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Magnetic resonance (MR) imaging of the orbit was performed with a 0.6 T supercon
ducting imaging system in 100 patients with normal orbits who were being evaluated 
for brain pathology and in 21 additional patients with a variety of orbital lesions to 
determine the efficacy of MR imaging in displaying orbital abnormalities. Usually, MR 
studies were performed using a multi slice technique with multiple spin-echo pulse 
sequences and 30, 60, and 90 msec echo times and 500, 1500, and 2000 msec repetition 
times. Using section thicknesses of about 8 mm, imaging was performed in the trans
axial, coronal, and sagittal projections. Pixel size was 0.9 x 1.8 mm, and the examination 
took about 30 min. The MR findings were compared with computed tomographic (CT) 
findings in all cases. Either combined axial and coronal studies of 5-mm-thick sections 
or a thin axial study of 1-mm-thick sections followed by reformatting techniques to 
obtain multiplanar images was used. Contrast enhancement was used in the CT studies. 
Both MR and CT clearly demonstrated the soft-tissue abnormality in all cases except 
two, in which MR failed to detect the abnonnality. In one, MR failed to detect a small 
retrobulbar hemorrhage that occurred after a surgical procedure for retinal detachment. 
In the second case, rather extensive calcification in the posterior choroidal layers and 
lens was not detected by MR imaging. In several other cases, MR provided information 
beyond that obtained with CT. MR has the advantage of providing exquisite anatomic 
detail in multi planar images, and it appears to be more sensitive than CT in detecting 
small, subacute and chronic hemorrhage within soft-tissue masses in the orbit and in 
detecting ischemia of the globe. CT is superior to MR imaging in portraying fine bone 
detail. 

Application of magnetic resonance (MR) imaging to the orbit is attractive because 
multiplanar techniques can be performed without additional positioning and the 
risks of ionizing radiation and contrast administration are eliminated. Compared 
with computed tomography (CT), MR appears particularly advantageous in provid
ing excellent anatomic detail of the intracranial part of the optic nerve and chiasm 
in the sagittal plane and provides information concerning its alteration by pathologic 
masses. We evaluated MR images of the orbits in 21 patients with known orbital 
lesions to determine its clinical efficacy. 

Subjects and Methods 

We evaluated the MR images of the orbits in 100 patients who were being examined for 
brain pathology. Twenty-one additional patients with known orbital lesions were evaluated 
with MR. Sixteen tumorous conditions involving the orbits , four cases of inflammatory leSions, 
and one retrobulbar hemorrhage were examined (table 1). Four patients had space-occupying 
lesions of the globe and 17 had extraocular masses involving the orbit. Age range of the 
patients was 21-84 years. 

Our findings were correlated with surgical and pathologic findings and, in some cases of 
inflammatory disease, with response to medical therapy. The MR images were compared 
with CT scans. A CT study of each patient was per10rmed with a Picker 1200 scanner using 
either combined axial and coronal studies of 5 mm section thickness or a thin axial study of 
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1 mm sections followed by reformatting techniques to obtain multi
planar images. MR was performed on a 0.6 T superconducting im
aging system (Technicare, Solon, OH). The principles underlying pulse 
sequences and the technique of MR imaging have been described 
[1 - 4] . In most cases , the examination was performed using multislice 
technique with multiple spin-echo (SE) pulse sequences with echo 
times (TEs) of 30, 60, and 90 msec and repetition times (TRs) of 500, 
1500, and 2000 msec. In all cases imaging was performed in trans
axial , coronal , and sagittal projections. With this technique the section 
thickness of each image plane was about 8 mm. The pixel size was 
0.9 mm in the x axis and 1.8 mm in the y axis . Generally, complete 
examination was performed in about 30 min. 

Results 

In our experience the SE 500/30 pulse sequence with 
multi slice technique afforded optimal contrast between path
ologic masses and normal anatomic structures and allowed 
good spatial resolution with a high signal-to-noise (S/N) ratio. 
The longer T2-weighted SE pulse sequences provided in
creased spatial blurring with a less favorable SIN ratio; and 
contrast between pathologic masses and normal tissue was 
lost in many cases, so that the pathologic mass was unde-

TABLE 1: Pathologic Lesions in Patients with Known Orbital 
Lesions Who Were Evaluated by MR Imaging 

Type of Lesion 

Tumor: 
Optic nerve glioma 
Optic nerve meningioma 
Lymphoma ............ . . 
Melanoma 
Metastasis . 
Meningioma . 
Direct extension from paranasal sinuses by mu

coepidermoid carcinoma (1), squamous
cell carcinoma (1), and ossifying fibroma 
(1) 

Subtotal 

Inflammatory 

Hemorrhagic 

Total ... . . . . .. . .. . . . . ... . . 

