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Chapter 1 
 
 
 
 

INTRODUCTION 
 

 
“The discovery, refinement, and present sophistication of radiographic imaging has shifted orbital diagnosis toward the 

modicum of technology and away from almost sole reliance on ophthalmological assessment....In fact, computed tomography 
and magnetic resonance imaging are the most important advances in orbital diagnosis of the present century.”1  

 
 
 
Imaging techniques 
 
Imaging of the orbit necessitates sophisticated techniques because of its anatomical complexity. Besides 
standardized echography which is out of the scope of the present thesis, computed tomography (CT) and magnetic 
resonance imaging (MRI) have become the most important diagnostic tools for the evaluation of orbital disease. 
Each of these imaging modalities has its advantages and disadvantages. Whereas computed tomography (CT)2,3 
provides an excellent depiction of the complex bony anatomy of the orbit, MRI enables better resolution and 
differentiation of soft tissue structures. In contrast to CT, MRI allows for multiplanar imaging without the need of 
repositioning the patient. CT uses ionizing radiation to produce cross-sectional images of the body whereas MRI is 
based on the nuclear magnetic resonance (MR) effect.4 This phenomenon that had first been desribed in 1945 by F. 
Bloch and E. Purcell who shared the Nobel prize for physics seven years later, can be explained as follows: nuclei 
with a net magnetic moment, such as hydrogen ions (protons) which are abundant in living matter, line up parallel 
in a strong magnetic field and change to a higher energy level when a radio frequency (RF) pulse is applied at right 
angles to the static magnetic field. The strength of the static magnetic field of clinical MR-scanners ranges between 
0.5-2 Tesla. Once the RF pulse is turned off, the nuclei relax to the original energy level and release a RF signal that 
can be detected using a RF receiver (“coil”).5 This signal is affected by intrinsic and extrinsic parameters:  
 In proton-MRI, intrinsic parameters include the proton density of the tissue and the tissue-specific 
constants T1 (spin-lattice relaxation time) and T2 (spin-spin relaxation time). The relaxation times that are 
exponential decay time constants of the nuclear relaxation process, depend on the mobility of the protons in the 
examined substance. T1 and T2 of free water (highly mobile protons) and water-containing fluids (e.g. 
cerebrospinal liquor, aqueous humor, vitreous body) are high, whereas the relaxation times of tissue containing a 
greater amount of bound water or less mobile protons (e.g. fatty tissue) are relatively low.  
 Extrinsic factors include parameters that are set on the MR-scanner, such as time of repetition (TR) and 
time of echo (TE).4 TR is the time between RF-pulses and TE the time between excitation by a RF-pulse and the 
measured signal. Thus, the relative contribution of any of the intrinsic parameters to signal intensity can be varied 
by choosing specific “pulse sequences” in order to achieve “weighting” of a desired parameter. Tissues with higher 
T1 values appear dark (hypointense) on T1-weighted (short TR and TE) images and tissues with higher T2 values 
appear bright (hyperintense) on T2-weighted (long TR and TE) images. Cortical bone (non-mobile protons) and 
fast-flowing blood (inside arteries and many larger veins) give no signal (“signal void”) on MRI (Table 1).  
 
 
 
 
 
 
 
 

  



Table 1. Signal intensities of ocular and orbital tissues on T1-weighted (T1w) images and T2-weighted (T2w) images. H=high, 
L=low, M=medium,V=signal void. 
 
---------------------------------------------------------------------- 
tissue    T1w  T2w 
---------------------------------------------------------------------------------- 
cornea, sclera   L  L 
aqueous humor, vitreous  L  H 
normal clear lens   M  L 
uvea    M  M 
extraocular muscles  M  M 
orbital fat   H  M 
connective tissue septa  M  M 
vessels with fast-flowing blood V  V 
nerves    M  M 
cerebrospinal fluid   L  H 
cortical bone   V  V 
bone marrow   H  M 
--------------------------------------------------------------------- 
 
The signal void of fast-flowing blood can be explained by the fact that protons of flowing blood that had been 
excited by a RF pulse, have left the imaging slice before their signal can be detected.4

The appearance of stagnant blood (e.g. orbital hematoma, orbital venous anomalies, intraocular hemorrhage) on 
MRI depends on the age of the blood. The MR-signal reflects the biochemical composition of hemoglobin which 
proceeds from oxyhemoglobin, to deoxyhemoglobin, paramagnetic methemoglobin and finally hemosiderin 
corresponding to hyperacute, acute, subacute and chronic stages of clot breakdown (Table 2). 
 
Table 2. Signal intensities of stagnant blood on T1-weighted and T2-weighted MR images during different stages of clot 
breakdown. H=high, L=low, M=medium. 
 
---------------------------------------------------------------------- 
age of blood  T1  T2 
----------------------------------------------------------------- 
hyperacute (hours)  M-L   H 
acute (1-3 days)  M-L   L 
subacute (4-14 days) H   H 
chronic (>14 days)  L   L 
---------------------------------------------------------------------- 
 
Specific gradient echo sequences may be used to specifically depict arteries and larger veins with fast-flowing 
blood as hyperintense structures (“MR-angiography”). 
In contrast to iodinated intravenous contrast agents used for CT, the paramagnetic gadolinium-based contrast agents 
used for MRI do not enhance vessels with fast-flowing blood. According to the signal void of flowing blood, the 
vessels appear dark. The function of paramagnetic contrast agents is to shorten the T1 time of the tissues through 
which they are distributed, rendering them brighter on T1-weighted images. On T1-weighted images, enhanced 
tissues may not be distinguished from orbital fat that also appears bright. Therefore, contrast enhancement should 
be used in conjunction with special MR techniques designed to supress the signal of fatty tissue (fat supression).5

 The amplitude (A) of the received signal in MR imaging is proportional to the concentration of protons 
[H+]: 
 
A~ [H+] x e-TE x (1 / T1 x T2)

 
The resolution and quality of MR images depends on the signal-to-noise ratio (SNR): 
 
SNR=d x FOV x n / M,  
 
where d is the slice thickness, FOV is the field of view (measured area), n is the number of acquisitions and M is 
the matrix size. The theoretical resolution can be estimated if FOV is divided by matrix size. 

  



There are many artifacts (e.g. motion, partial volume, chemical shift or metal artifacts)4 that may deteriorate the 
quality of MR images. It is important, to recognize these artifacts in order to avoid misinterpretation of the images. 
Artifacts are briefly described in chapter 8. 
 In order to receive the MR signal, volume coils (e.g. standard 28cm-diameter head coils) that are placed 
around the whole head or small-diameter surface coils that are placed directly over the region of interest, are used. 
Surface coils allow high-resolution imaging of the orbit by increasing the signal-to-noise ratio.5 The depth from 
which signals are received by the coil, is proportional to its diameter. The signal drops off with increasing distance 
of the area of interest from the coil. Therefore, imaging of the orbital apex requires either a larger surface coil, a 
standard head coil, or both for optimal imaging. When additional imaging of the middle cranial fossa is required, 
the use of a head coil is recommended. 
 The signal emitted from different tissues can be localized by gradient coils and processed by computers to 
produce cross-sections through the body.4 Additionally, magnetic resonance spectroscopy (MRS) can be performed 
following MR imaging during the same session. MRS is a unique method of investigation for the visual system 
because it yields biochemical informations on the tissue in vivo.6-8  
 In the present thesis, spin-echo (SE) pulse sequences were used to produce T1-weighted (TE=14-18 ms, 
TR=440-620 ms) and T2-weighted (TE=110-120 ms, TR= 2500-2800 ms) images on 1 and 1.5 Tesla scanners. The 
slice thickness was 1-3 mm and slices were orientated in the axial, coronal and oblique-sagittal planes (parallel to 
the optic nerve). The field of view (FOV) ranged between 140x140 mm and 230 x 230 mm with a matrix size 
ranging from 256 x 256 to 512 x 512 pixel. Paramagnetic contrast agents were only applied for intracranial 
imaging. The emitted RF signals were detected using head coils and monocular and binocular surface coils.  
 
Aims and Outline of Thesis 
 
The clinical applications of MRI have advanced rapidly over the past several years and many articles on the 
diagnosis of orbital lesions using MRI have been published. Although MRI has the potential of depicting tiny 
anatomical structures, detailed descriptions of anatomical structures in orbital magnetic resonance images are 
provided in very few publications5,9. However, a profound understanding of orbital anatomy is a prerequisite for the 
interpretation of clinical findings on MR images. Additionally, a detailed knowledge of the intricate anatomic 
relationships within the orbit is crucial for successful surgical intervention in this region.  
 Chapters 2-5 of this thesis are aimed at describing the anatomy of the orbit on high-resolution MR images. 
Own results on high-resolution MRI in normal subjects are presented and compared with the literature. Finally, 
clinical implications of our findings are discussed. 
Chapter 6 and 7 deal with the application of MRI to functional-anatomical problems related to the mechanics of the 
upper eyelid. The eighth chapter provides a correlation of orbital MR images with anatomical cryosections. 
The following questions had to be answered by this thesis: 
(1) Is high-resolution MRI capable of depicting orbital blood vessels and nerves and is it possible to visualize 
connective tissue septa of the orbit ? 
In this regard, the present thesis represents a continuation of the anatomical work of Koornneef10-13 using modern 
imaging techniques in vivo. These questions are adressed in chapters 2-4 and 8. 
(2) The second question arose during anatomical and surgical dissections of the upper eyelid conducted by 
Priglinger and coworkers14,15 who found that Whitnall´s ligament16 actually forms a sling around the levator 
palpebrae superioris (LPS) muscle (see chapter 5). The band-like fascia 17 between the superior rectus muscle and 
the LPS has therefore been called “lower part of Whitnall´s ligament”18. During ptosis operations, it has observed 
that the amount of levator muscle resection can be smaller when Whitnall´s ligament is not severed.19 Based on this 
experience, Anderson and Dixon19 and later Goldberg and coworkers20 who performed MRI studies of the upper 
eyelid, have suggested that Whitnall´s ligament would act as a pulley or suspensory ligament of the levator muscle. 
Moreover, fibromuscular pulleys have recently been described in connection with the recti muscles which course in 
a curved path through the orbit (see chapter 3).21,22 Therefore, our second question was, wether the levator muscle 
also courses in a curved path and wether Whitnall´s ligament may be responsible for this course or in other words 
whether Whitnall´s ligament represents the pulley of the levator muscle. These issues are adressed in chapter 5 and 
7.  
(3) Ptosis surgeons know that the amount of levator resection always exceeds the achieved amount of lifting of the 
upper eyelid.23 This lead us to the third question: How is the relation between the amount of contraction of the LPS 

  



and the upper lid elevation? The possible causes of this relation that has implications on the dose-response 
relationship in ptosis surgery, are investigated in chapter 6. 
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INTRODUCTION 
 
Imaging techniques have become an indispensable diagnostic tool in ophthalmology. In most centers, computed 
tomography is still the method of choice for orbital imaging because of its low costs and excellent depiction of bony 
details.1,2 The resolution in computed tomography within the orbit has been shown to be sufficient to demonstrate 
structures such as the ophthalmic artery and some of its branches, the superior ophthalmic vein, branches of the 
frontal nerve, or oculomotor nerves.1-4 Compared with computed tomography, orbital magnetic resonance imaging 
(MRI) provides a better soft-tissue contrast resolution and is capable of multiplanar imaging, but has the 
disadvantage of poor delineation of bones.5-7 Because there is no exposure to ionizing radiation, high-resolution 
MRI is an excellent tool for anatomical studies in vivo.8,9 Additionally, biochemical informations may be obtained 
during the same examination by means of proton magnetic resonance spectroscopy10 in the future. Although many 
papers have been published regarding the diagnosis of orbital space occupying lesions using MRI,5,7,11-16 there is not 
much detailed information about MRI anatomy of the orbit in the literature. There are descriptions of the gross 
anatomy of the orbit on MRI scans and early surface-coil studies of orbital anatomy.11,12,17-19 We find some high 
resolution MRI scans of the orbit in Dutton´s anatomic atlas20 and the textbook by De Potter and Shields14; 
however, a discussion regarding the anatomic interpretation of the structures in the images is not available. In this 
study, the MRI anatomy of the arteries, veins and cranial nerves of the orbit is described. We do not focus on 
imaging details of the optic nerve because this has been described previously.11,12,18 To facilitate the interpretation 
of the magnetic resonance images, we briefly recall the neurovascular orbital structures that can be visualized in 
imaging studies (Figs 1 and 2). 
 
 
MATERIAL AND METHODS 
 
Six healthy subjects, aged 29 to 32 years, and one 54-year-old patient with chronic oculomotor nerve paralysis on the left side 
(which minimized motion artifacts) were examined after informed consent had been obtained (n = 7 orbits). Magnetic resonance 
imaging of the orbit was performed on a 1 Tesla scanner (Impact, Siemens, Germany) using a surface coil with a diameter of 10 
cm. T1- weighted images of the orbit were obtained using spin-echo sequences with an echo time (TE) of 15 msec and a 
repetition time (TR) of 440 to 520 msec. Imaging planes included axial, coronal and oblique-sagittal (parallel to the optic nerve) 
sections. Contiguous 2- to 3-mm slices were obtained. The field of view in the original images ranged between 140 x 140 mm 
with a 256 x 256 matrix and 230 x 230 mm with a 512 x 512 matrix, resulting in a pixel size and theoretical spatial resolution of 
0.4 to 0.5 mm. The acquisition time ranged between 2 and 17 minutes for the different sequences. Most images were taken with 
closed lids and the eyes in resting position (slight down-gaze).  

The structures in the magnetic resonance images were identified by comparison with the collection of histologic 
sections of the orbit from Koornneef.21,22 The collection includes hematoxyllin-azophloxin stained 60-µm thin sections and 5-
mm thick cleared sections. Furthermore, we analysed the magnetic resonance images by comparison with correlative anatomical 
cryosections from the literature1,2,23 and spatial reconstructions of orbital anatomy that were based on serial histologic 
sections.20,24 

 
 
RESULTS  
 
Arteries 
 
On sagittal images (Fig. 3), the intraorbital portion of the ophthalmic artery appears at the lateral side of the optic 
nerve, where it branches to the central retinal artery (Fig. 3A). Axial images (Fig. 4) show the further course of the 
ophthalmic artery: Distal to the lateral knee, it crosses over the optic nerve (Fig. 4E), bends again, and courses 
forward - first at the medial side of the superior oblique muscle and then between the superior oblique muscle and 
the medial rectus muscle (Fig. 4F). The tortous central retinal artery courses forwards inferiorly to the optic nerve 
and enters its dural sheath approximately 10 to 12 mm behind the globe (Figs. 3A and 4H). At the crossing with the 
optic nerve, the ophthalmic artery gives off the posterior ciliary arteries on either side of the optic nerve (Fig. 4F). 
Part of the lacrimal artery is seen near the lacrimal gland (Fig. 4D).The vessel that runs posteriorly from the 
(medial) bend of the ophthalmic artery most likely represents the posterior ethmoidal artery. On axial sections 
inferior to the superior oblique muscle, the curved anterior ethmoidal artery is noted close to the anterior ethmoidal 
foramen, which is located 15 to 30 mm from the orbital rim (the thinner nerve is not visualized; Fig. 4E). Inferior to 
the trochlea, the ophthalmic artery terminates in the dorsal nasal artery (Fig. 4F). On coronal images (Fig. 5), the 
supratrochlear vessels (supratrochlear artery and vein; Fig. 5A-C) and the infratrochlear vessels (dorsal nasal artery 

  



and nasofrontal vein; Fig. 5A) are visible. The supraorbital artery is situated between the orbital roof and the levator 
muscle, just medial to the branches of the supraorbital nerve (Fig. 5A). The infraorbital neurovascular bundle 
containing the infraorbital artery, vein, and nerve is seen in the infraorbital canal (Fig. 5B).  
 
Orbital veins 
 
The trunk of the superior ophthalmic vein (SOV) starts just posterior to the reflected part of the superior oblique 
tendon and courses from anteromedially to posterolaterally, crossing over the optic nerve and superior to the 
ophthalmic artery (Fig. 4C). Proximal to the junction with the lacrimal vein, the SOV runs posteriorly, directing to 
the superior orbital fissure (Fig. 4C). In axial images, the diameter of the SOV in the region of the junction with the 
lacrimal vein was estimated to range between 1.5 and 2.0 mm. Because the margin of the blood vessels in our 
images was rather ill-defined, exact measurements were not possible. Serial coronal sections show that the SOV 
traverses the orbit along a connective tissue septum. This septum, called the superior ophthalmic vein hammock, 
courses from the lateral rectus muscle closely inferior to the superior rectus muscle toward the superomedial orbital 
wall (Fig. 5.B-C). The medial ophthalmic vein, a common variation,24 is seen in one subject coursing parallel to the 
medial orbital wall just superior to the superior oblique muscle belly (Fig. 4C). In two subjects, an elongated, 
hypointense structure (Fig. 4H) that originates from the medial rectus muscle and courses inside the muscle cone 
was observed. It was interpreted as the “veine ophthalmique moyenne”.24 We were unable to correlate this structure 
to any other known structures in the anatomic or histologic sections. Less likely, it may represent the inferior branch 
of the oculomotor nerve supplying the medial rectus muscle. Branches of the inferior ophthalmic vein following 
circularly coursing connective tissue septa are seen in the inferomedial orbit (Fig. 4I). The trunk of the inferior 
ophthalmic vein is appreciated at the lateral side of the inferior rectus muscle (Fig. 4I).  

The vorticose veins can be seen in appropriate sections. For example, parasagittal sections temporally to 
the anterior part of the optic nerve demonstrate the superior and inferior temporal vortex vein (Fig. 3B). The medial 
and the lateral collateral veins connecting the inferior ophthalmic vein with the superior ophthalmic vein are visible 
in axial sections (Fig. 4F-H).  
 
Motor nerves 
 
Because of the crowding of anatomic structures in the orbital apex, the inferior division of the oculomotor nerve 
cannot reliably be distinguished from other structures. However, in one subject with paralytic atrophy of the rectus 
muscles, an elongated structure between the optic nerve and the inferior rectus muscle was observed in sagittal 
magnetic resonance images (Fig. 3B).This was interpreted as the trunk of the inferior division of the oculomotor 
nerve. 

The structure that can be seen on axial images, and more consistently on coronal images at the lateral 
border of the inferior rectus muscle, most likely represents the branch of the inferior division of the oculomotor 
nerve to the the inferior oblique muscle (Fig. 4J and 5B). Correlative anatomic sections in the frontal plane20,22 and 
spatial reconstructions20,24 show the branch of the oculomotor nerve supplying the inferior oblique muscle in this 
location. 

On axial images, the abducens nerve may be visible between the optic nerve and the lateral rectus muscle 
(Fig. 4J). The 2- to 3-mm long, hypointense structure that is situated between optic nerve and lateral rectus muscle 
just anterior to the lateral knee of the ophthalmic artery and approximately 1 cm anterior to the superior ophthalmic 
fissure might be the ciliary ganglion (Fig. 4G). The superior division of the oculomotor nerve and the trochlear 
nerve are not visualized in the magnetic resonance images. 
 
Sensory and Autonomic nerves 
 
The ophthalmic division of the trigeminal nerve branches into the frontal, lacrimal, and nasociliary nerves that can 
be clearly seen on MRI. The frontal nerve with its three branches (supratrochlear nerve, medial and lateral branch 
of supraorbital nerve) is noted on axial (Fig. 4A) and coronal (Figs 5B-C) slices superior to the levator palpebrae 
superioris muscle. The lacrimal nerve is seen in the upper tier of the orbit on axial sections (Fig. 4B). Axial sections 
at the level of the SOV (Fig. 4D) demonstrate the nasociliary nerve as it travels anteriorly between the superior 

  



oblique and medial rectus muscles. A reliable identification of the tiny ciliary nerves was not possible in the 
magnetic resonance images. 

The infraorbital neurovascular bundle consisting of the infraorbital nerve and vessels is visualized inside 
the infraorbital canal on coronal images (Fig. 5B). 
 
 
DISCUSSION 
 
The fat content of the orbit is responsible for the excellent contrast in orbital MRI, allowing for better detection of 
small anatomic structures. Fat appears bright (hyperintense) on T1-weighted images, and other structures such as 
muscles, vessels, and nerves are darker (hypointense) than orbital fat. The optic nerve exhibits MRI signal 
characteristics similar to those of white matter of the brain because of its myelinated nerve fibers.19 Blood vessels 
(especially arteries) appear dark in T1-weighted magnetic resonance images. This is because the protons of flowing 
blood that have been excited by a radiofrequency pulse pass outside the imaging slice before their signal can be 
detected.25 

Although we have used a slice thickness of 2 to 3 mm, partial volume averaging1 enabled a visualization of 
relatively long parts of vascular structures, such as the superior ophthalmic vein (Fig. 4C). When the examined 
structure is partially out of the imaging slice, hypointense or thin segments within its course (Fig. 4.E-F) are the 
consequence.26 Thus, partial volume averaging is a potential source of error during the identification of anatomic 
structures in MRI. To circumvent this problem and avoid mistakes, we have always analyzed series of adjacent 
imaging slices and the corresponding coronal sections or other orientations. 

