) reveal the position of the optic nerve (arrows in A).
The optic canal (arrows in B and C) is adjacent to the sphenoidal sinus but does not indent the wall of the sinus.
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Fig 2. Type 2 optic nerve. Coronal CT Fig 3. Type 3 optic nerve. Axial (A) and coronal (B) CT scans reveal bilaterally
scan with bilateral optic nerves (arrows) dehiscent optic nerves (arrows) coursing through the sphenoidal sinuses.
penetrating the contour of the sphenoidal
sinus. There is an absence of bone density
along the medial border of the optic canal
(dehiscence).

Fig 4. Type 3 optic nerve without de-
hiscence. Unusual case (not part of our
series) of a type 3 nerve with intact bone
(arrows) surrounding the nerve throughout
its course. The sphenoidal sinus is asym-
metrically pneumatized.
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Fig 5. Type 4 optic nerve. Coronal CT scans from anterior (A) to posterior (B) show
the optic nerve (black arrows) to be in contact with the posterior ethmoidal sinus at its

junction (white arrow) with the sphenoidal sinus.

Fig 7. Sphenoethmoidal recess. Coro-
nal CT scans from anterior (A) to posterior
(B) reveal the sphenoethmoidal recesses
(dotted lines). Note the position of the op-
tic nerves (arrowheads) and their relation-
ship to the pneumatized portion of the
sphenoidal sinus. In the sagittal plane, the
superior segment of the sphenoethmoidal
recess is anterior to its inferior segment.
These air channels appear segmented be-
cause of their obliquity to the coronal scan
plane.

A

and 39 (53%) present on the left. There was also
no significant difference in the rates of dehis-
cence between female and male subjects. Fe-
male subjects represented 194 of the total optic
nerves evaluated and male 106. Forty-seven
(24%) of 194 nerves had dehiscence in female
subjects and 26 (25%) of 106 nerves had dehis-
cence in male subjects. Rates were also similar
for unilateral and bilateral dehiscence in both
sexes (Table 3).

Axial oblique reconstructions along the
course of the nerve were performed on the first
100 scans. These confirmed our impressions of
the coronal examination in all cases.
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Fig 6. Pneumatized anterior clinoid
process. Coronal CT scan shows a pneu-
matized anterior clinoid process (black ar-
row) and an adjacent type 2 optic nerve
(solid white arrow). Dehiscence (open ar-
row) is present along the medial border of
the optic canal.

Discussion

The relationship between the optic nerve and
the paranasal sinuses has been studied for
nearly a century. The author most quoted on
this topic is Onodi, who in 1908 described 12
broad groups with 38 various subgroups regard-
ing this morphologic relationship (1). The num-
ber of specimens he evaluated and the fre-
quency of the various relationships he found
were not reported in his communication. He
states in his cadaveric study that “the frequent
intimate relation of the optic nerve with the last
ethmoid air cell is proved in such a way that it is
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TABLE 2: Frequency of bone dehiscence in each optic nerve type

Nerve No. of No. (%) of Nerves
Type Nerves Found with Dehiscence
1 228 17 (7)
2 44 36 (82)
3 19 19 (100)
4 9 1 (11)
Total 300 73 (24)

about time to drop the almost mechanical as-
sumption of the relation of the optic nerve to the
sphenoid sinus” (1). The term Onodi cell was
subsequently coined in reference to the most
posterior ethmoidal air cell, implying that this
cell directly abuts the optic nerve. Onodi ob-
served that in those cases in which the optic
canal is formed by the last ethmoidal air cell, its
wall may be extremely thin and occasionally
dehiscent (1). Although he did not emphasize
the point, Onodi also documented the occa-
sional occurrence of extremely thin sphenoidal
sinus walls.

Shaeffer, in his 1920 paper (2), described the
intimate relationship of the optic nerve to the
sphenoidal sinus. These structures were sepa-
rated by only a thin mantle of bone, 0.2 to 2.0
mm thick and averaging 0.5 mm in his series.
He also described the somewhat less frequent
association of the optic nerve with the posterior
ethmoidal sinuses.

