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The superior orbital fissure and its contents
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Summary: Topographic landmarks for
the superior orbital fissure are useful for
general orientation and approach to the
middle fossa, cavernous sinus and orbit.
In this study, the microsurgical anatomy
and morphometry of the superior orbital
fissure and its related structures were
examined in 57 disarticulated sphenoid
bones, 102 skull bases and 58 adult cada-
veric heads. The superior orbital fissure
was observed in nine different shapes
based on the classification of Sharma et
al. (1988), and the most frequently obser-
ved was Type VI. The distance from the
superomedial to the superolateral edge
was measured as 17.3 £ 3.4 mm on the
right side and 16.9+2.9 mm on the left
side, and from the superolateral to the
inferior edge as 20.8 £3.9 mm on the
right side and 20.1 = 3.8 mm on the left
side. The distance from the superomedial
to the inferior edge of the fissure was
measured as 9.5 £ 2.2 mm on the right
side and 9 + 2.4 mm on the left side. No
right-left differences were observed for
these measurements. Measurements
regarding the relationship of the oculo-
motor, trochlear and abducent nerves, the
ophthalmic branch of the trigeminal
nerve and the superior orbital vein were
performed and topographic aspects of the
superior orbital fissure region were des-
cribed.
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La fissure orbitaire supérieure et son
contenu

Résumé : Les reperes topographiques de
1a fissure orbitaire supérieure sont utiles
pour une orientation générale et I’abord
de la fosse crinienne moyenne, du sinus
caverneux et de I’orbite. Dans cette
étude 1’anatomie micro-chirurgicale et la
morphométrie de la fissure orbitaire
supérieure et des structures en rapport
ont été examinées sur 57 os sphénoides
désarticulés, 102 bases de crine, et 58
tétes de cadavre adulte. La fissure orbi-
taire supérieure a été observée selon les
différentes formes basées sur la classifi-
cation de Sharma et al. (1988) et le type
le plus souvent observé était le type VL
La longueur de la distance entre les
bords supéro-médial et supéro-latéral
était de 17,3+ 3,4 mm du cdté droit, et
16,9 £ 2,9 mm du c6té gauchre, la dis-
tance entre les bords supéro-latéral et
inférieur était de 20,8 + 3,9 mm du c6té
droit, et 20,1 = 3,8 mm du c6té gauche.
La distance entre le bord supéro-médial
et le brod inférieur de la fissure était de
9,5+22mm du c6té droit, et
9+2,4 mm du c6té gauche. Aucune dif-
férence droite-gauche n’a été observée
pour ces mesures. Les mesures concer-
nant les rapports des nn. oculomoteur,
trochléaire et abducens, du n. ophtal-
mique (du n. trijumeau) et de la v. orbi-
taire supérieure ont été réalisées et les
aspects topographiques de la région de la
fissure orbitaire supérieure sont décrites.
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The superior orbital fissure (SOF) is a
small but functionally very important
region. Nerves that provide afferent and
efferent information for the visual system
pass through this compact bony region
[5, 10]. Detailed knowledge of the anato-
mic relationships of this region is critical
for the accurate diagnosis and manage-
ment of local disorders. Surgical approa-
ch to the lesions involving the SOF is
made from the cranial or the orbital side.
Fronto-temporo-orbital craniotomy and
resection of the sphenoid bone, the ante-
rior clinoid process, and the superolateral
part of the orbital roof require detailed
knowledge of the SOF [3, 9]. Previous
studies have dealt with the anatomy of
either the soft or hard tissues of the SOF.
In this study, we present an analysis of
SOF microanatomy with measurements
from bony and cadaver specimens. These
measurements provide useful information
for surgeons in the treatment of lesions
involving the wings of the sphenoid
bone, posterior part of the orbit, and in
particular the SOF.

