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NMR of the Normal and 
PathologiC Eye and Orbit 
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Nuclear magnetic resonance (NMR) images of the eye and orbit were reviewed in a 
series of 100 normals and in four patients with orbital or ocular pathology. A rich 
retrobulbar fat content rendered the orbit well suited for NMR imaging. The lens, vitreous, 
optic nerve, and extraocular muscles were well visualized with spin-echo technique. 
However, NMR spatial resolution was inferior to that of high-resolution computed tomog
raphy (CT). NMR was comparable to CT in demonstrating choroidal melanoma and 
orbital pseudotumor. NMR exhibited a particular sensitivity in displaying tissue contrast 
for infiltrative orbital fat lesions with a relatively long T1. This initial experience suggests 
a promising role for NMR in orbital imaging. 

The clinical utility of nuclear magnetic resonance (NMR) imaging has been 
exhibited by many recent reports [1-6]. In the brain , NMR has demonstrated tissue 
contrast markedly superior to and spatial resolution comparable to that of computed 
tomography (CT) [7-10]. The purpose of this communication is to present a 
preliminary evaluation of NMR imaging in the study of the orbit. 

Subjects and Methods 

One hundred patients with normal orbital and ocular anatomy and four patients with orbital 
or ocular pathology were studied. The normal images were obtained by studying normal 
volunteers and patients with suspected intracranial pathology, some of whom have been 
described by Moseley et al. [11] . 

NMR images were obtained with a 3.5 kG (0.35 T) superconducting magnet operating at 
a resonant frequency of 15 MHz. The magnetic field gradients did not exceed 1 Gjcm and 
had a rise time of 1 msec. A head coil with a 25 cm aperture was used. Details of the imaging 
procedure have been reported [12]. The spin-echo (SE) technique was used with pulse 
intervals (TRs) of 0.5 , 1.0, 1.5, and 2.0 sec. Two echo delay (TE) images at 28 and 56 msec 
were acquired for each pulse interval sequence. Slice thickness was 7 mm with a slice 
spacing of about 11 mm. A 0.5 sec TR sequence required 4.3 min and yielded five planes of 
section . First and second echoes were obtained at each plane of section . A 2.0 sec TR 
yielded 11 planes of section but required about 17 min. A 2.0 sec TR high-resolution sequence 
required 34 min. Patients were instructed to restrict head motion but were not asked to 
restrict eye movement during the imaging sequence. Spatial resolution was 1.7 mm2 in the 
xy plane for standard images and 0.8 mm2 for high resolution . Spatial resolution in the z 
plane was equal to the slice thickness of 7 mm . 

Four patients with orbital or ocular pathology also had CT with a G.E. 8800 scanner. 
Whereas CT density is dependent on electron density and x-ray attenuation, NMR image 
intensity is dependent on the factors expressed by the equation, I = Hf(v) exp (-TEjT2) (1 -
exp [-TRjT1 J), where I = image intensity, H = local hydrogen density , f(v) is a factor of the 
fraction and velocity of hydrogen nuclei in motion, TE is the echo delay, T2 is the spin-spin 
tissue relaxation parameter, TR is the pulse interval , and T1 represents the spin-lattice or 
longitudinal tissue relaxation parameter [13] . T1 and T2 are exponential tissue characterization 
parameters dependent on the given tissue and its magnetic molecular environment, whereas 
TR and TE are computer controlled. Varying TR will affect the relative T1 contribution to 
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Fig. 1.-Normal subject. NMR SE images. A, 0.5 sec TR , 28 msec TE. B, 

0.5 sec TR , 56 msec TE. C, 1.5 sec TR , 28 msec TE . D, 1.5 sec TR , 56 msec 
TE . E, 2.0 sec TR , 28 msec TE. F, 2.0 sec TR , 56 msec TE. Note high intensity 

tissue contrast , while TE affects the relative T2 contribution. In 
addition to the SE images, quantitative T1 and T2 images were also 
obtained. T2 pixel values are calculated from the first and second 
echo intensities of a given pulse sequence interval. To compute a T1 
image, repetition with at least two different TR sequences is neces
sary. An estimated (T1 E) T1 image can be generated from two images 
with the same TR and different TEs while assuming constant blood 
flow and hydrogen density [3). 

