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Combined Fat- and Water-Suppressed MR Imaging of
Orbital Tumors

Alan Jackson, Scott Sheppard, Andrew C. Johnson, Deborah Annesley, Roger D. Laitt, and Andrea Kassner

BACKGROUND AND PURPOSE: The use of a high-resolution T2-weighted MR sequence,
which suppresses signal from both fat and water, has been shown to be highly effective for
depicting areas of inflammatory damage within the optic nerve. The ability of this sequence to
show neoplastic and inflammatory orbital lesions, which may mimic neuritis, is unknown. This
study was designed to examine the characteristics of such a sequence for the investigation of
orbital mass lesions.

METHODS: Twenty-eight patients with known or suspected mass lesions of the orbit and
six healthy volunteers were recruited for study. Imaging was performed with a 1.5-T MR unit.
Participants were examined by selective partial inversion recovery (SPIR) sequences with T2-
weighted fast spin-echo acquisition, selective partial inversion recovery/fluid attenuated inver-
sion recovery (SPIR/FLAIR) sequences with fast spin-echo acquisition, short tau inversion re-
covery (STIR) sequences with fast spin-echo acquisition, and SPIR sequences with
contrast-enhanced T1-weighted fast spin-echo acquisition. Two neuroradiologists, using a ran-
domised, blinded method, scored images for lesion presence and extent. Lesion extent was
defined as the number of images with visible abnormality, and was compared with the standard
of reference established at a later date by consensus review of all imaging sequences. The ability
of the sequences to show the presence and extent of pathologic lesions was compared.

RESULTS: The SPIR/FLAIR sequence showed both the presence and extent of orbital masses
significantly better than did either STIR or T2-weighted SPIR sequences (P,.01 and P,.001,
respectively). Contrast-enhanced T1-weighted SPIR images ranked better than SPIR/FLAIR
images, although the difference failed to reach statistical significance. In the orbital apex, the
SPIR/FLAIR technique was superior to all other techniques used. This reflected its ability to
distinguish enhancing, pathologic lesions from enhancing, normal anatomy.

CONCLUSION: SPIR/FLAIR is an appropriate screening technique for orbital masses and
offers significant advantages over currently used fat-suppressed sequences for the investigation
of orbital disease.

High-resolution MR imaging of the orbit has be-
come an accepted diagnostic technique for a wide
range of orbital disease (1–3). MR imaging of the
orbit, however, often is not performed for a number
of reasons. First, CT provides an excellent alter-
native technique for imaging the orbit. The speed
of CT allows motion-free imaging and routine use
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of high spatial resolution enables the identification
of small anatomic and pathologic features. In ad-
dition, the presence of large amounts of fat within
the orbit produces high contrast, allowing the use
of low-radiation dose protocols (4–6). In contrast,
many difficulties are encountered with the use of
high-resolution MR for the imaging of the orbit (7).
In particular, extensive fat in the orbit is problem-
atic. The resonant frequency of protons bound to
fat differs from that of protons bound to water by
220 Hz (at 1.5 T). This variation in resonant fre-
quency causes spatial misregistration of the fat im-
age in the phase-encoding direction (chemical shift
artifact) (7, 8). The result of chemical shift artifact
is variations in signal intensity at fat-water bound-
aries. Equally important is the high signal intensity
arising from fat that decreases the dynamic range
of the non-fat areas of the images (9) and obscures
enhancing lesions after contrast medium adminis-
tration (10).
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These problems have led to the routine use of
fat-suppression techniques in orbital imaging for
both enhanced and unenhanced images (9–17). The
use of fat-suppression methods is of particular ben-
efit in contrast-enhanced T1-weighted imaging and
has become the standard method for postcontrast
imaging in many institutions (10, 18). The benefit
of fat suppression is the increase of contrast be-
tween enhancing lesions and the surrounding nor-
mal tissue, which is usually predominantly fat.

In unenhanced images, the development of fat-
suppression techniques has been studied most ex-
tensively for the investigation of optic neuritis (13,
14, 16, 19). The identification of high-signal le-
sions within the optic nerve on T2-weighted im-
ages is improved by suppression of the fat signal
in the surrounding orbit (16). Both short tau inver-
sion recovery (STIR) and selective partial inversion
recovery (SPIR) techniques appear to be effective
to varying degrees.

