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PURPOSE: T o evaluate the magnetic susceptibility effect on spin-echo MR images of the pituitary
gland. METHODS: Air-in-water phantom experiments and studies in no rmal vo lun teers were
performed using various sampling bandwidth (8.3-33 .3 kHz) spin-echo sequences w ith the polarity
of the readout gradient normal or reversed . RESULTS: Attachment of a sphenoid septum to the
sellar floor was the major factor in the appearance of the inferior surface of the pituitary gland.
Patterns of distortion and/ or artifactual signal intensities, related to the presence or absence of the
attachment, were accentuated on the images with narrower bandw idth . A "spearhead shape"
deformity of the sphenoid sinus was observed both in the air-in-water phantom experiment, and
when no sphenoid septum was present. When a sphenoid septum was present, two spearhead
shapes side by side were present. High-intensity artifact s were seen where the sellar floor was
misplaced into the pituitary gland . CONCLUSION: Knowledge of the patterns of distortio n and
high-intensity artifact is important in the diagnosis of pituitary lesions.
Index terms: Pituitary gland , magnetic resonance; Magnetic resonance, artifacts; M agnetic resonance, physics
AJNR 13:1301-1308, Sep/ Oct 1992

Magnetic resonance imaging (MR) is the modality of choice for sellar-parasellar imaging
because of its excellent ability to demonstrate
anatomical structures (1-3). However, since
abundant air-tissue interfaces are present near
the pituitary gland, considerable local perturbations of the resonant frequency are caused by the
presence of large magnetic susceptibility differences. Even with the use of spin echo rather than
gradient field echo pulse sequences, the local
frequency perturbations will lead to geometric
distortions and artifactual signal intensity changes
(4, 5). These magnetic susceptibility effects are
more prominent on high-field systems in the
same way as are chemical shift artifacts (5), since
these effects are characterized by the term "offresonance effects," ie, perturbations of the resoReceived June 17 , 199 1; accepted and re vision requested September
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nant frequency that are proportional to the applied magnetic field . Using a 1.5-T unit, we frequently observed a high-intensity spot (Fig. 1) on
T1-weighted images at the junction of the sellar
floor and a septum of the sphenoid sinus. Kaufman et a! (6) reported that this high-intensity spot
is an artifact that is a result of image distortion
due to large magnetic susceptibility differences.
This artifact has been reported to depend on the
sampling bandwidth, direction of the static magnetic field, and the presence of the sphenoid
septum (6).
As is seen in the chemical shift artifacts , image
distortion due to frequency perturbations depend
on the sampling bandwidth and the readout gradient direction (4). For example, reduction of
sampling bandwidth leads to the increase of misplacement caused by the frequency perturbations
and reversal of the polarity of readout gradient
results in the m isplacement to the opposite side.
The purpose of this article is to evaluate the
effects of magnetic susceptibility in spin-echo
imaging of the sellar region and to illustrate the
patterns of distortion that depend on the presence
or absence of the sphenoid septum, various sam-
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piing bandwidth, and the polarity of the readout
gradient.
Materials and Methods
T o evaluate the magnetic susceptibility effects in the
sellar region, images of air-in-water phantom and the pit uita ry gland s of four normal volunteers were obtained with
vari able bandwidth spin-echo sequences shown in Table 1.
All images were obtained with a Magnetom 1.5 T (Siemens ,
Erlangen, Germany). The direction of the static magnetic
field is horizontal (craniocaudal) direction , which is parallel
or antiparallel to the readout gradient on coronal images.

