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2.1  Orbital Walls

Each orbit is surrounded by medial, superior, lateral, and inferior 
orbital walls, which have a pyramidal configuration with the apex 
posteriorly. Several anatomical landmarks can be used to ascer-
tain the separation between the two orbits (Fig. 2.1).

Interorbital distance (measured at the posterior border of 
the frontal processes of the maxilla in the plane of the optic 
nerve):

• At birth: 14.2 ± 0.7 mm
• At 1 year: 16.2 ± 0.8 mm
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• Adult males: 27 mm (range: 23–32 mm)
• Adult females: 26 mm (range: 23–32 mm)

The normal interorbital distance measured at the posterior bor-
der of the frontal processes of the maxilla on nonrotated scans, in 
the plane of the optic nerve, ranges from 23 to 32 mm (average: 
27 mm) in men and 23 to 32 mm (average: 26 mm) in women. The 
widest interorbital (IO) distance lies behind the posterior poles of 
the globes. This ranges from 32 to 41 mm (average: 34 mm) in 
men and 29 to 37 mm (average: 32 mm) in women.

Inner intercanthal (IC) distance (measured between the medial 
canthi):

• At birth: 22 ± 1 mm
• At 1 year: 28 ± 1 mm
• Adult male: 30 mm (range: 27–35 mm)
• Adult female: 30 mm (range: 25–33 mm)

Fig. 2.1 Interorbital (IO), intercanthal (IC), and lateral orbital (LO) dis-
tances. Axial computed tomography (CT) image shows the typical measure-
ments for adult males (M) and females (F)
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Lateral orbital (LO) distance (measured between the lateral 
orbital rims):

• Average at birth: 66 ± 2 mm
• Average at 1 year: 78 ± 2 mm
• Adult male average: 113 mm (range: 105–120 mm)
• Adult female average: 108 mm (range: 98–115 mm)

Practical implications: Normal measurements of orbital rela-
tionships are a useful reference for evaluating hypo- and hyper-
telorism associated with craniofacial abnormalities and surgical 
reconstruction. Measurements are most reliable based on images 
in the Frankfort horizontal plane, which joins the anthropometric 
landmarks of porion and orbitale (Fig. 2.2).

Fig. 2.2 Frankfort horizontal plane. Lateral 3D computed tomography 
(CT) image shows the orientation of the Frankfort horizontal plane, which 
extends from the superior aspect of the external auditory canal to the infe-
rior orbital rim
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Lateral Wall:

• The lateral orbital wall is formed by the greater wing of the 
sphenoid, frontal, and zygomatic bones.

• The deep lateral orbital wall comprises the sphenoid trigone, 
which has a triangular configuration on axial images.

• The typical distance of the lateral orbital rim to the apex is 
35–40 mm in adults (Fig. 2.3).

• The average distance from the lateral orbital rim to the point 
where the lateral rectus muscle contacted the bone is 
25–26 mm.

Fig. 2.3 Lateral orbital wall. Axial computed tomography (CT) image shows 
the average distance from the lateral orbital rim to the orbital apex
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• The average width of the lateral wall at the level of the superior 
border of the lateral rectus muscle at the thickest part on the 
coronal image is 16 mm.

• The sphenoid trigone has an average volume of 1.5  cm3 
(Fig. 2.4).

Practical implications: The deep lateral orbital wall is consid-
ered an effective and safe site for orbital decompression surgery. 
The degree of lateral decompression is dependent on the volume 
of the sphenoid trigone comprising the deep lateral orbital wall. 
The width and length of the thickest segment of the greater wing 
of the sphenoid can be used as anatomic guidelines during deep 
lateral orbital decompression surgery.

Fig. 2.4 Sphenoid trigone. Axial computed tomography (CT) image shows 
the overall sphenoid trigone volume
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Medial Wall:

• The distance of the medial orbital rim to the apex is approxi-
mately 45 mm.