Because of the aforementioned signal void of flowing blood, major vessels in our images were usually 
darker than other structures such as muscles and nerves. In general, arteries showed a curved course compared with 
the more straight veins and nerves. These facts, together with a detailed knowledge of orbital topographical20,27-31 
and sectional anatomy1,22,23, allowed the identification of various vascular structures on MRI. Knowledge of the 
mean diameters of the different arteries (e.g., ophthalmic artery: 1.3-1.4 mm, lacrimal artery: 0.7 mm, central retinal 
artery: 0.5 mm)32 was also useful for the analysis, although the vessel diameters estimated in the magnetic 
resonance images slightly exceeded the real anatomical diameter. This discrepancy in the vessel diameter between 
MRI studies and anatomic studies32 may be due to the fact that the MRI-system measures not only the blood flow 
but also minimal motions of the vessel, resulting in a slightly larger vessel diameter than the real diameter. In 
contrast to that, the anatomist measures the vessel diameter postmortem, which may be smaller than the in vivo 
diameter. Exact measurements of the vessel diameters were not performed in this study because of partial volume 
artifacts causing changes in the caliber of the vessels. 
 The orbital arteries that form a radiating system diverging from the orbital apex traverse through the 
adipose tissue compartments and perforate the orbital septa. In contrast, the veins are arranged in a ring-like system 
that reflects their incorporation into the fibrous septa of the orbital connective tissue system.24,33 Because many of 
the septa of the orbital connective tisse system21,34,35 were visible in the magnetic resonance images (Fig. 5A-C), the 
knowledge of the different spatial arrangement of arteries and veins and their relations to the connective tissue 
system was also helpful for the analysis of the magnetic resonance images. The SOV traverses the orbit inside the 
“superior ophthalmic vein hammock”21, a connective tissue septum which is located just inferior to the superior 
rectus muscle. Therefore, a swollen, inflamed superior rectus muscle may cause venous outflow obstruction. This 
has been suggested to be the cause of orbital soft-tissue swelling in patients with Graves disease in whom the 
proptosis is out of proportion to the enlargement of the muscles.36 

 The ophthalmic artery and its branches are subjected to marked anatomical variations.27-29,32 It crosses over 
the optic nerve in 72 % to 95 % of individuals and under it in 5 % to 28 %.20,28,32 Our magnetic resonance images 
showed no significant variations concerning the main intraorbital course of the ophthalmic artery and in all 
investigated subjects, the artery crossed over the optic nerve. In fact, the number of examined probands in our study 
was too small to draw conclusions on anatomical variations of orbital vessels.  
 The ophthalmic veins and their branches were well visualized. The diameter of the SOV in magnetic 
resonance images of normal subjects was estimated to be 1.5 to 2 mm. Disorders with enlargement of the 
ophthalmic veins include arteriovenous malformations, carotid cavernous fistulae, dural shunts, cavernous sinus 
thrombosis37 and Graves ophthalmopathy.36 

  



 Most of the orbital sensory and motor cranial nerves were visualized in the magnetic resonance images. 
The superior division of the oculomotor nerve was not seen, which is most likely because of its early ramification 
into numerous tiny fascicels that pierce the muscle sheath and course anteriorly embedded between muscle fibers.38 
The trochlear nerve also escaped visualization on MRI because of its thinness and the lack of orbital fat (which 
would improve the contrast in the images) along its course between the superior oblique muscle and the periorbit. 
 The ophthalmic artery, the SOV, and some of their branches have previously been visualized by means of 
MRI.12,14,18-20 Some of the orbital nerves, such as the frontal nerve18-20 or the nasociliary nerve20, have also 
previously been visualized on MRI. However, the resolution on the magnetic resonance images in most previous 
studies was limited because of earlier magnetic resonance technology. 
 We have demonstrated that surface coil11,12 MRI on a clinical magnetic resonance unit is capable of 
imaging the anatomy of the vessels and nerves in the orbit with sufficient detail. The best anatomic detail is 
obtained by the use of T1-weighted (short TR/TE) pulse sequences.6 T2-weighted (long TR/TE) and proton density 
(long TR/short TE) images were not used in our study because they take a longer time to produce, which leads to 
motion artifacts and therefore results in a poorer image quality. 

The use of surface-coil technology for orbital MRI allows high-resolution imaging by increasing the 
signal-to-noise ratio. However, there are certain limitations. First, the signal drop-off strongly depends on the 
distance of the region of interest from the coil and also on the diameter of the coil. Therefore, when additional 
imaging of the cranio-orbital junction and the brain is required, the use of a standard head coil is recommended.11,12 
Second, a surface coil is more sensitive to motion artifacts.11,12 Motion artifacts can represent a considerable 
problem in high-resolution MRI of the orbit. Orbital MRI with a resolution that is sufficient for anatomic 
considerations is currently restricted to cooperative subjects who are able to lie still for up to 20 minutes in the 
scanner, which presently hampers its use for clinical routine. With improved software and hardware technology, 
one may imagine its use for delineation of space-occupying orbital lesions in relation to various anatomic 
structures, thus facilitating better surgical planning. Additionally, MRI can reveal information on the flow in blood 
vessels. A differentiation between flowing and stagnant blood in orbital vascular lesions is crucial for treatment 
planning.37 Therefore, a potential clinical application of high-resolution orbital MRI will be the evaluation of orbital 
vascular lesions. Future improvements in magnetic resonance angiography may also be helpful in gaining further 
clinical information in these patients. 

Another clinical application, would be the diagnosis of peripheral nerve sheath tumors that cannot reliably 
be differentiated from other orbital tumors because of their unspecific signal characteristics.14 Here, high-resolution 
MRI might help to demonstrate a relation of a space-occupying process to an orbital nerve, thus suggesting the 
diagnosis of a peripheral nerve sheath tumor. 

Finally, the ability of delineating anatomic details in the orbit will be important for computer-assisted 
orbital surgery.39  
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Nomenclature  
 
The numbers in the figures refer to the following structures: 
 
1  Levator palpebrae superioris muscle  
2  Superior rectus muscle 
3  Inferior rectus muscle  
4  Medial rectus muscle  
5  Lateral rectus muscle  
6 Superior oblique muscle  
7 Trochlea 
8  Superior oblique tendon 
9  Inferior oblique muscle 
10 Ophthalmic artery  
11 Central retinal artery 
12 Recurrent meningeal artery 
13 Lateral posterior ciliary artery  
14 Lacrimal artery 
15 Muscular arterial branch  
16 Posterior ethmoidal artery 
17 Supraorbital artery  
18 Medial posterior ciliary artery 
19 Anterior ethmoidal artery 
20 Supratrochlear artery  
21 Dorsal nasal artery 
22  Infraorbital artery 
23 Facial vein 
24 Angular vein 
25 Nasofrontal vein  
26 Supratrochlear vein 
27 Superior ophthalmic vein  
28 Lacrimal vein 

29 Medial ophthalmic vein  
30 Inferior ophthalmic vein  
31 Medial collateral vein 
32 Lateral collateral vein 
33 Vorticose vein 
34 “Veine ophthalmique moyenne” (see legend Fig. 

4H) 
35 Oculomotor nerve (superior division) 
36 Oculomotor nerve (inferior division) 
37  Short ciliary nerves 
38  Ciliary ganglion 
39 Abducens nerve 
40 Trochlear nerve  
41  Ophthalmic branch of trigeminal nerve 
42  Maxillary branch of trigeminal nerve 
43 Frontal nerve 
44 Supraorbital nerve (med. branch) 
45 Supraorbital nerve (lat. branch) 
46 Supratrochlear nerve 
47 Nasociliary nerve 
48  Long ciliary nerves 
49  Posterior ethmoidal nerve 
50  Anterior ethmoidal nerve 
51 Infratrochlear nerve 
52 Lacrimal nerve 
53 Infraorbital nerve 
54 Optic nerve 
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INTRODUCTION 
 

  



Magnetic resonance imaging (MRI) is a good method for evaluating extraocular muscle disorders.1 Most 
publications focus on MRI of orbital disease1, but do not provide enough information on normal orbital imaging 
anatomy. 
Since the early anatomical MRI studies of the orbit2, advanced technology has led to a marked improvement in the 
resolution of orbital MRI, although motion artifacts still represent a significant problem.  
 The present study was performed to descibe the MRI anatomy of the normal extraocular muscles under 
resting conditions in vivo.  
 
 
MATERIAL AND METHODS 
 
Six orbits from four normal volunteers aged from 26 to 32 years were examined. MRI was performed using a 1 tesla scanner 
(Impact, Siemens, Germany) and a surface coil with a diameter of 10 cm. T1-weighted images of the orbit were obtained by 
spin-echo sequences with an echo time (TE) of 15 ms and a repetition time (TR) of 440-520 ms. Imaging planes included axial, 
coronal and sagittal (parallel to the optic nerve) sections. The slice thickness was 2-3 mm without any interslice interval. The 
field of view in the original images ranged between 140 x 140 mm with a 256 x 256 matrix and 230 x 230 mm with a 512 x 512 
matrix. The acquisition time was 2-13 min. Images were taken with both lids closed and the eyes in resting position (slight 
downgaze). The structures in the MR images were identified by comparison with the collection of histological sections of the 
orbit by Koornneef.3
 
 
RESULTS 
 
The recti muscles have their origin at Zinn´s tendineous annulus in the orbital apex (Fig. 1). In the region between 
the equator and the posterior pole of the globe, the vertical and horizontal recti muscles are bowed away from the 
eye thus showing a curved path in the orbit (Fig. 1, 2). On coronal images just posterior to the equator, a gap 
between the globe and the recti muscles is noted which is due to the curved path of the muscles (Fig. 3). The line of 
tangency where the straight muscles start to touch the surface of the globe is located in the equatorial region or 2-3 
mm behind the equator (Fig. 2). After the line of tangency, the straight muscles run in close contact with the globe 
in a great circle path (“arc of contact”) towards their insertion. This segment of the muscles or their tendons 
respectively, cannot be clearly differentiated from scleral tissue on MRI. 

The medial check ligament which attaches the medial rectus muscle (MR) to the medial orbital wall, is 
visualized on axial images (Fig. 2). Due to the isointensity with lacrimal gland tissue, the lateral check ligament 
cannot be seen in mid-axial images. Low axial images show parts of the lateral check ligament (Fig. 2). Coronal 
sections behind the equator show the thick superolateral intermuscular septum. Weaker intermuscular septa connect 
the inferior rectus muscle with the medial and lateral recti (LR) muscles (Fig. 3). Septa coursing from the medial, 
inferior and lateral rectus muscles towards the orbital walls, are also noted (hardly visible in the photographic 
reproductions). 
 The superior oblique muscle (SO) originates from the lesser wing of the sphenoid and courses in close 
contact with the superomedial orbital wall to the trochlea (Fig. 4). From there, the reflected part of the SO tendon 
courses postero-laterally in an estimated angle of about 45-55° with the sagittal plane (Fig. 5) to insert in the 
superolateral quadrant of the globe. The trochlea is visualized in axial and coronal images (Fig. 4-6). 

The inferior oblique muscle (IO) originates from the maxilla just lateral to the entrance of the nasolacrimal 
canal and runs posterolaterally to insert in the inferolateral quadrant of the globe under the inferior border of the 
lateral rectus muscle (Fig. 6). The IO belly appears in a cross-section approximately 2 mm below the inferior rectus 
(IR) on mid-sagittal images (Fig. 1). The lower lid retractors (capsulo-palpebral fascia and inferior tarsal muscle) 
originate from the anterior border of the IO and insert in the tarsal plate of the lower lid (Fig. 1). 
 On sagittal images, the levator palpebrae superioris muscle (LPS) courses upwards from its origin at the 
lesser wing of the spenoid until it reaches a culmination point about 3-5 mm (craniocaudal distance) superior to the 
equator of the globe, from where it courses downwards to the insertion in the upper lid. In the posterior and mid-
orbit the LPS is situated in close proximity to the orbital roof. In primary gaze or slight downgaze, the location of 
the culmination point of the LPS is located about 4-5 mm (anteroposterior distance) posterior to the equator of the 
globe. Between the culmination point of the LPS and the superior rectus (SR), a space that is isointense to orbital 
fat is noted. This intermuscular space also contains hypointense structures which are interpreted as strands of the 
common fascia of the LPS and the SR (“common sheath”) (Fig. 1). 
 

  



 
DISCUSSION 
 
The origin and course of the EOM can be demonstrated on MR images with sufficient detail. However, due to the 
varying arc of contact (region of tangency between the EOM and globe) and isointensity of tendon and scleral 
tissue, an exact determination of the insertion of the recti and oblique muscles is not possible. 
Koornneef was the first to describe the highly complex connective tissue system of the orbit.3-5 Due to the good 
contrast between hyperintense orbital fat and hypointense connective tissue structures, various parts of the 
connective tissue of the EOM were visualized on MRI: The so called medial and lateral check ligaments, the 
common sheath between the superior rectus muscle and levator muscle, Lockwood`s ligament and its arcuate 
expansion, radial septa coupling the EOM with the orbital walls and intermuscular septa in the anterior orbit. In 
particular the superolateral intermuscular septum (“tensor intermuscularis muscle”) connecting the superior muscle 
complex (LPS,SR) with the lateral rectus muscle (LR) was clearly visible on coronal images due to its thickness of 
up to 1 mm and the content of striated muscle fibres.5 The thickness of the superolateral septum has been found to 
be enlarged in patients suffering from Graves´ disease.6

 In the past, it was believed that the recti extraocular muscles follow the shortest distance from the origin to 
the insertion because they appear straight in anatomical specimens. Previous models of eye muscle mechanics, such 
as the “Fadenmodel”7, have been based on this assumption. The MR-images confirm the CT-based observation of 
Simonsz and coworkers that the recti EOM do not follow the shortest path from their origin to the line of tangency 
but are bowed away from the retroequatorial region of the eye.8 Simonsz´s CT-studies demonstrated that there is no 
significant sideways-displacement (relative to the bony orbit) of the horizontal recti muscles during vertical eye 
movements and of the vertical recti muscles during horizontal eye movements.9 The course of the bellies of the recti 
EOM is hardly changed by surgical muscle transpositions.10 All these findings confirm that the path of the recti 
EOM is stabilized by means of the orbital connective tissue system.3-5

The recti muscles enter sub-Tenon-space by passing through the fascial sleeves of Tenon´s capsule. These 
fascial sleeves of Tenon´s capsule are attached to the medial and lateral orbital walls by means of connective tissue 
septa (“checkligaments”) which contain smooth muscle cells.4 The smooth muscle cells in the checkligaments may 
serve to adjust the tension of the EOM.4 Demer and coworkers have recently suggested that the sleeves in Tenon´s 
capsule together with the check-ligaments represent fibro-muscular pulleys for the recti EOM11. The symmetrical 
arrangement of the rectus muscle pulleys is thought to be the mechanical basis of Listing´s law.11 The anterior part 
of the SR is coupled to the superior periorbit via the common muscle sheath which has connections to the orbital 
walls via the superior transverse ligament and the radial septal system. 

Outside Tenon´s capsule and behind the equator of the globe, the recti muscles and the SO belly are coupled to 
the orbital walls with connective tissue septa anchoring their fascial sheath to the periorbit.3-5 The supporting 
framework of connective tissue septa around the EOM would explain their stability against sideways displacement 
during ocular movements and following surgical transpositions.10 The fibromuscular pulleys11 can be regarded as 
the functional origin of the EOM. The path of the eye muscles and the position of their functional origin is 
considered to be dependent on the following factors: 
1. The muscle tension and gaze position. In primary or resting position, the recti muscles appear curved. 

However, straightening of a contracting muscle occurs, if the eye is moved into the field of action of that 
muscle as can be seen in the figures of a paper by Bailey et al.12 

2. Intermuscular forces due to intermuscular septa which limit the side-slip9 of the muscles.  
3. Musculo-orbital forces due to connective tissue suspensions of the muscles.11 
4. Retrobulbar forces caused by the counter-pressure that is built up during muscle contractions.8 
 
The contrast beween the straight appearance of the recti EOM in dissection specimens and their curved path in 
imaging studies may be explained by the fact that during anatomical dissections where parts of the orbital walls 
have to be removed, the delicate connective tissue system of the muscles is destroyed.  
 The course of the oblique eye muscles is also determined by connective tissue structures. The trochlea, as 
the pulley of the SO, translates the anteroposterior muscle force of the SO into a downwards movement of the 
globe. After surgical disinsertion of the trochlea or luxation of the SO tendon out of the trochlea for treatment of 
Brown´s syndrome13, the SO belly does not significantly displace laterally but still maintains its proximity to the 
superomedial orbital wall as demonstrated by CT scans with three-dimensional reconstructions. Again, this stability 

  



against displacement can be explained by connective tissue septa anchoring the SO belly to the superomedial 
periorbit.3-5 The IO also appears to be pulled away from the globe in the region of Lockwood´s ligament which may 
therefore represent the ”pulley” of the IO. The pulley of the IR is located further posteriorly, as can be observed in 
sagittal images (Fig.1). The IO is surrounded by a strong connective tissue complex which explains why following 
a surgical disinsertion of the IO, the muscle rarely retracts further than to the IR. 
 The LPS muscle also follows a curved path in the orbit: It ascends towards a culmination point which is 
situated under the anterior orbital roof from where it descends towards the insertion in the upper lid. The location of 
the culmination point of the LPS a few millimeters superior to the globe suggests a suspension of the LPS by radial 
connective tissue septa coursing from the muscle to the orbital roof. The common sheath in addition to the globe 
may support the LPS from below thus acting as a fulcrum for the LPS.14

 Our study has described the MRI anatomy of the normal EOM. A thorough understanding of the normal 
morphology of the EOM is a prerequisite for the interpretation of MR-images in orbital disorders. Recently, MRI 
has been applied to the evaluation of ocular motility disorders: chronically paretic muscles have a decreased cross-
sectional area and are lacking normal contractile changes during different gaze positions.15 For example, this 
enables a differentiation between superior oblique palsy and hypertropia of other causes. Cine-MRI, which involves 
MRI in different gaze positions to produce a video-recording of ocular movements12, has been used to analyse 
restrictive motility disorders.16

In our opinion, high resolution MRI will soon find a place in clinical practice for the evaluation of 
complicated motility disorders in selected patients. 
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INTRODUCTION 
 
The complex architecture of the orbital connective tissue system (OCTS) was first described by Koornneef in 
1987.1-3

  



The OCTS not only checks the action of the extraocular muscles but also stabilizes their path in the orbit. 
It is therefore responsible for the stability against sideways displacement of the extraocular muscles4 during eye 
movements.5

Knowledge of the OCTS has explained the pathophysiologic characteristics of motility disturbances after 
orbital fractures and also some features of Graves ophthalmopathy3,6-8. In inflammatory orbital pseudotumor, the 
septa of the OCTS are thickened and become confluent causing severe motility disturbances.9

Compared with computed tomography, orbital magnetic resonance imaging (MRI) provides a better soft-
tissue contrast resolution and is capable of multiplanar imaging.10 Because of the lack of ionizing irradiation, high-
resolution MRI is a useful tool for functional-anatomical studies in vivo.11 Recent MRI studies confirmed that the 
course of the recti muscles in the orbit is not straight, but curved.5,6 This was attributed to pulley-like structures of 
the OCTS. The anatomical substrate of the rectus muscle pulleys were found to be sleeves in Tenon capsule that are 
attached to the orbital walls by means of connective tissue septa containing smooth muscle cells. These 
fibromuscular rectus muscle pulleys, which are nearly symmetrically arranged, are thought to be the biomechanical 
basis of Listing´s law.5

Knowledge of the normal anatomy of the orbit in MR images is a prerequisite for the analysis of clinical 
findings. Although a number of publications provide information on the MR imaging anatomy of the orbit12-16, 
details of the OCTS have not previously been described in MR images. In this study, the MRI anatomy of the septa 
of the OCTS is described. We do not focus on imaging details of neurovascular orbital anatomy because this has 
recently been described in another study.17  
 
 
MATERIAL AND METHODS 
 
Five volunteers, aged 26 to 35 years were examined after informed consent had been obtained  
(n = 5 orbits). Magnetic resonance imaging of the orbit was performed on a 1 Tesla scanner (Impact, Siemens, Germany) using a 
surface coil with a diameter of 10 cm. T1- weighted images of the orbit were obtained using spin-echo sequences with an echo 
time of 15 ms and a repetition time of 440 milliseconds to 520 milliseconds. Contiguous 3 mm slices in the coronal plane were 
obtained. The field of view in the original images was 140 mm x 140 mm with a 256 x 256 matrix resulting in a pixel size and 
theoretical spatial resolution of 0.5 mm. The acquisition time was 2 minutes per sequence. The images were taken with closed 
lids. 

The structures in the MR images were identified by comparison with the collection of histologic sections of the orbit 
from Koornneef which includes hematoxyllin-azophloxin-stained 60-µm thin sections18 and 5-mm-thick cleared sections in the 
frontal plane.1  
 
 
RESULTS 
 
Bulbar part of the orbit 
 
The aponeurosis of the levator palpebrae superioris muscle and its connections to the trochlea and the lacrimal 
gland in the region of the superior transverse ligament (Whitnall) are visible. The levator aponeurosis divides the 
lacrimal gland in an orbital and a palpebral portion. Tenon capsule surrounds the globe and intermuscular septa 
connect the straight eye muscles. The arcuate expansion of Lockwood ligament toward the lateral orbital floor is 
clearly visualized (Fig. 1). The “transverse intermuscular ligament“19 or “inferior portion of Whitnall´s ligament”20 
is noted between the superior rectus muscle (SRM) and the levator palpebrae superioris (Fig. 2). The medial and the 
lateral check-ligaments connect the horizontal recti muscles to the periorbit (Fig. 1-3). Radially orientated septa 
running towards the periorbit are mainly concentrated at the recti muscles. The lateral border of the superior muscle 
complex (SRM, levator palpebrae superioris) is suspended to the lateral orbital roof by a septum. Another septum 
courses from the upper border of the medial rectus muscle toward the medial orbital roof (Fig. 3-5). Posterior to the 
equator, intermuscular septa are seen between the medial rectus muscle, the inferior rectus muscle and the superior 
muscle complex (SRM, levator palpebrae superioris). However, a continuous intermuscular membrane connecting 
all recti muscles is not seen. Around the equator, the intermuscular septum (superolateral intermuscular septum) 
between the superior muscle complex and the lateral rectus muscle14 has a similar cross-sectional thickness and 
signal intensity as the extraocular muscles (Fig. 3). Around the inferior rectus muscle, the septa are orientated 
parallel to the orbital floor. Branches of the inferior ophthalmic vein are incorporated in these septa. Radial septa 
connect the inferior rectus muscle with Müller orbital muscle which bridges the inferior orbital fissure (Fig. 3-5). 

  



 
Retrobulbar part of the orbit 
 
Circular intermuscular septa are not visible in the retrobulbar orbit apart from the superolateral septum. In the 
midorbit, delicate radial septa pass from the optic nerve toward the medial, lateral and inferior rectus muscles (Fig. 
6). Radial septa also connect the margins of the recti muscles, especially the lateral rectus muscle and the SRM to 
the periorbit. A short radial septum suspends the lateral border of the superior muscle complex to the orbital roof. 
Other radial septa connect the lateral border of the inferior rectus muscle with Müller orbital muscle. 

Serial coronal slices show that the superior ophthalmic vein traverses the orbit along a connective tissue 
septum, called the superior ophthalmic vein hammock, which courses from the superolateral intermuscular septum 
closely inferior to the SRM toward the supero-medial orbital wall. The superolateral intermuscular septum, which is 
much thinner in the posterior orbit, blends with the superior ophthalmic vein hammock (Fig. 6). 
 
 
DISCUSSION 
 
This study demonstrates that surface coil MRI10 on a clinical MR unit is capable of imaging details of the orbital 
connective tissue system. The best anatomical detail is obtained by use of T1-weighted pulse sequences.10 T2-
weighted and proton density images were not applied because of a longer acquisition time, which leads to motion 
artifacts resulting in a poorer image quality. The bright background of the orbital fat on T1-weighted MR images 
accounts for the excellent soft tissue contrast in the orbit, thus providing visualization of several delicate connective 
tissue structures that appear hypointense compared with orbital fat. Muscles and major blood vessels are mostly 
darker than connective tissue septa. Partial volume averaging can lead to errors in the interpretation of structures in 
MR images. To minimize these mistakes, series of adjacent imaging slices were analysed. 
 The relations between the vascular and the connective tissue system of the orbit are different for arteries 
and veins. 

