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PURPOSE: To investigate the prevalence and physical basis of a specific form of MR susceptibility 

artifact that may be seen in the pituitary gland near the junction of sellar fl oor and sphenoidal 

septum. MATERIALS AND METHODS: Coronal , T1-weighted MR images of the pituitary glands 

in 50 subjects without clinical evidence of pituitary or sphenoidal sinus disease were rev iewed to 

determine the prevalence of a focal susceptibi lity artifact near the sellar floor . A plex iglass phantom 

was constructed to duplicate this artifact in vitro, the appearance of wh ich was studied by vary ing 

the direction and intensity of the readout grad ient . RESULTS: In the clinical studies, a focal artifact 

larger than 1 mm2 was observed in MR studies of seven ( 14%) of 50 subjects and was suffic iently 

large to mask or mimic pathology in all cases. The location of this artifact was always within the 

pituitary gland but closely related to the junction of the sphenoidal septum and sellar floor. The 

artifact was successfully reproduced in the phantom , and its magnitude was shown to be linearl y 

related to the strength and direction of the readout gradient. An explanation for the focal nature 

and shape of this artifact is presented based on consideration of the boundary conditions of the 

Maxwell equations of electromagnetism. CONCLUSION: A focal susceptibil ity artifact may be 

seen on MR images of the pituitary gland closely related to the junction between the sellar fl oor 

and sphenoidal septum that may mimic or obscure a microadenoma. 

Index terms: Sella turcica , magnetic resonance; Magnetic resonance, artifacts 
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Magnetic susceptibility is a measure of the 
extent to which a material becomes magnetized 
when it is placed in an external magnetic field 
(1). If two materials with different magnetic sus
ceptibilities are juxtaposed, a local distortion in 
the main magnetic field will occur at their inter
face. Such local magnetic inhomogeneities, called 
susceptibility gradients, are particularly promi
nent at the skull base, where air, bone, and brain 
are closely apposed. Magnetic resonance (MR) 
imaging artifacts in these locations are a well
recognized consequence of such susceptibility 
gradients (2-8). 

Recently, a unique artifact near the floor of the 
sella turcica presumably caused by local suscep
tibility gradients was noticed intermittently in 
several patients referred for high-resolution MR 
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imaging of the pituitary. At times this artifact 
could be as large as several pixels, potentially 
masking or mimicking pathology (Fig. 1). De
pending on the brand of scanner used and plane 
of imaging selected, this artifact could be of either 
low or high signal, but seemed always to lie in 
close relation to the junction of the sphenoidal 
septum and the sellar floor. An investigation was 
therefore launched to determine the origin of this 
presumed susceptibility artifact, to explain why 
it had this particular shape and was found in this 
location , and to understand how it might be 
changed by variations in the local anatomy and 
MR parameters. 

Materials and Methods 

To establi sh the prevalence of this artifact, high resolu
tion MR images of the sella were obta ined in 50 consecutive 
patients and volunteers w ithout clinical suspicion of pitui
tary pathology. These subjects ranged in age from 16-73 
years (median , 46 years). There were 22 females and 28 
males. 

All imaging was performed on a single high-field (1.5-T) 

scanner. T1-weighted coronal images (600/ 20/ 4) (TR/ TE/ 

excitations) were utilized principally for the analysis. Other 
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Fig. 1. Focal susceptibility artifact in 
the sella. 

A , T2-weighted (2800/80) coronal im
age of the pituitary gland shows an area 
of focal high signal (arrow) near the sellar 
floor near the junction with the sphenoi
dal septum. 

B, This high signa l artifact (arrow) is 
also present on th is Tl-weighted (600/ 
20) image. 

A 

Fig. 2. Plexiglass phantom crea ted to duplicate the sellar 
susceptibility artifact in vitro. The perpendicular strut to the right 
represents the sphenoidal septum while the right side of the box 
represents the sellar floor when placed in the scanner and imaged 
coronally. 

imaging pa ram eters included: field of v iew = 20 em, image 

acqu isit ion matrix = 256 X 256; and section thickness = 
3.0 mm without gaps. In som e cases supplemental coronal 

T2-weighted images (2800/ 80/ 1) or ax ial and sagittal T1 -

weighted images (600/ 20/ 2) were also avai lable for review. 