A B 

No. of Cases 

1 
1 
2 
4 
2 
3 

3 

16 

4 

21 

tected. As shown in a case of an intraocular melanoma (fig. 
1), the tumor mass was demonstrated best on the T1-
weighted pulse sequence where the tumor had a short T1 
relative to the adjacent vitreous, providing sharp contrast and 
good anatomic definition. However, on the T2-weighted pulse 
sequence, as the signal intensity from the vitreous increased 
due to its long T2, contrast between the tumor and the 
vitreous was less, and the tumor was not as readily visible. 

Of the 21 lesions studied with both MR and CT, MR failed 
to detect the abnormality in only two cases. In the first, a 
small retrobulbar hemorrhage on the right (fig. 2) followed a 
surgical procedure for retinal detachment. Because of the 
high-signal retrobulbar fat, contrast between the high-signal 
small hemorrhage and fat was not sufficient to detect the 
abnormality. The second patient demonstrated rather exten
sive calcification in the posterior choroidal layers and lens of 
the left eye that was not detected on the MR image. In the 
other 19 cases, both MR and CT detected the soft-tissue 
abnormality. In many cases, additional information was pro
vided by MR. In a case of Kimura disease of the orbit (fig. 3), 
which is a highly vascular inflammatory condition character
ized pathologically by angiolymphoid hyperplasia [5], MR 
demonstrated areas of increased signal within a large soft
tissue mass, indicating areas of hemorrhage into the mass, 
pathologically proven to be subacute and chronic hemor
rhage. CT demonstrated merely a homogeneously dense 
mass in which the areas of hemorrhage were not detected. 
In a case of devitalization of the left globe (fig. 4), signal 
intensity from both the vitreous and choroidal layers of the 
devitalized globe was dramatically different from the normal 
globe, and CT failed to demonstrate any asymmetry in ap
pearance of the globes. Pathologically, the vitreous had 
undergone liquefaction accounting for its prolonged T2. In a 
case of ossifying fibroma of the sphenoid sinus, both MR and 
CT demonstrated a large soft-tissue mass filling the sphenoid 
sinus, eroding through the floor of the anterior cranial fossa. 
MR demonstrated the tumor to have long T1 and long T2 
characteristics. Encroachment on the optic nerve by the tumor 
mass was seen well on the MR sagittal projection, where a 
change in signal intensity in the optic nerve was detected at 
the point of tumor involvement; this was not detected on CT. 
In our series of four melanomas, additional information was 
obtained with MR, although all were detected with both MR 
and CT. These tumors usually appeared to have relatively 

Fig. 1.-Choroidal melanoma. SE 500/30 (A) and 
SE 2000/60 (8). Large tumor mass (t) occupies pos
terior part of left globe, which is optimally demonstra
ted on T1-weighted pulse sequence (A), where tumor 
has short T1 relative to adjacent vitreous, providing 
sharp contrast. However, on T2-weighted pulse se
quence (8) , contrast between tumor and vitreous is 
less, and tumor is not readily visible. 
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Fig. 2.-Retrobulbar hemorrhage. A, Contrast-en
hanced CT scan. Small area of increased density 
represents hemorrhage in retrobulbar space. Associ
ated proptosis of right globe. 6 , SE 500/30. Retro
bulbar region appears slightly inhomogeneous, but 
hemorrhage is not definitely identified because con
trast between high-signal small hemorrhage and high
signal fat was not sufficient to distinguish between 
the two. 

Fig. 3.-Kimura disease of orbit . Sagittal SE 500/ 
30. Large soft-tissue mass occupies superior part of 
left orbit. Small areas of increased signal (arrow
heads) indicate areas of hemorrhage into mass that 
were not detected on CT. 

Fig. 4.-Devitalization of left globe. SE 500/30 (A) and SE 2000/90 (6). Signal intensity of vitreous of 
devitalized globe is markedly increased due to its prolonged T2, produced by liquefaction of the vitreous. 
Complete replacement of orbital fat on left and opacification of ethmoid air cells bilaterally by soft-tissue 
metastatic adenocarcinoma, which had resulted in ischemia of left globe. 

high signal on the T1-weighted images, and increase in signal 
was noted in three of four of the melanomas on the T2-
weighted images. These findings agree with those of De
LaPaz et al. [6] in MR of hemorrhagic lesions including 
melanomas. Since three of four melanomas showed a short 
T1 and long T2 (unlike the effect of a paramagnetic substance 
such as melanin, which would be expected to shorten both 
relaxation times), they appear to be comparable to other 
subacute or chronic hemorrhagic tissue in signal characteris
tics , with no clearly discernible paramagnetic effect of melanin. 
The one melanoma that demonstrated short T1 and short T2 
most likely had these characteristics because of the para
magnetic effects of melanin. In all four melanomas, CT 
showed a nonenhancing hyperdense lesion that could have 
been interpreted as either tumor or hemorrhage. In a 4 mm 
melanoma (fig . 5) located in the medial quadrant of the left 
globe, both MR and CT detected the abnormality equally well , 
although the margins of the lesions were seen more clearly 
on CT. 