The orbital arteries which form a radiating system diverging from the orbital apex, traverse through the 
adipose tissue compartments and perforate the orbital septa. In contrast, the veins are arranged in a ring-like system 
that reflects their incorporation into the fibrous septa of the orbital connective tissue system.21  

The superior ophthalmic vein traverses the orbit inside the “superior ophthalmic vein hammock”1,2, a 
connective tissue septum that is located just inferior to the superior rectus muscle. Therefore a swollen, inflamed 
superior rectus muscle may cause venous outflow obstruction. This has been suggested to be the cause of orbital 
soft-tissue swelling in patients with Graves disease in whom the proptosis is out of proportion to the enlargement of 
the muscles.8 Intermuscular septa, especially the superolateral intermuscular septum (“tensor intermuscularis 
muscle”) are visualized on appropriate MR images. Because of the high content of smooth muscle fibres, the 
superolateral septum showed a similar signal intensity on MRI as the extraocular muscles. The thickness of the 
tensor intermuscularis has been found to be enlarged in Graves disease.22 In the past, the existence of a common 
intermuscular membrane that connects all four recti muscles and divides the orbit into an extra- and an intraconal 
space has been suggested. However, Koornneef´s histological studies1-3 did not support this concept of a closed 
intraconal space and the present MRI study confirmed these findings in vivo. 

The use of surface-coil technology for orbital MRI allows high-resolution imaging by increasing the 
signal-to-noise ratio. However, a surface coil is more sensitive to motion artifacts which can represent a 
considerable problem in orbital MRI.10 Therefore, high-resolution orbital MRI is currently restricted to cooperative 
patients who are able to keep their head and eyes still for up to 2 minutes. 

In conclusion, this study has demonstrated that major parts of the OCTS can be visualized using high-
resolution MRI. A potential clinical application may be its use for the evaluation of restrictive motility disorders 
such as in Graves disease, ocular fibrosis syndrome, or posttraumatic adhesions of the eye muscles. However, in 
cases of acute orbital fractures, MRI should not be used because of lack of depiction of bony details. 

Koornneef 2 suggested that the OCTS may be an important additional locomotor system enabling 
coordinated movements of eye muscles, globe, optic nerve, and eyelids. Anatomical postmortem studies, however, 
are of limited value to investigate the role of the OCTS for ocular motility. Here, dynamic high-resolution MRI in 
vivo could be helpful for improved understanding the mechanical role of the OCTS during ocular movements. 
 

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX 
 
The following is an explanation of the numbers in the figures. 
 
1  Levator palpebrae superioris muscle  
2  Superior rectus muscle 
3  Inferior rectus muscle 
4  Medial rectus muscle 
5  Lateral rectus muscle 

6  Superior oblique muscle 
7  Superior oblique tendon 
8  Inferior oblique muscle 
9 Ophthalmic artery 
10 Posterior ciliary artery 

  



11 Superior ophthalmic vein 21 Levator aponeurosis 
12 Inferior ophthalmic vein  22 Transverse intermuscular ligament/common sheath 
13 Oculomotor nerve (inferior division) 23 Anterior Tenon capsule and intermuscular septa 
14 Frontal nerve 24 Arcuate expansion of Lockwood ligament 
15 Supraorbital nerve 25 Superolateral intermuscular septum (tensor 

intermuscularis) 16 Supratrochlear nerve/artery/vein 
17 Infratrochlear nerve, dorsal nasal artery/vein 26 Superior ophthalmic vein hammock 
18 Nasociliary nerve 27 Müller orbital muscle 
19 Medial check ligament 28 Lacrimal gland 
20 Lateral check ligament 
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INTRODUCTION 
 
The preservation of the suspensory connective tissue system of the levator palpebrae superioris muscle (LPS) is 
regarded to be an important principle in ptosis surgery.1 According to the literature, the superior transverse ligament 
(STL) represents the main part of the suspensory system of the LPS.1,2

 The superior transverse ligament (Whitnall), is a condensation of the fascial sheath of the LPS on its 
superior surface which extends from the connective tissue complex of the trochlea medially, to the capsule of the 
orbital lobe of the lacrimal gland and the orbital wall laterally. The STL has also bilateral connections to the horns 
of the aponeurosis. The STL is largely located in the transitional zone between muscular levator and the 
aponeurosis.3

  



In some patients with congenital2 and involutional4 ptosis, the STL has been observed to be atrophic or 
dehiscent. It has been suggested that these cases may benefit from repair of Whitnall´s ligament in addition to 
conventional ptosis surgery.2,4 

The function of the STL has been controversially discussed: Whitnall3 stated that the STL would act as a 
check ligament of the LPS. However, Lemke et al5 noted that the ligament is not under tension during lid closure 
and Dutton6 believes that the check function of the STL is not significant under physiological conditions. Anderson 
and Dixon2 mentioned that larger amounts of levator resections are required if Whitnall´s ligament is severed and 
therefore recommended its preservation during ptosis surgery. They suggested that the superior transverse ligament 
would act as a fulcrum which translates the anterioposterior force of the LPS into a vertical upward motion of the 
eyelid. Boergen and Scherz7 who cut Whitnall´s ligament during large levator resections, stated that “negative 
consequences” were not observed following this procedure.  
 The so called “common sheath” is the intermuscular fascia between the LPS and the SRM.8 Fink9 has 
called its anterior part the “ transverse superior fascial expansion (TSFE ) of the levator and superior rectus muscles 
“.  
Whitnall,3 Jones,8 and Dutton6 briefly mentioned the relation between the STL and the common intermuscular 
fascia.  
 The architecture of the connective tissue system of the orbit contributes to the course of the extraocular 
muscles and therefore may have important functional implications.10 The present study was undertaken to 
investigate the course of the LPS muscle and its relationship to the connective tissue system of the superior orbit. 
For this purpose, high resolution magnetic resonance imaging (MRI) was performed in vivo in addition to 
anatomical and histological studies. A series of photographs of macroscopic dissections is shown in order to 
illustrate the morphological relations for the eyelid surgeon. 
 
 
MATERIAL AND METHODS 
 
Macroscopic anatomical dissections were performed in 16 orbits from eight unfixed cadavers (age range 40-85 years) via a 
transconjunctival or a combined transcutaneous and transcranial approach.  
 En-bloc excised and formalin fixed orbits from six cadavers (age range 26-73 years) which had been decalcified with 
ethylenediamine tetra-acetic acid, embedded in celloidin, serially sectioned (60 µm) in the frontal plane (n = 3 orbits) and in the 
sagittal plane (n = 3 orbits), and stained with haematoxylin and azophloxin10 were analysed microscopically.  
 MRI of the orbit was performed in five volunteers (age range 29-54 years), after consent had been obtained, on a 1 
Tesla scanner (Impact, Siemens, Germany) using a surface coil with a diameter of 10 cm. Oblique sagittal (sections parallel to 
the optic nerve) and coronal (sections in the frontal plane) T1 weighted images of the orbit were obtained by spin echo 
sequences with an echo time (TE) of 15 ms and a repetition time (TR) of 440-520 ms. The slice thickness was 2-3 mm and there 
was no gap between slices. The field of view in the original images ranged between 140 x 140 mm with a 256 x 256 matrix and 
230 x 230 mm with a 512 x 512 matrix. The acquisition time was between 2 and 13 minutes. Images were taken with both eyes 
closed (resting position in slight downgaze).  
 
 
RESULTS 
 
Anatomy 
 
The STL and the TSFE unite at the medial and lateral margins of the LPS just proximal to the musculotendinous 
junction thus completely surrounding the LPS muscle (Fig. 1). This fascial sleeve has attachments to the orbital 
walls medially and laterally: Medially, it joins the connective tissue of the trochlea and superior oblique muscle 
tendon (Fig. 1). There are also extensions to the medial levator horn, the medial palpebral ligament, and check 
ligament of the medial rectus muscle. Laterally, there are weak attachments to the superolateral periorbit via the 
fascia of the lacrimal gland (Fig. 2). More firm extensions insert into the lateral retinacular complex which includes 
the lateral palpebral ligament, the lateral check ligament, and the adjacent periorbit. The medial attachment of the 
fascial sleeve of the LPS is much thicker than the lateral attachement. Thin connective tissue septa pass in a more or 
less radial orientation from the STL through the preaponeurotic fat pad to the periorbit of the orbital roof and 
margin (Fig. 3). The STL is connected to the LPS with stronger attachments at the medial and lateral borders of the 
muscle. Loose connective tissue connects the TSFE with the overlying LPS and the underlying SRM. Firm 
connections exist between the LPS and the SRM at their margins (Fig. 4). The TSFE extends from the fascia of the 
lacrimal gland (Fig. 2) towards the connective tissue of the superior oblique tendon and the trochlea (Fig. 5). It 

  



starts at a level below the STL and extends posteriorly for about 10 mm. The TSFE sends delicate connective tissue 
fibers into the superior fornix, previously described as the “suspensory ligament of the superior fornix “ (Fig. 4). 

If the LPS is reflected and the TSFE is carefully incised, the bare surface of the SRM and the sclera is 
exposed indicating that the TSFE represents a condensation of Tenon´s capsule which blends with the fascial sheath 
of the muscles in this area (Fig. 6).  
 Histological sections in the frontal plane (Fig. 7) confirm that the STL and the TSFE unite at the medial 
and lateral borders of the LPS and extend further laterally to the capsule of the lacrimal gland and medially to the 
connective tissue of the trochlea . The TSFE blends with Tenon´s capsule. Fibres from the TSFE course inferiorly 
to insert into the connective tissue of the medial and lateral rectus muscle. Posterior to the equator of the globe, the 
common sheath blends with the superolateral intermuscular septum and with Tenon´s capsule medially. Throughout 
the length of the entire orbit, a network of radial septa connects the fascial sheath of the LPS with the periorbit of 
the orbital roof. Radial septa are also abundant in the region of the STL. The TSFE is considerably thicker than the 
STL. Sagittal sections demonstrated that the thickness of the fascia between the LPS and the SRM (common sheath) 
is continuously increasing from the posterior orbit towards the anterior orbit until it reaches its greatest thickness of 
about 2-3 mm in the area of the TSFE. Small amounts of adipose tissue are also noted in the space between the LPS 
and the SRM. 
 
Magnetic resonance imanging 
 
On sagittal images (Fig. 8), the LPS courses upwards from its origin until it reaches a culmination point (most 
cranial point) from where it courses downwards to the insertion in the upper lid. In resting position (closed lids, eye 
in slight down gaze), the culmination point is 14-16 mm posterior to the superior orbital margin and 5-7 mm 
posterior to the equator of the globe (horizontal distances). The culmination point is located 9-11 mm superior to 
the annulus tendineus and 4-5 mm superior to the globe (vertical distances). The length of the levator aponeurosis 
between the upper tarsal border and the culmination point measures 22-25 mm. The length of the LPS between its 
origin and the culmination point measures 36-40 mm.Fine septa are visualized between the upper part of the 
aponeurosis and the supraorbital margin . The intermuscular space between the anterior third of the SRM and the 
segment of the LPS, where it changes its course from upwards to downwards, is isointense to orbital fat but also 
containes hypointense structures corresponding to parts of the TSFE and common sheath respectively.  
 On coronal slices through the equator of the globe, the TSFE is noted between SRM and LPS. The medial 
and lateral main attachments of Whitnall´s ligament are visualized extending from the trochlea to the lacrimal gland 
and the lateral orbital wall (Fig. 9).  
 
 
DISCUSSION 
 
Anatomy 
 
The STL and the TSFE, form a fascial sleeve around the LPS which is attached to the medial and lateral orbital wall 
like an arc (Fig. 10). Since the TSFE9 is connected to the STL and appears as a firm band-like structure, it has been 
referred to as the “lower part of Whitnall´s ligament“ as opposed to the “upper part of Whitnall´s ligament” 
representing the STL (Priglinger S et al, Anatomie des Lig Whitnall und des oberen Muskelbindegewebsapparates 
der Orbita. Presented in 1991 at the 25th Strabismus Symposium of the Austrian Ophthalmological Society in St. 
Pölten, Austria). Lukas et al11 confirmed that the connective tissue underlying the anterior portion of the LPS has 
the characteristic anatomical and histological features of a ligament and proposed the name ”intermuscular 
transverse ligament” (ligamentum transversum intermusculare). The attachments of Whitnall´s ligament to the 
orbital wall and the interconnecting fibers between the TSFE and the LPS are more strongly developed medially 
than laterally whereas the lateral horn of the aponeurosis is much stronger than the more elastic medial horn. 
Coronal MRI scans confirm these findings. This configuration may contribute to the normal lid contour which has 
its peak slightly medial to the centre of the pupil. 
 The LPS can glide within the sling formed by Whitnall´s ligament only to a small extent, due to 
fibroelastic connections between muscle and ligament11. Therefore the ligament must follow the excursions of the 
LPS which was concluded from a previous MRI study.12

  



 The connection between the LPS and the SRM by the common sheath and the common innervation by the 
superior branch of the third cranial nerve are responsible for the coordinated movement of the LPS and the SRM 
during vertical saccades. Therefore, contraction of the SRM accounts for up to 2 mm of the entire upper lid 
elevation.7

 The STL could not be identified with certainty in our MR-images owing to its thinness and the isointensity 
to aponeurotic tissue. The TSFE is located in the intermuscular space between the anterior third of the SRM and the 
segment of the LPS where it changes its course from upwards to downwards. This space is largely isointense to 
orbital fat on MRI which is due to fatty infiltration of the connective tissue in this compartment.6 The function of 
this adipose tissue might be the reduction of friction between the LPS and the underlying SRM and the globe. 
 
Functional considerations 
 
Lid elevation 
 
Anderson and Dixon2 and Goldberg et al14 suggested that the STL would act as a fulcrum or suspender for the LPS. 
However, our MR images demonstrate that the STL alone may not be able to act as a suspensory ligament of the 
LPS muscle for the following reasons: 
(1) The culmination point of the LPS is situated slightly posterior and superior to the location of the STL. This has 
recently been demonstrated using high resolution MRI in cadaver specimen where the STL had been marked with 
synthetic material.13  
(2) The culmination point of the LPS is located superior to the posterior part of the TSFE (Fig. 8) suggesting 
additional suspensory structures in the retroequatorial part of the orbit.  
(3) The superiomedial and the superiolateral main attachments of Whitnall´s ligament are located slightly inferior to 
the level of the LPS (Fig. 9). Therefore, we argue that the suspension of the LPS muscle may actually be achieved 
by the radial septal system10,14 which connects the fascial sheath of the LPS muscle with the superior periorbit. 
Whitnall´s ligament itself is suspended from the orbital roof by means of vertical septa and connective tissue 
strands coursing to the supraorbital notch.3,6 Behind the globe, further support for the LPS/SRM complex is 
provided by hammock-like septa which are anchored to the superior periorbit at the margins of the muscles.10,14 The 
architecture of the connective tissue in the superior orbit could explain the remarkable course of the LPS on sagittal 
MRI scans: the muscle is ascending from the lesser wing of the sphenoid to a culmination point several millimeters 
behind the equator and above the globe from where the aponeurosis is descending to the insertion15 in the eyelid 
(Fig. 8). The deflection of the LPS leads to a lengthening of the muscle path which may increase the muscle tension 
due to increased stretch of the muscle. This function is comparable with the rectus muscle pulleys consisting of 
sleeves in Tenon´s capsule which are coupled to the orbital walls by connective tissue septa.16

The culmination point of the LPS is not exactly overlying the equator of the globe and the LPS does not 
follow the shortest path from the origin to the insertion as often depicted in anatomical text books. Such a course 
would be expected if the globe alone provided the fulcrum for the LPS as suggested by Vistnes17 and Lemke et al5. 
After removal of the eye, a downwards displacement of the superior muscle complex has been described as part of 
the post enucleation socket syndrome.18 This suggests that the globe obviously prevents a partial collapse of the 
ocular motion compartment by providing additional support for the TSFE and the LPS.  
Lid lowering 
 
We have demonstrated that the TSFE blends with Tenon´s capsule. The connections of Whitnall´s ligament with 
tissue structures containing elastic fibers or smooth muscle fibres such as Tenon´s capsule, intermuscular 
septum10,14, radial septa10,14 and aponeurosis19 are responsible for the relatively high elasticity of the upper lid. 
Furthermore, both parts of Whitnall´s ligament contain elastic fibres which are especially abundant in the 
connections between the STL and the LPS muscle and the TSFE and the SRM allowing for a small amount of 
movement of the LPS in the sling formed by Whitnall´s ligament.12

Loss of elasticity of the suspensory connective tissue system of the eyelid explains the lid lag observed 
following levator resections1 and in patients suffering from Graves´ disease20. 

The above described fibroelastic attachments may prevent abrupt stops of the lid movements at extreme 
upgaze and downgaze. In downgaze, the central portion of Whitnall´s ligament moves further anteriorly than the 
medial and lateral attachments producing a bow-shaped configuration of both parts of the stretched ligament so that 

  



its convexity is anteriorly directed. Whitnall´s ligament may therefore suspend the upper eyelid (but not the LPS 
muscle) in downgaze.  
 Based on electromyography and the magnetic search coil technique, it has been suggested that the elastic 
forces of the eyelid connective tissue system are responsible for the motion pattern of the lid during downward 
saccades.21 According to this hypothesis, the LPS must stretch the “connective tissue spring“ when elevating the 
eyelid. Relaxation of the LPS releases the energy stored in the stretched connective tissue and causes a rapid 
lowering of the eyelid.  
The present study has described some morphological and radiological details regarding the LPS muscle and its 
connective tissue system. Similar morphological findings were published by other authors after submission of our 
study.22 Further biomechanical considerations and surgical applications are the subject of our ongoing research. 
 
 
REFERENCES 
 
1. Dortzbach RK. Ophthalmic Plastic Surgery. New York: Raven, 1994:68-69. 
2. Anderson RL, Dixon RS. The role of Whitnall´s ligament in ptosis surgery. Arch Ophthalmol 1979;97:705-707. 
3. Whitnall SE. On a ligament acting as a check to the action of the levator palpebrae superioris muscle. J Anat Physiol 

1910;45:131-139. 
4. Shore JW, McCord CD. Anatomic changes in involutional blepharoptosis. Am J Ophthalmol 1984;98:21-27. 
5. Lemke BN, Stasior OG, Rosenberg PN. The surgical relations of the levator palpebrae superioris muscle. Ophthalmic Plast 

Reconstr Surg 1988;4:25-30. 
6. Dutton J. Atlas of clinical and surgical orbital anatomy. Philadelphia: Saunders, 1994:96-97. 
7. Boergen KP, Scherz W . Ptosis . Munich, Quintessenz, 1994:17-58. 
8. Jones LT. A new concept of the orbital fascia and rectus muscle sheaths and its surgical implications. Trans Am Acad 

Ophthalmol Otolaryngol 1968;72:755-764. 
9. Fink WH. An anatomic study of the check mechanism of the vertical muscles of the eye. Am J Ophthalmol 1957;44:800-

809. 
10. Koornneef L. Spatial aspects of musculo-fibrous tissue in man. Lisse: Swets & Zeitlinger, 1976:1-168. 
11. Lukas JR, Priglinger S, Denk M, Mayr R. Two fibromuscular ligaments related to the levator palpebrae superioris: 

Whitnall´s ligament and an intermuscular transverse ligament. Anat Rec 1996;246:415-422. 
12. Goldberg RA, Wu JC, Jesmanowicz A, Hyde JS. Eyelid anatomy revisited. Dynamic high-resolutiuon magnetic resonance 

images of Whitnall´s ligament and upper eyelid structures with the use of a surface coil. Arch Ophthalmol 1992;110:1598-
1600. 

13. Ettl A, Zonneveld F, Koornneef L: Is Whitnall´s ligament responsible for the curved course of the levator palpebrae 
superioris muscle? Ophthalm Res 1998;30:321-326. 

14. Koornneef L. New insights in the human orbital connective tissue. Arch Ophthalmol 1977;95:1269-1273. 
15. Collin JRO, Beard C, Wood I. Experimental and clinical data on the insertion of the levator palpebrae superioris muscle . 

Am J Ophthalmol 1978; 85:792-801. 
16. Demer JL, Miller JM, Poukens V, Vinters HV, Glasgow BJ. Evidence for fibromuscular pulleys of the recti extraocular 

muscles. Invest Ophthalmol Vis Sci 1995;36:1125-1136. 
17. Vistnes LM. Mechanisms of upper lid ptosis in the anophthalmic orbit. Plast Reconstr Surg 1976;58:539-545. 
18. Smit TJ, Koornneef L, Zonnefeld FW, Groet E, Otto AJ. Computed tomography in the assessment of the post-enucleation 

socket syndrome. Ophthalmology 1990;97:1347-1351. 
19. Stasior GO, Lemke BN, Wallow IH, Dortzbach RK . Levator aponeurosis elastic fiber network. Ophthalmic Plast Reconstr 

Surg 1993;9:1-10. 
20. Koornneef L. Eyelid and orbital fascial attachments and their clinical significance. Eye 1988;2:130-134. 
21. Evinger C, Manning K, Sibony PA. Eyelid movements. Mechanisms and normal data. Inv Ophthalmol Vis Sci 

1991;32:387-400. 
22. Codere F, Tucker NA, Renaldi B. The anatomy of Whitnall ligament. Ophthalmology 1995;102:2076-2079. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER 6 
 
 
 
 
 
 

DYNAMIC MAGNETIC RESONANCE IMAGING OF THE 
LEVATOR PALPEBRAE SUPERIORIS MUSCLE  
 
 
 
 

  



 
 
 
 
Armin Ettl1,2,3, Albert Daxer4, Siegfried Priglinger3, Josef Kramer5, Leo Koornneef2 
 
 
 
 
 
 
 
 
 
1Department of Neuro-Ophthalmology, Oculoplastic and Orbital surgery, General Hospital, St. Poelten, Austria 
2Orbital Center, Department of Ophthalmology, Academic Medical Center, Amsterdam, The Netherlands 
3Institute of Orthoptics, Hospital Barmherzige Brueder, Linz, Austria 
4Department of Ophthalmology, General Hospital, St. Poelten, Austria  
5CT and MR Institute, Linz, Austria 
 
 
 
 
 
 
 
 
 
 
 
Ophthalmic Research 1998, 30:54-58 
 
 
 
 
 
 
 
INTRODUCTION 
 
Knowledge of the functional anatomy of the levator palpebrae superioris (LPS) muscle is essential for ptosis 
surgery.1  

In eye muscle surgery, the dose-response relationship has been based on biomechanical and physiological 
principles.2-4 Currently, the amount of surgery on the levator muscle is based on empirically derived values5 and no 
biomechanical model of upper eyelid movements has been presented so far. One important aspect of upper lid 
mechanics which certainly has an influence on the dose-response relationship in levator muscle surgery is the 
relationship between upper lid elevation (h, clinically known as “levator function”) and shortening (s) of the LPS. A 
similar problem, the relationship between the lower eyelid margin and the inferior oblique muscle during vertical 
eye movements, had previously been described: The excursion of the lower lid margin was found to be equal to or 
slightly larger than the excursion of the inferior muscle complex.6  

The purpose of the present study was to investigate the physiological relationship between upper lid 
excursion and the amount of levator muscle contraction in healthy subjects. 

 
 

  



MATERIAL AND METHODS 
 
Oblique-sagittal T1-weighted MR images of one orbit were obtained in 4 normal volunteers aged 26 to 34 years in 25-30° down- 
and about 25° upgaze on a 1-tesla scanner (Magnetom, Siemens, Germany) using the following parameters: surface coil 
diameter = 10 cm, echo time = 15 ms, repetition time = 440 ms, slice thickness = 3 mm, field of view = 140 x 140 mm, 256 x 
256 matrix, acquisition time = 116 s. The images were produced while the subjects were inactivating their frontalis muscle by 
firm digital pressure onto their eyebrow.  