Pulse Sequences
In commercially available sequences, standard bandwidth used for T1 - weighted and proton density-weighted
images is 33.3 kH z (sequence C), and reduced bandwidth
16. 7 k Hz (sequence B) is used to improve signal-to-noise

Fig. 1. High-in tensity spot artifact: High-intensity spot is seen
at the junction of the sellar floor and septum of the sphenoid
sinus. Thi s artifa ct is tho ught to be the result of magnetic
susceptibility effect. A linear low-intensity hemorrhagic infarct is
seen in the left ca udate nucleus and internal capsule. This was of
low signal intensity on T 2-weighted image.
TABLE 1: Table of pulse sequence

Sequence
Sequence
Sequence
Sequence
Sequence
Sequence

A
A'
B
B'
C

C'

Readou t
Di rection

Samplin g
Ba ndwid th (kHz)

N
R
N
R
N
R

8.3
8.3
16.7
16.7
33.3
33.3

Note. -N , normal readout gradient; R, reversed readout gradient.

ratio for T2-weighted images. Sequence A with bandwidth
8. 3 kHz was specially made to accentuate the misregistration due to magnetic susceptibility effects.
For each sequence shown in Table 1, ·'the prime sign (' )
denotes the reverse of polarity of the readout gradient. In
the "normal " readout gradient, frequency-encoded direction
is vertically upward, with higher side of gradient to the
bottom on coronal images, while in the "reversed" readout
gradient, it is vertically downward, with higher side of
gradient to the top .

Phantom Experiment
To visualize the effect of air to surrounding water, which
simulates the presence of air in the sphenoid sinus, we
made a simple air-in-water phantom and a chemical shift
phantom (Fig . 2). The air-in-water phantom consisted of a
cylindrical water container (14.5 em) in which a smaller (5
em) container of spherical shape was placed. The smaller
phantom was made of glass with a 1-mm wall and filled
with air. The magnetic susceptibility of glass is approximately equal to that of water (7). The chemical shift
phantom consisted of two cylinders (4 em and 1 em). The
inner cylinder was filled with olive oil and the outer cylinder
with water. These cylinders were also made of glass with a
1-mm wall. These phantoms were imaged at bandwidths
8.3 , 16.7, and 33.3 kHz with normal readout gradient
(sequences A , B, and C in Table 1) and reversed readout
gradient at each bandwidth (sequences A ', B ' , and C ' in
Table 1). The imaged slice was horizontal at the center of
the spherical air, which corresponds to the coronal plane
in the human body.
In sequence A and A ' (8.3 kHz), sampling time was
prolonged to 30.72 msec corresponding to a 256 matrix in
frequency-encoded axis , and the minimal necessary TE
was 40 msec. Scan parameters were common in each
image except for sampling bandwidth: 500/ 40/ 8 (TR/ TE/
excitations), 256 X 256 matrices, 20-cm field of view, and
5-mm slice thickness.

Volunteer Study
Coronal T1-weighted images of four volunteers (age 2038 years, mean 25 years) who had no evidence of sellar
lesion were obtained at bandwidths 8.3 , 16.7, and 33 .3 kHz
with normal and reversed readout gradient (Table 1). Scan
param eters were common in each image except for sampling bandwidth : 500/ 40/ 2, 256 X 256 matrices, 20-cm
field of view , and 5-mm slice thickness.
On the acquired images, we focused on the shape of
the sphenoid sinus , especially on the distortion of the
inferior surface of the pituitary gland and the high-intensity
spot artifact. W e evaluated their relationship to the presence or absence of the sphenoid septum and to the sampling bandwidth.
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Results

Phantom Experiment .
Spherical air in water resulted in a "spearheadshaped" image (Fig. 3). Image distortion and ar-
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tifactual signal intensities were observed, which
were more prominent at narrow bandwidth.
Chemical shift misregistration was observed,
which was inversely proportional to the sampling
bandwidth. The direction of chemical shift mis-

olive
oil

water
imaged plane

water
olive oil

A

B

Fig . 2. A, Schematic illustration of air-in-water phantom and chemical shift phantom. B, Arrangement of phantoms in the imaged
plane. Spherical air phantom was placed in cylindrical water phantom . The imaged plane was horizontal at the center of the sphere.
These phantoms were made of glass with 1-mm walls thick.