Pathologic masses could be readily localized relative to and 
distinguished from the optic nerve, sometimes because of 
difference in signal intensity between the mass and the nerve; 

this was true for a large melanoma medial to the optic nerve 
(fig. 6). In other cases, masses could be distinguished from 
the optic nerve because of the detection of a layer of fat 
between the mass and nerve on the coronal or sagittal 
projection, which was not possible in the transaxial plane (fig . 
7) . Multislice technique in the sagittal projection consistently 
demonstrated excellent anatomic delineation of the 1.0-1 .5-
cm-Iong part of the intracranial optic nerve and optic chiasm 
(fig. 8) . Imaging in the coronal and transaxial planes also 
consistently showed good visualization of the optic chiasm. 
When the chiasm was intrinsically involved with tumor, the 
extent of tumorous involvement was better appreciated by 
application of multiplanar imaging (fig. 9). A combination of 
transaxial , coronal , and sagittal projections clearly demon
strated the involvement of the intracranial optic nerve. Sagittal 
and coronal projections demonstrated the superior and infe
rior extent of the tumor, while involvement of the optic tracts 
posteriorly could be appreciated on the transaxial projection. 
MR sagittal projections also provided additional information 
concerning pathologic alteration of the optic nerve and chiasm 
by masses eroding through the floor of the anterior cranial 
fossa (fig . 10). 
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A 

A B 

A 
Fig . 7.- 0rbital pseudotumor. SE 500/30. A, Coronal image. Good delineation of optic nerve (arrow

heads) from large inflammatory mass superiorly by layer of high-signal fat between mass and nerve. B, 
Sagittal image. Good delineation of optic nerve (arrowheads) from large inflammatory mass separated by 
layer of high-signal fat. 
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Fig. 5.-Choroidal melanoma. A, Contrast-en
hanced CT scan shows 4 mm hyperdense lesion in 
medial quadrant of left globe that could represent 
either hemorrhage or tumor. Lesion had same ap
pearance on unenhanced CT. B, SE 500/30. The 4 
mm melanoma is well imaged in medial quadrant of 
left globe. 

Fig. 6.-Metastatic melanoma. SE 500/30. A, 
Transaxial image. Large tumor mass (t) situated me
dial to right optic nerve and globe is well delineated 
and distinguished from adjacent optic nerve because 
of difference in signal intensity between mass and 
nerve. Melanoma is of high signal because of its short 
T1 , most likely produced by hemorrhage into tumor. 
Optic nerve is very clearly delineated both from tumor 
mass and retroorbital fat lateral to nerve. Prosthetic 
device is in place in left orbit. B, Coronal image again 
demonstrates large high-signal tumor mass (t) in me
dial part of right globe, producing marked lateral 
deviation and proptosis of right globe. Medial rectus 
and inferior rectus muscles cannot be distinguished 
from this mass. 

Fig. 8.-Normal sagittal SE 500/30 image. Excel
lent anatomic delineation of intracranial part of optic 
nerve and optic chiasm. The 1.0-1 .5-cm-long part of 
optic nerve (arrows) can be well seen in suprasellar 
region, forming optic chiasm posteriorly at junction of 
anterior wall and floor of third ventricle. Signal inten
sity of optic nerve and chiasm is similar to that of 
adjacent nonmal brain tissue, but is well defined be
cause of good contrast with low-signal cerebrospinal 
fluid adjacent to it. 

Discussion 

CT is well known to be an effective and reliable means of 
examining the orbit [7-13). Reports on the efficacy of MR in 

diagnosing cerebral and orbital abnormalities have been en
couraging [14-21). Application of MR to the orbit is attractive 
in that multiplanar techniques may be performed, providing 
additional information without additional positioning; and the 
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A B 
Fig. 9.-0ptic glioma. A, Transaxial SE SOD/3D image. Good anatomic definition of optic chiasm 

(arrowheads), which is enlarged by tumor infiltration. Good contrast discrimination between optic chiasm 
and surrounding low-signal cerebrospinal fluid in suprasellar cistern . Optic tracts were seen well , and 
appeared normal on transaxial image just superior to this cut. B, Sagittal SE 2000/90 image. Extent of 
tumorous involvement of intracranial part of optic nerve and optic chiasm (arrows) is seen to good 
advantage, with markedly thickened and enlarged optic nerve and chiasm. Signal intensity of tumor is 
slightly increased due to prolonged T2. 