• The anterior ethmoid foramen, which contains the anterior eth-
moidal artery, is located approximately 15 mm posterior to the 
medial orbital rim at the level of the junction of the frontal 
bone with the ethmoid bone (Fig. 2.5).

• Approximately 12 mm more posteriorly is the posterior eth-
moid foramen through which the posterior ethmoidal artery 
passes.

Practical implications: The ethmoid arteries can be the source 
of epistaxis and orbital hemorrhage. Therefore, it is important to 
have a sense of where these are located for surgery in the medial 
orbital wall region.

Fig. 2.5 Medial orbital wall. Axial and coronal computed tomography (CT) 
images depict the typical location of the anterior and posterior ethmoid 
foramina along the medial orbital wall
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Inferior Orbital (Sphenomaxillary) Fissure:

• The inferior orbital fissure is located in the orbital floor adja-
cent to the superior orbital fissure, foramen rotundum, pterygo-
palatine fossa, infratemporal fossa, and temporal fossa.

• Bounded by the lower margin of the orbital surface of the 
greater wing of the sphenoid, laterally by the zygoma, 
 posteromedially by the orbital process of the palatine bone, 
and anteriorly by the maxilla.

• Transmits the infraorbital nerve and artery.
• Oriented in an anterolateral direction from the maxillary strut 

posteriorly to the zygomatic bone anteriorly.
• Narrower at its center and its long axis lies along the line 

between the zygomaticofacial foramen and the optic canal.
• The average length of the inferior orbital fissure is 29 mm, with 

a range of 25–35 mm (Fig. 2.6).

Fig. 2.6 Inferior orbital fissure. 3D computed tomography (CT) image 
shows the typical length of the inferior orbital fissure
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Practical implications: The inferior orbital fissure is an impor-
tant anatomic landmark for endonasal endoscopic approaches to 
the skull base and orbit.

Infraorbital Nerve Canal:

• The infraorbital nerve canal transmits the infraorbital nerve, 
which is the termination of the maxillary nerve and provides 
sensory function.

• The nerve exits the skull through the foramen rotundum and 
enters into the pterygopalatine fossa. It then enters the infraor-
bital groove and passes through the infraorbital canal. The nerve 
emerges in front of the maxilla through the infraorbital foramen.

• The mean infraorbital foramen to infraorbital margin distance 
is 7  ±  1 mm (Fig. 2.7).

Fig. 2.7 Infraorbital canal. Sagittal computed tomography (CT) image 
shows the relation of the infraorbital nerve to neighboring landmarks
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• The distance from the inferior orbital fissure to the infraorbital 
margin is 29  ±  2  mm.

Practical implications: The infraorbital nerve is at risk for iat-
rogenic injury during orbital floor repair.

2.2  Globe

• The globe occupies one-third of the overall orbital volume and 
consists of the outer wall, anterior chamber, lens, and vitreous 
body.

• The wall of the globe comprises three layers: the outer fibrous 
coat (sclera and cornea), the uvea (iris, ciliary body, and cho-
roid), and the retina.

• The full-term newborn globe mean axial length is 16–18 mm.
• The globe (axial length) tends to grow until 16–18 years of age. 

Axial length, anterior chamber depth, and vitreous  chamber depth 
then decrease with age, while lens thickness increases with age.

• Growth of the globe stops within 1  year after birth, with a 
mean globe diameter of 23 mm (range: 22–25 mm) (Fig. 2.8).

• The normal position of the posterior margin of the globe on 
axial CT images is 9–10 mm posterior to the interzygomatic 
line on average (range: 6–13 mm).

• The sclera measures up to 1  mm in thickness and appears 
hypointense on magnetic resonance imaging (MRI).

• The cornea is a component of the refractive system and mea-
sures 0.5 mm in thickness centrally. On MRI, the cornea is a 
low signal intensity convex structure due to the collagen 
content.

• The average depth of the normal anterior chamber is about 
2.5  mm, but ranges from 1.5 to 4  mm depending on demo-
graphics (Fig. 2.9).

