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Foreword

It was not long after the discovery of x-rays by Roentgen in 1895
that they were used to obtain images of the skull. I am sure that Arthur
Schiiller of Vienna was one of the first to become involved in the radi-
ography of the orbit in view of his interest in radiography of the skull
and facial structures. He published a book on radiology of the skull in
1906, which was translated into English and published in 1912. Some
time in the late 1920s or early 1930s, radiography of the orbits was
employed to study traumatic and neoplastic lesions. A method was also
described to accurately localize radiopaque foreign bodies in their rela-
tionship to the globe. There was no other method to visualize the soft
tissues of the orbit until the introduction of orbital pneumography. The
combination of tomography with orbital pneumography yielded fairly
good detail of the anatomy of the orbit. It was, however, technically
difficult to control the exact placement of the air and this modality did
not become generally or frequently utilized. Surgeons preferred orbital
exploration for removal of tumors, determining the relationship of the
lesion to the normal structures at the operating table.

The visualization of the eye and other orbital structures was achieved
in the late 1950s with the introduction of orbital ultrasound. For the first
time it was possible to see the soft tissues within the eye as well as the area
around the eye up to the bony walls. The high-resolution ultrasound
beam yielded excellent detail in many conditions and still has some ad-
vantages over computed tomography. However, it was not until the de-
velopment and technical improvements of the latter technique that ex-
ploration of the orbit by means of cross-sectional imaging techniques
reached its present state of development.

With this work the authors hope to present a state-of-the-art ap-
proach to the diagnosis of orbital lesions by cross-sectional imaging tech-
niques. This book is intended for students and specialists in both imag-
ing diagnosis and ophthalmology. This I believe the authors have
achieved.

Juan M. Taveras, M.D.



Preface

The successful application of computed tomography is exemplified
by the major role it has assumed in the diagnosis of orbital pathology.
Except for vascular diseases, it has virtually replaced invasive diagnostic
modalities such as angiography and venography. The clarity of presen-
tation of orbital structures by computed tomography (CT) has
prompted investigations into detailed multiplanar anatomy of the orbit.
Tumor margins and inflammatory processes are so clearly defined that
one can place the lesions in specific compartments and accurately deter-
mine the extent of the disease processes. Orbital involvement by extra-
orbital diseases are also well delineated. Specific CT criteria have been
established to assist in differential diagnosis.

With the increasing utilization of CT in orbital diagnosis, radiolo-
gists have been confronted with a new spectrum of disorders, many of
which did not enter the radiology department prior to the advent of
CT. The situation is compounded by the fact that orbital disease ac-
counts for a small part of the average CT scanner load and therefore
provides little opportunity for one to gain expertise in this area.

It was our aim, therefore, to consolidate our accumulated experi-
ence in a concise book which would serve as a reference for the occa-
sional diagnostic dilemma and also provide a general review of all the
major disease entities affecting the orbit. We have introduced each
chapter with a brief text describing pathology, salient clinical features
and the CT findings of each disease. We have also included references
for more in-depth reading. The case history format provides a clinical
bias to the illustrated material, including follow-up and surgical findings
in many cases. It is our hope that this aspect will purvey a broader
perspective to the disorders discussed, and will be particularly useful to
ophthalmologists.
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THE BONY ORBIT

The orbital cavities are located in a parasagittal plane
of the skull between the facial skeleton and cranium.
Each orbit is roughly pyramidal in shape, with seven
bones contributing to the walls: frontal, maxilla, sphe-
noid, zygoma, ethmoid, lacrimal, and palatine. Above
each orbit is the anterior cranial fossa; medially, the
ethmoid sinus; below, the maxillary sinus; posterome-
dially, the middle cranial fossa, and posterolaterally,
the temporal fossa. The medial walls of the orbits are
almost parallel, whereas the lateral walls subtend an
angle of approximately 90° with each other. The orbital
roof is formed largely by the orbital plate of the frontal
bone anteriorly, with a smaller contribution posteriorly
by the lesser wing of the sphenoid. The medial wall is
formed mainly by the orbital plate of the ethmoid, with
a contribution anteriorly by the lacrimal bone and pos-
teriorly by the body of the sphenoid. The ethmoid
plate (lamina papyryacea) separating the orbit from the
ethmoid air cells is very thin and is perforated by small
foramina allowing vascular communications. The orbi-
tal floor is formed mainly by the orbital plate of the
maxilla, with lesser contributions by the orbital surface
of the zygomatic bone anterolaterally and the orbital
process of the palatine bone at the apex. The infraorbi-
tal groove runs forward from about the middle of the
inferior orbital fissure and soon becomes roofed over
as the infraorbital canal. The lateral orbital wall is
formed by the greater wing of the sphenoid posteriorly
and the zygomatic bone anteriorly. The sphenoidal
portion of the lateral wall is separated from the roof by
the superior orbital fissure and from the floor by the
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inferior orbital fissure. The lateral wall separates the
orbit anteriorly from the temporal fossa containing the
temporalis muscle and posteriorly from the middle
cranial fossa and middle lobe of the brain. The supe-
rior orbital fissure separates the greater and lesser
wings of the sphenoid and lies between the roof and
the lateral wall of the orbit. It is separated from the
optic canal at its medial aspect by the posterior root of
the lesser wing of the sphenoid.