Results 

Normal Studies 

The rich intraorbital fat content renders the orbit well suited 
to CT scanning and is also advantageous for NMR imaging. 
It can be seen from the SE intensity equation that either 
relatively short T1 or long T2 tissue relaxation times will tend 
to increase image signal intensity. Since absolute T1 and T2 
values vary with the image sequence, magnetic field strength , 
radiofrequency, and temperature, only relative values will be 
discussed. Fat, having a very short T1 and intermediate T2, 
yielded the strongest signal intensity for all values of TR and 
TE (fig. 1). This was the same as fat imaged elsewhere in the 
body . The high intensity of fat was useful in differentiating 
normal from infiltrated tissue but was occasionally detrimental 
in viewing smaller structures due to spatial blurring. 

The osseous orbital wall and adjacent air-containing par
anasal sinuses produced the weakest signal intensity due to 
their relatively low proton density. Extraocular muscles and 

E 
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of retrobulbar fat on all imaging sequences. Intensity of lens varies from 
relatively high at 0.5 sec TR , 28 msec TE to relatively low at 2.0 sec TR , 56 
msec TE. Intensity of vitreous displays an inverse tendency to intensity of lens. 

optic nerve displayed intermediate signal intensity with little 
variation when TR and TE parameters were varied. The spatial 
resolution of these structures was generally poor compared 
with high-resolution CT due to the current lack of thin sections 
with NMR and the spatial blurring from surrounding fat. 

The vitreous represents the major intraglobal component. 
It is composed of 99% water with small quantities of collagen 
and hyaluronic acid , giving it a gellike quality [14] . A marked 
change in vitreous signal intensity was observed when the 
imaging parameters were varied . Little relative signal was 
obtained at 0.5 sec TR and 28 msec TE compared with 
adjacent structures, but a strong relative signal was obtained 
at the longer TRs and TEs, 2.0 sec TR and 56 msec TE (figs . 
1 A and 1 F). This reflects the relatively long T1 and T2 of the 
water component. The absolute signal intensity tends to 
increase with longer TR and decrease with longer TE. How
ever, the images are displayed as relative intensity on the 
gray scale and not as absolute intensity. 

The lens, being 65% water and 35% protein , had a mod
erate T1 along with a short T2. At short TRs and TEs, 0.5 
sec TR and 28 msec TE, the lens yielded a strong signal 
compared with that of the vitreous, while this relation reversed 
with a longer TR of 2.0 sec and TE of 56 msec (figs. 1 A and 
1 F). 

The sclera and cornea were difficult to identify consistently. 
This was believed to be due in part to motion of the globe. 
On 2.0 sec TR high-resolution sequences requiring about 34 
min, a rim of low density surrounded the globe, representing 
motion artifact (figs. 1 E and 1 F). 
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Fig. 2.-Case 1. Choroidal melanoma. A, Axial 
contrast -enhanced CT shows lesion as high-density 
focus in right globe. B-E, SE high-resolution im
ages. B, 2.0 sec TR , 28 msec TE. C, 2.0 sec TR , 
56 msec TE. D, Calculated T1 estimate. E, Calcu
lated T2 image. Low intensity on calculated T1 E 
and T2 images represents relatively short T1 or T2 , 
whereas high intensity represents relatively long T1 
or T2 . Right eye melanoma is better demonstrated 
on second echo (56 msec TEl as focus of low 
intensity within globe. Calculated T2 image confirms 
that lesion 's relatively low intensity results from 
relatively short T2. 