STIR sequences suppress fat signal by using an
initial 1808 radiofrequency pulse to invert the lon-
gitudinal magnetization. Image acquisitions then
are performed with the inversion time equivalent to
the null point for fat (approximately 0.69 3 T1)
(20). The major disadvantages of the STIR se-
quence are the high signal produced by CSF and
the tendency of the sequence to suppress signal
from other substances with short T1 relaxation
times. These limitations led to the development of
fat-suppression techniques based on the use of fre-
quency-specific SPIR pulse sequences (21, 22). In
these sequences, a frequency-specific inversion
pulse inverts only the fat magnetization while leav-
ing water resonances undisturbed (19). This tech-
nique can be used with a wide range of pulse se-
quences and will not suppress areas of T1
shortening caused by contrast enhancement, allow-
ing its use in combination with postcontrast T1-
weighted acquisitions. SPIR sequences reliably dif-
ferentiate fat from tissues with T1 values similar to
that of fat and do not alter the contrast between
normal non-fatty tissues. The SPIR technique is ex-
tremely sensitive to magnetic field inhomogeneity.
The use of an automatic shimming algorithm prior
to each acquisition minimizes magnetic field in-
homogeneity and facilitates satisfactory fat sup-
pression across large image volumes.

Both STIR and T2-weighted SPIR images suffer
from the presence of high signal from CSF in the
optic nerve sheath. We recently described a heavily
T2-weighted sequence, which combined SPIR fat
suppression with a fluid attenuated inversion recov-
ery (FLAIR) sequence to produce combined fat and
water suppression. This SPIR/FLAIR sequence has
proved clearly superior to either STIR or T2-
weighted SPIR imaging for the visualization of op-
tic neuritis (19).

The choice of imaging sequences for the inves-
tigation of suspected optic neuritis relies on the
ability of the sequence to depict both neuritic seg-
ments and other orbital disease that may mimic a

neuritic process. The aim of this study was to as-
sess whether the SPIR/FLAIR sequence can enable
reliable identification of mass lesions within the
orbit.

Methods
Using the SPIR/FLAIR sequence, imaging was performed

in six healthy volunteers (three men, three women; aged 23–
42 years [median age, 27 years]) to demonstrate the appearance
of the normal orbit. These examinations were used only for
reference during reporting and were not included in the study.
In addition, imaging was performed in 28 patients with a
known (n512) or suspected (n516) orbital mass. Two of the
28 patients studied were imaged on two occasions so that 30
clinical scan series were entered into the investigation. Nine-
teen patients were women and nine were men, aged 18–73
years (median age, 46 years).

Imaging was performed on a 1.5-T scanner. T1-weighted
localizer images were performed in the axial, sagittal, and co-
ronal planes. High-resolution T1-weighted axial-volume ac-
quisition with 1.5-mm partitions (29/20 [TR/TE]; field of view,
200 mm2; matrix, 2562) was performed in all cases to allow
the selection of the optimal imaging plane (7). Subsequent im-
aging performed in patients was acquired in either the coronal
or axial planes based on the appearance of the lesion on the
initial T1-weighted image. Subsequent imaging was performed
in healthy volunteers in the axial plane in three and in the
coronal plane in three. All study participants were imaged us-
ing 3D fast spin-echo (FSE) fat-suppressed sequences incor-
porating a SPIR preparation pulse. These were: 1) T2-weighted
SPIR (3085/120 [TR/TE]; field of view, 180mm2; matrix,
5122; signal average, 5; echo train length, 12; imaging time, 4
minutes 25 seconds); 2) T2-weighted with combined fat and
water suppression SPIR/FLAIR (8000/120 [TR/TE]; TI, 2200;
field of view, 160mm2; matrix, 2562; signal average, 2; echo
train length, 21; imaging time, 4 minutes); and 3) postcontrast
T1-weighted postcontrast SPIR (450/20 [TR/TE]; field of view,
160 mm2; matrix, 2562; signal average, 2; echo train length,
4; imaging time, 3 minutes 16 seconds). An FSE STIR se-
quence also was performed(1560/50 [TR/TE]; TI, 165; field of
view, 180 mm2; matrix, 2562; signal average, 2; echo train
length, 4; imaging time, 2 minutes 41 seconds). All four fat-
suppressed sequences used 3-mm slices with 0.3-mm interslice
gaps. The STIR and SPIR sequences were based on the tech-
nique described by Gass et al (16) with reduction of the field
of view to give an in-plane resolution of 0.7 mm for STIR and
0.35 mm for SPIR. The decreased resolution of the STIR se-
quences reflects the increase in imaging time required for the
inversion pulse. These limitations are greater with the SPIR/
FLAIR sequences owing to the longer inversion and repetition
times. In this study, these drawbacks were offset by an increase
in the echo train length of the FSE collection.