• The lens is an ovoid crystalline structure that forms the poste-
rior boundary of the anterior chamber and is attached to the 
ciliary body via the zonular fibers. The lens displays low signal 
on both T1- and T2-weighted sequences and typically  measures 
5  mm in anteroposterior thickness and 9  mm in equatorial 
length (Fig. 2.10).
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• The vitreous humor comprises two-thirds of the volume of the 
globe.

• The posterior walls of the globes are typically 9–10 mm poste-
rior to the interzygomatic line (Fig. 2.11).

Practical implications: The size of the globe is relevant for 
diagnosing buphthalmos or microphthalmos (Fig.  2.12). MRI 
ocular volumetry measurement error rates with RARE are lower 
than with FSPGR sequences. Fast spin echo (FSE) images 
acquired with fat suppression minimize chemical shift artifact in 
the region of the sclera. In any patient, a discrepancy on CT 

Fig. 2.8 Overall globe dimensions. Axial T2-weighted magnetic resonance 
imaging (MRI) shows the typical width and range of the adult globe diameter
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images of 2 mm or more between the depths of the anterior cham-
bers of the normal and abnormal eyes or a depth measuring over 
5 mm raises the possibility of scleral rupture (Fig. 2.13).

2.3  Optic Nerve and Sheath

The optic nerve is an extension of white matter tracts from the 
retina to the brain and is surrounded by cerebrospinal fluid that is 
continuous with the intracranial subarachnoid space. In turn, the 

Fig. 2.9 Anterior chamber. Axial T2-weighted magnetic resonance imaging 
(MRI) shows the typical width and range of the normal adult anterior cham-
ber
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optic nerve sheath is a layer of dura that surrounds the optic nerve 
and cerebrospinal fluid. The optic nerve sheath can vary in width 
with changes in cerebrospinal fluid pressure.

• Optic Nerve Width:
 – Normal pediatric optic nerve diameters measured 10  mm 

posterior to the optic disk are listed in Table 2.1.
 – A lower bound to the 95% prediction interval for normal 

optic nerves is (2.24 mm + 0.05 × [age in years]) mm.
 – Adult optic nerve diameter declines from the anterior to 

posterior orbit and measures 4.0 mm just posterior to the 

Fig. 2.10 Lens. Axial T2-weighted magnetic resonance imaging (MRI) 
shows the average dimensions of the adult lens
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globe and 3.5  mm at 10  mm posterior to the globe 
(Fig. 2.14).

• Optic Nerve Length:
 – Intraocular segment: 1  mm—emerges through the scleral 

opening
 – Intraorbital segment: 25 mm—the longest segment and the 

communication between subarachnoid space around the 
optic nerve with that in suprasellar cistern

 – Canalicular segment: 9 mm
• Optic Nerve Sheath:

 – Children, measured 10 mm anterior to the optic foramen on 
axial T2 sequence:

0–3 years: 3.1 mm
3–6 years: 4.1 mm
6–18 years: 3.6 mm

Fig. 2.11 Proptosis measurement. Axial computed tomography (CT) image 
denotes the typical normal position of the globe with respect to the interzygo-
matic line
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 – Adults: The optic nerve sheath diameters on CT are 4.9–
5.2 ± 1.3–1.5 mm at 3 mm, 4.4–4.5 ± 0.6–0.8 mm at 8 mm 
from the globe, and 3.6–3.7 ± 0.7–0.8 mm at 3 mm from the 
optic canal (Fig. 2.15).

 – Normal values of the optic nerve sheath complex on CT 
(mean  ±  2 SDs) at the retrobulbar and waist regions are 
5.6 ± 1.8 (3.8–7.4) mm and 3.7 ± 0.8 (2.9–4.5) mm, respec-
tively.

 – There is no correlation between age, gender, and size of the 
optic nerve sheath complex.