A
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Fig. 3. Distorted image of air-in-water phantom: A and D were imaged at the bandwidth 8.3 kHz; B and Eat 16.7 kHz; C and Fat
33.3 kHz. Direction of the readout gradient was normal (vertically upward) in A, B, and C, and was reversed (vertically downward) in D,
E, and f Sphere air in water was imaged as a "spear-head shape." This spearhead always pointed to higher side of gradient. Image
distortion was more prominent at narrower bandwidth . Chemical shift misregistration indicates the direction of readout gradient and the
amount of misregistration indicates the sampling bandwidth. The outer borders of the two water cylinders are slightly distorted at
narrower bandwidth, because the two water cylinders in air distort the magnetic field in the air and affect each other.
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registration indicates the direction of readout gradient. Using the reversed readout gradient, the
spearhead points to the opposite, higher side of
the gradient.

Volunteer Study
Attachment of sphenoid septum to the sellar
floor was present in three of four volunteers.
In these three cases, high-intensity spot artifacts at the junction were seen with sequences A,
B, and C (Figs. 4A, 48, and 4C). With use of
reversed readout gradient (sequences A', B', and
C'); however, these high-intensity spot artifacts
disappeared and linear high-intensity artifacts appeared along the inferior surface of the pituitary
gland, except at the point of junction with the
sphenoid septum (Figs. 40, 4E, and 4F). Highintensity spot artifacts and distortion of the inferior surface of the pituitary gland were more
prominent in narrower bandwidth sequences. The
point where the sphenoid septum makes junction
with the sellar floor shifted into the pituitary gland
in sequence A, and into sphenoid sinus in sequence A' . The adjacent sellar floor appeared as
a convex shape in sequence A, and a concave
shape in sequence A'. These patterns of distortion and high intensities were seen in all
volunteers.
In the other case that had no attachment of
sphenoid septum (Fig. 5), the inferior surface of
the pituitary gland appeared convex and had
relatively low signal intensity in sequence A.
Using reversed readout gradient, it appeared concave with linear high intensity.
Discussion

In substances other than ferromagnets, the
presence of an external magnetic field induces
the magnetization proportional to the magnitude
of the applied field (8). Magnetic susceptibility x
is the ratio of the intensity of the magnetization
to the applied magnetic field. x is negative for
diamagnetic substances and positive for paramagnetic substances. For example, x = -0.72 ·
10- 6 for water, and X = 24. 1 · 10-6 for air at 20°C
in CGS units (8). Spatial variations in magnetic
susceptibility causes frequency perturbations.
These frequency perturbations interfere with the
imaging gradient fields and, hence, translate into
local spatial distortions and artifactual signal intensities on MR images (5). the magnetic susceptibility effect is analogous to the chemical shift
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effect in that both effects are characterized by
perturbations of the resonance frequency . However, the presence of fat does not affect the
frequency of the protons around the adipose
tissue. Therefore, only the signal from fat is
misregistered on the image, which results in artifactual signal intensity when the misregistered
signal overlaps the signal of surrounding water
(5, 9). On the contrary, since a small magnet
makes inhomogeneous magnetic field around the
magnet, the presence of air in water disturbs the
magnetic field and affects the processional frequency of the proton around the air. The degree
of frequency perturbation spatially varies (4).
Thus the presence of air in water leads to the
distortion of the water image and an artifactual
signal intensity that is caused by image contraction or expansion of surrounding water.
Frequency perturbations due to either magnetic susceptibility or chemical shift effects interfere with the readout gradient and result in misregistration along the frequency-encoded axis. It
is well known that reducing the sampling bandwidth increases the degree of misplacement of
chemical shift (9). This means that the effects of
frequency perturbations depends on the sampling
bandwidth. Thus, the geometric distortions and
signal intensity changes caused by magnetic susceptibility effects will change when the sampling
bandwidth is changed. The relationship between
the pixel misplacement n and sampling bandwidth fsa is described as,
t::.f
N
n=-=t::.f.
!:::.v
fsa