Peele (3) emphasized the relationship of the
optic nerve to the sphenoidal sinus, pointing out
that the optic nerve is one of several important
structures indenting the sphenoidal sinus wall.
He described the presence but gave no indica-
tion of the frequency of dehiscence of the lateral
wall of the sphenoidal sinus. Fujii et al (4) per-
formed a cadaveric microsurgical study of the
neurovascular relationships of the sphenoidal
sinus, in which 49 (98%) of 50 optic canals
protruded into the sphenoidal sinus. In that
study, 4% of the sinus walls were dehiscent over
the optic nerve and 78% were less than 0.5 mm
thick. The relative contribution of the posterior
ethmoidal air cell to the optic canal was not
addressed in either study.

Mafee et al (5) pointed out the close relation-
ship between the sphenoidal and posterior eth-
moidal sinuses and the optic nerve in their dis-
cussion of the complications of functional
endoscopic sinus surgery. These authors cited
extensive lateral pneumatization of the posterior
ethmoidal air cells as a source of increased
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TABLE 3: Sex distribution and sidedness of bone dehiscence over
the optic nerve

_ Unilateral No. (%) of Nerves
Bilateral : f
L Side R Side with Dehiscence
Female (n = 97) 14 11 8 47 (24)
Male (n = 53) 8 6 4 26 (25)
Total 22 17 12 73 (24)

vulnerability of the optic nerve during this type
of surgery.

Cheung et al (6) examined the anatomic re-
lationship of the lateral wall of the sphenoidal
sinus in the context of transnasal transeth-
moidal endoscopic surgery. Their assessment
of 25 CT scans of the sphenoidal sinus revealed
a 32% (8 of 25) frequency of optic nerve visi-
bility due to pneumatization around the optic
canal. The frequency with which the optic nerve
was found in association with the posterior eth-
moidal air cell was not reported. Dehiscence
over the optic nerve was not present in their
series.

Hudgins (7), in her description of direct optic
nerve injury during endoscopic sinus surgery,
stated that the optic nerve is usually in proxim-
ity to both the ethmoidal and sphenoidal si-
nuses. Further, she described instances of de-
hiscence or very thin bone overlying the optic
nerve when the posterior ethmoidal or sphenoi-
dal sinuses are extensively pneumatized.

CT can clearly show the relationship between
the optic nerve and the paranasal sinuses. It is
the imaging technique of choice in the exami-
nation of the paranasal sinuses and adjacent
structures. Its ability to display bone, soft tissue,
and air facilitates accurate depiction of anat-
omy and extent of disease in and around the
paranasal sinuses. In the examination of pa-
tients with inflammatory sinus disease, coronal
imaging is routinely performed. The coronal
plane correlates with the surgical approach
used during endoscopic surgery and optimally
displays the ostiomeatal unit, the relationship of
the brain and ethmoidal roof, the anterior eth-
moidal air cells, the course of the optic nerve,
and the optic foramen. For these reasons, direct
axial imaging is not routinely performed at our
institution (9). However, in the presence of dis-
ease of the posterior ethmoidal and sphenoidal
sinuses, and for optimal display of anatomic
and pathologic relationships between the si-
nuses and the optic nerves and carotid arteries,
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we advocate use of axial imaging, especially if
functional endoscopic sinus surgery is planned.

We found that the sphenoethmoidal bound-
ary is readily identified on coronal images by
following the sphenoethmoidal recess, and on
axial images by identifying the anterior wall of
the sphenoidal sinus (Fig 7). An improved dis-
play of the sphenoethmoidal boundary is pro-
vided by axial images and may be particularly
helpful to the referring clinician in assessing the
regional relationships of the optic nerve and
carotid artery to the posterior paranasal si-
nuses. Axial oblique reconstructions in the
plane of the optic nerve confirmed our impres-
sions of the coronal examination in all cases.

Relatively perpendicular to the lamina papy-
racea, the coronal plane is useful for assess-
ment of the proximity of the obliquely oriented
optic nerve to the sinus wall. This plane also
provides an accurate display of the orbital fat
plane present between the nerve and the sinus.
The optic nerve is usually protected by the solid
bone of the greater wing of the sphenoid bone
without visible surrounding fat at the optic ca-
nal. However, pneumatization of the sphenoidal
sinus is extremely variable and at times extends
into the adjacent bone structures of the sphe-
noid wing, the anterior and posterior clinoid pro-
cesses, and the pterygoid process. In general,
the greater the aeration of the sinus and sur-
rounding structures, the greater the likelihood of
optic nerve or canal indentation on the sphenoi-
dal sinus and of bone dehiscence.