Practical implications: The least variable results are obtained 
8–10  mm posterior to the globe. The optic nerve diameter is 
smaller in glaucoma patients but larger in patients with increased 
intracranial pressure. The anatomic extension of the subarachnoid 

Fig. 2.12 Microphthalmos. Axial fat-suppressed T2-weighted magnetic 
resonance imaging (MRI) shows a small right globe
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space underneath the optic nerve sheath is thought to be respon-
sible for the transmission of these forces. Conditions in which the 
optic nerve sheath complex can be enlarged include neoplasms, 
such as gliomas (Fig. 2.16), pseudotumor, cerebri, infection, hem-
orrhage, and acute optic neuritis. The optic nerve sheath complex 
can be abnormally small in cases of chronic ischemia or septo-
optic dysplasia.

Fig. 2.13 Globe rupture. Axial computed tomography (CT) image shows 
collapse of the left anterior chamber (arrow) in a child who was stabbed in the 
eye with scissors

Table 2.1 Normal 
pediatric optic nerve 
diameters measured 10 mm 
posterior to the optic disk

Age (year) Diameter (mm)

0–1.5 2.2
1.5–3 2.4
3–6 2.6
6–12 2.9
12–18 3.1
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2.4  Extraocular Muscles

• The extraocular muscles that are responsible for moving the 
globe include the superior, inferior, medial, and lateral recti 
and the superior and inferior oblique muscles.

• The levator palpebrae superioris is responsible for moving the 
superior eyelid.

• The normal sizes of the extraocular muscles in adults are listed 
in Table 2.2 and shown in Fig. 2.17.

Fig. 2.14 Optic nerve. Axial T2-weighted magnetic resonance imaging 
(MRI) shows the typical widths of the optic nerve in an adult
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• All extraocular recti muscles increase in thickness from child-
hood, with the most dramatic growth occurring in the first 
5–6  months of life. This growth continues as outlined in 
Table 2.2, until about 60 years old when the thickness begins to 
decline.

• The inferior rectus and superior group muscles are measured 
in the coronal plane, while the medal and lateral rectus mus-
cles can be measured on the axial or coronal planes, but the 
coronal plane measurements tend to be 1.5 and 1.2 times 

Fig. 2.15 Optic nerve sheath. Axial computed tomography (CT) image 
shows that the optic nerve sheath is typically wider just posterior to the globe 
versus more posteriorly
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Fig. 2.16 Optic glioma. Coronal T2-weighted magnetic resonance imaging 
(MRI) shows enlargement of the left orbital optic nerve. There is also dilata-
tion of the bilateral optic nerve sheaths and partly imaged dilatation of the left 
lateral ventricle in a patient with neurofibromatosis type 1

Table 2.2 Normal dimensions of the extraocular muscles in adults

Extraocular 
muscle

Maximum cross-sectional 
thickness (mm)

Maximum cross-sectional 
area (mm2)

Medial rectus 3.5–4.2 27.9–30.3
Lateral rectus 3.2–3.3 32.2–41.2
Inferior rectus 4.2–4.8 28.0–33.6
Superior groupa 3.9–4.6 33.0–34.4
Superior 
oblique

– 13.8–19.0

Inferior oblique 1.5–2.8 21.6
aSince they cannot be reliably distinguished from each other, the superior 
rectus and the levator palpebrae superior muscles are measured together
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greater than the axial plane measurement for these muscles, 
respectively.