The vertical distance between the upper lid margin and the frontal bone of the superior orbital rim was measured in 
maximal downgaze and upgaze in the MR images in order to determine the amount of upper lid excursion between down- and 
upgaze. Additionally, the length (l) of the LPS from its origin to the upper border of the tarsal plate was measured in MR images 
on down- and upgaze . 
 
 
RESULTS 
 
The mean (± SD) length of the LPS on downgaze (l1) was 62 ± 3.0 mm (Fig. 1) and the mean (± SD) length on 
upgaze (l2) was 41 ± 2 mm (Fig. 2). For a mean (± SD) lid excursion (h) of 15 ± 1, the mean shortening (s = l1 - l2) 
of the muscle was therefore 21 ± 3 mm. The mean h:s ratio was determined to be 1:1.4 (range 1:1.2-1:1.6, n = 4). In 
the small age-group investigated, there was no significant age dependence of the above values. 

The angle ß between the levator aponeurosis in oblique-sagittal MR images and a vertical (craniocaudal) 
line through the culmination point of the LPS (most cranial point of the LPS in the orbit) is estimated to range 
between 35 and 50° for gaze positions from downgaze to slight upgaze. In maximum upgaze, the angle ß is 
estimated to range between 75 and 80°.  
 
 
DISCUSSION 
 
Since the lid elevation (h) represents a projection of the LPS shortening (s) along the plane of the aponeurosis onto 
a vertical (craniocaudal) line intersecting with the upper lid margin, the ratio of s:h depends on the slope of the 
aponeurosis: If the slope is flat (e.g. in upgaze), less lid elevation for a given LPS shortening is achieved. If the 
slope is steep (e.g. in downgaze), more lid elevation for a given muscle shortening is achieved. Based on simple 
trigonometrical principles (Fig. 3), the ratio of s:h can be calculated from 1/cosß and ranges between 1.2 and 1.7 for 
ß = 35-55°. This theoretically calculated s:h ratio is in excellent agreement with the value determined in the MR-
images.  
 If the general equation work = force x distance = weight x height is applied to upper lid elevation, we 
obtain Fup x s = Fdown x h , where Fup is the lid elevating force vector and Fdown is the lid-lowering force vector 
(composed of orbicularis force and weight of upper lid). If s is larger than h, Fup is smaller than Fdown. This suggests 
a physiological mechanism which may save the force of the LPS that is necessary for lid elevation. The following 
supporting mechanisms may be discussed: (1) The weight of the lid is pulled upwards over an oblique plane 
provided by the anterosuperior surface of the globe. (2) The superior transverse ligament1 may suspend the eyelid 
thus reducing the downwards-directed force vector (Fdown).7

 The superior transverse ligament (also known as Whitnall´s ligament) in connection with the transverse 
superior fascial expansion of the LPS and the superior rectus muscle forms a sling-like structure around the LPS.8,9 
The levator muscle contracts by approximately 18-24 mm on up-gaze. Due to the fibroelastic connections between 
the LPS and the transverse ligaments9, the ligaments must follow the excursions of the LPS as suggested in a 
previous MRI study10 where the culmination point of the LPS moved posteriorly in the orbit on upgaze. 
 A steep slope of the levator muscle aponeurosis and therefore a “force-saving” lid elevation is achieved by 
a deflection of the LPS at its culmination point8,11, which may be due to the unique architecture of the connective 
tissue system of the superior orbit, i.e. the superior transverse ligament and transverse superior fascial expansion in 
connection with the radial suspensory septa.12  

The curved orbital path of the straight extraocular muscles which had first been described by Simonsz et 
al.13 was attributed to fibromuscular pulleys causing a deflection of the muscle bellies, which may increase the 
elastic force of the muscles.14 The connective tissue system of the superior orbit may have similar “pulley-like” and 
supporting functions for the levator muscle.8,11  

Thus, the connective tissue system of the LPS seems to play an important role for upper lid movements 
which should be considered during surgical dissection in ptosis patients. 

  



The dose-response relationship in ptosis surgery may depend on the relationship between shortening of the 
LPS and the achieved elevation of the upper lid. However, as in strabismus surgery, it certainly also depends on 
many other factors, such as the force and the elasticity of the levator muscle (both may be reduced in congenital 
ptosis), the course of the levator muscle and the amount of surgical tissue mobilization. Further studies with larger 
number of cases are needed to investigate these factors in order to establish a dose-response relationship for ptosis 
surgery which is based on biomechanical principles. 
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INTRODUCTION 
 
Whitnall´s superior transverse ligament (STL) which represents a thickening of the sheath of the levator palpebrae 
superioris (LPS) on its superior surface, extends from the trochlea to the lateral orbital wall1. Similar to the 
extraocular rectus muscles2,3, the LPS also courses in a curved path and culminates a few millimeters cranial to the 
surface of the globe4-6 (Fig. 1).  

The function of the STL is still unclear. Anderson et al.7 suggested that the STL acts as a fulcrum 
redirecting the force of the LPS. They believe that a larger amount of surgical levator resection is needed, if the 
STL is cut and therefore emphasized the importance of preserving the STL. Goldberg et al.8 concluded that the 
curved course (“tenting”) of the LPS must be a consequence of the force-vector changing action of the STL. In their 
opinion, the STL represents a mobile pulley which moves posteriorly on up-gaze and anteriorly on down-gaze. 
However, the STL was not directly visualized in Goldberg´s MRI study. 

In contrast to that, other authors9,10 suggested that the globe provides the fulcrum for the LPS, a hypothesis 
which seems to be supported by findings of Smit et al.11 who described a downwards-displacement of the LPS 
following enucleations. 

However, the following observations argue against this hypothesis: The culmination of the LPS is located 
a few millimeters superior and posterior to the superior pole of the globe4 and the culmination is hardly displaced 
anteriorly in the presence of exophthalmus (see Fig. 7.5, 7.7 in Zonneveld12)  

  



The present study was undertaken to determine whether the location of the STL enables a suspension of 
the LPS muscle from a mechanical point of view. A suspensory function of the STL would only be possible if it 
was located near the culmination of the LPS and was attached to the periorbit at the same level as the culmination 
point or superior to it. 

An MRI study in living subjects could not answer our question because previous in-vivo experiments 
showed that it was impossible to visualize the STL in sagittal images due to its thinnness and isointensity to 
aponeurotic tissue.4 Standard histological techniques have the disadvantage of dislocation artifacts and a reliable 
identification of the STL in cryosections (Fig. 1) was not possible. Therefore, MRI was performed in human 
cadaver orbits where the location of the STL was visualized using a synthetic marker. 
 
 
MATERIAL AND METHODS 
 
Six orbits from 2 male and 1 female human cadavers (range of age = 73-92 years, 1 unpreserved and 2 formalin-preserved 
specimen) obtained from subjects who donated their bodies to the Department of Functional Anatomy, University of Utrecht, the 
Netherlands, were investigated. The STL was identified via a transcutaneous approach. The anterior border of the STL appeared 
well-defined whereas the posterior portion of the STL blended with the fascia of the LPS muscle. The posterior border of the 
STL was assumed at the intersection of the nasal and temporal paramuscular expansions of the STL with the longitudinal axis of 
the muscle.  

A band-shaped piece of plastic which gives no signal and therefore appears black on MRimages, was glued onto the 
STL using cyanacrylate glue with its lateromedial extension at a right angle to the longitudinal axis of the LPS. The anterior 
border of the plastic piece was flush with the anterior border of the STL. The thickness of the marker was 1.5 mm, the 
mediolateral extension was 15 mm and the anterioposterior extension varied between 4 and 8 mm according to the 
anterioposterior dimension of the STL. 

T1-weighted MR images in an about 20° oblique-sagittal plane along the optic nerve were obtained using a spinecho 
sequence (TR = 507 ms, TE =20 ms) and a surface coil with a diameter of 8.5 cm on a 1.5 tesla MR-system (Gyroscan ACS-NT, 
Philips Medical Systems, Best, the Netherlands). The slice thickness was 1.5 mm, the interslice gap was 0.2 mm and the field of 
view was 120 x 120 mm with a 205 x 256 matrix. The scan time for 15 slices was 12 minutes.  

The length of the LPS segment between the culmination which is defined as the most cranial point of the LPS, and the 
posterior border of the plastic marker (Fig. 2) was measured in oblique-sagittal MR-images (Fig. 3) which included the eye lens, 
the vertical rectus muscles, and the optic nerve.  

The measurements in the MR-images may have several limitations: 1) post-mortem artifacts, dissection artifacts and 
age-related changes may have altered some anatomical relations. 2) The measurement “points” are not exactly defined. 3) Air 
around the plastic marker may have partially obscured its borders. Due to the lack of exact data, a statistical analysis of the 
findings was not performed. 
 
 
RESULTS 
 
During gross dissections, the STL appeared to be located inferior to the most cranial region (culmination) of the 
LPS in all specimens. In order to localize the STL in sagittal MR images, the ligament was marked with a band-
shaped piece of plastic which was glued onto the LPS flush with the anterior border of the STL. The 
anterioposterior extension of the marker varied between 4 and 8 mm according to the anterioposterior dimension of 
the STL. 
In oblique-sagittal MRimages, the synthetic marker was located distally (i.e. anteriorly) to the culmination on the 
descending part of the LPS in all specimens (n = 6, Fig. 3). The length of the LPS segment between the culmination 
and the posterior border of the marker was measured to range between 5 and 9 mm (Table 1, Fig. 3). 
 
 
DISCUSSION 

 
The position of the marker in the MRimages demonstrates that the STL is located in the anterior descending portion 
of the LPS, i.e. the position of the STL in dissected cadaver orbits is inferior and distal to the culmination of the 
LPS (Fig. 2). Therefore, although the STL may suspend the aponeurotic part of the LPS, it is not able to suspend 
the muscle at its culmination, as previously proposed.8 This is supported by our own investigations which have 
demonstrated that the superomedial and the superolateral main insertions of the STL are located slightly inferior to 
the level of the LPS4. 

If the STL does not determine the course of the LPS, which other causes may contribute to the described 
curved path of the LPS muscle ? 

  



(1) The orbital connective tissue system may determine the course of the LPS in two ways:  
(a) the LPS is supported at its culmination by an intermuscular fat pad4,10 (Fig.1) and an intermuscular transverse 
ligament4,14,15 which extends further posteriorly than the STL15 thus creating a fulcrum for the LPS; (b) the network 
of radial connective tissue septa extending from the fascial sheath of the LPS to the periorbit16 may suspend the 
LPS muscle by mediating a pulley-effect comparable to the one described for the recti muscles.3

(2) As for other extraocular muscles2, the muscle tension influences the course of the LPS: MRI scans performed in 
up- and down-gaze, demonstrate that the curvature of the LPS is more obvious during relaxation than during 
contraction of the muscle6. The curvature is even more marked in the presence of IIIrd nerve palsies (see Fig. 3.B in 
Ettl et al.17). 
 The definite function of the STL for upper eyelid mechanics remains unclear. It may check the action of 
the LPS as previously suggested by Whitnall1, it suspends the levator aponeurosis and the upper eyelid18, it 
suspends the lacrimal gland18 and it seems to play a role for passive upperlid closure19. 
 In conclusion, the STL is unlikely to suspend the culmination of the LPS from a geometrical-mechanical 
point of view. We suggest that other anatomical structures such as the intermuscular transverse ligament and 
adipose tissue together with the radial orbital septa contribute to the curved path of the LPS. However, we point out 
that our investigation refers to dissected cadaver orbits and that the topographical relations may be slightly different 
in vivo. 
In analogy to the recti muscles3, the course of the LPS may be important for its normal function. The orbital 
connective tissue not only determines the course of the extraocular muscles but also contains sensory nerve fibres 
possibly serving for proprioception, and smooth muscle tissue which may adjust the course of the muscles.3 
Therefore, it is advisable to proceed as conservatively as possible during the dissection of the connective tissue 
around the LPS in ptosis operations.  
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INTRODUCTION 
 
MR imaging has become an indispensable diagnostic tool in ophthalmology.1,2,7,16,59 Since earlier MR imaging 
studies of ocular and orbital anatomy,1,2,6,18,48,57 MR imaging technology has considerably improved so that we are 
now able to demonstrate the orbital anatomy including all major vessels and nerves with superb detail16,23. 
Additionally, biochemical mapping of central visual pathways may be obtained by MR imaging spectroscopy 
following tomographic MR imaging.20,21,27

  In this article the anatomy of high-resolution MR images of the orbit is described and correlated with 
anatomic cryosections.  
 
 
MATERIAL AND METHODS 
 
Healthy, young volunteers were examined after informed consent was obtained. MR images were taken with closed lids and the 
eyes in resting position (i.e., slight downgaze).  
 MRI imaging of the orbit was performed on a 1.5-T scanner (Gyroscan ACS NT, Philips, The Netherlands) using 
surface coils with diameters of 14 and 11 cm. T1-weighted images were obtained using spin-echo (SE) sequences with a TE of 
15 milliseconds and a TR of 450 to 475 milliseconds. T2-weighted images were obtained with a TE of 110 milliseconds and a 
TR of 2500 milliseconds.  
 Scans were oriented in the following planes: (1) axial (parallel to the optic nerve [i.e. approximately parallel to the 
neuroophthalmic plane])66 (Fig. 1); (2) coronal (perpendicular to the transverse plane) (Fig. 2); and (3) oblique-sagittal (parallel 
to the optic nerve [i.e. 20 to 30 degrees to the sagittal plane of the head]). Three-millimeter slices, a field of view of 140 mm, 
and a 256 x 256 matrix resulted in a theoretical spatial resolution of 0.5 mm. Acquisition times were 5 minutes for most T1 and 4 
minutes for the T2 sequences. 
 The anatomic structures in the MR images were identified and compared with cryosections of the orbit in human 
cadavers.64, 65 Furthermore, the MR images were compared with the collection of histological sections of the orbit by Koornneef, 
40,42 including hematoxyllin-azophloxin-stained 60-µm thin sections and 5 mm-thick cleared sections in the frontal plane. The 
cryosectioning technique was as follows: unpreserved normal human orbits, obtained from the Department of Anatomy at 
Utrecht University Hospital, were mounted on a microtome and embedded in carboxymethyl cellulose. Then, cryosectioning in 
the transverse, frontal and oblique-sagittal (parallel to the optic nerve) planes was performed at a temperature of -20°C (-4°F); a 
cutting speed of 4 cm/s; and a thickness of 20 µm on a LKB 2250 PMV microtome (Bromma, Sweden).64,65 

 
 
IMAGING ANATOMY 
 
Orbital bones and apertures 
 
The orbital floor consists of the orbital plates of the maxillary and the zygomatic bone and the orbital process of the 
palatine bone; the lateral orbital wall of the frontal process of the zygomatic bone and the greater wing of the 
sphenoid bone; the orbital roof of the orbital plate of the frontal bone and the lesser wing of the sphenoid, which is 
perforated by the optic canal. The medial orbital wall consists of the frontal process of the maxillary bone, the 
lacrimal bone, the orbital plate of the ethmoid bone, and part of the body of the sphenoid bone. Due to the signal 
void of nonmobile protons, cortical bone is not directly visualized on MR imaging but appears black. When cortical 
bone is adjacent to signal-producing tissue, such as orbital fat, brain (Figs. 11-19), or muscle (Fig. 12-15), its 
borders can be clearly delineated. When cortical bone is adjacent to areas that do not produce signal, however, such 
as air-filled paranasal sinuses, the bone may not be clearly defined. Therefore, the extraorbital border of the paper 
thin medial orbital wall and orbital floor cannot be visualized, unless the paranasal mucosa is swollen or the sinus is 
filled with mucus or blood. Due to its fat content, the bone marrow of cancellous bone, for instance, at the lateral 
orbital rim, appears hyperintense (Figs. 2-9, 12).  
 The inferior orbital fissure, the gap between the posterior orbital floor and the lateral orbital wall, is 
bridged by the smooth orbital muscle of Müller (Figs. 8-9, 11-13). The superior orbital fissure (Fig. 6) separates the 
posterior parts of the orbital roof and the lateral orbital wall; it contains the cranial nerves III, IV, and VI; the 
ophthalmic branch of the trigeminal nerve (V.1), and the superior ophthalmic vein. The anterior ethmoidal foramen 
(Fig. 4), located 15 to 30 mm from the orbital rim, and the posterior ethmoidal foramen, located 20 to 40 mm from 
the orbital rim,9 contain the corresponding neurovascular bundles (anterior and posterior ethmoidal artery, vein, and 
nerve). The infraorbital neurovascular bundle (infraorbital artery, vein, and nerve) is seen in the infraorbital canal 
(Figs. 13-18).  

  



Globe 
 
The anteroposterior diameter of the eyeball can be estimated on axial and sagittal MR images. Standardized A-scan 
echography, however, results in more accurate values (the axial length of a normal adult eye, without refractive 
error, measures 22 to 23 mm)53. On MRI scans, the following tissue layers of the eye can be distinguished: the 
cornea and sclera show a medium to low signal intensity on T1-weighted (Figs. 5-7) and T2-weighted (Fig. 25) 
images. The next layer is hyperintense on T1-weighted images and consists of (1) the triangular-shaped ciliary body 
and the iris root in the anterior eye segment and (2) the chorioretinal layer in the posterior eye segment (Figs. 5-7). 
The iris is 0.3 to 0.6 mm thick, and, in most cases, not visualized on clinical MR images. In normal eyes, without 
retinal detachment, the 0.2- to 0.3-mm-thick retina cannot be differentiated from the highly vascularized choroid 
using slice thicknesses of 2 to 3 mm.  
 The meniscus-shaped anterior eye chamber is filled with aqueous humor that is hypointense on T1-
weighted (Figs. 5-7) and hyperintense on T2-weighted (Fig. 25) images. The posterior chamber contains the gel-
like vitreous body, which consists of 98 % water and less than 2 % collagen and, therefore, appears hypointense on 
T1-weighted (Figs. 5-7) and hyperintense on T2-weighted (Fig. 25) images. The normal crystalline lens is 
composed of approximately 65% water and 35 % protein and shows an intermediate signal intensity on T1-
weighted (Figs. 5-7) and low intensity on T2-weighted (Fig. 25) images.59  
 Relaxation times of the vitreous body and crystalline lens depend on the state of water binding to proteins, 
which is age-dependent. With vitreous liquefaction22,32 or cataract,11 T2 decreases in comparison with normal eyes. 
In typical age-related nuclear cataract, the nucleus of the lens exhibits a lower signal intensity on T2-weighted 
images than the cortex.31

  
Extraocular musculature 
 
The extraocular muscles show a medium signal intensity on T1-weighted and T2-weighted images. The recti 
muscles originate from the tendineous annulus of Zinn in the orbital apex (Fig. 23). In axial or sagittal images, the 
recti muscles take a convex course, bowed away from the retroequatorial surface of the eye (Figs. 7, 23). On 
coronal images just posterior to the equator, a discrete distance between globe and recti muscles is due to their 
curved path (Fig. 16). The line of tangency, where the straight muscles start to touch the surface of the globe, is 
located in the equatorial region, or 1 to 3 mm posterior to the equator (Figs. 7, 25). After the line of tangency, the 
straight muscles run in close contact with the globe towards their insertion (Figs. 7, 25). 
 The superior oblique muscle originates from the lesser wing of the sphenoid  
(Fig. 11) and courses in close contact with the superomedial orbital wall toward the trochlea (Fig. 4). The 
fibrocartilagineous trochlea is best visualized in axial and coronal images (Figs. 3, 4, 18, 19). From here, the 
reflected part of the superior oblique muscle tendon courses postero-laterally in an angle of about 45 to 50 degrees 
with the sagittal plane to insert in the superolateral quadrant of the globe (Fig. 3).24

 The inferior oblique muscle originates from the maxilla just lateral to the entrance of the nasolacrimal duct 
into the nasolacrimal canal (Fig. 19). It runs posterolaterally (Fig. 9) and undercrosses the inferior rectus muscle 
(Fig. 18) to insert in the inferolateral quadrant of the globe (Fig. 8), under the inferior border of the lateral rectus 
muscle (Figs.16).24  
 The lower lid retractors (capsulopalpebral fascia and inferior tarsal muscle of Müller) originate from the 
anterior border of the inferior oblique muscle and Lockwood´s ligament and insert in the tarsal plate of the lower lid 
(Fig. 25). The levator palpebrae superioris muscle courses upward from its origin at the lesser wing of the sphenoid 
(Fig. 4), until it reaches a point about 3 to 5 mm (craniocaudal distance) superior to the equator of the globe from 
where it courses downward to its insertion in the upper lid (Figs. 23, 25).25  
 
Connective tissue system 
 
The T1 hyperintense tarsal plates are demonstrated in the upper and lower lids  
(Figs. 7, 23) because of the lipid content of the meibomian glands. The fibrous orbital septum appears as T1 
hypointense structure (Fig. 3) and courses from the levator  
aponeurosis (upper lid) and the capsulopalpebral fascia29 (lower lid) to the orbital rim  
(Figs. 22-25).  

  



 In the upper lid, sagittal scans show tissue that is isointense to orbital fat anterior to the orbital septum 
(brow fat pad) and posterior to it (preaponeurotic fat pad) (Figs. 21-24). If there is sufficient amount of adipose 
tissue between the levator aponeurosis and Müller´s superior tarsal muscle (postaponeurotic fat pad), Müller´s 
muscle can be distinguished from aponeurotic tissue.23  
 In the lower lid, sagittal scans show fatty tissue posterior to the orbital septum  
(Fig. 21-24). The levator aponeurosis (Figs. 21-24) and its connections to trochlea and lacrimal gland in the region 
of Whitnall´s superior transverse ligament30 are visible  
(Figs. 18-19).  
 Intermuscular septa (Figs. 13-18) connect the straight eye muscles. In the midorbit, the intermuscular 
septum between the lateral rectus muscle and the superior muscle complex (superolateral intermuscular septum or 
tensor intermuscularis33) has a similar cross-sectional thickness and signal intensity as the extraocular muscles (Fig. 
16-18).  
 The space between the caudal surface of the inferior rectus muscle and the cranial surface of the inferior 
oblique muscle (Figs. 18, 25) is filled with connective tissue fibers of Lockwood´s ligament. The arcuate expansion 
of Lockwood´s ligament18 courses toward the lateral orbital floor, and may be visualized as T1 hypointense 
structure in coronal sections of the anterior orbit.23 A space that is mostly isointense to orbital fat is noted between 
the culmination point of the levator palpebrae superioris muscle and the cranial surface of the superior rectus 
muscle (Fig. 18). This intermuscular space also contains hypointense structures that represent strands of the 
intermuscular transverse ligament49 or inferior portion of Whitnall´s ligament.25

 The medial and lateral check ligaments connect the horizontal recti muscles to the periorbit (Figs. 5-6, 17-
18). Radially oriented septa running toward the periorbit are mainly concentrated around the recti muscles and the 
optic nerve (Fig. 13). 
 