Our study confirms the four categories of re-
lationships between the optic nerve and the
posterior paranasal sinuses, as described ear-
lier. All 300 nerves in our series were intimately
related to the lateral wall of the sphenoidal si-
nus. Only nine nerves (3%) were also related to
the most posterior ethmoidal air cell.

The optic nerve was dehiscent in all cases
in which it traveled through the sphenoidal si-
nus (type 3), and in nearly 82% of cases in
which it impressed upon the sphenoidal sinus
wall (type 2). We are aware of cases of nonde-
hiscent type 3 optic nerves (Fig 4), but this
configuration did not occur in our sample. Type
4 nerves were least frequent, found in only 3% of
our study population. Among this small subset
of cases, dehiscence was found in only one of
nine patients.

The presence of anterior clinoid pneumatiza-
tion is indicative of increased optic nerve expo-
sure and dehiscence: 85% of nerves associated
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with a pneumatized anterior clinoid process
were of type 2 or 3 configuration, and 77% were
dehiscent, affording increased exposure.

Indentations on the lateral wall of the sphe-
noidal sinus are usually caused by the optic
nerve, the internal carotid artery, or the trigem-
inal nerve. The trigeminal nerve is typically cov-
ered by a thick mantle of bone (6). The dehis-
cence of bone over the carotid artery has been
described previously (10, 11). Whenever there
is an indentation in the lateral sphenoidal sinus
wall, the likelihood of dehiscence of bone over a
vital structure is significantly elevated and
should be searched for.

In our study, sinus wall dehiscence over the
optic nerve was detected with a similar fre-
quency as that reported for the cavernous ca-
rotid artery at the sphenoidal sinus. Johnson et
al (10) reported a 12% frequency of cavernous
carotid artery dehiscence in a CT evaluation of
500 patients. Kennedy et al (11) reported a 22%
frequency of clinical dehiscence of bone over
the cavernous carotid artery in a cadaveric
study of 41 sinuses. The usefulness of preoper-
ative CT was highlighted in both studies.

The frequency of dehiscent bone over the
optic nerve in our investigation (24%) is higher
than that reported by Fujii et al (4) in their
cadaveric study of 50 nerves (4%). However,
they reported that in 78% of cases, the bone
separating the sinus mucosa from the optic
nerve was less than 0.5 mm thick. Differences
in the frequencies may be due to differences in
sample size, patient population, examination
technique, and the inability to discern visually
bone thickness less than 0.5 mm on a CT ex-
amination. The accuracy of CT in the detection
of bone dehiscence has been documented pre-
viously in studies of the relationship of the ca-
rotid artery to the sphenoidal sinus (10, 11).
The ability to detect dehiscence through visual
inspection of CT scans has the potential advan-
tage of identifying cases in which extremely thin
bone overlies the optic nerve but offers no sig-
nificant protection from trauma, thus giving a
clinically relevant assessment of nerves that are
at risk during surgery on the posterior paranasal
sinuses.

The impact of the presence of chronic sinus-
itis on these anatomic relationships is not
known. The Onodi study (1) and the studies by
Shaeffer (2), Peele (3), and Fujii et al (4) were
performed on random cadaveric specimens.
Our investigation was specifically targeted to
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patients with chronic inflammatory sinus dis-
ease, who constitute the population most likely
to undergo endoscopic sinus surgery. It points
out to surgeons and radiologists the relation-
ships between the optic nerve and paranasal
sinuses and highlights the frequency of varia-
tions that may be potential “danger zones” dur-
ing functional endoscopic sinus surgery.

In conclusion, all 300 nerves evaluated in this
study were intimately related to the sphenoidal
sinus. Only a small minority (3%) were in con-
tact with the posterior ethmoidal sinus. Coronal
CT revealed this relationship and axial scans
facilitated visualization of the sphenoethmoidal
boundary. We found that increased sphenoidal
sinus pneumatization is associated with in-
creasing optic nerve exposure. Anatomic con-
figurations that predispose the optic nerve to
injury include the type 2 or type 3 optic nerve
relationship, bone dehiscence over the nerve,
and pneumatization of the anterior clinoid pro-
cess. A pneumatized anterior clinoid process is
an important indicator of optic nerve vulnerabil-
ity resulting from the frequent association with
both dehiscence and the type 2 or type 3 nerve
configurations. These configurations are com-
mon and should be routinely sought out so that
devastating complications from sinus surgery
can be avoided.
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