Practical implications: The mean diameters of the extraoc-
ular muscles in males are significantly larger than in females. 
Total extraocular muscle volume is not conserved, but actu-
ally increases with contraction and decreases with relaxation. 
Owing to the dramatic postnatal changes in extraocular mus-
cle size and insertional position, it is generally safer to per-
form extraocular muscle surgery after about 6 months of age. 
Enlargement of the extraocular muscles, particularly the infe-
rior, medial, and superior rectus muscles, can be a manifesta-
tion of thyroid eye disease (Fig.  2.18). Since denervated 
extraocular muscles do not readily atrophy, abnormally small 
muscles may be a sign of chronic progressive external oph-
thalmoplegia. Other conditions that can result in extraocular 
muscle enlargement include contusion, infection, and neo-
plasm.

a b

Fig. 2.17 Extraocular muscles. Axial (a) and coronal (b) T1-weighted MR 
images show the typical widths of the horizontal and vertical extraocular 
muscles
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2.5  Lacrimal Gland

• The lacrimal gland produces the aqueous portion of the tear 
film and is located in the anterior, superotemporal orbit within 
the lacrimal fossa of the frontal bone.

• Secretions are emptied into a duct system that delivers the fluid 
to the ocular surface. The outflow component of the lacrimal 
system lies at the nasal side of the eye, where puncta located on 
the upper and lower lids drain fluid into canaliculi that lead to 
the nasolacrimal sac and nasal cavity.

• The lacrimal gland can have a bilobed shape due to indentation 
by the levator palpebrae superioris tendon, with a small 
 palpebral component underneath the eyelid and a larger orbital 
component.

• The average dimensions of the lacrimal gland are as follows 
(Fig. 2.19):

 – Axial width: 5 mm
 – Axial length: 15 mm
 – Coronal height: 20 mm

a b

Fig. 2.18 Thyroid eye disease. Axial (a) and coronal (b) computed tomogra-
phy (CT) images show enlargement of multiple right inferior and medial rec-
tus muscles
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• The mean volume for lacrimal glands in adults ranges from 0.7 
to 0.8 cm3.

Practical implications: Lacrimal gland volume and dimensions 
decrease with age, but there is no significant variation with gender 
or laterality. Lacrimal gland measurements may differ between 
ethnicities. Lacrimal glands in the patients with Sjögren syndrome 
can be hypertrophic, normal in size, or atrophic. Accelerated fat 
deposition can be detected with MR imaging and can be a distinc-
tive feature of lacrimal glands that are affected by Sjögren’s syn-
drome. A significant increase in lacrimal gland volume can be 
seen in thyroid-associated ophthalmopathy patients. The lacrimal 
gland can also be diffusely enlarged in other conditions, including 
sarcoidosis, orbital inflammation, and neoplasms, such as lym-
phoma (Fig. 2.20).

a b

Fig. 2.19 Lacrimal gland. Axial (a) and coronal (b) post-contrast 
T1-weighted MR images show the typical dimensions of the normal lacrimal 
gland
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2.6  Superior Ophthalmic Vein

• The superior ophthalmic vein typically originates from the 
junction of the supraorbital and angular veins, approximately 
4–5 mm posterior to the superior oblique tendon.

• The superior ophthalmic vein joins the inferior ophthalmic 
vein and passes through the superior orbital fissure.

• The superior ophthalmic vein consistently runs lateral to the 
ophthalmic artery, but has an asymmetric outer diameter 
 bilaterally. The mean outer diameter at the crossing point is 
1.6–1.7 mm (Fig. 2.21).

Fig. 2.20 Lacrimal gland lymphoma. Axial post-contrast T1-weighted mag-
netic resonance imaging (MRI) shows asymmetric diffuse enlargement of the 
right lacrimal gland
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Practical implications: Enlargement of the superior ophthalmic 
vein can be associated with carotid-cavernous fistulas, arteriove-
nous malformations, thrombosis, compression, thyroid eye dis-
ease, orbital pseudotumors, retrocavernous tumors, elevated 
intracranial pressure, and intubation (Fig.  2.22). A diameter of 
≥2 mm on axial CT scans is a possible indicator of enlargement, 
diameter ≥3 mm is likely to be an indicator, and diameter ≥4 mm 
is a definite indicator.

Fig. 2.21 Superior ophthalmic vein. Coronal post-contrast fat-suppressed 
T1-weighted magnetic resonance imaging (MRI) shows the typical dimen-
sion of the vessel
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