Following the tabulation of the preva lence of this pre

sumed susceptibility artifact , a phantom was constructed 

to attempt to duplicate the phenomenon in vitro. The 

phantom was a plexiglass box conta ining tap water (Fig. 

2). Along one side of this box was glued a perpendicular 

piece of plexiglass representing the sphenoidal septum. 

When placed in the scanner and imaged in a plane defined 

as corona l for a supine patient, one side of this box 

represented the sellar f loor, the perpendicular piece repre

sented the sphenoida l septum, and the water represented 

the pituitary gland . The susceptibi lity artifact induced in 

this phantom was then studied by altering the strength and 

direction of the readout gradient re lative to that of the main 

magnetic fie ld. The readout gradient strength was varied 

from 5 to 10 m T / m while its direction was chosen either 
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parallel or antiparallel to the main magnetic field . Spin

echo (2000/ 60) images with other parameters matching 

those of the clinical images were then obtained for the 

phantom. The relatively long TR and TE values in this 

sequence were chosen to obtain an appreciable signal from 

the water so that the artifact could be better seen. 

Results 

A focal susceptibility artifact with visually 
higher signal intensity than the adjacent pituitary 
gland on routine display windows and having an 
in plane measurement of greater than 1 mm2 in 
size was recorded in seven ( 14%) of 50 subjects. 
This artifact was consistently related to the junc
tion between the sphenoidal septum and sellar 
floor. When the septum was located eccentrically, 
the susceptibility artifact was displaced appropri
ately (Fig. 3). 

Careful windowing of images at the scanner 
console will reveal the presence of some form of 
sellar floor susceptibility artifact in nearly all pa
tients. The specific size criteria adopted herein 
was arbitrary but chosen so as to identify those 
more severe cases where the artifact was focal 
and could potentially mimic pathology. In only 
three anatomic situations will a focal artifact of 
some form not be seen : 1) in patients whose 
sphenoidal septum is absent or displaced so far 
laterally such that it does not abut the sellar floor , 
2) in children whose sphenoidal sinuses are not 
yet pneumatized, and 3) in adults with a pre
sphenoidal pattern of sinus pneumatization where 
the posterior portion of the body of the sphenoid 
bone beneath the sella remains nonpneumatized. 

In the phantom experiments a susceptibility 
phenomenon similar to that seen in human sub-
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A B c 
Fig . 3. T he location of the sellar susceptibility artifact was consistently related to the junction between the sphenoidal septum and 

sellar floor. 
A , Coronal T1-weighted (600/ 20) image with an eccentric septum (arrowheads) and shift of the artifact (arro w) to the right. 
8 , Sagitta l (600/ 20) image in the same subject shows a diffuse band of high-signal artifact (arrow) at the sellar floor. 
C, Axial (600/ 20) image shows this artifact (arrow) coursing obliquely along the sellar f loor with the sphenoidal septum . 

A B c 
Fig. 4 . Dependence of susceptibility artifact upon magnitude and direction of readout gradient in the phantom (all images 2000/ 

60/ 1). 
A, Readout gradient is 5 mT/ m and artifact (arrow) is relatively large. 
8 , Readout gradient is increased to 10 mT / m and artifact (arrow) is reduced in size. 
C, Reversal of readout gradient d irection results in a low signal artifact (arrow). 

jects was observed (Fig. 4). When the strength of 
the readout gradient was reduced , the artifact 
became larger. When the direction of the readout 
gradient was reversed, the artifact became low 
signal (instead of high). Identical results were 
obtained in a human volunteer , where the direc
tion of the readout gradient was reversed (Fig. 5). 

At times, other susceptibility artifacts in addi
tion to the focal one at the sphenoidal septum 
may also become apparent. In Figure 58, for 

example, bright bands have now appeared at the 
sellar floor flanking the low-signal artifact cen
trally . These bright bands have arisen in this 
patient because the roof of the sphenoidal sinus 
in this particular case is curved (not flat as in the 
ideal model presented). Such a linear type of 
susceptibility artifact is often seen in other areas 
of the skull base and has been previously ana
lyzed by Ludeke et al (2) . Because it is linear 
rather than punctate, it does not resemble the 
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Fig. 5. Direction of readout gradient 
affects the artifact in a volunteer (gra
dient strength held constant at 5 mT / m) . 