Additional sequences were performed in 18 patients. These
included MR angiography in one patient and additional images
in alternative planes to aid in the surgical planning of 17 pa-
tients. In addition, all patients underwent axial T2-weighted
imaging of the brain to exclude significant cerebral disease
(gradient spin-echo [23]: 3622/90 [TR/TE]; 908; echo-planar
factor, 3; echo train length, 4; 2 repetitions).

Image Assessment

All fat-suppressed clinical images were assessed from hard-
copy by two experienced neuroradiologists (RJD and AJ). The
radiologists performed the reporting independently and in a
blinded manner. Using one imaging sequence only, each un-
dertook four reporting sessions during which they assessed im-
ages from all patients. The ability of the sequences to depict
disease was assessed using a simple, subjective grading system
(0, all images normal; 1, possible abnormality; 2, probable
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FIG 1. Coronal images through the orbits
of a patient with lymphoma of the lacrimal
gland. Sequences are T2-weighted SPIR
(A), SPIR/FLAIR (B ), T1-weighted SPIR
with contrast (C ), and STIR (D).

abnormality; 3, definite abnormality). Abnormality was defined
as the presence of an abnormal mass lesion on any image.
Images obtained from healthy volunteers were used for
comparison.

In addition, the extent of the lesion as shown by each se-
quence also was assessed. This was performed on separate oc-
casions after the initial scoring. The radiologists again per-
formed the reporting independently and in a blinded manner
over four separate, sequence-specific reporting sessions. The
extent of the lesion was recorded as the number of images
showing abnormality. In order to assess the ability of individ-
ual sequences to illustrate lesion extent, these scores were com-
pared to the maximal extent of the lesion, as shown by com-
bined examination of all available imaging sequences. This
standard-of-reference measurement of extent was determined
by consensus between two radiologists (RDL and AJ) at a
final, separate reporting session. The accuracy with which the
individual, fat-suppressed sequences displayed the standard-of-
reference measurement of lesion extent then was scored as: 0,
lesion not shown; 1, less than half of the lesion visible; 2,
more than half the lesion shown; 3, full extent of the lesion
shown.

Analysis of Results

Interobserver reliability of lesion scoring was assessed using
a weighted Cohen’s kappa test (24). For comparative statistical
analysis, the scores for lesion visibility and extent for each
patient were ranked as follows. The scores obtained for lesion
visibility on individual sequences were ranked so that the high-
est scores, indicating the greatest confidence that a lesion was
present, ranked 1 (best visibility) to 4 (worst visibility). A sim-
ilar ranking was applied to scores of lesion extent so that the
sequence, which showed the greatest extent compared with the
standard of reference, ranked 1 (greatest extent) to 4 (least
extent). A mean rank then was calculated for each sequence
so that a mean rank score of 1 would indicate that a sequence
performed better than all other sequences with which it was
compared in all patients. Ranking values were used to calculate
significance by a rank-order statistical method (24). In addi-
tion, a similar analysis was performed on each of three sub-
groups: 1) lesions in the globe or preseptal area (n 5 10); 2)
postseptal lesions that do not extend to the apex (n 5 9); and
3) lesions involving the orbital apex (n 5 11). These subdi-
visions were selected because the local anatomy in each of
these areas might be expected to effect the efficiency of the
combined fat- and water-suppression sequence in comparison
with sequences using fat suppression alone.

The use of mean-ranking scores can be potentially mislead-
ing because outliers may exist if sequences perform in a non-

representative way in small numbers of patients. In order to
avoid these errors, the rank scores from individual cases were
reviewed to identify any in which the mean rankings were not
representative. All cases in which the rank orders of any of the
sequences differed by more than 1 from the mean values cal-
culated for the entire patient group are described individually
in the following results.