Arteries 
 
The ophthalmic artery originates as a 2- to 3-mm long intracranial vessel from the internal carotid artery that is 
visible on appropriate oblique-sagittal (Fig. 25) or axial (Fig. 7) MR images. In most individuals, the ophthalmic 
artery branches off the internal carotid artery following its exit from the cavernous sinus. The intracanalicular 
portion of the ophthalmic artery courses between optic nerve and inferior wall of the optic canal (Fig. 7). The 
intraorbital ophthalmic artery appears at the lateral side of the optic nerve, where it gives off the central retinal 
artery (Fig. 23). Distal to its „knee,“35 the ophthalmic artery overcrosses the optic nerve (Figs. 5, 6), then bends 
again and runs forward, first at the medial side of the superior oblique muscle and then between the superior 
oblique muscle and the medial rectus muscle (Fig. 4).  
 The central retinal artery courses forward inferiorly to the optic nerve and enters its dural sheath 
approximately 1 cm behind the globe (Fig. 7, 23). Next, at the crossing with the optic nerve, the ophthalmic artery 
gives off the posterior ciliary arteries on either side of the optic nerve (Fig. 5). The lacrimal artery is visualized near 
the lacrimal gland (Fig. 4). Axial sections may show the posterior ethmoidal artery coursing nasally or 
posteronasally toward the posterior ethmoidal foramen (not shown in the present figures). Anastomoses of the 
ophthalmic artery34-36, such as a recurrent meningeal branch23 (arrow in Fig. 5) may be seen in some individuals. On 
axial sections inferior to the superior oblique muscle, the curved anterior ethmoidal artery is seen close to the 
anterior ethmoidal foramen (Fig. 4).  
 Inferior to the trochlea, the ophthalmic artery terminates in the dorsal nasal artery (Fig. 4). The supraorbital 
artery (Figs. 3, 19) is located between orbital roof and levator palpebrae superioris muscle inferomedially to the 
branches of the supraorbital nerve. Cross-sections of the supratrochlear vessels (supratrochlear artery and vein) 
(Figs. 14-17) and the infratrochlear vessels (dorsal nasal artery and nasofrontal vein) (Figs. 17,19) are visible on 
coronal images. 
 
Veins 
 
The superior ophthalmic vein starts inferiorly to the trochlea at its anastomosis with the angular vein (Fig. 9) as 
continuation of the nasofrontal vein (Fig. 19). It continues posteriorly to the reflected part of the superior oblique 
tendon (Fig. 3) and courses from anteromedially to posterolaterally over the optic nerve and over the ophthalmic 
artery (Fig. 4). Proximal to the junction with the lacrimal vein (Fig. 4), the superior ophthalmic veine courses 

  



posteriorly, directing toward the superior orbital fissure (Fig. 4). Serial coronal sections show that the superior 
ophthalmic veine traverses the orbit closely inferior to the superior rectus muscle along a connective tissue septum 
that extends from the lateral rectus muscle toward the superomedial orbital wall (Figs. 11-17).  
 A common variation, the medial ophthalmic vein, is sometimes seen coursing parallel to the medial orbital 
wall in the extraconal space.23 Another variant, is the „veine ophthalmique moyenne,“4 a muscular vein that may 
arise from the medial rectus muscle (Fig. 7, arrow)23. Branches of the inferior ophthalmic vein, following circular 
septa of connective tissue, are seen in the inferomedial orbit (Figs. 14-16). The trunk of the inferior ophthalmic vein 
is visualized laterally to the inferior rectus muscle (Fig. 8). 
  Vorticose veins can be seen in appropriate image orientations. For example, oblique-sagittal sections 
temporally to the anterior optic nerve show the temporal vortex veins (Fig. 21). The medial and lateral collateral 
veins, which connect the superior and inferior ophthalmic veins, are seen in oblique-sagittal sections (Figs. 21, 24) 
and as cross-sections in axial images (Figs. 5-7). 
 
Motor nerves 
 
The superior and inferior branch of the oculomotor nerve (III cranial nerve), the abducens nerve (VI cranial nerve), 
and even the thin trochlear nerve (IV cranial nerve) are visible in posterior coronal images (Fig. 11). Even a tiny 
nerve structure, the branch of the inferior division of the oculomotor nerve supplying the inferior oblique muscule 
(Figs. 9, 14-16), may be observed at the lateral border of the inferior rectus muscle. 
 
Sensory and autonomic nerves 
 
The ophthalmic division of the trigeminal nerve (V cranial nerve) branches into the frontal, lacrimal, and 
nasociliary nerves, which are clearly seen on MR images. The frontal nerve with its three branches (supratrochlear 
nerve and medial and lateral branch of supraorbital nerve) is noted on axial (Fig. 2) and coronal images (Figs. 11-
19) superior to the levator palpebrae superioris (LPS) muscle. The lacrimal nerve is best seen in the upper orbit on 
coronal sections (Fig. 15). High axial sections show the nasociliary nerve as it courses anteriorly23 and coronal 
slices show its cross-sections (Figs. 11-14). Its terminal branch, the infratrochlear nerve, can be seen in anterior 
coronal sections (Fig. 19).  
 The superior branch of the maxillary division of the trigeminal nerve, the infraorbital nerve, enters the 
inferior orbital fissure via the foramen rotundum and continues as part of the infraorbital neurovascular bundle 
inside the infraorbital canal, best seen on coronal images (Figs. 12-18). A hypointense 2-mm structure anterior to 
the „knee“ of the ophthalmic artery and approximately 1 cm anterior to the superior ophthalmic fissure, situated 
between optic nerve and lateral rectus muscle, presumably represents the ciliary ganglion (Fig. 6). Parasympathetic 
fibers enter the orbit with the oculomotor nerve, synapse in the ciliary ganglion, and course to the eye via the short 
ciliary nerves. The ciliary ganglion also transmits sensory fibers from the eye to the nasociliary nerve via the long 
ciliary nerves. The tiny short ciliary nerves and posterior short ciliary arteries are arranged around the optic nerve 
sheath and, in coronal sections, appear as nodular irregularities around the retrobulbar segment of the optic nerve 
(Figs. 12-14) and on the posterior surface of the globe (Fig. 15).  
 
Optic nerve 
 
The optic nerve can be divided into three sections: (1) intracranial, (2) intracanalicular, and (3) intraorbital. The 
intracranial optic nerve (Figs. 5, 25) is circumferentially surrounded by cerebrospinal fluid. The 5-mm-long 
intracanalicular part (Figs. 5, 25) passes above the ophthalmic artery through the optic canal, which consists of the 
wall of the ethmoid and sphenoid sinus (signal void of air) medially; the lesser wing of the sphenoid cranially; the 
anterior clinoid process laterally; and the optic strut caudally.  
 After passing through Zinn´s tendineous annulus (Fig. 23), the intraorbital segment of the optic nerve 
describes an S-shaped course from the optic canal downward and then upward to the globe (Fig. 25).61,63 Axial 
slices in a slightly oblique orientation demonstrate the intracanalicular portion of the optic nerve and its intraorbital 
portion corresponding to the course of the nerve (Fig. 5). Oblique-sagittal sections parallel to the course of the 
nerve depict the intraorbital as well as the intracanalicular portion of the nerve (Fig. 25).64 The subarachnoid space 

  



between pial and dural sheath of the optic nerve is normally 0.5 to 0.6 mm wide, and may be wider at the optic 
nerve head (Fig. 15),18 appearing as a T1 hypointense and T2 hyperintense ring around the nerve (Figs. 12-14).  
 
Lacrimal System 
 
The lacrimal gland is situated superolaterally to the globe and shows a medium signal intensity on T1 (Figs. 3-7, 
14-19). It is divided in an orbital and palpebral lobe by the levator aponeurosis, which is best appreciated in coronal 
images (Figs. 18-19). The lacrimal canaliculi are not visible in the presented images (normal lacrimal canaliculi are 
only visible on MR imaging if a paramagnetic contrast medium is injected into the lacrimal puncta28). The 
hypointense lacrimal sac and the nasolacrimal duct can be seen on anterior coronal MR images (Fig.19) and their 
cross-sections in axial images (Figs. 7-9). 
 
 
DISCUSSION 
 
MR Imaging Technique 
 
High-resolution MR imaging shows surprising details of orbital anatomy. With current technology, best resolution 
is still obtained using T1-weighted SE pulse sequences. Surface coil technology1,2 for orbital MR imaging allows 
for high-resolution imaging by increasing the signal-to-noise ratio but may be limited by the signal drop-off in the 
orbital apex and the intracanalicular optic nerve. Also, surface coils may be specifically susceptible to motion 
artifacts.1,2  

 A slice thickness of 3 mm was used for the present study, allowing for visualization of relatively long 
segments of blood vessels and nerves. The high orbital fat content accounts for an excellent contrast, which 
improves the detection of tiny anatomic structures so that even parts of the orbital connective tissue system can be 
visualized.  
  Eye motion and eyelid blinking result in creation of ghost images. Motion artifacts can be minimized by 
having patients keep their lids open and fixate on a point inside the MR imaging scanner. Reflex blinking may be 
reduced by instillation of local anesthetic eye drops and artificial tear drops. If a longer acquisition time is needed, 
however, a good result may also be obtained by having patients close their lids with the eye in resting position. 
Motion artifacts can represent a considerable problem in high-resolution MR imaging of the orbit. Therefore, this 
technique is currently restricted to cooperative subjects who are able to lie still in the scanner for about 5 minutes. 
Recently, it has been possible to perform ocular motion studies using fast MR imaging.58  
 Chemical shift artifacts may be seen at the interface of orbital fat and adjacent tissues. For example, these 
artifacts may cause areas of hypointensity bordering the optic nerve, which may be confused with its subarachnoid 
space. By altering the alignment of scanning, using the smallest possible pixel size, the smallest band width, and fat 
suppression techniques, the chemical shift artifact can be reduced or eliminated.45  
 Foreign bodies, wires, dental appliances, mascara, and palpebral springs (implanted for facial nerve palsy) 
cause metal artifacts, whereas titanium orbital implants, miniplates and gold eyelid weights (implanted for facial 
nerve palsy) are seen as signal voids.45  
 
Anatomic Comments 
 
The origin and course of the extraocular muscles can be demonstrated on MR images with sufficient detail. Due to 
the varying arc of contact (region of tangency between muscles and globe), however, and isointensity of tendon and 
scleral tissue, an exact determination of the insertion of the recti and oblique muscles is not possible. CT and MR 
images of the orbit demonstrate that the recti muscles do not follow the shortest path from their origin to the 
insertion but course in a curved path.24,56 The most likely explanation for this finding is that the path of the recti 
muscles is stabilized by special structures of the orbital connective tissue system, the so-called pulleys.15 They 
represent sleeves in Tenon´s capsule that are attached to the orbital walls by means of connective tissue septa, the 
so-called check-ligaments. The supporting framework of connective tissue septa around the extraocular muscles 
explains their stability against sideways displacement during ocular movements and following surgical 
transpositions.50  The course of the oblique eye muscles is also determined by connective tissue structures. The 

  



trochlea, as the „pulley“ of the superior oblique muscle, translates the anteroposterior muscle force of the superior 
oblique muscle into a downward movement of the eye. The inferior oblique muscle is also slightly bowed away 
from the globe near Lockwood´s ligament, which represents the „pulley“ of the inferior oblique muscle. The levator 
palpebrae superioris muscle also follows a curved path. Its culmination point is situated a few millimeters superior 
to the globe, suggesting a suspension of the muscle by radial connective tissue septa and support from the inferiorly 
situated intermuscular transverse ligament.19,25,26,49

 The orbital connective tissue system represents an important additional locomotor system enabling 
coordinated movements of eye muscles, globe, optic nerve, and eyelids.43 Major parts of the orbital connective 
tissue system can be visualized using high-resolution MR imaging. According to the direction of their course, 
orbital septa can be divided in radial septa (e.g., check ligaments) and concentric septa (e.g., intermuscular 
septa).40,43 Blood vessels (especially arteries) appear dark in MR images. This is because protons of flowing blood 
that have been excited by a radiofrequency pulse pass outside the imaging slice before their signal can be 
detected.17 Due to this signal void of flowing blood, major vessels in MR images are usually darker than other 
structures, such as muscles and nerves. A detailed understanding of orbital anatomy4,6,18,34-36,41-43,60 allows the 
identification of various vascular structures on MR images. The vessel diameters, as estimated in the MR images, 
slightly exceed the real anatomical diameter.47 This discrepancy can be explained by the fact that the MR imaging 
system measures not only the blood flow but also minimal motions of the vessel resulting in a larger vessel 
diameter. The ophthalmic artery and its branches are subjected to considerable anatomic variations.34-36,47 It 
overcrosses the optic nerve in 72 % to 95 % of individuals (Fig. 5) and undercrosses it in 5 % to 28 %.18,35,47

 The following anatomic features help to differentiate between arteries and veins in orbital MR images: (1) 
In general, arteries show a curved course compared with the more straight veins and nerves. (2) The veins of the 
orbit do not generally follow the orbital arteries but form a separate system. Only the lacrimal, ethmoidal, 
infraorbital, and angular veins follow their corresponding arterial channels. (3) The topographic relations to the 
connective tissue system are different for arteries and veins. Arteries form a radiating system diverging from the 
orbital apex, course through adipose tissue compartments, and perforate the orbital septa. In contrast, veins are 
arranged in a ringlike system due to their incorporation into septa of the orbital connective tissue system.4,5 For 
example, the superior ophthalmic vein traverses the orbit inside the superior ophthalmic veine hammock43, a half-
circular connective tissue septum that is situated inferior to the superior rectus muscle. The normal diameter of the 
superior ophthalmic vein in MR images is estimated to be 1,5 to 3 mm. Disorders with enlargement of the 
ophthalmic veins include arteriovenous malformations, carotid cavernous fistulae, dural shunts, cavernous sinus 
thrombosis,54 and Graves ophthalmopathy38.  The major branches of all sensory and motor cranial nerves of 
the orbit are visualized in high resolution orbital MR imaging. All extraocular muscles, except the inferior oblique, 
are innervated in their posterior third. Therefore, the corresponding nerves are best visualized in posterior coronal 
images. All motor nerves enter the orbit via the superior orbital fissure, the oculomotor nerve, and the abducens 
nerve inside Zinn´s tendineus annulus and the trochlear nerve above the annulus. Therefore, the recti muscles are 
innervated from inside the muscle cone.   The optic nerve exhibits MR imaging signal characteristics 
similar to white matter of the brain because of its myelinated nerve fibers.48 Due to its S-shaped course,61-63 thin 
axial slices at the level of the optic canal show the intracanalicular portion of the optic nerve, but not the intraorbital 
and vice versa. Thicker and slightly oblique-axial slices, however, may demonstrate both the intracanalicular and 
the intraorbital portions of the optic nerve (Fig. 5). If the entire optic nerve is to be visualized in one image, it may 
be helpful to obtain images in upgaze so that the nerve is stretched, as first proposed for CT scanning.63  
 The thickness of the optic nerve may be determined in oblique-coronal MR images perpendicular to the 
optic nerve.46 The mean pial diameter of the intraorbital segment of a normal optic nerve ranges between 3.2 mm 
(anteriorly) and 2.6 mm (posteriorly), whereas the mean dural diameter measures between 5.2 mm (anteriorly) and 
3.9 mm (posteriorly).46 

 The major parts of the lacrimal drainage system (lacrimal sac and nasolacrimal duct) are visualized on MR 
imaging without injection of paramagnetic contrast medium because they are filled with air (signal void!) or fluid 
(T1 hypointense). The entire lacrimal drainage system including the canaliculi can be depicted on MR imaging after 
intracanalicular injection of paramagnetic contrast medium (48% gadolinium-pentetic acid diluted 1:100 in liquid 
tear solution).28 

 

Clinical applications 
 

  



High-resolution MR imaging of the orbit may be used for the following clinical applications:  
in general, this technique allows very good delineation of space-occupying orbital lesions in relation to soft tissue 
structures, thus facilitating surgical planning. The ability of delineate anatomic details in the orbit becomes 
important for computer-assisted orbital surgery using neuronavigation systems.51  
 MR imaging can demonstrate the course of the extraocular muscles following surgical muscle 
transposition procedures.50 Peripheral nerve sheath tumors cannot reliably be differentiated from other orbital 
tumors because of their nonspecific MR imaging signal characteristics.16 In these cases, high-resolution MR 
imaging might help to demonstrate a relation of the tumor to a nerve, which suggests a neurogenic tumor. Similarly, 
a tumor with a connection to the orbital venous system that distends during a Valsalva´s maneuver suggests an 
orbital varix.  

High resolution MR imaging can reveal information on the flow in blood vessels. A differentiation 
between flowing and stagnant blood in orbital vascular lesions is crucial for treatment planning.54 Therefore, 
another important application of this technique is the evaluation of orbital vascular lesions. Contrast-enhanced MR 
imaging with fat supression may reveal an inflammatory lesion (neuritis) of a motor nerve and localize the lesion 
within the orbit.52  
 Evaluation of restrictive motility disorders, such as Graves´ disease, ocular fibrosis syndrome, 
posttraumatic adhesions, and entrapment of connective tissue in fracture lines are some other applications of orbital 
MR imaging. In cases of acute orbital fractures, however, direct multiplanar high resolution CT scanning10,64 is still 
the first-choice imaging modality.44 MR imaging in different gaze positions with subsequent video recording of 
ocular movements has already been used to analyze motility disorders.3,8,58  
 High-resolution MR imaging in different gaze positions may also be helpful for better understanding the 
mechanical role of the orbital connective tissue system during ocular movements. MR imaging is applied for the 
analysis of paretic motility disorders. Chronically paretic muscles have a decreased cross-sectional area and are 
lacking normal contractile changes during different gaze positions.13,14 This enables a differentiation between 
paretic and nonparetic strabismus. 
 The transverse diameter of extraocular muscles in disorders, such as myositis or Graves´ orbitopathy,12 can 
be determined. Although standardized echography53 is a more economic diagnostic technique for this purpose, the 
variability of muscle diameter values is larger with echography than with high-resolution MR imaging.12 High-
resolution MR imaging with T2-weighted sequences helps in differentiating acute inflammatory muscle changes 
(long T2 compared to normal muscle) from chronic fibrotic changes, which aids in choosing patients who respond 
to radiotherapy.39

 High-resolution MR imaging with and without intracanalicular injection of gadolinium-pentetic acid in 
lacrimal drainage disorders provides valuable informations that affect patient management. In contrast to 
conventional dacryocystography, MR imaging may directly show the underlying cause of a dacryostenosis.55 

 

 

CONCLUSION 
 
High-resolution MR imaging enables visualization of all major blood vessels, muscles, nerves, and connective 
tissue structures in the orbit. The best anatomic detail is obtained by using surface coils and T1-weighted SE 
sequences. The article provides the basic morphologic knowledge essential for a successful clinical application of 
this technique. The previously mentioned applications demonstrate that high-resolution MR imaging may contribute 
to a specific diagnosis in orbital disease. 
 
 
 
APPENDIX 
 
Nomenclature:  
 
The numbers refer to the numbers in the figures 
 

  



 1 Cornea 
 2 Sclera 
 3 Choroid and retina 
 4 Ciliary body 
 5 Lens 
 6 Aqueous humor 
 7 Vitreous body 
 8 Levator palpebrae superioris muscle 
 9  Levator aponeurosis  
 10  Superior rectus muscle 
 11  Inferior rectus muscle  
 12  Medial rectus muscle  
 13  Lateral rectus muscle  
 14  Superior oblique muscle  
 15  Superior oblique tendon (reflected part) 
 16  Superior oblique tendon (pretrochlear part) 
 17  Trochlea 
 18  Inferior oblique muscle 
 19  Orbicularis muscle 
 20  Lower lid retractors  
 21  Müller´s orbital muscle 
 22  Frontalis muscle 
 23  Temporalis muscle 
 24  Temporalis fascia 
 25  Medial palpebral ligament 
 26 Lateral palpebral ligament 
 27 Orbital septum 
 28 Superior tarsal plate 
 29 Inferior tarsal plate 
 30 Medial check ligament 
 31 Lateral check ligament  
 32 Intermuscular transverse ligament 
 33 Intermuscular septum 
 34 Preaponeurotic fat pad 
 35 Brow fat pad 
 36 Retrobulbar fat  
 37 Lacrimal gland 
 38 Lacrimal sac 
 39 Nasolacrimal duct 
 40 Internal carotid artery  
 41 Ophthalmic artery (intracranial part) 
 42  Ophthalmic artery (intracanalicular part) 
 43  Ophthalmic artery (intraorbital part)  
 44  Central retinal artery 
 45 Lateral long posterior ciliary artery  
 46 Medial long posterior ciliary artery  
 47 Lacrimal artery 
 48 Supraorbital artery (presumed) 
 49 Anterior ethmoidal artery 
 50 Supratrochlear artery /vein (presumed) 
 51 Ophthalmic artery (terminal branch) [a. dorsalis 

nasi]  

 52 Infraorbital artery/nerve in infraorbital canal 
 53 Angular artery 
 54  Angular vein 
55 Superior ophthalmic vein (infratrochlear branch) 

[v. nasofrontalis] 
56 Superior ophthalmic vein  

 57 Lacrimal vein 
 58 Inferior ophthalmic vein  
 59 Medial collateral vein 
 60 Lateral collateral vein 
 61 Optic nerve (intracranial part) 
 62 Optic nerve (intracanalicular part) 
 63 Optic nerve (intraorbital part) 
 64 Dural optic nerve sheath 
 65 Subarachnoid space/cerebrospinal liquor 
 66 Oculomotor nerve (sup. division) 
 67 Oculomotor nerve (inf. division) 
 68 Oculomotor nerve (inf. division, branch to inf. 

oblique muscle) 
 69  Ciliary ganglion 
 70 Ciliary nerves/posterior ciliary arteries 
 71 Abducens nerve 
 72 Trochlear nerve  
 73 Frontal nerve 
 74 Supraorbital nerve (medial branch) 
 75 Supraorbital nerve (lateral branch) 
 76 Supratrochlear nerve (branch of frontal nerve) 
 77 Nasociliary nerve 
 78 Lacrimal nerve 
 79 Infraorbital nerve 
 80 Maxillary bone (infraorbital margin) 
 81 Maxillary bone (frontal process) 
 82 Zygomatic bone 
 83  Frontal bone (supraorbital margin) 
 84 Frontal bone (orbital plate) 
 85 Frontal bone (zygomatic process) 
 86 Sphenoid bone (greater wing) 
 87 Sphenoid bone (lesser wing) 
 88 Pterygopalatine fossa 
 89 Superior orbital fissure 
 90 Inferior orbital fissure 
 91 Anterior ethmoidal foramen 
 92 Maxillary sinus 
 93 Frontal sinus 
 94 Sphenoidal sinus 
 95 Ethmoidal sinus 
 96 Eyelid 
 97 Frontal lobe of brain 
 98 Temporal lobe of brain 
 99 Maxillary artery 
100 Vorticose vein 
101 Infratrochlear nerve 
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1. INTRODUCTION 
 
The orbital and retroorbital regions are involved in various injuries and diseases: The intracanalicular or intracranial 
optic nerve may be damaged by sphenoid fractures31, 71. Visual and neurological deficits may arise from 
inflammatory processes (e.g. infectious lesions, orbital pseudotumor,58, 79 Tolosa-Hunt syndrome40, 43, 79), vascular 

  



lesions (e.g. aneurysms, carotid-cavernous shunts, thrombosis of orbital veins or cavernous sinus) and neoplastic 
lesions (e.g. pituitary adenoma, meningeoma22, 23, craniopharyngeoma etc.).  
Lesions at the cranio-orbital junction present with different neuroophthalmic symptoms and signs, depending upon 
their size and location60. 
Due to the crowding of critical anatomical structures at the orbital apex, patients often suffer from dysfunction of 
more than one cranial nerve. Previously, various syndromes such as the “orbital apex syndrome” (involvement of 
cranial nerves II, III, IV, V.1, VI ), the “superior orbital fissure syndrome” (nerves III, IV, V.1, VI) and the 
“cavernous sinus syndrome” (nerves III, IV, V.1, V.2, VI and periarterial sympathetic plexus) have been described. 
In the past, physicians had to rely solely on clinical differences in order to estimate size and location of a lesion. 
Modern imaging techniques have proven these subtle differences in presentation to be unreliable indicators of the 
location and size of lesions. Therefore, Miller more practically described the clinical picture of mass lesions at the 
cranio-orbital junction, as “sphenocavernous syndrome”57. 