(A)

where !:::.f is a frequency perturbation, t::.v is the
frequency range over one pixel, and N is the
number of pixels in the readout dimension. The
relationship between !:::.v, {5 8 , and N are determined by the Nyquist condition (10, 11). On the
condition that t::.f and N are constant, Equation
A indicates that the amount of misplacement in
pixel number is inversely proportional to the
receiver sampling bandwidth. The direction of
misplacement depends on the sign of t::.f and the
direction of readout gradient. Positive !:::.f corresponds to the misplacement to the higher side of
gradient and negative t::.f to the lower side of
gradient. If reversed readout gradient is used, the
direction of misplacement turns to the opposite
side on image.
Ludecke previously published the magnetic
susceptibility effect using an air-in-water model
(4), in which cylindrical or spherical air affects
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Fig. 4. Distortion of inferior surface surface of the pituitary gland in the cases of attachment of sphenoid septum: A and D were
imaged at the bandwidth 8.3 kHz; Band Eat 16.7 kHz; C and Fat 33.3 kHz. Direction of the readout gradient was normal in A, B, and
C, and was reversed in D, £, and F. In normal readout gradient (A, B, and C), the point of attachment shifted into the pituitary gland
and high-intensity spot was seen. The other parts of the surface showed downward convex shape. In reversed readout gradient (D, £,
and F), the point of attachment shifted into the sphenoid sinus. The other parts showed downward concave. High-intensity spots were
seen bilaterally to the point of attachment. The right sphenoid sinus shows spearhead shape in narrow bandwidth sequence (arrow in
A and D). The deformity is slightly larger in right side, probably due to larger sinus in right side.

surrounding water to produce a spearhead shape.
Our phantom experiment, a spherical air-in-water
model, also showed spearhead deformity , to
which degree depends on sampling bandwidth.
High-intensity areas appear at points A and C in
Figure 6. Points B and D show relatively low
intensity. Points A and D were misplaced to the

higher side of gradient and point C was misplaced
to the lower side of gradient. These high intensities are observed where the border of air and
water was misplaced into the water. Thus, high
intensities are caused by image contraction (increase of apparent proton density) of surrounding
water, and low intensities by image expansion
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Fig. 5. Distortion of inferior surface of the pituitary gland in the case of no attachment of sphenoid septum: A and D were imaged
at the bandwidth 8 .3 kHz ; 8 and Eat 16.7 kHz ; C and Fat 33.3 kHz. Direction of the readout gradient was normal (vertically upward)
in A , 8 , and C, and was reversed (vertically downward) in D, E, and F. In normal readout gradient (A, 8, and C), the inferior surface
showed downward convex shape. High-intensity spot was not seen . In reversed readout gradient (D, E, and F) , the inferior surface
showed downward concave shape. Linear high intensity was seen along the inferior surface. The sphenoid sinus shows spearhead
deformity (arrow in A and D) similar to Figure 3.

(decrease of apparent proton density), where the
border was misplaced into the air (4).
Figure 7 schematically represents the results
of normal volunteer studies. Patterns of distortion
of the inferior surface of the pituitary gland was
dependent on the direction of readout gradient
and presence or absence of the sphenoid septum.
These patterns consist of spearhead-shape de-

formities of the sphenoid sinus. High-intensity
areas appeared where the inferior surface was
misplaced into the pituitary gland.
In the case of no attachment, the sphenoid
sinus appeared as a single spearhead shape,
which is similar to the images of phantom in
Figure 3. The inferior surface of the pituitary
gland appeared downward convex in normal
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Fig. 6. Sketch of the distorted image of air-in-water phantom
(Fig. 3A). Dashed circle represents the "true" border between air
and water and solid line represents the imaged border. Arrow
indicates the direction of the readout gradient. Points A and C
showed high intensity and B and D showed low intensity .