THE OPTIC CANAL

The optic canal provides a communication between the
middle cranial fossa and orbital apex. The canal is
formed by the two roots of the lesser sphenoid wing
and is directed anteriorly, laterally, and inferiorly, the
axis forming an angle of approximately 37° with the
midsagittal plane and 30° with Reid’s baseline." The
canal is roughly cylindrical and is funneled in one
plane at both ends, i.e., the intracranial end of the ca-
nal is oval with its long axis horizontal, whereas the
orbital end of the canal is oval with the long axis verti-
cal. The midportion of the canal is round. The mea-
surements are: orbital end, 5 X 6 mm; middle, 5 X 5
mm; and intracranial end, 4.5 X 6 mm. The roof of the
canal is 8 to 10 mm long, whereas the floor and lateral
walls are 6 to 8 mm long. The medial wall of the optic
canal is rather regularly adjacent to the sphenoid sinus,
occasionally actually projecting into it.” The optic canal
transmits the optic nerve and its coverings of dura,
arachnoid, and pia. The ophthalmic artery lies below
and is embedded in the dural sheath. Sympathetic
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nerve branches accompany the artery. The ophthalmic
artery crosses below the nerve from medial at the pos-
terior end of the canal to exit inferolaterally to the
nerve at the orbital end. The pia forms a sheath closely
adherent to the nerve. The dura serves as a periosteal
lining of the canal and splits at the orbital end to be-
come continuous with the periobita, as well as continu-
ing as the dural sheath of the intraorbital optic nerve.

THE OPTIC NERVE

Developmentally, the optic nerve is a fiber tract joining
two portions of the brain,” its fibers containing glial
and not Schwann cells, and it is surrounded by me-
ninges, unlike any peripheral nerves. The total length
of the optic nerve is about 4 to 5 cm, and it has four
sections: an intracranial prechiasmal part, about 10 mm
in length; an intracanalicular part 6 mm ini length; an
intraorbital part of about 25 to 30 mm (which has a
slightly sinuous course, with the length of the optic
nerve being about 6 mm greater than the distance from
the optic canal to the ocular bulb); and intraocular sec-
tion, where the optic nerve penetrates the sclera, mea-
suring approximately 0.7 to 1.5 mm in length. The
intraorbital optic nerve is enclosed in three sheaths that
are continuous with the membranes of the brain and
extend along the optic nerve up to the eyeball. The
outer sheath, derived from the dura mater is thick and
fibrous and blends anteriorly with the sclera. Posteri-
orly, at the optic canal, it splits to blend with the perios-
teum of the optic canal and the periosteum (periorbita)
of the orbit. The fibrous annulus of Zinn, formed by
the convergence of the origins of the rectus muscles,
also fuses to the dura of the optic nerve at the optic
canal. The intermediate sheath of the optic nerve is
derived from the arachnoid mater and is thin and deli-
cate. The subarachnoid space is continuous with the
intracranial subarachnoid space, and cerebrospinal
fluid (CSF) surrounds the optic nerve up to the lamina
cribrosa (papilla) of the eye ball.* The inner sheath de-
rived from pia is vascular and invests the nerve. From
its deep surface, septa pass into the nerve and subdi-
vide it into bundles.

THE OPTIC CHIASM

The optic chiasm is a flattened quadrilateral bundle of
nerve fibers situated at the junction of the anterior wall
and the floor of the third ventricle, forming the floor
of the chiasmatic recess. It measures about 12 mm in
transverse diameter and about 8 mm in sagittal diame-
ter. Anterolaterally it is continuous with the intracran-
ial optic nerves, and posterolaterally with the optic
tracts. It lies obliquely, with the posterior border higher
than the anterior border, suspended and surrounded
by CSF.

ORBITAL VESSELS

Ophthalmic Artery

The ophthalmic artery arises intracranially from the
medial side of the internal carotid artery just after this
vessel has traversed the cavernous sinus and pierced
the dura. Within the optic canal the ophthalmic artery
lies inferolateral to the optic nerve contained with the
dural sheath of the nerve. It enters the orbit in the
muscle cone running inferolateral to the optic nerve
for a short distance but soon crosses over the nerve
between the nerve and superior rectus muscle (in 15
percent it crosses beneath the nerve) and continues an-
teriorly to reach the medial orbital wall. Further for-
ward, it lies between the medial rectus and superior
oblique muscles up to the maxillary process of the fron-
tal bone. Beyond the orbit the ophthalmic artery sup-
plies the forehead and lateral wall of the nose. Within
the orbit it gives off a number of variable branches,
about 14 in number,’ the most important of which is
the central retinal artery. Other branches include the
ciliary, ethmoidal, lacrimal, muscular, and supratroch-
lear arteries.