Material and methods

Variations in the shape and size of the
SOF were investigated in 57 sphenoid
bones, 102 skull bases and 58 (51 male
and 7 female) formalin fixed adult cada-
ver heads. Specimens were obtained
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from the skeleton and cadaver collection
of the Department of Anatomy, Ege Uni-
versity Faculty of Medicine. Only speci-
mens without gross pathology were
included in the study. For cadaver speci-
mens, a frontotemporal incision was
made, the skull was opened, and the
brain and dura mater removed. The floor
of the anterior fossa was drilled under
the microscope to resect the lateral edge
of the SOF and cranial aperture of the
optic canal. Dissections were performed
using microsurgical instruments (Jena
390822 x 6.3 dissecting microscope with
an OM Olympus photographic attach-
ment). Measurements were taken using a
flexible ruler. The distances from the
superomedial to the superolateral edge of
the fissure (AB line), the superolateral to
the inferior edge (BC line) and the super-
omedial to the inferior edge (AC line)
were measured in 57 sphenoid bones (57
right and 56 left fissures) and 102 skull
bases (101 right, 102 left fissures). The
microsurgical anatomy of the SOF was
examined in 58 cadaver specimens (58
right and 58 left side fissures). In this
study, the SOF was examined in stepwi-
se dissections. The relationship of each
neural and vascular structure to nume-
rous topographic points of the region
was examined and measurements invol-
ving the vascular and nerve structures
were taken with a flexible ruler
(Table 1). Mean and standard deviation
values were calculated for each parame-
ter and Student’s t-test was used for sta-
tistical analysis in the assessment of
right-left differences.

Results

The SOF was bounded superiorly by the
inferior rim of the lesser wing and infe-
riorly by the medial border of the orbital
surface of the greater wing of the sphe-
noid bone and a small portion of the late-

Fig. 1

Schematic representation of variations in
the shapes of the superior orbital fissure
(from Sharma et al., 1988)
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Fig. 2

Schematic representation of posterior view
of right superior orbital fissure. A super-
omedial angle; B superolateral angle; C
inferior angle of the SOF (modified from
Natori and Rhoton, 1995)

ral apical border between the greater and
lesser wings was completed laterally by
the frontal bone. The lateral border of the
fissure was formed by the sharp edge of
the greater wing of the sphenoid bone,
which sloped downward from its lateral
to medial end. The superior wall of the
fissure consisted of the lower surfaces of
the lesser wing, the anterior clinoid pro-
cess, and the adjacent part of the optic

Table 1. Comparative study of the types of shapes of the superior orbital fissure

il sup.division

frontal nerve g, opht

Ve o
nasocil. nerve

i inf.division

cil. ganglion sympath. root

canal. The fissure was broad medially
and inferiorly, and narrower laterally.
The lower edge of the fissure was separa-
ted from the foramen rotundum by a
bridge of bone. Nine different types of
shape of the SOF were observed based
on the classification of Sharma et al. [13]
(Fig. 1). In this study, the most frequent
type observed was Type VI (35.4%)
(Table 1).

Type 1 1| I v v V1 Vi Vil X Other
Shapiro 40% 16% 12% 12% 11% 9% - - - -
Sharma 14% 13% 6.65% 2.8% 1.86% 48.6% 747% 3.73% 1.86% -
Magden 1.5% 2.4% 9.9% 3.4% 0.7% 4.6% 6% 17.6% 38.8% 15.2%
Govsa 12.1% 4.8% 12.6% 9.8% 1.4% 35.4% 10.7% 10.7% 2.5% -
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Table 2. Measurements of the anatomic relationships of the superior orbital fissure

Anatomic structures measured Measurements (i)

Side Right Left p
Mean + 5 Range Mean + § Range

Superomediai to superolateral edge (A-B) 173134 11-24.7 169+29 10.2-22.1 0.3

Superolateral to inferior edge (B-C) 20.8+3.9 14.4-26.6 20.1£3.8 13.3-34 0.13

Superomedial to inferior edge (A-C) 95122 5.2-144 9.0%2.4 5.1-16.4 0.13

Oculomotor n. superior division

Depth from upper border of SOF 2.34£048 1.5-3.1 2.34+092 1.4-35 0.99

Distance from medial border of SOF 3.33+£0.82 2.5-4.5 299109 1.3-4.5 0.32

Oculomotor n. inferior division

Depth from upper border of SOF 3.59+0.96 2.3-4.7 3.49+£0.77 2.9-4 0.77

Distance from medial border of SOF 2.85+0.93 1.6-4.2 3.77+£0.75 2.3-45 0.41

Nasociliary n.

Depth from upper border of SOF 3.11+£1.29 1.4-5.5 395+ 1.13 2.3-5.3 0.14

Distance from medial border of SOF 433+1.05 3-5.7 4.13+1.27 23-5.8 0.71

Abducens n.