Fig. 7. Schematic illustration of the result of normal volunteer
study. Series A is the result of one case in which sphenoid septum
was absent and series B represents the three cases in which
sphenoid septum was present. In each series, left schema means
the object to be imaged, center is imaged with normal readout
gradient, and right is imaged with reversed readout gradient.
Arrows denote the direction of readout gradient.

readout gradient, which corresponds to point D
in Figure 6, and convex in reversed readout
gradient, which corresponds to point A. The linear
high intensity observed along the inferior surface
in reversed readout gradient is explained by the
signal overlapping due to image contraction.
In the cases of attachment, phenomena are
more complicated corresponding to the complex
structure of the sella and sphenoid sinus. The
point that is a junction of sellar floor and sphenoid
septum is misplaced to the lower side of gradient.
The adjacent portion of the floor was convex
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downwards with the normal readout gradient and
concave with the reversed readout gradient.
These complicated deformities are understood
with the analogy to spearhead-shape deformity;
that is, two spearheads are arranged side by side.
The junctional point corresponds to each point B
of two spearheads, which is misplaced to the
lower side of gradient. The other part of sellar
floor corresponds to point A in normal gradient,
to point C in reversed.
In clinical imaging, as was pointed out by
Kaufman et al (6), this high-intensity spot artifact
can be misinterpreted as a normal structure or as
a lesion which shows high signal intensity on T 1weighted image: eg, posterior lobe, epithelial
rests, hemorrhagic lesions, and some kinds of
cystic lesions (3). These normal or pathologic
structures would not, however, change their appearance when sampling bandwidth or direction
of readout gradient was changed. This high-intensity spot is one of those artifacts that one quickly
learns to "see through."
Both this high-intensity spot artifact and the
distortion of the inferior surface of the pituitary
gland can be misinterpreted. Although downsloped sellar floor is one of the signs that suggests
the presence of microadenoma (2, 12, 13), patterns of artifactual distortion of the inferior surface of the pituitary gland must be taken into
consideration. Furthermore, measurements of the
height of the pituitary gland, which are obtained
during MR (14, 15) as well as CT to determine
the size of the gland, can also be affected by this
distortion. The measured values can be changed
by many factors: magnitude of static magnetic
field, static field inhomogeneity, structure of
sphenoid sinus, sampling bandwidth, and direction of readout gradient and static field . Thus,
these values of measurement in frequency-encoded direction are, to a moderate degree, technically dependent.
Increasing bandwidth is the only way to reduce
or eliminate these misplacement artifacts; however, images with increased sampling bandwidth
suffer from low signal to noise ratio (16, 17),
which can be a problem when it is necessary to
obtain this-section high-resolution images. It is
difficult to completely eliminate these off-resonance artifacts in acceptable scanning time. In
our institute, 50-kHz normal directional readout
pulse sequence is routinely used for pituitary
imaging. Using this sequence, although off-resonance artifacts cannot be eliminated, chemical
shift misplacement is about 1 pixel. Frequency
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misregistration due to air-water magnetic susceptibility difference is similar to that of chemical
shift (4). Thus misplacement due to magnetic
susceptibility difference is considered 1 or 2 pixels, which is taken into consideration in the diagnosis. In our experience, this sequence provides
us images with smaller distortion and adequate
signal-to-noise ratio in reasonable scanning time.
For systems of magnetic field other than 1.5 T,
sampling bandwidth can be determined with reference to frequency perturbation due to chemical
shift, which is proportional to the strength of
static magnetic field .
In conclusion, the appearance of sellar floor is
greatly affected by sampling bandwidth, direction
of readout gradient, and presence of sphenoid
septum. The knowledge of the patterns of distortion and high-intensity artifact is important in the
diagnosis of pituitary lesions.
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