Orbital Veins

The orbital venous drainage occurs mostly via a supe-
rior ophthalmic vein and to a lesser extent by an inferior
ophthalmic vein. These are tortuous, with many plexi-
form anastomoses, and like most facial veins they are
valveless. The superior ophthalmic vein is formed near
the root of the nose by anastomosis of the angular, naso-
frontal, and supraorbital veins. It then travels postero-
laterally through the orbit, penetrating the muscle cone
in midorbit. It then runs deep to the superior rectus
muscle and leaves the orbit near the annulus of Zinn via
the superior orbital fissure and drains into the caver-
nous sinus. The inferior ophthalmic vein commences as
a plexus near the front of the orbit and extends posteri-
orly on the inferior rectus, communicating with the su-
perior ophthalmic vein and draining into the pterygoid
plexus via the inferior orbital fissure.

Lymphatics

The orbit contains no lymphatic capillaries or lymphoid
tissue. The eyelids, conjunctiva, and lacrimal glands do
contain a lymphatic system.

EXTRAOCULAR MUSCLES

There are six extrinsic (striated) muscles that move the
ocular globe: superior, inferior, medial, and lateral rec-
tus; and superior and inferior oblique muscles. An ad-
ditional muscle, the levator palpebrae superioris, arises
from the lesser wing of the sphenoid, passes forward
immediately above the superior rectus, and inserts into
the upper eyelid. The sheath of the levator attaches
below to that of the superior rectus. The four rectus
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muscles have a common origin at the apex in the annu-
lus of Zinn, which is a short tendinous ring encircling
the optic foramen and medial end of the superior orbi-
tal fissure. The muscle extends forwards as separate
bundles but is joined together by an intermuscular fas-
cial membrane, providing an inner or intraconal space
and an extraconal or peripheral space. Each rectus
muscle inserts separately into the sclera of the globe.
The superior oblique is the longest and thinnest eye
muscle. It arises superomedially to the optic foramen
and passes anteriorly between the roof and medial wall
to the trochlea. About 1 c¢cm posterior to the trochlea,
the muscle is replaced by a rounded tendon that passes
through the pulley, turning sharply medially to insert
into the globe below the superior rectus. The trochlea
consists of a U-shaped piece of fibrocartilage. The infe-
rior oblique is the only extrinsic muscle to take origin
from the front of the orbit, arising on the orbital plate
of the maxilla just lateral to the orifice of the nasolacri-
mal duct. It passes laterally and posteriorly (roughly
parallel with the tendon of the superior oblique) be-
tween the inferior rectus and the orbital floor to insert
in the posterolateral aspect of the globe.

ORBITAL FASCIA

There are several components to the orbital fascia.

Tenon’s Capsule

Tenon’s capsule (the fascia bulbi) is a thin fibrous
membrane that envelops the globe from the margin of
the cornea to the optic nerve. It is separated from the
sclera, providing a potential space—the episcleral
space. This space is traversed by delrcate bands of con-
nective tissue that extend between the sclera and fascia’
and can be involved in inflammatory conditions. Te-
non’s capsule is related by various reflections to the
aponeuroses and check ligaments of the extraocular
muscles, conjunctiva, and globe. This network of inter-
connections facilitates the extension of tenonitis to the
orbital tissues.” The intermuscular fascial membrane
and trabeculae of the orbital fat are part of this exten-
sive fascial connective tissue system of the globe and
orbit.

Intermuscular Membrane

The intermuscular membrane is an aponeurotic sheath
derived from the sheaths of the four rectus muscles. In
some individuals it may be a poorly defined structure.”
Together with the rectus muscles, it separates the intra-
and extraconal spaces.

Orbital Septum

The orbital septum is a thin connective tissue mem-
brane that attaches around the orbital margin, where it
is continuous with the periosteum. This circumferential
structure extends centrally to become attached to the

tarsal plates of the eyelids. It is perforated by vessels
and nerves that pass from the orbital cavity to the face
and scalp, by the palpebral part of the lacrimal gland,
and by the aponeurosis of the levator palpebrae
superioris.” The soft-tissue space anterior to the orbital
septum is the preseptal space. The soft tissues confined
within the periorbita deep to the orbital septum consti-
tutes the orbit proper. The orbital septum is an impor-
tant barrier to the spread of preseptal or eyelid inflam-
mation to the posterior compartment.