Imaging of the cranio-orbital junction necessitates sophisticated techniques because of its anatomical 
complexity. Additionally, good contrast resolution is required because lesions, such as cranial nerve tumors, have 
only little contrast to surrounding tissues. 

  
Standardized echography12 and color Doppler ultrasonography are useful diagnostic techniques for the anterior and 
middle thirds of the orbit, but lead to image distortion and loss of resolution when applied to the orbital apex.  
 
Computed tomography (CT) not only depicts orbital soft tissue details14 but also the complex bony anatomy of the 
orbital apex31 but CT scans of the orbital apex are distorted by beam-hardening and dental filling  artifacts82. CT 
cannot identify individual cranial nerves within the superior orbital fissure16, 18 although contrast enhanced CT may 
demonstrate the cranial nerves III, V.1 and V.2 within the cavernous sinus17, 44, 54. In contrast to magnetic resonace 
imaging (MRI), plain CT scans do not allow a differentiation of the intracavernous carotid artery from the 
surrounding sinus tissue.  
The enthusiasm for high resolution MR imaging is based on the progress that has been demonstrated in both 
structural and vascular imaging. Precise maps of anatomic information allow comprehensive evaluation at high 
spatial, temporal and contrast resolution. MRI is now the diagnostic modality of choice for imaging the orbital apex 
and retroorbital region. Many of the important anatomic details of the anterior and posterior orbit are visualized by 
MRI.7, 8, 19, 25-29, 53  
The interpretation of clinical MR images of the cranio-orbital junction requires a profound knowledge of anatomy24, 

41, 54, 81, especially sectional anatomy38, 46-48, 67, 74, 83. A schematic overview of the anatomic structures is provided in 
Fig. 1-3. Detailed knowledge of the anatomic relationships in the orbital apex region is not only crucial for 
diagnostic purposes, but also for successful surgical intervention in a region where critical structures are only a few 
millimeters apart. The purpose of this paper is to update the physician on current possibilities of imaging deep 
structures of the orbit and retroorbital region, focusing on standardized and widely utilized MR-techniques. 
We describe the normal anatomy of the cranio-orbital junction on  coronal (Fig. 4-12), axial (Fig. 13-23) and 
oblique-sagittal (Fig. 24-29) magnetic resonance images and relate our data to a review of the current literature. 
 
 
2. EXAMINATION PROTOCOLS 
 
MRI examinations were performed in 8 normal volunteers on a 1.5 T MR unit (Gyroscan ACS-NT, Philips Medical Systems, 
Best, The Netherlands). A circular polarized head coil was used for the cavernous sinus and brain stem, and a surface coil with a 
diameter of 17 cm was used for the orbital apex. 1.2 to 3 mm thick scans with –0.6 to 0.3 mm interslice gap were obtained in 
axial, oblique-axial (along the neuro-ophthalmic plane82,83), coronal, oblique-coronal (along the long axis of the petrous portion 
of the temporal bone) and oblique-sagittal (along cranial nerves III, V, VI) planes using T1- weighted (T1w) [TR=550-620 ms, 
TE=14-18 ms] spin-echo (SE) sequences with and without intravenous injection of Gadolinium-DTPA and T2-weighted (T2w) 
[TR=2800 ms, TE=120 ms] turbo-spin echo (TSE) sequences. Also, T2-weighted 3 D-TSE acquisitions (TR=4000ms, TE= 250 
ms, TF= 48) were used for detailed demonstration of the cranial nerves in the subarachnoid cisterns. The fields of view (FOV)  
ranged between 120 and 140 and the images were usually obtained in a 256 x 256 matrix. This technique required a total 
examination time of 2.5-9 minutes. 
 
 

  



3. IMAGING 
  
3.1. Bony anatomy 
 
Cortical bone does not produce a perceptible signal and is only indirectly seen by contrast demarcation to adjacent 
signal-generating tissue (e.g. brain, CSF, muscle, fat, sinus mucosa etc.). Cancellous bone is visualized indirectly by 
its fatty tissue content. 
In the following, the orbital apex is defined as the region between the posterior ethmoidal foramen and the openings 
of the optic canal and the superior orbital fissure. The posterior ethmoidal foramen is visible on axial and coronal 
MR- scans.27 It transmits the corresponding neurovascular bundle at an average distance of 5 mm from the optic 
canal13 and represents an important landmark during orbital decompression surgery.  

The bony walls of the orbital apex can be demonstrated relatively well due to the contrast between orbital 
fat and tissue surrounding the orbit. The orbital roof of the apex consists of the lesser wing of the sphenoid bone 
(Fig. 9,10), its medial wall is the lateral wall of the ethmoidal sinus (Fig. 10-12), its lateral wall is the greater wing 
of the sphenoid (Fig. 10-12) and its floor is the orbital plate of the palatine bone. The lesser wings of the sphenoid 
bone terminate at the anterior clinoid processes (Fig. 7,8), symmetric bony spines between the optic canal and 
superior orbital fissure, onto which the tentorium cerebelli (Fig. 17,24) is attached. 
 The optic canal is 5-6 mm wide and 8-12 mm long, and forms an angle of approximately 35° with the 
sagittal plane. It transmits the optic nerve and the ophthalmic artery (within a dural slit inferior to the nerve) and is 
bounded by the sphenoid bone medially, its lesser wing superiorly, the anterior clinoid process laterally and the 
optic strut inferiorly (Fig. 8,9,15,16). The bony medial wall of the optic canal may be absent in about 4 % of the 
population, which should be considered during transsphenoidal optic nerve decompression procedures.30 With 
extensive pneumatization, the optic canal may become entirely surrounded by a (posterior) ethmoidal “Onodi” air 
cell or the sphenoid sinus proper or an aerated anterior clinoid process. On MR this would result in signal loss 
around the optic nerve.15, 77 The various relationships between the paranasal sinuses and the optic canal and their 
clinical implications have been described in a comprehensive review on optic nerve trauma31, 71.  
Each optic canal opens into the chiasmatic groove which terminates posteriorly at the tuberculum sellae. Further 
posteriorly located is the sella turcica, which contains the pituitary gland (Fig. 4-6). The dorsum sellae carries the 
posterior clinoid processes (Fig. 28), onto which the tentorium cerebelli (Fig. 17,21) is attached. On either side of 
the sella turcica lies the carotid groove for the intracavernous part of the internal carotid artery. Gruber´s 
petroclinoideal ligament, a dural fold extending from the posterior clinoid process to the apex of the petrous portion 
of the temporal bone, forms a passage for the abducens nerves (Fig. 26,28).60

The superior orbital fissure is situated between the lesser and greater sphenoid wings and usually contains 
a small amount of adipose tissue (Fig. 8,9,14). It transmits a) the superior ophthalmic vein and the frontal, lacrimal 
and trochlear nerves above the common tendinous annulus , b) the superior and inferior branch of the oculomotor 
nerve, the abducens nerve and the nasociliary nerve within the annulus, and, occasionally c) the inferior ophthalmic 
vein below the annulus. 
  The inferior orbital fissure (Fig. 9,10,13,23) lies between the orbital floor and the lateral orbital wall and 
communicates with the pterygopalatine (Fig. 9-11) and infratemporal fossae. It is bridged by the orbital muscle of 
Müller (Fig. 10-12) and transmits the infraorbital artery, venous collaterales between the inferior ophthalmic vein 
and the pterygoid plexus, and the maxillary nerve which exits the middle cranial fossa via the foramen rotundum 
(Fig. 8,23). 
 
3.2. Extraocular muscle and connective tissue system anatomy 
 
The extraocular muscles demonstrate intermediate signal on both T1w and T2w MR images.26 The four rectus 
muscles originate from the common tendinous annulus of Zinn which spans across the superior orbital fissure and 
encloses the optic foramen (containing optic nerve and ophthalmic artery) and the oculomotor foramen (Fig. 10). 
Zinn´s annulus consists of two half-circles. Superiorly, the tendon of Lockwood serves as origin for the superior 
rectus muscle (Fig. 10), and inferiorly the tendon of Zinn for the medial, inferior and lateral rectus muscles (Fig. 
9,10). The annulus divides the superior orbital fissure into three spaces, namely, the superolateral, central 
(“oculomotor foramen”) and inferior space. The superolateral portion of the superior orbital fissure contains the 
frontal, lacrimal and trochlear nerves; the central portion contains the nasociliary nerve, superior and inferior branch 

  



of the oculomotor nerve, abducens nerve and the superior ophthalmic vein; the inferior portion of the superior 
orbital fissure contains the inferior ophthalmic vein (Fig. 1).  
 
For the first 5 mm of their lengths, the rectus muscles do not appear as individual structures but are firmly 
embedded within Zinn´s annulus. This anatomic relationship explains that enlargement of the rectus muscle origins 
associated with thyroid orbitopathy, may cause compression of the optic nerve. Histologically, the origins of the  
rectus muscles are separated from each other by thin connective tissue septa. On MRI, the entire inferior annulus 
appears as one single unit of muscle masses (Fig. 10). Approximately 8 mm anterior to the optic strut, the rectus 
muscles separate and appear as individual structures (Fig. 11,12). The superior oblique muscle originates superiorly 
and medially to Zinn´s annulus from the lesser sphenoid wing with a short tendon (Fig. 11,12). The levator 
palpebrae superioris muscle originates from the lesser sphenoid wing and the annulus of Zinn, where it blends with 
the origin of the  superior rectus muscle (Fig. 10-12).28

In the orbital apex, the system of connective tissue septa46, 47, 48, 49 is less well developed. The superolateral 
intermuscular septum25, 26 between the superior and the lateral rectus muscles starts at a distance of about 5 mm 
from the posterior end of the orbit and thin radial septa course from the rectus muscles to the orbital walls.47

 
3.3. Cranial nerve anatomy 
 
3.3.1. Optic nerve and chiasm 
 
The entire optic nerve (II) can be visualized on appropriate MRI scans. The optic nerve measures 45-50 mm in 
length and 3-5 mm in diameter including its the nerve sheath. It  consists of a 3–16 mm long intracranial portion, a 
6–10 mm long intracanalicular portion, a 21–34 mm long intraorbital portion and an about 1 mm long intraocular 
portion i.e. the papilla.8, 23, 55 The optic nerve consists of myelinated nerve fibers and exhibits MR-signal 
characteristics similar to those of white matter of the brain. The intracanalicular and intraorbital portions of the 
optic nerve are surrounded by pia, arachnoidea and dura. At the orbital opening of the optic canal, the dura of the 
intracanalicular optic nerve splits into periorbita and perioptic dura. At the intracranial opening of the canal, it is 
continous with the intracranial dura. The subarachnoid space of the intraorbital optic nerve appears hypointense on 
T1w and hyperintense on T2w (Fig. 21). The intracranial optic nerve is covered only by pia and is surrounded by 
the cerebrospinal fluid of the suprasellar cistern (Fig. 6-8). 
In the primary gaze position, the intraorbital portion of the optic nerve describes an S-shaped path from the globe 
infero-medially and then superiorly, to the optic foramen.29 The redundant length of the optic nerve allows the 
globe to move freely and protects the nerve in case of proptosis.29 The intracanalicular portion passes above the 
ophthalmic artery through the optic canal  
(Fig. 8,9,15,16). On axial scans, the intracanalicular optic nerve can be identified medial to the anterior clinoid 
process (signal characteristics: see above) and lateral to the sphenoid sinus (signal void of air) (Fig. 15,16).29, 31 
Coronal scans show the optic nerve in the chiasmatic cistern (Fig. 6), in its canal (Fig. 8,9), in the orbital apex 
inside the annulus tendineus (Fig. 10), and in the orbit surrounded by the rectus muscles (Fig. 11,12).  
 The optic chiasm lies within the floor of the third ventricle and superiorly to the diaphragm sellae (Fig. 
4,5,16). Here, nasal retinal ganglion cell axons cross from the optic nerve to the contralateral optic tract. The chiasm 
normally measures 10-20 mm in transverse,4-13 mm in antero-posterior , and 3-5mm in cranio-caudal diameter.24 

 
3.3.2. Motor nerves 
 
The motor nerves (with the exception of the inferior division branches of the oculomotor nerve to the inferior 
oblique muscle and the trochlear nerve) ramify far posteriorly in the orbital apex into numerous fascicles which 
travel anteriorly embedded between muscle fibers to innervate the extraocular muscles in their posterior third and 
from their intraconal surface.68 The tiny ramifications and the fascicles of the motor nerves cannot be visualized on 
MRI. Only the nerve trunks in the orbital apex and also the oculomotor nerve branch to the inferior oblique muscle 
is visualized on high-resolution MRI.25, 27 The small parasympathetic twig of the inferior division of the oculomotor 
nerve (usually the branch to the inferior oblique muscle) that joins the ciliary ganglion, cannot be seen on MRI.  

The ciliary ganglion that transmits afferent sensory fibers and efferent parasympathetic fibers for pupillary 
constriction and accommodation, is situated in the orbital apex very close to the lateral aspect of the optic nerve.68 It 

  



may be seen on high-resolution MRI just anterior to the knee of the ophthalmic artery between the optic nerve and 
the lateral rectus muscle (Fig. 12).27

 
3.3.2.1. Oculomotor nerve  
 
The neurons of the third cranial nerve (IIIrd nerve) arise in the oculomotor nuclei which lie in the ventral 
periaqueductal grey matter of the midbrain. The IIIrd  nerve exits the brain medially to the cerebral peduncles (Fig. 
18) and passes between the superior cerebellar and posterior cerebral arteries (Fig. 29) through the interpeduncular 
cistern (Fig. 17,27) where it lies adjacent to the posterior communicating artery (Fig. 19). Then, the IIIrd nerve 
pierces the dura at the top of the clivus (Fig. 27). Embedded within the dural border of the cavernous sinus, the IIIrd 
nerve courses forwards just superior to the trochlear nerve (Fig. 4-6). Just posterior to the orbital opening of the 
superior orbital fissure, the IIIrd nerve crosses under the trochlear nerve and divides into a superior and inferior 
division which both pass the central portion (oculomotor foramen) of the superior orbital fissure to enter the orbit 
(Fig. 9). The superior division of the IIIrd nerve courses superiorly to innervate the superior rectus and the levator 
palpebrae muscles (Fig. 10-12). The inferior division of the IIIrd nerve courses medially and inferiorly to innervate 
the medial and inferior rectus muscles (Fig. 10-12). A long nerve branch courses anteriorly to the inferior oblique 
muscle.25,27 

 
3.3.2.2. Trochlear nerve  
 
The neurons of the fourth cranial nerve (IVth nerve) originate from the trochlear nucleus in the ventral 
periaqueductal grey matter of the mid brain (rostral to the oculomotor nuclei), decussate and emerge on the dorsal 
surface of the mid-brain, below the level of the inferior colliculus. Running along the free border of the tentorium 
cerebelli, the IVth nerve passes between the superior cerebellar and posterior cerebral arteries around the cerebral 
peduncles (Fig. 20) to enter the lateral border of the cavernous sinus. Due to its long intracranial course, the IVth 
nerve is predisposed to injury from blunt head trauma. Inside the lateral dural border of the cavernous sinus, the 
IVth nerve courses forwards, first inferior to the IIIrd nerve (Fig. 4) and finally superior to the IIIrd nerve. Then, the 
IVth nerve exits the cavernous sinus and traverses the superolateral portion of the superior orbital fissure. In the 
orbital apex, the IVth nerve crosses over the origin of the superior rectus and levator palpebrae muscles (Fig. 12) to 
innervate the superior oblique muscle from its lateral surface about 10 mm from the orbital apex.29

 
3.3.2.3. Abducens nerve 
 
The neurons of the VIth nerve arise in the abducens nucleus of the pons just inferior to the rostral part of the floor of 
the fourth ventricle. The nerve emerges in the ventral sulcus between pons and medulla oblongata (Fig. 25). It 
ascends along the ventral surface of the pons, pierces the dura, and passes over the petrous apex through Dorello´s 
canal, an osteofibrous canal underneath Gruber´s petroclinoidal ligament (Fig. 26,28). Then, the VIth nerve enters 
the cavernous sinus and proceeds inside this venous plexus, first laterally and then inferolaterally to the internal 
carotid artery (Fig. 4-6). The VIth nerve enters the orbit via the central portion of the superior orbital fissure (Fig. 
8,9) to innervate the lateral rectus muscle from its intraconal surface (Fig. 10-12). 
 
3.3.3. Sensory nerves 
 
The sensory neurons of the trigeminal nerve (Vth) terminate in the main sensory nucleus in the pons and the spinal 
tract of the Vth nerve. The sensory root (together with the motor root) emerges from the pons just above the middle 
cerebellar peduncle (Fig. 21,24). The neurons synapse in the trigeminal ganglion Gasseri which is situated in 
Meckel´s cave, a dural split over the apex of the petrous portion of the temporal bone (Fig. 4,21). Three main 
divisions of the Vth nerve arise from the trigeminal ganglion: the ophthalmic (V.1), maxillary (V.2) and mandibular 
(V.3) division. 
 
3.3.3.1. Ophthalmic nerve (V.1) 
 

  



The ophthalmic nerve courses forwards inside the lateral dural border of the cavernous sinus just inferior to the IVth 
nerve (Fig. 6,8). In the anterior cavernous sinus, the ophthalmic nerve divides into the lacrimal, frontal and 
nasociliary nerves which exit the cavernous sinus as individual nerve branches. 
 The small lacrimal nerve enters the orbit through the superolateral portion of the superior orbital fissure. It 
courses anteriorly along the superior border of the lateral rectus muscle towards the lacrimal gland. It may be 
visualized on MR images of the anterior orbit25,27, but cannot be differentiated from the frontal nerve in the orbital 
apex (Fig. 10-12).  
 The frontal nerve also enters the orbit via the superolateral portion of the superior orbital fissure (Fig. 9). It 
passes forwards between levator palpebrae superioris muscle and orbital roof (Fig. 10-12) and divides into the 
supratrochlear nerve, the medial branch of the supraorbital nerve and the lateral branch of the supraorbital nerve.25, 

27

 The nasociliary nerve (Fig. 10-12) enters the orbit through the central portion of the superior orbital 
fissure, crosses over the optic nerve about 10 mm from the orbital apex and courses anteriorly at the lateral side of 
the medial rectus muscle.27

 
3.3.3.2. Maxillary nerve (V.2) 
 
The origin of the maxillary nerve lies inside the infero-lateral dural border of the cavernous sinus (Fig. 5,6). It exits 
the middle cranial fossa via the foramen rotundum8, 15 (Fig. 7,8) to enter the inferior orbital fissure (Fig. 9,10). 
Inside the inferior orbital fissure, it divides into the zygomatic nerve and the infraorbital nerve which travels 
anteriorly inside the infraorbital canal25, 27 (Fig. 12). 
 
3.4. Vascular anatomy 
 
3.4.1. Arterial system 
 
3.4.1.1. Internal carotid artery 
 
The arterial supply to the orbit mainly derives from the internal carotid artery (ICA) that courses through the 
petrous portion of the temporal bone in the carotid canal and enters the middle cranial fossa by passing over the 
foramen lacerum. The ICA courses superiorly to the posterior clinoid process (Fig. 23) and then turns anteriorly to 
enter the venous plexus of the cavernous sinus (CS). Within the cavernous sinus, the ICA proceeds anteriorly with 
the abducens nerve along its lateral side (Fig. 4-6) giving off several small branches to supply the surrounding 
cranial nerves and the hypophysis. 
Then, the ICA makes an upward S-shaped turn to form the carotid siphon (Fig. 7,18,19). In most individuals, the 
ICA gives off the ophthalmic artery (OA) outside the cavernous sinus at the medial side of the anterior clinoid 
process (Fig. 19). Occasionally, the ophthalmic artery may arise from the ICA within the cavernous sinus.35, 36, 52  
While coursing upwards, the ICA gives off the posterior communicating artery (Fig. 19) (to the posterior cerebral 
artery [Fig. 17]) and then divides into its two terminal branches, the middle cerebral artery (Fig. 4) and the anterior 
cerebral artery (Fig. 4,6) thus forming the circle of Willis. 
 
3.4.1.2. Ophthalmic artery 
 
The about 2-3 mm long intracranial portion of the ophthalmic artery (OA) originates from the ICA below the 
intracranial optic (Fig. 19) nerve and enters the optic canal within a split of the perioptic dura. Inside the canal, the 
vessel courses inferiorly to the optic nerve (Fig. 8,9). The ophthalmic artery usually emerges in the inferolateral 
portion of the optic foramen and then proceeds nasally (Fig. 10). The ophthalmic artery crosses over the optic nerve 
(Fig. 11,12,15) in 72%-95% of individuals or crosses under it in 5-28%.24, 36, 52 The first branch of the ophthalmic 
artery is usually the 0,3-0,4 mm thick central retinal artery (CRA) which courses inferiorly to the optic nerve (Fig. 
12) and enters its dural sheath about 10 mm (range: 5-16 mm) behind the globe.5, 6, 37 Occasionally, the CRA 
branches off the ophthalmic artery together with or following the lateral posterior ciliary artery.24 The order of 
branching along the OA varies considerably. Other major branches that may be visualized on MRI27,29 include the 
posterior ciliary arteries 

  



(Fig. 15), the lacrimal artery, the posterior and anterior ethmoidal arteries, and the supraorbital and supratrochlear 
artery. 
 