Depth from upper border of SOF 455+£1.25 2.1-59 490+ 1.16 3571 0.44

Distance from medial border of SOF 4.88+1.27 3-7 5.50+ 1.06 3.8-7 0.17

Superior orbital v,

Depth from upper border of SOF 0.61 £0.05 0-3 0.63+0.04 0-3.19 0.52

Distance from medial border of SOF 7.18%2 5-9.8 7.18 £1.67 5.1-11 0.99

Sensory root of the ciliary ganglion

Depth from upper border of SOF 47119 2.7-5.8 47+14 3.3-6.1 0.41

Distance from medial border of SOF 47+13 3.4-6 47x1.6 2.9-6.3 0.35

Sympathetic root of ciliary ganglion

Depth from upper border of SOF 47+1.8 2.9-6 47%16 2.9-6.3 0.81

Distance from medial border of SOF 38+1 3-4.9 39+1 2.9-5 0.44

Frontal n.

Distance from medial border of SOF 45+1.17 3.1-64 4.8+1.07 3-52 047

Trochlear n.

Distance from medial border of SOF 4,06+ 1.48 2273 4.18+0.72 3-5.2 0.82

The distances between the superome-
dial and superolateral edges (A-B), bet-
ween the superolateral and inferior edges
(B-C) and between the superomedial and

inferior edge (A-C) of the SOF are shown
in Table 2 and Figure 2.

At the fissure, the dura covering the
middle cranial fossa and the cavernous

Fig. 3

The dura lining the
middle cranial fossa
and forming the lateral
wall of the cavernous
sinus and Meckel’s
cave are removed. g,
trigeminal ganglion;
mn, maxillary n.; mnn,
mandibular n.; opn,
ophthalmic n.; sov,
superior ophthalmic v.;
tn, trochlear n.; ocn,
oculomotor n.; fi, fron-
tal n.; [n, lacrimal n.
Magnification: 6.3 x
0.4

sinus blended into the periorbita of the
orbital apex and the common tendinous
ring, which surrounded the anterior end
of the optic foramen and the adjacent
part of the SOF. It was attached to the
supero-medial portion of the lateral bor-
der of the fissure, along the upper,
medial and lower borders of the optic
canal, and to the upper and lateral bor-
der of the medial part of the fissure
(Fig. 3). The two tendons of the lateral
rectus m. divided the SOF into two
compartments. The superior part inclu-
ded the trochlear n., the frontal and
lacrimal branches of the ophthalmic
division of the trigeminal n. and the
superior orbital v.; the inferior part
contained the superior and inferior
branches of the oculomotor, nasociliary
and abducent nn. The tendinous ring
and connective tissue layer extending
backwards from here divided the fissure
into lateral, central and inferior com-
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partments. The trochlear, frontal and
lacrimal nn. and the superior ophthal-
mic v. passed through the lateral com-
partment. The central compartment, or
‘oculomotor foramen’, transmitted the
oculomotor, nasociliary and abducent
nn. and the sensory and sympathetic
roots of the ciliary ganglion (Fig. 4).
The inferior compartment was situated
below the tendinous ring. The inferior
rectus m. arose from the ring at the
upper border of this part (Fig. 5).

Measurements of the depth and dis-
tance from the medial border of the fissu-
re for the superior and inferior divisions
of the oculomotor n., abducent n. and
sensory root of the ciliary ganglion, and
of the distances from the medial border
of the fissure for the frontal and trochlear
nn. are shown in Table 2. No right-left
differences were observed for these para-
meters (p > 0.5).

Fig. 4

The roof and lateral
wall of the orbit, ante-
rior clinoid process and
optic canal are remo-
ved. fn, frontal n.; tn,
trochlear n.; nan, naso-
ciliary n.; ea, ophthal-
mic a.; In, lacrimal n.
Magnification: 6.3 x
0.4

Fig. 5

The tendinous ring has
been opened between
the origin of the super-
ior and lateral rectus
mm. (Im). Socn, super-
ior division of the ocu-
lomotor n.; pm, levator
palpebrae superioris m.;
iocn, inferior division
of oculomotor n.; on,
optic n.; oa, ophthaimic
a. Magnification: 6.3 X
04

Discussion

The SOF is a very complex region inclu-
ding many nerves and arteries that traver-
se the orbital apex and optic canal. Clas-
sical textbooks describe the fissure as
transmitting the oculomotor, trochlear
and abducent nn., the three branches of
the ophthalmic n., the orbital branch of
the middle meningeal a., the recurrent
meningeal branch of the lacrimal a., and
the ophthalmic vv., without giving much
information about the topography of its
contents [4, 14].