A, Readout gradient with increasing 
frequencies inferiorly. Susceptibility arti 
fact (arrow) is bright. 

8 , Readout gradient d irection is re
versed with increasing frequencies supe
riorly . Susceptibility artifact (arrow) cen
tra lly within the sella is now dark, poten
tiall y mimicking a microadenoma. The 
br ight bands that have appeared more 
laterally in the sella are also susceptibility 
artifac ts that in this patient have ari sen 
because the floor of the sella in this 
patient is curved rather than perfectly flat 
(as in the phantom and theoretical 
model). A 

ll' 

Fig. 6. At the interface between two substances with different 
susceptibilities, (p. and p.') the Maxwell equations require a loca l 
refract ion of the magnetic fie ld to occur. The normal (perpendic
ular) components (Bn ' and Bn ' ) are equal. The tangential com
ponent (8, and B.') are unequa l related as B, = (p. ' f p.) 8, . 

focal artifact described in this paper, and should 
thus not mimic an ademoma or other lesion . 

Discussion 

To understand the origin of this sellar suscep
tibility artifact, it is necessary to review what 
happens to the magnitude and direction of a 
magnetic field B as it passes from one medium 
into another. Let the bulk volume susceptibilities 
of the two media be denoted x and x ', respec
tively . For air , x is essentially zero, while for most 
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biologic tissues the value of x' is on the order of 
-1.o x w-6

. 

The subsequent analyses will be considerably 
simplified if magnetic permeabilities (J.L and f.l') 
instead of susceptibilities (X and x ') are used in 
the formulations . In the CGS (centimeter-gram
second) system of measurement, these quantities 
are related by the equation 

J.l = 1 + 47rX 

Typical values of J.l for air and biologic tissue are 
1.00000 and 0.99998, respectively. 

Now consider what happens to a magnetic field 
B at the boundary where it passes obliquely 
between two substances with magnetic permea
bilities J.l and J.l

1 (Fig. 6). For this analysis it is 
assumed that the magnetic fields are static and 
that there are no surface charges or electric 
currents induced at the interface between the two 
substances. 

It follows directly from the Maxwell equations 
(see Appendix) that a local refraction or distortion 
of the magnetic field must occur at such an 
interface. Let the magnetic field B in the first 
substance have vector components Bn (normal/ 
perpendicular) and 8 1 (tangential/parallel) to the 
interface, and let the field B' in the second sub
stance have components Bn' and B/. From mag
netic flux continuity considerations, the Maxwell 
equations require 

At such an interface, the normal (perpendicular) 
components of B and B' are equal, while the 
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(a) 

B B 

(c) 
tangential (parallel) components of B and B' are 
unequal with B/ = (J..L' I J..L) Bt. As a result of these 
relations, therefore, the B and B' fields at such 
an interface are not collinear. Instead, the B' field 
is rotated and changed in magnitude relative to 
B in the immediate vicinity of the interface. This 
situation is analogous to the refraction of light 
that occurs at the junction between two media 
with different refractive indices (eg, air and water). 

The analysis can be simplified somewhat by 
considering two special cases, illustrated in Figure 
7. In the first case, let the B field be incident at 
right angle to the interface (Fig. 7 A). Because B 
has no tangential components, B' is equal and 
parallel to B. In the second case, let B be parallel 
to the interface (Fig. 7B). Here there are only 
tangential components, with B/ = (J..L' I J..L)Bt. In 
this situation we see that B' ¥: B. 

With a clear understanding of what happens to 
normal and tangential components of B and B' 
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(b) 

B' 

(d) 

Fig. 7. Susceptibility-induced bound
ary distortions for various simple geo
metries (see Table 1 for quantitative re
lationships). 