Results
Interobserver reliability for subjective scores of

abnormality was excellent (kappa 5 .83). In two
of the 28 cases, the clinical diagnosis of an orbital
tumor was not confirmed by imaging with unex-
pected diagnoses of optic and oculomotor neuritis.
In the remaining 26 cases, the presence of an or-
bital mass lesion was confirmed. Radiologic diag-
noses were histologically confirmed in 23 cases.
These 23 cases consisted of idiopathic orbital in-
flammatory syndrome (n56), orbital meningioma
(n54), ocular melanoma (n52), orbital melanoma
(n51), lymphoma (n53), schwannoma (n53),
breast metastasis (n51), cavernous hemangioma
(n53), and dermoid cyst (n51). In five cases, the
presumed diagnoses were based on clinical and ra-
diologic features. These included choroidal heman-
gioma (n51), optic neuritis (n51), oculomotor
neuritis (n51), optic nerve glioma (n51), and oc-
ulomotor tumor (n51).

The image quality of the SPIR/FLAIR images
was good in all cases. Signal-to-noise ratios of
SPIR/FLAIR sequences were poor compared with
T2-weighted imaging with SPIR and T1-weighted
postcontrast imaging with SPIR. The increased T2-
weighting possible with the SPIR/FLAIR sequence,
however, produced improved contrast between tu-
mor and normal tissue in most cases (Fig 1). The
SPIR/FLAIR images showed lesions in all cases.
Fat suppression was homogeneous throughout the
orbits in all cases. The comparative rankings of the
four fat-suppressed sequences are shown in Table
1. The SPIR/FLAIR sequence (sequence 3; mean
rank, 1.34) and T1-weighted SPIR sequence with
contrast medium administration (sequence 4; mean
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Mean rankings for presence and extent of abnormality for the whole orbit and by orbital region

Anatomic Area

Whole Orbit
(n 5 30)

Presence of
Abnormality

Extent of
Abnormality

Globe and Pre-Septal
(n 5 10)

Presence of
Abnormality

Extent of
Abnormality

Retrobulbar
(n 5 9)

Presence of
Abnormality

Extent of
Abnormality

Orbital Apex
(n 5 11)

Presence of
Abnormality

Extent of
Abnormality

Sequence

T2 SPIR
SPIR/FLAIR
T1 SPIR with Contrast
STIR

2.14
1.34
1.32
1.93

2.34
1.66
1.58
2.04

2.2
1.55
1.50
2.1

2.4
1.63
1.56
2.0

2.42
1.58
1.58
2.13

2.35
1.89
1.79
2.2

2.02
1.2
1.88
1.76

2.11
1.49
1.73
2.14

Note.—The rank score indicates the relative performance of the sequence compared with other sequences. A rank of 1 would indicate that the
sequence performed consistently better than the other three sequences.

rank, 1.32) were ranked significantly higher for le-
sion identification than were the T2-weighted SPIR
(sequence 2; mean rank, 2.14) and STIR sequences
(sequence 5; mean rank, 1.93; P ,.01). Compari-
son of lesion extent, as revealed by the four se-
quences (Table 1), produced a similar result
(P,.01).

Table 1 also shows the comparison of the se-
quence performance in different areas of the orbit.
These results show a similar pattern to those for
the orbit as a whole with lesions in the anterior
(globe and preseptal area) and the retrobulbar orbit.
In the orbital apex, the SPIR/FLAIR sequences per-
formed significantly better in the identification of
abnormality than did the other sequences (mean
rank, 1.21; P,.001). The T1-weighted SPIR se-
quences with contrast medium administration (se-
quence 4; mean rank, 1.88) were ranked signifi-
cantly lower in the orbital apex than in the other
orbital areas because of difficulty in separating
small-enhancing, apical lesions from normal-en-
hancing, apical structures.

Review of the rankings revealed three cases in
which the SPIR/FLAIR sequence depicted signifi-
cant presence of disease not seen on other sequen-
ces. In one case (oculomotor neuritis), the SPIR/
FLAIR sequence was the only one to show a
pathologic lesion. In the case of optic neuritis, ab-
normal nerve signal was identified on SPIR/
FLAIR, STIR, and T2-weighted SPIR images but
was far more extensive on SPIR/FLAIR sequences
involving the nerve in areas apparently normal on
other sequences. In a third case (Fig 2), the SPIR/
FLAIR sequence was the only one to show optic
neuritis distal to an orbital apex meningioma. The
meningioma itself was visible on all sequences.