The shape of the SOF is described as
triangular or club shaped in classical text-
books [4, 14]. In early hominids, Rak et
al. [11] described the shape of the SOF as
a ‘foramen’. Shapiro and Janzen (1960)
were the first to make a classification on
the shape of the SOF and described six
different shapes, later Sharma et al.

F. Govsa, et al.: Superior orbital fissure

(1988) added three new shapes to this
classification [12, 13]. Magden et al.
added eight original types of SOF to
Sharma’s classification [7). Comparative
studies of the shape of the SOF are
shown in Table 1. In our study, variations
in the shape of the SOF were observed
consistent with the classification of Shar-
ma et al.; we observed the most common
type as Type VI (35.4%), consistent with
their findings. The variations in the per-
centages may be accepted as a racial cha-
racteristic.

Natori et al. measured the distance
from the superomedial to the superolate-
ral edge of the SOF as 15.9 mm (7.7-22.1
mm), the distance from the superolateral
to the inferior edge as 17.6 mm (10-24.3
mm), and the distance from the super-
omedial to the inferior edge as 7.0 mm
(5.6-8.2 mm)[10]. We measured the dis-
tance from the superomedial edge to the
superolateral edge (A-B) as
17.3 £ 3.4 mm on the right side and
16.9 £ 2.9 mm on the left side, the distan-
ce from the superolateral to the inferior
edge (B-C) as 20.8 + 3.9 mm on the right
and 20.1 £ 3.8 mm on the left side, and
the distance from the superomedial to the
inferior edge (A-C) as 9.5+2.2 mm on
the right and 9.0 £ 2.4 mm on the left
side.

Berlis et al. investigated the SOF
using computed tomography and conclu-
ded that it could be best visualised in
coronal sections [1].

The superior orbital fissure is suscep-
tible to various diseases and injuries.
Nerves and arteries may be damaged
within the canal by sphenoid fractures,
edema, hemorrhage, stretching or ten-
sion after trauma. Visual deficits also
may arise from neoplasms such as glio-
mas and meningiomas, which traverse
the optic canal. Surgical intervention
may reverse the visual deficit caused by
these lesions and injuries. The diagnosis
and surgical treatment of these lesions
require an intimate knowledge of the
microanatomy of the orbital apex [2, 10].
The “superior orbital fissure syndrome”
is a symptomatologic complex consis-
ting of retrobulbar pain, paralysis of
extraocular mm., and impairment of the
first trigeminal branches with frequent
involvement of the optic n. [6, 15]. For
ophthalmologists and neurosurgeons
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venturing into this region, knowledge of
detailed microanatomy of the SOF is
very important in making better clinical
and radiographic diagnoses and minimi-
zing the complications that may result
from misdirected surgery in a region
where critical structures are separated by
millimeters.

Exposing the fissure and its parts
requires at least a limited exposure of the
cavernous sinus posteriorly and the orbit
anteriorly. The nerves of the cavernous
sinus, except for the abducent n. can be
exposed by opening or removing the
outer layer of dura in the sinus wall while
leaving the inner layer intact. Schwanno-
mas and meningiomas may grow along
the nerves and require opening of various
parts of the fissure. The anterior clinoid
process and the lesser wing of the sphe-
noid are frequently removed when dea-
ling with ophthalmic and superior hypo-
physeal aneurysms. The greater wing
may also be removed in tumors involving
the middle fossa and cavernous sinus.
Care is required in removing the anterior
clinoid process to avoid damage to the
optic n. on its medial side and the oculo-
motor n. on its lower side. Both the ante-
rior clinoid process and the optic strut
may contain air-cells which communicate
with the sphenoidal sinus [8, 9, 10]. The

trochlear n. can be injured when remo-
ving the upper border of the lateral part
of the fissure formed by the lesser wing,
because this nerve passes through the
upper border of the lateral part above the
ophthalmic n.

This study presents many topographic
features and measurements related to
neural and vascular structures of the SOF
region from bony and cadaver specimens
of Turks as a guide for ophthalmologists
and neurosurgeons during surgical inter-
vention and to help in the development of
new strategies by precisely defining the
anatomy of structures in the orbital apex,
superior orbital fissure, and oculomotor
foramen.
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