ORBITAL FAT

The orbital contents are invested by adipose tissue sub-
divided into lobules by fine fibrous septa. The orbital
fat extends from the apex to the orbital septum anteri-
orly, sometimes bulging it forwards as it slackens with
age. The consistency of the fat and the amount of con-
nective tissue between the fat lobules vary in different
parts of the orbit. The intermuscular membrane sepa-
rates the fat into a central or intramuscular portion and
a peripheral fat compartment. The central fat is loose,
allowing for movements of the optic nerve; and is
finely lobulated with thin septa. At the back of the
globe the septa insert into Tenon’s capsule. The pe-
ripheral fat is situated between the rectus muscles and
the periorbita, and limited anteriorly by the septum.
The peripheral layer of fat is subdivided into four dis-
creet lobules® situated mainly in the intermuscular
spaces.

LACRIMAL GLAND

The lacrimal gland is about the size of an almond and
occupies the lacrimal gland fossa on the medial surface
of the zygomatic process of the frontal bone, extending
down almost to the lateral angle of the globe. The
gland is divided into a larger upper or orbital lobe and
a smaller lower or palpebral lobe. The two lobes are
separated from each other by the expanded insertion
of the levator palpebrae superioris.

COMPUTED TOMOGRAPHIC (CT)
MANIFESTATIONS

By virtue of the large amount of orbital fat surround-
ing the various components of the orbit, visualization
of the small structures is exceptional. In different CT
planes, the extraocular muscles, vessels, and nerves can
be clearly identified. However, the delineation of these
structures in their part or whole depends on several
factors, including section thickness, angle of the plane
of scan relative to the orbit, and the resolution of the
scanner. For example, an early-generation CT scanner
resolving only 3.5 line pairs/cm could identify the oph-
thalmic artery in less than 1 percent of the cases,
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whereas a new high-resolution scanner resolving 10
line pairs/cm could identify this artery in all cases.” The
orbital fat has a CT value of approximately —100
Hounsfield (H) units. Without contrast enhancement,
the arteries, veins, nerves, and muscles of the orbit
measure 30 to 35 H units, providing a difference of
about 130 H units. Because of this large difference in
absorption values without contrast material, utilization
of contrast enhancement does not significantly increase
visualization of these structures. Detail is dependent on
spatial rather than added contrast resolution.®
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Figure 1.A. Coronal section through orbits. B. Apical view of orbit, demonstrating bony relationships.*

*Reprinted from Sobotta J, Figge FHJ: Atlas of Human Anatomy. Baltimore, Urban and Schwarzenberg, 1977, Vol
1, p 61, with permission.



CHAPTER ONE: ANATOMY

Orbital Lamina of Ethmoid

Perpendicular Plate of Ethmoid

Fossa for Lacrimal Sac \
Ethmoid Sinus——L;* ¢

Temporal Fossa

Zygomatic Bone

Spheno-Zygomatic Suture

Greater Wing of Sphenoid

Middle Cranial Fossa {

Sphenoid Sinus

Inferior Orbital Fissure

Intersphenoid Septum

Figure 2. CT through inferior orbit of a skull.

Ethmoid Sinus Lacrimal Fossa

Orbital Cavity Zygomatic Bone

Spheno-Zygomatic Suture

Temporal Fossa \

Orbital End of Optic Canal b p Greater Wing of Sphenoid

Superior Orbital Fissure . : Middle Cranial Fossa

Temporal Squama

Intracranial End Anterior Clinoid Process
of Optic Canal w

Sphenoid Sinus

Body of Sphenoid

Figure 3. CT through optic canals of a skull.




8 COMPUTED TOMOGRAPHY OF THE EYE AND ORBIT

Sup. sagittal sinus ——=————===—="- a

Orbfltal cavity,

_———"roo!

B Supra-
2 —=—="" orbital n.

Ant. cranial fossa = ]
— —— Optic n.

__Orbital fat
body

— . Ethmoidal
labyrinth

Olfactory bulbs - ==
=~ Infraorbital n.

Zygomatic arch ——— ———Temporal m.

Maxillary sinus —-—§--

Fat body of cheek --=-—

——Hard pal
Sup., middle, ard palate

inf. nasal conchae

Oral cavity proper -.——f—

Masseter m. ————§+
Vestibule (of mouth) —-—-—
Buccinator m. - -
Transverse lingual m. --—-—
Mandible - -~

=~~~ _ Septum

Facial a., v. —— of tongue

Sublingual gland —~

Platysma -~

Submandibular gland =~ 4 J \ e

/" \ Genioglossus m.

Diagastric m., Geniohyoid m.
ant. belly

/
Mylohyoid m.

Figure 4. Retrobulbar coronal section through head. 1 = levator palpebrae superioris muscle; 2 = superior rec-
tus; 3 = lacrimal gland; 4 = lateral rectus; 5 = inferior rectus. 6 = medial rectus; 7 = superior oblique.*
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