Fig . 1 D.- Extrinsic mass altering optic apparatus. 
Sagittal SE SOD/3D image. Large tumor mass (t) , 
pathologically confirmed as ossify ing fibroma, fills 
sphenoid sinus, erodes through floor of anterior cra
nial fossa, and encroaches on optic nerve at point 
(arrow-head) just anterior and superior to sella tur
cica. 

risks of ionizing radiation and contrast administration are 
eliminated . In our series, MR clearly demonstrated the orbital 
abnormality in all but two cases; in several cases , MR ap
peared more sensitive than CT in providing additional infor
mation concerning the lesions. Much of the information added 
by MR was provided by its ability to directly produce images 
in the coronal and sagittal projections without additional po
sitioning of the patient, affording excellent detail concerning 
alteration of the optic chiasm and optic nerve by pathologic 
masses. MR appeared to be more sensitive in detecting small 
areas of subacute and chronic hemorrhage within soft-tissue 
masses in the orbit , which may be important in management 
of the patient. In our patient with Kimura disease, the areas 
of hemorrhage within the orbital mass that were detected 
only with MR suggested that the mass had a very vascular 
nature. Biopsy demonstrated an extreme degree of angioge
nesis associated with an inflammatory infiltrate, and subse
quent therapy consisting of complete local surgical excision 
was instituted. Pathology confirmed areas of subacute and 
chronic hemorrhage in the highly vascular mass. On the other 
hand, as shown by DelaPaz et al. [6] , very recent hemorrhage 
may go undetected on MR since it may show signal intensity 
similar to normal brain tissue, and in these cases CT may be 
more sensitive. MR appears to be more sensitive than CT in 
detecting vascular ischemia of the globe, with signal intenSity 
increasing in the vitreous as it undergoes liquefaction second
ary to ischemia; as a result the vitreous has a long T2 relative 
to the normal vitreous. 

Most of the tumors in our series showed long T1 and long 
T2 characteristics, with the general exception of melanomas 
and most meningiomas. The four melanomas in our series 
usually appeared to have relatively high signal on the T1 -
weighted images, in contrast to most other tumors, which 
had relatively long T1 s. Increase in signal was noted in three 
of four melanomas on the T2-weighted images, while in one 
of the intraocular melanomas, there was low signal from the 
lesion. Since three of four melanomas showed a short T1 and 

long T2 , unlike the effect of a paramagnetic substance such 
as melanin, they appear to be comparable to other subacute 
or chronic hemorrhagic tissue in signal characteristics. The 
one melanoma that demonstrated short T1 and short T2 did 
so most likely because of the paramagnetic effects of melanin . 
In all four cases of melanoma, CT showed a nonenhancing , 
hyperdense lesion that could have been interpreted as either 
tumor or hemorrhage. The meningiomas consisted of one 
optic-nerve-sheath meningioma and three sphenoid-wing me
ningiomas with extension into the orbit. In general, these 
showed low signal on both T1- and T2-weighted images, 
although all were detected with both MR and CT. The optic
nerve-sheath meningioma was in the apex of the right orbit 
and extended into the optic foramen ; separation of the tumor 
from the optic nerve was not possible, as signal characteris
tics were similar. The optic-nerve glioma was confined to the 
intracranial optic nerve and chiasm, had long T1 and long T2 
characteristics, and appeared slightly brighter on the T2-
weighted images than the normal chiasm because of its long 
T2 characteristics. Our experience was similar to that of 
Daniels et al. [21] in that the optic-nerve gliomas and optic
nerve meningiomas produced relatively weak signals that 
made them difficult to distinguish from the normal optic nerve. 

The other tumors in our series included two lymphomas, 
two metastatic adenocarcinomas, and three tumors extend
ing directly into the orbit from adjacent paranasal sinuses, 
pathologically confirmed as mucoepidermoid carcinoma, 
squamous-cell carcinoma, and ossifying fibroma, all of which 
had both long T1 and long T2 characteristics. All of these 
mass lesions were detected with both MR and CT. 

In our series, MR exhibited three limitations in imaging the 
orbit: (1) its inability to image calcifications within anatomic 
structures or in masses; (2) the lack of contrast discrimination 
between the high-signal retrobulbar fat and small hemor
rhages with similar high signal intensity; and (3) the lack of 
contrast between the cortical bony margins of the orbit and 
adjacent air in the ethmoid and maxillary sinuses, which made 
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evaluation of the floor and medial wall of the orbit difficult, 
even though the lateral and superior walls of the orbit could 
be adequately examined due to good contrast between the 
bone and adjacent soft tissue or fat. 

In conclusion, although MR still has limitations as compared 
with CT, it can provide additional information in examination 
of the orbit that may be important in early diagnosis. Further 
technical improvements, including surface coils [22, 23] ap
plied close to the orbits and the availability of thinner sections 
[24, 25], will no doubt increase the information obtained. 
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