Pathologic Case Reports 

Case 1 

B 

c 

A 53-year-old woman had a choroidal melanoma of the right eye 
(fig . 2). High-resolution 2.0 sec TR images demonstrated the lesion 
as a focus of relative low intensity. This was better appreciated on 
the second echo (TE = 56 msec), relating the low signal to a short 
T2 . Calculated T1 and T2 images confirmed the lesion having a short 
T2 and a short T1 . Although a short T1 tended to increase signal 
intensity , this was overshadowed by the greater T2 effect. The patient 
was treated with radiotherapy followed by enucleation. NMR dem
onstrated the lesion as well as CT, where it appeared as a high
density focus. 

Case 2 

A 13-year-old girl had painless left proptosis. Biopsy demonstrated 
a sclerosing orbital pseudotumor. NMR revealed infiltration of the 
lateral rectus , intraorbital fat , and optic nerve (fig. 3). This was seen 
as an area of low intensity that contrasted to the normal high intensity 
of fat. This contrast was better shown with a short TR of 0.5 sec, 
whereas the signal-to-noise ratio and effective spatial resolution were 
improved at 2.0 sec TR . The low signal intensity was due to a 
lengthened T1 . The absence of change in relative signal intensity 
between the first and second echoes excluded a T2 effect. NMR was 
equal to CT in demonstrating the pathology. 

Case 3 

An 83-year-old man had a painless right-sided proptosis that had 
developed 6 years after multiple lymph node biopsies had shown 
benign lymphadenitis . CT showed thickening of the medial rectus, 
optic nerve, and intraorbital fat (fig. 4A). NMR demonstrated these 
findings as decreased signal intensity due to the inflammatory mass 
involving the fat , muscle, and optic nerve (figs. 4B-4G). The abnormal 
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findings were again better contrasted by the 0.5 sec TR than by the 
2.0 sec TR sequence, with no change between 28 and 56 msec 
echoes. Biopsy revealed benign lymphocytic infiltration consistent 
with orbital pseudotumor. 

Case 4 

A 12-year-old girl had right proptosis secondary to histologically 
demonstrable sclerosing orbital pseudotumor. She had also been 
treated for hyperthyroidism. NMR images with 0.5 sec TR and 1.5 
sec TR showed diffuse infiltration of the retrobulbar fat as a relative 
decrease in intensity compared with the normal left eye. Calculated 
T1 E and T2 images related the findings to a lengthened T1 with little 
demonstrable change in T2. On CT the infiltrated fat appeared as 
increased density compared with low attenuation values of normal 
fat. The findings were equally evident with both techniques. 

Discussion 

The advent of high-resolution CT with thin sections and 
multi planar reformations has allowed diagnosis of orbital pa
thology with a very high degree of accuracy [15]. The evolu
tion of any new modality in imaging of the orbit must include 
comparison with CT. 

The choroidal melanoma represented the only intraocular 
mass that we evaluated . The lesion was seen equally well on 
both CT and NMR. A relatively short T1 and T2 for melanoma 
was described by Damadian et al. [18] as being characteristic 
of this lesion and is due to the paramagnetic properties of 
melanin. We observed a relatively short T1 and T2 in this 
neoplasm, while most neoplasms demonstrate a relatively 
long T1 and T2 [16-20] . Currently available diagnostic meth
ods are not useful in predicting the response of uveal mela
noma to therapy. It is possible that therapeutic effect may 
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Fig. 3.-Case 2. Orbital pseudotumor. A, Axial contrast CT shows left eye pseudotumor involving 
lateral rectus, optic nerve, and retrobulbar fat. B-E , NMR images. B, 0.5 sec TR , 28 msec TE. C, 0.5 sec 
TR , 56 msec TE. D, 2.0 sec TR , 28 msec TE. E, 2.0 sec TR , 56 msec TE. F, Calculated T1 E. G, Calculated 
T2. Infiltration of lateral rectus, retrobulbar fat, and optic nerve seen as low intensity in left orbit contrasted 
with normal right orbit. Calculated T1 E and T2 images demonstrate lengthened T1 and slightly lengthened 
T2 of infiltrated fat. 
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correlate with T1 and T2 tissue characterization parameters 
and this may have prognostic implications. 