3.4.2. Venous system 
 
3.4.2.1. Veins 
 
The central retinal vein (not visualized in the present study) drains the blood from the retina. It traverses the optic 
nerve, courses in its subarachnoid space and exits the perioptic dura to either join the superior ophthalmic vein or 
drain into the cavernous sinus. 
Drainage from the choroid of the eye is provided by the vortex veins which subsequently drain into the superior and 
inferior ophthalmic veins.27 The superior ophthalmic vein crosses under the superior rectus muscle (Fig. 12), passes 
between the origins of the superior and lateral rectus muscles (Fig. 10) and leaves the orbit through the 
superolateral portion of the superior orbital fissure. In axial scans below the level of the superior rectus muscle, it is 
usually possible to visualize the entire superior ophthalmic vein.27, 29  
The inferior ophthalmic vein (IOV) communicates with the pterygoid plexus via the inferior orbital fissure, passes 
between the origins of the inferior and lateral rectus muscles (Fig. 11,13) and leaves the orbit via the inferior 
portion of the superior orbital fissure. Occasionally, the inferior ophthalmic vein may pass superiorly to join the 
superior ophthalmic vein as it drains into the cavernous sinus. A medial ophthalmic vein that courses in the nasal 
extraconal orbit27 may occur in about 40 % of individuals. When present, it joins the superior ophthalmic vein near 
the superior orbital fissure.24 

 
3.4.2.2. Parasellar venous plexus (cavernous sinus)  
 
The cavernous sinuses are  situated on either side of the body of the sphenoid bone and sphenoid air sinuses, 
respectively (Fig. 4-7). They extend from the apex of the petrous portion of the temporal bone posteriorly to the 
superior orbital fissure anteriorly. The cavernous sinuses are not  trabeculated sinuses, as originally described by 
Winslow in 17324, 33, but rather represent extradural venous plexuses surrounded by a dural fold20, 64, 72, 73, 80. The 
concept of a venous plexus, as opposed to a true venous sinus, has been verified using contrast-enhanced, dynamic 
CT scanning9. Contrast-enhanced  MRI studies have demonstrated that venous flow in the cavernous sinuses can be 
divided into rapid-flow, characterized by marked enhancement, and low-flow channels with less enhancement45. 
Orbital tributaries to the cavernous sinus are the superior ophthalmic vein, the inferior ophthalmic vein and the 
central retinal vein.20 The two cavernous sinuses communicate with each other via the anterior and posterior 
intercavernous sinuses which are located anterior and posterior to the pituitary stalk in the diaphragm sellae42. The 
cavernous sinus mainly drain into the internal jugular vein via the petrosal sinuses. 
The intracavernous internal carotid artery (ICA),with its periarterial sympathetic plexus, has originally been 
described to pass the sinus in direct contact with the venous blood4. However, in reality, it runs between the venules 
of the parasellar venous plexus4. The abducens nerve may run very closely to the ICA (Fig. 4-6), either separated 
from it only by its nerve sheath79, or embedded inside the lateral dural border of the sinus75. Within the lateral dural 
border of the cavernous sinus (“lateral wall”), from superior to inferior, run the  oculomotor and trochlear nerves, 
and ophthalmic and maxillary divisions of the trigeminal nerve (Fig. 4-6).17 Occasionally, these nerves are only 
separated from the parasellar venous flexus by a thin connective tissue layer.75 The trigeminal ganglion is situated in 
a dural fold (Meckel´s cave) in continuation to the lateral wall of the cavernous sinus (Fig. 4,21).  
 
 
 
4. TECHNICAL COMMENTS 
 
4.1. Sequences and coils 
 
MRI demonstrates the anatomy of the orbit and retroorbital region with superb detail. The best resolution of orbital 
structures is presently obtained using standard T1-weighted spin echo (SE)2, 3 or T2-weighted fast (turbo) spin echo 
(TSE) pulse sequences. Conventional T2-weighted and proton density images need too long an acquisition time 

  



leading to motion artifacts. For the orbits, local surface coils2, 3 and, whenever possible, phased assay coils should 
be utilized. However, since the signal decay in the orbital apex depends on the diameter of the coil, imaging of this 
region requires a larger surface coil (Fig. 30). When additional imaging of the middle cranial fossa is required, the 
use of a head coil is recommended. The  cranial nerves within the subarachnoid cisterns are best visualized on T2-
weighted images where they appear hypointense against the bright background of the cerebrospinal fluid.  
 The high fat content of the orbit is responsible for the excellent contrast of orbital MR images enhancing 
the detection of tiny anatomical structures. Fat appears hyperintense (bright) on T1-weighted and T2-weighted 
images and other structures such as vessels, nerves and muscles appear darker (hypointense) than orbital fat. Even 
parts of the orbital connective tissue system can be visualized.25 Thin slices, such as in the present study (0.5 – 2 
mm) enable visualization of relatively long segments of delicate blood vessels and nerves. Thicker sections may 
catch even longer segments of neurovascular structures but partial volume averaging affects the image quality. 
Those parts of anatomical structures that are partially out of the imaging plane, are not represented in focus and 
show an altered signal intensity (partial volume effect). 
 
4.2. Signal void of flowing blood 
 
Fast and turbulent flow in blood vessels results in loss of intravascular signal intensity (signal void) due to 
dephasing inside the measured volume element (voxel). Intravoxel dephasing can be minimized by using a short 
echo time and small voxels. Slow flow or vortex flow results in reduced intravascular signal intensitiy due to 
saturation effects. Saturation effects can be minimized by reducing the flip angle or lengthening the TR. Therefore, 
the lumen of blood vessels appears dark or hypointense depending on blood flow velocity and imaging 
parameters.21

 
The internal carotid artery inside the cavernous sinus appears as signal void in both T1w (Fig. 7,20) and T2w 
images. On T2w images, this flowing blood is clearly differentiated from hyperintense CSF (Fig. 18). The 
hypointense lateral border of the cavernous sinus is also sharply demarcated from adjacent CSF on T2w images 
(Fig. 17). 
 
4.3. Contrast enhancement 
 
The paramagnetic contrast medium gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA) enhances vascular 
structures, such as cavernous sinus or the venous plexus surrounding Meckel´s cave and the hypophysis (Fig. 4-6). 
The cranial nerves passing the sinus can be visualized as individual structures only in contrast enhanced coronal 
MR images (Fig. 4-6). Inside the orbit, the enhancing effect of Gd-DTPA may result in decreased contrast because 
of the intense signal of orbital fat on T1w. Various fat suppression techniques are available to permit the evaluation 
of gadolinium-enhanced tissue within the retrobulbar fat.50 Fat suppression techniques with or without contrast 
enhancement are especially useful for the diagnosis of retrobulbar optic neuritis56 and intraorbital meningeomas50, 

55. Limitations of fat suppression techniques include magnetic field inhomogeneities causing alterations of signal 
intensities. Contrast enhancement is not necessary for depicting the cranial nerves inside the subarachnoid cisterns. 
They are also delineated on non-enhanced T2w images due to the excellent contrast between hypointense nerves 
and hyperintense CSF (Fig. 16-18, 20-22, 24-29). 
 
4.4. Advantages and disadvantages of MRI 
 
The advantages of MRI are not only related to its ability to obtain a high degree spatial resolution but also to the 
possibility to characterize tissues because of their different water content. Some experience in MR imaging 
technique and familiarity with both data acquisition and contrast to noise relations are necessary to achieve this 
goal. There are pitfalls in the interpretation of fast acquisition MR images and certain caveats have to be heeded. 
However, this recognition becomes less problematic as the radiologist gains experience. 
Another major advantage of MRI is the possibility of multiplanar imaging without the need of repositioning the 
patient. The selection of imaging planes along specific anatomic structures of interest enables visualization of long 
sections of these structures which is of importance for depicting the relatively thin cranial nerves. MRI allows 

  



visualization of the intracanalicular optic nerve and details of the cavernous sinus and avoids the beam-hardening 
artifacts known from CT at the orbital apex.82 

For these reasons, MRI ist generally superior to CT in imaging soft tissue lesions of the cranioorbital junction. 
However, in comparison with MRI, CT allows much better delineation of bones. Especially the complicated bony 
anatomy of the optic canal and superior orbital fissure is better visualized on CT scans31 than on MRI scans. 
Therefore, CT scans with bone window algorithms are the first choice imaging modality in patients with orbital 
trauma82, bone lesions or craniofacial deformities84. In soft tissue lesions, CT scans are useful to detect secondary 
bony abnormalities (e.g. hyperostosis in meningeomas or bone erosion by malignancies) or calcifications within 
tumors (e.g. meningeomas or gliomas). We recommend to order CT scans in addition to MRI scans in all soft tissue 
lesions of the cranioorbital junction when a surgical procedure is planned in order to detect bone involvement and 
show the topographical relationship of the lesion to bony structures. CT scans must also be ordered in 
uncooperative or claustrophobic patients and patients with contraindications to MRI (see paragraph 4.6.). 
Although MRI and MR-angiography32 may be helpful in diagnosing intracranial aneurysms or shunts at the 
cavernous sinus, the “gold standard” for intracranial vascular disease is catheter angiography and superselective 
vessel exploration. In this presentation, we review neither MR-angiography nor invasive carotid angiography. 
Instead, emphasis is placed on the discussion of vascular pathways as depicted by standard and widely accessible 
MR equipment, without the use of contrast material. We point out that anatomical knowledge remains the basic 
denominator of our diagnostic capabilities in face of emerging advanced-level spatial encoding techniques.  
 
4.5. Imaging artifacts 
 
It is important, to recognize imaging artifacts in order to avoid misinterpretation. The following artifacts may 
present considerable problems in high-resolution MRI of the orbit: 
4.5.1. Motion artifacts : Eye motion and eyelid blinking result in creation of “ghost images”. This can be minimized 
by having patients keep their lids open and their view fixed on a point inside the  
MR gantry.2 Reflex blinking may be reduced by instillation of local anaesthetic eye drops and artificial tear drops. 
However, if a longer acquisition time is needed, good results may also be obtained by having patients close their 
lids. Because of differences in voxel size and signal-to-noise ratio, surface coils are more sensitive to motion 
artifacts than volume coils.3 Therefore, high-resolution MRI of the orbit should be restricted to cooperative subjects 
who are able to lie still in the scanner for at least 2 – 3  minutes. Motion artifacts can ocour with all pulse sequences 
but increase with scanning time depending on repetition time, number of excitations and matrix size.50  
4.5.2. Partial volume artifacts : The signal intensity value measured is an average value for the signal intensities of 
the different tissue strucutures in the measured volume element (voxel). Different tissue structures inside one voxel 
contribute to the total signal intensity of that voxel. This partial volume effect can be reduced, for example, by using 
thinner slices and imaging matrices with higher resolution. When segments of the examined structure are partially 
out of the imaging slice, they appear hypointense or thinner (Fig. 18,21).76, 78 Thus, partial volume averaging is a 
potential source of error during the identification of anatomical structures in MR-images. In order to circumvent 
this problem, it is always necessary to analyse the whole series of adjacent imaging slices (e.g. stacked on a 
workstation) and corresponding perpendicular orientations. 
4.5.3. Chemical shift artifact: This artifact occurs because of a difference in the resonant frequency of protons 
within tissues containig water and fat. In the orbit, a black and white band may be seen at the interface of orbital fat 
and adjacent tissues (Fig. 31). In T1w images, the chemical shift artifact may cause hypointense borders the optic 
nerve which may be confused with the T1-hypointense subarachnoid space of the nerve.15 With alteration of signal 
encoding directions, utilization of the smallest possible pixel size, keeping the echo time in phase and application of 
suppression techniques, this artifact can be reduced or eliminated.50 Chemical shift artifacts in T2w MR images can 
especially be minimized by use of turbo spin echo (TSE) sequences instead of conventional spin echo (SE) 
sequences. 
4.5.4. Metal artifacts: Ferromagnetic materials, such as steel wire, mascara, eyelining tattoos and palpebral springs 
(for facial nerve palsy) cause artifacts in all imaging sequences, whereas titanium orbital implants, miniplates and 
gold eyelid weights (for facial nerve palsy) are seen as signal voids.50 

4.6 Contraindication of MRI: Ferromagnetic particles can move in a strong magnetic field and electrical devices 
may suffer dysfunction due to the potential induction of currents or heat. Therefore, MRI is contraindicated in 
patients with cardiac pacemakers, ferromagnetic implants, especially those located near vital structures (e.g. 

  



aneurysm clips) and ferromagnetic foreign-bodies, especially if they are located close to important structures (e.g. 
intraorbital or intraocular foreign-bodies).50

 
 
5. ANATOMICAL COMMENTS 
 
All major anatomic structures including the origin of the extraocular muscles26 and the apical orbital connective 
tissue system can be demonstrated on MRI. 
In the selected pulse sequences, blood vessels usually appear dark (“signal void”) as discussed earlier.52 All 
important arterial and venous vessels of the orbit can be identified without contrast enhancement.27   
It is also possible to delineate the intraorbital and intracranial course of sensory and motor cranial nerves of the 
orbit on MRI.18, 29 In the present study, nerves were traced from the brain stem via their passage through the 
cavernous sinus to the orbital apex. Most of the cranial nerves within the cavernous sinus and orbital apex which 
were delineated in the present investigation, have already been visualized in previous studies8,15-18, 53, although 
earlier MR technology has not provided the resolution necessary for discriminating individual nerves (except for the 
IIIrd nerve and maxillary nerve). With present MR technology, it is feasible to visualize individual nerves within the 
cavernous sinus and the orbit. Only the thin trochlear nerve is difficult to visualize. On appropriate sections, it may 
be depicted as it courses around the midbrain (Fig. 20), inside the dural border of the cavernous sinus (Fig. 4-6) and 
within the orbit (Fig. 12)29. 
 The imaging appearance of the optic nerve is influenced by its sinuous course69, 76-78, as well as the plane 
and thickness of sectioning: Thin axial slices at the level of the optic canal show the intracanalicular portion of the 
optic nerve (Fig. 16), but not the intraorbital part and vice versa (Fig. 18). However, thicker (about 3 mm), either 
oblique-axial slices along the neuro-ophthalmic plane82 (Fig. 15) or oblique sagittal sections (parallel to the course 
of the nerve) can depict the entire optic nerve.8,27,29,53 If the entire optic nerve is to be visualized in one single 
image, it may be helpful to obtain scans in upgaze to stretch the nerve , as first proposed for CT-scanning.76, 78

The cross-sectional diameter of the optic nerve can be measured in fat-supressed, T2w MR images in an oblique-
coronal plane, perpendicular to its course. The  mean (±SD) pial diameter of the intraorbital portion of a normal 
optic nerve ranges between 3.2±0.4 mm anteriorly and 2.6±0.4 mm posteriorly, whereas the mean (±SD) dural 
diameter measures between 5.2±0.9 mm (anteriorly) and 3.9±0.4 mm (posteriorly).51

 
 
6. CLINICAL IMPLICATIONS 
 
High-resolution MRI enables exact delineation of space occupying orbital processes in relation to surrounding 
anatomical structures thus facilitating planning of surgical procedures. This feature will be essential for computer-
assisted  surgery using neuronavigation.59

MRI reveals informations on blood flow and may differentiate between flowing and stagnant blood in orbital 
vascular lesions. This is extremely important for treatment planning. MR-angiography may provide further non-
invasive diagnostic insights, depicting the entire course of vessels, including the circle of Willis. The closeness of 
vessels to oculo-motor nerves and the chiasm explains the occurance of eye muscle palsies, and occasionally visual 
field defects caused by aneurysms. For instance, the abducens nerve courses in close contact to the internal carotid 
artery through the cavernous sinus (Fig. 4-6). For this reason, the VIth nerve is usually the first nerve affected by 
intracavernous carotid aneurysms or arterio-venous shunts. It must be noted that small aneurysms may only be 
detected using catheter selective angiography techniques. 
Increased pressure within the cavernous sinus as in high flow carotid-cavernous or low flow dural-cavernous 
fistulae, results in enlargement of the ophthalmic veins. Low-flow fistulae may be supplied by small branches of the 
ICA to the oculo-motor nerves (see above) or dural arterioles, both of which are not visible on MRI.24 Enlarged 
ophthalmic veins may also be encountered in other disorders, such as arterio-venous malformation, cavernous sinus 
thrombosis and Graves´ ophthalmopathy39. Septic cavernous sinus thrombosis is a rare but life-threatening disease. 
It always occurs bilaterally, because the intercavernous sinuses carry no valves. Enlargement of superior or inferior 
ophthalmic veins is best recognized on axial T1w scans. Attention should be paid not to misinterprete enlarged 
veins at the orbital apex as a space occupying lesion.  

  



Tumors of the oculomotor cranial nerves, causing progressive eye muscle palsies, usually cannot be reliably 
differentiated from other tumors because of their unspecific imaging characteristics. High-resolution MRI might 
help to demonstrate an anatomical relation between tumor and nerve, thus suggesting the diagnosis of a neurogenic 
tumor.70 Similarly, a space-occupying lesion with extension to the orbital venous system (and enlargement during 
Valsalva maneuver), is suggestive of an orbital varix. 
Using contrast enhanced MRI and fat-supression, it is possible to localize inflammatory lesions of cranial nerves 
along their course.61 It has been demonstrated that high-resolution MRI may disclose compressive nerve lesions in 
patients with eye muscle palsies in whom routine brain MRI studies were unremarkable. In recent studies, spoiled 
gradient recalled steady state acquisitions revealed vascular or neoplastic compression of the subarachnoid portions 
of the IIIrd and VIth nerve in patients with corresponding palsies.34, 62, 70  
The intracranial portion of the abducens nerve passes through Dorello´s canal underneath the petroclinoideal 
ligament (Fig. 26,28). Here, the VIth nerve is predisposed to injury from compressive lesions or head trauma. In 
some individuals, the petroclinoidal ligaments may be ossified causing compression of the VIth cranial nerve.66 For 
these reasons, it is advisable to individually check this structure when interpreting MR images of patients with VIth 
nerve palsies. The trigeminal ganglion is located close to the posterolateral wall of the cavernous sinus (Fig. 4,11). 
This topographic relation explains the potential involvement of the entire Vth nerve (including the mandibular nerve 
clinically apparent as loss of masticatory function) in lesions of the posterior cavernous sinus. 
 A new neuro-ophthalmologic application of high-resolution MRI is its use to demonstrate anatomic 
abnormalities in congenital motility disorders. Recently, absence of the abducens nerve in Duane´s syndrome, 
previously only described in post-mortem studies, has been verified in-vivo.65

 The dural optic nerve diameter can be measured on oblique-coronal MR images. An increased dural 
diameter with synchronous flattening of the posterior sclera, excessive tortuosity of the optic nerve, intravitreous 
protrusion, enhancement of the papillae, and an empty sella are suspicious of pseudotumor cerebri.11 

The subarachnoid space of the optic nerve is 0.5-1 mm wide and contains cerebrospinal fluid that is freely 
exchanged with the subarachnoid space of the brain. Clinically, this communication provides a route of spread for 
infection, neoplastic cells or hemorrhage. The subarachnoid perioptic space may be enlarged in optic nerve glioma 
where it is filled with water-containing T2-hyperintense gliomatous tissue.10

Echographic A-scan measurements of the optic nerve (“30° -test”) imply a redistribution of cerebrospinal fluid 
following abduction and have been claimed to enable a differentiation between optic nerve thickening caused by 
fluid distension and optic nerve tumors.63 However, MRI studies could not verify a significant displacement of 
cerebrospinal fluid following gaze changes.51 Further comparative studies on the validity of MRI and echography 
for the differential diagnosis of optic nerve thickening are warranted.  
The optic chiasm is separated from the pituitary gland by the diaphragm sellae and the up to 10 mm wide 
suprasellar cistern. Pituitary adenomas must therefore be quite large to produce visual field defects. The chiasm is 
normally situated on top of the diaphragm sellae. In some individuals it may extend onto the dorsum sellae 
(postfixed chiasm) or close to the planum sphenoidale (prefixed chiasm) which accounts for variations in visual 
field defects associated with tumors in this region (e.g. pituitary adenoma).1

 The superior orbital fissure represents a communication channel which transmits important neurovascular 
structures between the intracranial space and the orbit. This explains the spread of inflammatory or neoplastic 
lesions between the two compartments. Small lesions at the superior orbital fissure and retroorbital region 
(e.g.Tolosa-Hunt-syndrome79) may easily be overlooked. Therefore, one should always pay careful attention to this 
region when interpreting cranio-orbital MR images. 
 These clinical examples show that MRI may contribute to a specific diagnosis in space-occupying lesions 
at the cranio-orbital junction. The present article has provided the basic morphological knowledge which is 
essential for a successful application of this non-invasive diagnostic technique. 
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Chapter 9 
 
 
 

CONCLUSIONS 
 
 
 
Anatomy 

  



 
Chapter 2 demonstrates that high-resolution MRI using spin-echo sequences without contrast enhancement is 
capable of delineating the ophthalmic artery and its major branches, ophthalmic veins and sensory and motor orbital 
nerves. This is mainly based on four principles: 
(1) Blood vessels appear mostly dark on images because of the signal void of flowing blood. (2) The bright 
background of orbital fat on T1-weighted images accounts for an excellent soft tissue contrast in the orbit. Fat 
appears hyperintense on T1-weighted images and other structures such as vessels, nerves and muscles appear dark 
(hypointense). (3) Due to partial volume averaging, slice thicknesses of 2-3 mm which were used in this study, 
enables visualization of relatively long segments of blood vessels and nerves. (4) The use of an orbital surface coil 
improves the signal-to-noise-ratio and therefore the resolution of details.  
In general terms, T1-weighted images depict intraorbital anatomic structures better than T2-weighted images. 
However, it should be noted that T2-weighted images are very sensitive to pathology and may detect lesions that 
are not or hardly visible on T1-weighted images. 
 Chapters 3 and 4 show that high-resolution MRI can also depict details of the extraocular musculature and 
their connective tissue system. The origin and path of the extraocular muscles (EOMs) and their relation to the 
globe and the orbital walls can be visualized in longitudinal and cross-sections. However, it is difficult to 
discriminate the tendineous insertions of the EOMs from scleral tissue. Major circular and radial septa may be 
visualized. The regions of the muscle pulleys can be determined either directly (trochlea, Lockwood´s ligament, 
check ligaments) or indirectly because the pulleys are usually located at the point of greatest curvature or deflection 
of the muscles. 
 Chapter 5 describes the anatomy of Whitnall´s ligament that consists of 2 distinct parts: The intermuscular 
transverse ligament (ITL) inferior to the levator palpebrae superioris muscle (LPS) and the superior transverse 
ligament (STL) superior to the LPS. Since the medial and lateral main attachments of the STL are situated inferior 
to the level of the culmination point of the LPS, this ligament is unlikely to suspend the levator muscle. However, a 
suspension of the LPS may be achieved by radial connective tissue septa of the superior orbit. The ITL in 
connection with the globe may have an additional supporting function. The elasticity of Whitnall´s ligament and its 
connections with highly elastic structures including Tenon´s capsule are proposed to provide the morphological 
substrate for the previously suggested passive (i.e. without orbicularis action) lowering of the lid during downward 
saccades. 
 Chapter 6 demonstrates that the STL does not suspend the LPS at its culmination. This result suggests that 
the ligament is therefore not responsible for the curved course of the muscle. The curved course of the LPS may be 
due to a suspension by radial connective tissue septa and support from the inferiorly situated intermuscular 
transverse ligament (ITL). 
 Chapter 7 investigates the relationship between upper lid elevation and shortening of the LPS and reveals 
that the levator muscle must contract by 1.4 cm in order to achieve a lid elevation of 1 cm. Therefore, the force of 
the LPS which is necessary to lift the upper eyelid can be smaller than the lid closing force. This strongly suggests a 
physiological mechanism that reduces the muscle force necessary for lifting the upper eyelid. 
Chapters 5-7 demonstrate that high-resolution MRI is an excellent tool for functional anatomical studies in vitro and 
in vivo because it enables visualization of extraocular and palpebral muscles with sufficient detail and lacks 
ionizing radiation so that multiple and prolonged examinations can be performed in volunteers. 
 Chapter 8 reviews the imaging anatomy of the entire orbit and provides correlative anatomical 
cryosections. Many clinical applications are mentioned to show that high-resolution MRI may contribute to a 
specific diagnosis in orbital disease.  
The present thesis has provided the basic morphological knowledge which is essential for a successful clinical 
application of this non-invasive diagnostic technique. 
 