Review of individual cases identified only three
in which the rank order differed from the mean
rank order by 1 or more. The first of these was a
small melanotic melanoma with an associated ret-
inal detachment. In this case, the SPIR/FLAIR se-
quence did not clearly show the tumor itself, al-
though tumor was seen on the T2-weighted and
STIR images (Fig 3). In the second case, the intra-
cranial en plaque spread of an orbital apex menin-
gioma was not appreciated on the SPIR/FLAIR se-
quence. It was well seen on T1-weighted SPIR

sequences with contrast medium administration be-
cause of tumor enhancement and on the T2-weight-
ed SPIR and STIR sequences where it was outlined
by high-signal CSF (Fig 4). In the third case, areas
of central high signal in an optic nerve meningioma
were visible by both T2-weighted SPIR and STIR
imaging but were not seen on SPIR/FLAIR images
(Fig 5). Histologic analysis revealed this area cor-
responded to an area of cystic necrosis with tumor
debris.

Discussion
The original rationale for the development of the

SPIR/FLAIR sequence was to improve the conspi-
cuity of neuritic segments of the optic nerve by
suppression of surrounding CSF and fat. Although
the sequence proved clearly superior to other fat-
suppression methods (19), its routine use in sus-
pected optic neuritis can be recommended only if
it also can adequately reveal other orbital lesions.

The findings of the present study indicate that
the SPIR/FLAIR sequence provides a reliable
method for the demonstration of orbital masses.
More surprisingly, the SPIR/FLAIR sequence was
found to be significantly better than either STIR or
T2-weighted SPIR imaging at depicting both the
presence and extent of lesions. This result was un-
expected because there seems little reason why flu-
id suppression should improve the visualization of
orbital masses that are neither cystic nor adjacent
to CSF. Indeed, the requirement for a long TR in
the SPIR/FLAIR sequence produces images with
lower signal-to-noise ratios than do either STIR or
T2-weighted SPIR images. Furthermore, restric-
tions on imaging time allow the T2-weighted SPIR
sequence to be implemented routinely with a much
higher spatial resolution than that achieved with ei-
ther STIR or SPIR/FLAIR imaging. Two reasons
for the superior performance of the SPIR/FLAIR
sequence can be identified. First, the suppression of
fluid signal allows the use of a higher degree of T2
weighting than is possible with conventional T2-
weighted SPIR sequences, as is evident in Figures
1A and 1B. A lacrimal gland lymphoma is far
brighter on the SPIR/FLAIR image than on the T2-
weighted SPIR image in which fluid contributes the
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FIG 2. Coronal images through the orbits of a patient with an orbital apex meningioma. The sequences are T2-weighted SPIR (A),
SPIR/FLAIR (B ), T1-weighted SPIR with contrast (C ), and STIR (D).

Images in the mid orbit (top row) show normal appearances on the STIR (top of D) and T2-weighted SPIR (top of A) images. The
SPIR/FLAIR image (top of B) clearly shows increased signal in the optic nerve itself. Postcontrast T1-weighted SPIR (top of C) shows
thickening of the optic nerve sheath because of meningioma en plaque. Images at the orbital apex (bottom row) demonstrate a mass
lesion in the position of the optic nerve–sheath complex. The contrast between the lesion and surrounding tissues is greater on the
SPIR/FLAIR image (bottom of B) than on the T2-weighted SPIR (bottom of A) or STIR (bottom of D) images. On the postcontrast T1-
weighted SPIR image (bottom of C) the lesion shows inhomogeneous enhancement and is difficult to distinguish from adjacent enhancing
extraocular muscles.

FIG 3. Axial images through the globe in a patient with a small melanotic melanoma with an associated retinal detachment. The SPIR/
FLAIR sequence (A) shows the extent of the detachment more clearly than the T2-weighted SPIR (B ) and STIR images (C ), but does
not reveal the tumor itself.

brightest signal. Although this is, in part, a true
reflection of the increase in T2 weighting, the ab-
sence of fluid signal on FLAIR/SPIR images also
increases the dynamic range for remaining tissues
in the image and allows the routine use of narrower
display windows. A similar effect was described by
Flanders et al (9) who reported improved conspi-
cuity of lesions within the globe when fat suppres-
sion was employed, even though no fat was present
in or adjacent to the lesions themselves.