We report three patients with pseudotumor of the orbit. 
One of these patients also had systemic hyperthyroidism. 
Pseudotumor is an inflammatory reaction that can vary from 
vasculitis to fibrotic sclerosis to a generalized lymphocytic 
infiltration. Edema of the involved tissue occurs as part of the 
inflammatory response. Herfkens et al. [13] reported a direct 
proportion between H20 content and the rate constants 1/T1 
and 1/T2 for normal and abnormal tissues in the rat , with the 
exception that the T2 of fat was very long for its water 
content. The lengthened T1 in orbital pseudotumor is most 
likely explained by increased water content. The slight de
monstrable change in the T2 value of fat involved by pseu
dotumor tends to support the lack of a direct proportion 
between fat T2 and H20 content. 

In thyroid ophthalmopathy the pathologic findings are due 
to a deposition of mucopolysaccharides accounting for an 
increased water content. There is also infiltration of plasma 
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cells and lymphocytes with an increase in the orbital connec
tive tissue. T1 and T2 tissue parameters will probably not be 
helpful in differentiating pseudotumor and thyroid ophthal
mopathy, but may be useful in distinguishing benign from 
malignant causes of orbit infiltration. Further study in this 
regard is required . 

In our four pathologic cases , the abnormal findings were 
equally discernible with both NMR and CT. The ability of NMR 
to differentiate normal and pathologic orbital tissue was equal 
but not superior to that of CT. This is in contrast to NMR 's 
superiority in brain imaging. This is because orbital fat exhibits 
much greater tissue contrast than the brain with CT. It is 
evident from the normal orbits studied by NMR that spatial 
resolution, at present, still lags behind high-resolution CT 
performed with thin sections. Hawkes et al. [21] reported 
similar limitations of spatial resolution in their evaluation of 
orbital tumors. 

One advantage of NMR imaging of the orbit is the lack of 
ionizing radiation . This is significant in patients who may 
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Fig. 4.-Case 3. Orbital pseudotumor. A, Contrast-enhanced CT demonstrates thickening of medial 
rectus and infil tration of fat surrounding optic nerve. B-G, NMR images. B, 0.5 sec TR , 28 msec TE . C, 
0.5 sec TR , 56 msec TE . D, 2.0 sec TR , 28 msec TE. E, 2.0 sec TR , 56 msec TE. F, Calculated T1 
estimated image. G, Calculated T2 image. Right eye proptosis due to infiltration of medial rectus, optic 
nerve, and retrobulbar fat is shown as relative low intensity resulting from lengthening of T1 . 
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require repeated follow-up studies. Further availability of T1 
and T2 tissue parameters affords a new method of examining 
tissue pathology . In addition , the ability of NMR in determining 
relative blood flow may prove useful for vascular lesions of 
the orbit. 

A disadvantage of NMR is the current lack of thin sections. 
Thinner sections will become available in the future with 
improvements in power supply efficiency and field gradients. 
The problem of spatial blurring of smaller structures due to 
the high intensity of fat should be solved with software 
developments in image intensity scaling . Another problem is 
that of motion artifact from movement of the globe. This is 
because data acquisition for each section occurs throughout 
the imaging sequence. Coronal , sagittal , and oblique refor
mations have been indispensable in orbital CT. Although NMR 
allows direct coronal and sagittal imaging, this must be spec
ified before imaging with our system. Retrospective viewing 
in a plane orthogonal to that originally scanned is not yet 
available to us . The computer contains three-dimensional 
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voxel information, and future software developments will al
low for retrospective viewing in any imaging plane. 
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