Clinical applications 
 
It is beyond the scope of this thesis to discuss the clinical role of MRI and CT for orbital imaging. However, it 
seems appropriate to summarize some basic principles in order to underline the clinical importance of our findings. 
Based on our experience with imaging of orbital anatomy and clinical experiences1,2, some recommandations on the 
choice of the appropriate imaging modality in a given clinical situation shall be made. 
 

  



Trauma 
 
In the setting of orbital trauma, CT scanning should be the first imaging modality because of its excellent depiction 
of bony structures.3 However, there are specific circumstances in which MRI may add important informations. MRI 
scans should be obtained if organic foreign bodies (e.g. wood) are suspected. Prior to MRI, the presence of ferro-
magnetic foreign bodies must be excluded by history, plain X-rays and/or CT. 
MRI may also be useful in the presence of orbital hemorrhage. MRI enables localization of tiny hematomas (e.g. 
intrasheath optic nerve hematoma) and determination of the age of hemorraghes  
(see chapter 1). Finally, MRI may be helpful in investigating post-traumatic motility disorders owing to its ability of 
depicting orbital connective tissue septa and multiplanarity. MRI can show entrapment of EOMs or connective 
tissue septa in orbital fractures and differentiate between restrictive and paretic traumatic motility disorders. 
 
Tumors 
 
Soft tissue tumors of the orbit are best delineated using MRI because of its superior contrast resolution and 
differentiation of soft tissue details compared with CT. Many solid tumors appear with low signal intensity on T1-
weighted images and medium to high intensity on T2-weighted images. Fluid-filled cysts appear bright on T2-
weighted images and dark on T1-weighted images. Lymphangiomas are heterogenous masses consisting of solid 
and cystic portions. Lipomatous tumors or oil within dermoid cysts exibit isointensity to orbital fat on T1-weighted 
and T2-weighted images.1,4 However, tumors can vary considerably in its appearance depending on their histology, 
vascularity and the amount of edema or necrosis. The MR-signal characteristics of orbital lesions are often non-
specific, so that in many cases the exact diagnosis can only be made on the basis of histopathology. There are 
exceptions, such as lipomatous hamartomas which may be diagnosed using MRI alone.5 Additional CT scans should 
be obtained, if bony tumors (e.g. osteoma), tumors with calcifications or hyperostoses (e.g. retinoblastoma, 
meningeoma) or tumors eroding the orbital bones are suspected. CT enables depiction of the complex bony 
anatomy of the orbital apex but CT scans of the orbital apex may be distorted by beam-hardening artifacts and 
artifacts from dental fillings.6 Therefore, MRI is superior to CT in imaging soft tissue details of the orbital apex. 
High-resolution MRI is more sensitive than CT in detecting small inflammatory lesions at the orbital apex 
(e.g.Tolosa-Hunt variant of orbital pseudotumor).7 Because of superior definition of the cavernous sinus8 and 
intracranial structures (see addendum)8, MRI should be applied in all orbital tumors with suspected intracranial 
extension. The possible amount of bone destruction can be determined using additional CT scans. 
 
Optic nerve lesions 
  
MRI is superior to CT in imaging the intracanalicular and intracranial optic nerve. It can delineate the subarachnoid 
space of the intraorbital optic nerve, especially on T2-weighted images. Enhancement following the intravenous 
application of Gd-DTPA, is observed in optic nerve sheath meningeomas (diffuse enhancement of thickened nerve 
sheath), sometimes in optic nerve gliomas (enhancement of thickened optic nerve) and often in optic neuritis 
(diffuse or patchy enhancement of optic nerve).9  
 
Vascular lesions 
 
In contrast to CT, MRI without contrast enhancement enables differentiation between flowing and stagnant blood. 
Therefore, MRI is superior to CT in evaluating orbital vascular lesions. 
Magnetic resonance angiography (MRA)10 is safer than catheter angiography but it has not yet reached a state 
where it can replace conventional angiography. MRA is indicated when a carotid-cavernous-fistula or an aneurysm 
is suspected. However, there are certain drawbacks to MRA. First, it may be difficult to distinguish the hyperintense 
signal of flow from a hyperintense thrombus. However, T1-weighted MR images may help in differentiating 
flowing from thrombotic blood. Second, low-flow (e.g. dural shunts) will not always result in a high signal and may 
therefore be missed. Third, catheter angiography is necessary in addition to MRA, if a neuroradiological 
intervention is planned. If MRI, MRA or color Doppler ultrasonography11,12 of orbital vascular lesions shows 
evidence of fast-flowing blood, a catheter angiography is still indicated in most cases to obtain the precise detail 
usually needed for treatment planning. 

  



 
Motility disorders  
 
High-resolution MRI may be a powerful diagnostic tool in cases of complex motility disorders where even a 
thorough clinical examination may not lead to a correct diagnosis. According to Demer and Miller13 high-resolution 
MRI may be applied in the following clinical situations: 
(1) MRI can visualize the path of lost, detached or avulsed EOMs. The contractile potential of EOMs may be 
determined by measuring cross-sectional areas of the EOMs in different gaze positions. This information enables 
appropriate surgical planning (reanastomosis with or without spacers versus muscle transposition). 
(2) MRI can visualize congenital or acquired abnormalities of the EOMs, their paths and pulley locations. For 
instance, EOM heterotopy may cause A- and V-patterns thus mimicking oblique muscle dysfunctions.14 Another 
example is the large-angle horizontal and vertical strabismus occuring in high axial myopia which is caused by 
downwards-displacement of the horizontal recti.15

Sometimes, strabismus may be caused by aplasia or hypoplasia of EOMs, dystopic muscle insertions or 
supernumary EOMs which may only be diagnosed by imaging techniques. 
(3) MRI may reveal EOM paralysis by determining changes of the cross-sectional area of the EOMs in different 
gaze-positions as an index of contractility.16

(4) MRI may also demonstrate tumorous swelling or infiltration of the EOMs or their surrounding. For instance, a 
small cyst in the superior oblique tendon, may produce the restriction of elevation in adduction clinically known as 
Brown syndrome.13

(5) In the presence of Graves disease, MRI may distinguish between the acute stage of muscle edema and 
infiltration and the chronic stage with fibrosis.17 This differentiation is important for treatment planning. 
 
In conclusion, high-resolution MRI is a fascinating noninvasive diagnostic technique that allows exact delineation 
of space occupying orbital processes in relation to surrounding anatomical structures. This feature is important for 
surgical planning, especially when neuronavigation systems are used. In addition to that, high-resolution MRI has 
the potential of demonstrating anatomical causes of motility disorders. Therefore it should be performed in complex 
cases of strabismus in addition to routine clinical examinations.  
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Chapter 10 

 
 
 
SUMMARY  
 
 
1. Introduction  
 
The first chapter describes the principle of magnetic resonance imaging (MRI), its value for orbital imaging and the 
purpose of the present thesis.  

  



For the following studies, healthy young volunteers underwent high-resolution MRI at a magnetic field strength of 
1.5 to 2 Tesla. T1- and T2-weighted images in the axial, coronal and oblique-sagittal plane were obtained using 
spin-echo sequences and surface coils. The structures in these images were identified by comparison with 
histological or anatomical sections. 
 
2. High resolution MRI of neurovascular orbital anatomy 
 
This chapter describes the MRI anatomy of the blood vessels and nerves of the orbit. The following structures were 
identified by comparison with histological sections: ophthalmic artery and most of its branches (central retinal 
artery, posterior ciliary arteries, lacrimal artery, anterior and posterior ethmoidal artery, supratrochlear artery, 
supraorbital artery, dorsal nasal artery), superior ophthalmic vein, lacrimal vein, medial ophthalmic vein, inferior 
ophthalmic vein, medial and lateral collateral veins, vorticose veins, branches of the oculomotor nerve, abducens 
nerve, frontal nerve, nasociliary nerve, lacrimal nerve and infraorbital nerve.  
 
3. High-resolution MRI of the normal extraocular musculature 
 
This chapter describes the imaging anatomy of the extraocular muscles in healthy subjects. Many anatomical details 
such as Zinn´s tendineous annulus, the trochlea, the superior oblique tendon, the intermuscular septa, the check 
ligaments, Lockwood´s ligament and the common fascial sheath between the superior rectus muscle and the levator 
muscle were visualized. A striking imaging feature was the curved path of both the recti muscles and the levator 
palpebrae muscle. The curved path of the extraocular muscles can be explained by the configuration of the orbital 
connective tissue system which couples each extraocular muscle with the adjacent orbital wall.  
 
4. Magnetic resonance imaging of the orbital connective tissue system 
 
Chapter IV describes the anatomy of the orbital connective tissue system on high-resolution MR-images in vivo. 
The following connective tissue structures were identified on the images by comparison with Koornneef´s 
histological sections: 
Levator aponeurosis, Lockwood´s ligament, transverse intermuscular ligament, common sheath, check ligaments, 
Tenon´s capsule, intermuscular septa including the superolateral septum, superior ophthalmic vein hammock, radial 
septa and palpebral ligaments. 
 
5. Functional anatomy of the levator palpebrae superioris muscle and its connective tissue system 
 
The connective tissue system of the levator palpebrae superioris muscle (LPS) mainly consists of the superior 
transverse ligament (STL) commonly referred to as “Whitnall´s ligament” and the transverse superior fascial 
expansion (TSFE) which is the anterior part of the common fascial sheath between the LPS and the superior rectus 
muscle (SRM). Histological investigations by Lukas and coworkers revealed that the TSFE is not only a fascia but 
in fact represents a distinct ligament. Therefore, the TSFE has been called intermuscular transverse ligament (ITL).  
For this study, post-mortem dissections were performed, the microscopical anatomy was demonstrated in the frontal 
and sagittal plane and MRI was performed in normal volunteers.  
The macroscopic and microscopic anatomical studies revealed that STL and ITL surround the LPS to form a fascial 
sleeve around the muscle which has attachments to the medial and lateral orbital wall. The ITL blends with Tenon´s 
capsule. The STL and the fascial sheath of the LPS muscle are suspended from the orbital roof by a framework of 
radial connective tissue septa.  
MRI shows that the ITL is located between the anterior third of the superior rectus muscle and the segment of the 
LPS muscle where it changes its course from upwards to downwards. In this area, the LPS reaches its highest point 
in the orbit (culmination point). The culmination point is located a few millimeters superior and posterior to the 
equator of the globe.  
 
6. Is Witnall´s ligament responsible for the course of the levator palpebrae superioris muscle?  
 

  



Whitnall´s superior transverse ligament (STL) has been suggested to suspend the LPS at its culmination. If this was 
the case, one would expect the STL to be located near the culmination of the LPS. In order to elucidate this 
question, the spatial relation of the STL (indicated with a plastic marker) to the LPS muscle was investigated in this 
study.  
MRI showed that in human cadaver specimen the STL is situated in the anterior descending portion of the LPS. 
This result suggests that the STL does not suspend the LPS at its culmination and is therefore not responsible for 
the curved course of the muscle. 
 
7. Dynamic MRI of the levator palpebrae superioris muscle 
 
The relationship between upper lid elevation (h ) and shortening (s ) of the levator palpebrae superioris muscle 
(LPS) has an influence on the dose-response relationship in ptosis surgery. 
In this study, parasagittal T1-weighted MR-images of the orbit were obtained in down- and upgaze and the position 
of the upper lid margin and the length of the LPS was measured in the images in order to determine the amount of h 
and s. 
 For a mean vertical upper lid elevation of 15 mm, the mean shortening of the LPS muscle was 21 mm. The 
mean ratio of h : s was calculated to be 1: 1.4 which means that the levator muscle must contract by 1.4 cm in order 
to achieve a lid elevation of 1 cm. Therefore, the force of the LPS that is necessary to lift the upper eyelid can be 
smaller than the lid closing force. This strongly suggests a physiological mechanism that reduces the muscle force 
necessary for lifting the upper eyelid. 
 
8. High-resolution MR imaging anatomy of the orbit: Correlation with comparative cryosectional 
anatomy 
 
This article reviews and discusses the anatomy of the entire orbit on high-resolution magnetic resonance images.  
Parts of the bony orbital walls and the lacrimal system, all extraocular muscles, major connective tissue septa, all 
major arteries, veins and cranial nerves of the orbit were identified on the images by comparison with anatomical 
cryosections obtained from cadaver orbits. 
Many clinical applications were discussed to demonstrate that high-resolution MRI may contribute to a specific 
diagnosis in orbital disease. 
 
9. Conclusions 
 
Chapter 9 provides a general conclusion of the results of this thesis and discusses clinical applications of MRI for 
the diagnosis and treatment of orbital disease. 
 
Addendum: Anatomy of the orbital apex and cavernous sinus on high resolution magnetic 
resonance images 
 
Diseases of the orbital apex and cavernous sinus usually present with involvement of multiple cranial nerves, 
corresponding to the complex anatomy of the region. In non-traumatic disorders, MRI is the diagnostic modality of 
choice. However, its capabilities can only be  exploited with thorough knowledge of the complicated topographical 
relationships in this region. This article describes the imaging anatomy of the cranio-orbital junction and adjacent 
subarachnoid spaces. High-resolution MR images of  normal subjects are presented and the results are compared 
with the literature.  
The following anatomic structures can be visualized on high-resolution MR images: extraocular muscles and 
corresponding connective tissue, major orbital and cerebral arteries, ophthalmic veins, cavernous sinus and all 
sensory and motor cranial nerves of the eye along their intraorbital and intracranial course.  
 
 
 
 
 
 

  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMENVATTING 
 
1. Introductie 
 
In het eerste hoofdstuk wordt het principe van beeldvorming met behulp van magnetische resonantie besproken. De 
waarde van MRI van het zichtbaar maken van de orbita inhoud is het onderwerp van dit proefschrift. Voor de studie 
van de orbita inhoud wat betreft de normale anatomie is gebruik gemaakt van jonge vrijwilligers die hoog resolutie 
MRI onderzoek ondergingen met een veldsterkte van 1.5 tot 2 Tesla. T1 and T2 gewogen beelden werden in het 
axiale, het coronale en het sagitale vlak vervaardigd terwijl er gebruik werd gemaakt van spin-echo sequenties en 
oppervlakte spoelen. De structuren die met behulp van deze beelden werden verkregen werden vergeleken met 
histologische of dikke anatomische coupes. 
 
2. Hoge resolutie MRI van het neurovasculaire systeem van de orbita 
 
Dit hoofstuk beschrijft de MRI anatomie van de bloedvaten en de zenuwen van de oogkas. De volgende structuren 
werden herkend en vergeleken met histologische coupes: arteria ophthalmica en de meeste van zijn takken (de 

  



arteria centralis retinae, de arteriae ciliares posteriores, de arteria lacrimalis, de arteria ethmoidalis anterior en 
posterior, de arteria supratrochlearis, de arteria supraorbitalis en de arteria nasalis dorsalis), de vena ophthalmica 
superior, de vena lacrimalis, de vena ophthalmica medialis, de vena ophthalmica inferior, de venae collaterales 
mediales en laterales, de venae vorticosae, takken van de nervus oculomotorius, de nervus abducens, de nervus 
frontalis, de nervus nasociliaris, de nervus lacrimalis en de nervus infraorbitalis. 
 
3. De normale extraoculaire musculatuur 
 
In dit hoofdstuk wordt de beeldvormde anatomie van de extraoculaire spieren beschreven in normale personen. 
Vele anatomische details zoals de annulus tendineus van Zinn, de trochlea, de pees van de musculus obliquus 
superior, de intermusculaire septa, de check ligamenten, Lockwoods´ ligament, de gemeenschappelijke schede 
tussen de rectus superior en de musculus levator palpebrae werden zichtbaar gemaakt en in het oog springende 
karakteristiek was de boogvormige loop van rectus spieren en de musculus levator palpebrae. De boogvormige loop 
van de extraoculaire spieren kan verklaard worden door de anatomische bouw van het orbita bindweefselsysteem 
dat de extraoculaire spieren verbindt met de aanliggende orbitawanden. 
 
4. Beeldvorming met behulp van magnetische resonantie van het bindweefselsysteem van de 

oogkas 
 
In dit hoofdstuk wordt de anatomie besproken van het orbitabindweefselsysteem dmv hoge resolutie MRI studies in 
normale patienten. De verschillende onderdelen van het bindweefselsysteem in de oogkas werden herkend op de 
MRI-beelden door deze beelden te vergelijken met de histologische coupes van Koornneef. De volgende structuren 
werden beschreven: aponeurose van de levator palpebrae, het ligament van Lockwood, het transversale 
intermusculaire ligament, de gemeenschappelijke spierschede, de check ligamenten, het capsel van Tenon, de 
intermusculaire septa samen met het superolaterale septum, de hangmat van de vena ophthalmica superior, de 
radiair verlopende septa en de ligamenten van het ooglid. 
 
5. De functionele anatomie van de musculus levator palpebrae en het bijbehorende 

bindweefselsysteem 
 
Het bindweefselsysteem van de musculus levator palpebrae superiorus bestaat voornamelijk uit het superieure 
transverse ligament vaak het “Whitnall´s ligament” genoemd en de bovenste transverse fasciale uitbreiding, dat het 
voorste gedeelte vormt van de gemeenschappelijke schede tussen de levator palpebrae superioris en de musculus 
rectus superioris. Histologisch onderzoek door Lukas en co-auteurs toonde aan dat de superieure transversale 
fasciale uitbreiding niet alleen fascie is maar eigenlijk een apart ligament vertegenwoordigt. Daarom wordt dit 
ligament het intermusculaire transversale ligament genoemd. Voor deze studie werden kadaver dissecties verricht 
en werden de resultaten van deze prepareergangen vergeleken met de microscopische anatomie in het frontale en 
sagittale vlak met behulp van MRI, die wederom werd verricht in normale proefpersonen. Macroscopische en 
microscopische studies toonden aan dat zowel het superieure transversale ligament als het intermusculaire 
transversale ligament de musculus levator palpebrae omhult en op deze wijze een fasciale schede rond de spier 
vormt die weer verbinding heeft met de mediale en laterale orbitawand. Het intermusculaire transversale ligament is 
op zijn beurt weer continue met het kapsel van Tenon. Het superieure transversale ligament en de fascieschede van 
de musculus levator palpebrae superioris zijn opgehangen aan het orbitadak door een raamwerk van radiair 
verlopende bindweefselschotten. MRI beelden tonen aan dat het intermusculaire transversale ligament aanwezig is 
tussen het voorste derde deel van de musculus rectus superior en het segment van de musculus levator palpebrae 
waar deze zijn loop in de oogkas verandert van craniaal naar caudaal. In dit gebied bereikt de musculus levator 
palpebrae zijn hoogste punt in de oogkas (culminatiepunt). Het culminatiepunt ligt een paar millimeter boven en 
achter de aquator van de oogbol. 
 
6. Is het ligament van Whitnall verantwoordelijk voor de loop van de musculus levator 

palpebrae?  
 

  



Het ligament van Whitnall of het “superieure transverse ligament” wordt vaak beschreven als een 
ophangmechanisme van de musculus levator palpebrae superioris bij het culminatiepunt. Als dit echter het geval 
was zou men verwachten dat het superieure transversale ligament gelegen zou zijn bij het culminatiepunt van de 
levator palpebrae superioris. Teneinde deze vraagstelling op te lossen en de ruimtelijke relatie tussen het superieure 
transversale ligament en de levator palpebrae te beantwoorden werden er plastic markers in het superieure 
transversale ligament geplaatst. MRI studies toonden aan dat in menselijke kadavers het superieure transversale 
ligament gelegen is in het voorste dalende deel van de musculus levator palpebrae superioris. Dit suggereert dat het 
superieure transversale ligament niet de musculus levator palpebrae superioris ondersteunt bij zijn culminatiepunt 
en daarvoor niet verantwoordelijk is voor het kromvormige loop van de spier. 
 
7. Dynamische MRI van de musculus levator palpebrae superioris 
 
Een relatie tussen het heffen van het bovenooglid en de verkorting van de musculus levator palpebrae superioris 
heeft een invloed op de mate van levatorverkorting tijdens een chirurgische ingreep en het postoperatieve resultaat 
in de ptosischirurgie. In deze studie werden er parasagitale T1 gewogen MRI beelden gemaakt van de orbita 
waarbij de patient naar beneden en naar boven kijkt. De positie van de bovenooglidrand en de lengte van de 
musculus levator palpebrae superioris, om de relatie tussen het heffen van het bovenooglid te vergelijken met de 
verkorting van de musculus levator palpebrae superioris, werden gemeten. Voor een gemiddelde 
bovenooglidheffing van 15 mm werd een verkorting van de musculus levator palpebrae superioris gemeten van 21 
mm. De gemiddelde ratio tussen de heffing van het bovenooglid en de verkorting van de musculus levator 
palpebrae superioris werd berekend en bedroeg 1 : 1.4, hetgeen betekent dat de levatorspier 1.4 cm moet 
samentrekken om een bovenooglidheffing te verkrijgen van 1 cm. Hieruit blijkt dat de kracht die nodig is voor de 
levator palpebrae superioris om het bovenooglid te heffen kleiner is dan een kracht die nodig is om het ooglid te 
sluiten. Dit maakt het dan ook in hoge mate waarschijnlijk dat er een fysiologisch mechanisme is dat de benodigde 
spierkracht vermindert om het bovenooglid te heffen. 
 
8. Hoge resolutie MRI anatomie van de oogkas: vergeleken met vergelijkbare anatomische 

cryocoupes  
 
Dit artikel bespreekt de anatomie van de hele oogkas met behulp van hoge resolutie MRI beelden. Gedeelten van de 
benige orbitawanden en het traanwegsysteem, alle extraoculaire spieren, de belangrijkste bindweefselschotten, alle 
belangrijke arterieen, venen en hersenzenuwen werden beschreven en vergeleken met anatomische cryosecties van 
kadaverorbitae. Verscheidene klinische relevanties worden besproken om aan te tonen dat hoge resolutie MRI een 
belangrijke bijdrage kan leveren tot het diagnosticeren van verschillende orbita-afwijkingen. 
 
9. Conclusie 
 
Hoofdstuk 9 is en algemene conclusie van de resultaten van dit proefschrift en hun potentiele toepassing van MRI 
in de diagnose en therapie van orbita-ziekten. 
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