In three cases, SPIR/FLAIR images depicted
pathologic lesions that were not seen on other im-
ages. In each of these, the lesion was a neuritic
segment of either the optic or oculomotor nerves.
In one case (Fig 2) this neuritic process was sec-
ondary to a small, apical meningioma proximal to
signal abnormality in the optic nerve. In another, it
was owing to cerebral lupus erythematosis, and

more widespread abnormalities were apparent on
the brain images. The exquisite sensitivity of the
SPIR/FLAIR sequence to neuritic processes must
be appreciated if the sequence is to be used in clin-
ical practice. Compressive or vascular neuropathies
may be secondary to a wide range of disease pro-
cesses and may not be the prime abnormality (18,
25). The detection of an area of high signal within
a nerve on SPIR/FLAIR images should therefore
lead to a careful review of the images for lesions
that may lead to this as a secondary change.

SPIR/FLAIR sequences performed poorly in
three cases. In the first of these, a small, pigmented
melanoma within a hemorrhagic retinal detachment
was hardly visible because of partial volume av-
eraging (Fig 3). This reflects a disadvantage of the
combination of increased T2-weighting and low
spatial resolution. In the second case, the presence
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FIG 4. Coronal images through the orbit
in a patient with an orbital apex meningi-
oma. The extensive intracranial en plaque
spread is shown well on the T1-weighted
SPIR sequence with contrast (C ) and also
can be appreciated on the T2-weighted
SPIR (A) and STIR (D) images it is out-
lined by high-signal CSF. Although the
meningeal thickening can be seen on the
SPIR/FLAIR sequences (B ), its presence
and extent were not appreciated by either
of the radiologists who were reporting on
this scan in isolation.

FIG 5. Coronal images in a patient with
an orbital meningioma. A central area of
cystic necrosis visible on T2-weighted
SPIR images (A, arrow) is not apparent on
SPIR/FLAIR images (B).

of intracranial en plaque spread of a meningioma
was not appreciated on the SPIR/FLAIR sequences
(Fig 4). This presumably reflects decreased con-
spicuity of the meningeal lesion that was outlined
by high-signal CSF on other fat-suppressed se-
quences. Finally, an area of cystic necrosis within
an orbital meningioma was not visible on the SPIR/
FLAIR images, presumably reflecting reduced sig-
nal from fluid suppression (Fig 5).

In comparison with postcontrast T1-weighted
SPIR images, the SPIR/FLAIR sequence again per-
formed unexpectedly well. Although SPIR/FLAIR
ranked lower than contrast-enhanced T1-weighted
SPIR images, the difference did not reach statistical
significance. The extent of disease shown by T1-
weighted SPIR imaging was under-represented by
SPIR/FLAIR sequences in only one case. This find-
ing occurred with the same patient described above
in whom SPIR/FLAIR under-represented the intra-
cranial meningeal extent of an orbital apex menin-
gioma (Fig 4). More surprisingly, the SPIR/FLAIR
sequence outperformed the enhanced T1-weighted
SPIR sequence in the orbital apex by improving the
differentiation between normal structures and
tumor.

We have suggested previously that the SPIR/
FLAIR sequence should be used routinely in the
investigation of suspected optic neuritis (19). On
the basis of this study, we would also suggest the
routine use of a T2-weighted SPIR/FLAIR se-
quence in the investigation of suspected orbital

masses. The SPIR/FLAIR sequence can replace
STIR or T2-weighted fat-suppressed images with-
out loss of diagnostic specificity and will, in some
cases, depict disease such as optic neuritis, which
would not otherwise be seen. We believe that post-
contrast T1-weighted images with fat suppression
should also be routinely used because they provide
increased sensitivity to masses in the middle and
anterior orbit.

Conclusion
The demonstration of orbital masses with SPIR/

FLAIR imaging is superior to that of other fat-sup-
pressed, non-contrast, enhanced sequences. In the
orbital apex, SPIR/FLAIR images provide delin-
eation of normal and pathologic structures superior
to both non-contrast and contrast-enhanced images.
The SPIR/FLAIR sequence therefore offers signif-
icant advantages over currently used fat-suppressed
sequences for the investigation of orbital disease.
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