A , Perpendicular interface. 
8, Parallel interface. 
C, Sphere. 
0 , Cylinder. 

at a boundary, it is now easier to explain the 
situation in the sella where it is abutted by the 
sphenoidal septum (Fig. 8) . In a horizontal field 
MR scanner, the sphenoidal septum parallels the 
main magnetic field (B), while the floor of the 
sella is generally perpendicular to the field. Across 
the floor of the sella B and B' are equal, equiva
lent to the special case illustrated in Figure 7 A . 
However, the local field B' within the sphenoidal 
septum is slightly smaller than B, reduced by the 
ratio J..L 1 I J..L . At the top of the septum this dimin
ished field still exists , and is locally smaller than 
that seen within the adjacent pituitary gland. 

Because the field is locally reduced, a focal 
mismapping of spatial location based on fre
quency occurs. Spatially mismapped signal from 
the sphenoidal septum and adjacent pituitary is 
displaced and "piled up" on top of the normal 
pituitary when the readout gradient is directed 
such that higher frequencies are mapped interi-
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Fig. 8. Susceptibi li ty-induced field distortions produced by the 
unique anatomy at the sellar floor . Although !l' and !l " differ 
slightly , they are both appreciably different from the J1. of air. 

orly. If the readout direction is reversed, signal 
from the low pituitary will be mismapped into the 
sphenoidal septum, resulting in mild spatial dis
tortion and an artifactually lower signal focally 
within the pituitary. 

These findings are illustrated well in the phan
tom (Fig. 4). With the readout direction increasing 
from superiorly to interiorly (Fig. 4A), a focal 
bright spot appears, together with a spatial shift 
upward along the base of the phantom. When 
the readout direction is reversed, a focal dark 
spot appears (Fig. 4C), together with an inferior 
shift and contour distortion at the phantom's 
base. 

The magnitude of this susceptibility artifact also 
depends upon the strength of the readout gra
dient (with constant pixel size). Depending upon 
the precise shape of the interface, the pixel shift 
(11r) in the imaging plane due to a susceptibility 
disturbance can be shown to be approximately 
equal to 

11r = k 11x Bo/G 

where k is a constant depending upon object 
shape, 11x is the difference in volume suscepti
bilities between the two materials, 8 0 is the main 
magnetic field strength, and G is the strength of 
the readout gradient (2) . 

This dependence on the readout gradient 
strength (G) can be demonstrated directly in the 
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phantom. In Figure 48, the readout gradient 
strength has been doubled, resulting in a signifi
cant diminution of the susceptibility artifact. Sim
ilarly, reducing the magnetic field strength (80) 

will also serve to reduce such artifacts, provided 
all other factors are held constant. This phenom
enon has recently been demonstrated in a clinical 
setting by Farahani et al (8) . 

In the radiologic evaluation of the pituitary 
gland, it has long been recognized that the oc
currence of "incidental pituitary pathology" rep
resents a confounding variable limiting specificity 
of diagnosis. Incidentally discovered, asympto
matic microadenomas have been reported in 14-
27 % of random autopsies (11, 12). Although the 
vast majority of these lesions are in the 1- 2 mm 
range, an appreciable fraction may nevertheless 
be as large as 3-4 mm in diameter. Additionally , 
pars intermedia cysts and other incidental lesions 
are also often found in otherwise normal pituitary 
glands (13, 14). 

In 1982, Chambers et al reported the first ex
perience with high-resolution CT imaging of the 
pituitary glands in asymptomatic subjects (14). 
These investigators discovered approximately 
20% of glands in patients harbored low attenua
tion lesions as large as 3 mm in diameter. Re
cently, earlier et al have reported an even higher 
prevalence of 3 mm-size pituitary hypointensities 
in the glands of volunteers undergoing 3-D 
TurboFLASH imaging (15). It is likely that at least 
some of these incidental pituitary lesions reported 
by others on MR represent manifestations of the 
sellar susceptibility artifact described herein. 

The sellar susceptibility artifact may be of either 
low or high signal depending upon the direction 
of the readout gradient relative to the sellar floor. 
The artifact may be minimized (but not elimi
nated) by choosing the smallest field of view 
possible. Exchanging phase- and frequency-en
code directions will only cause the artifact to shift 
laterally, not disappear. Surprisingly, there is no 
industry-wide standard or convention among MR 
manufacturers as to the orientation of this gra
dient once a plane of imaging and phase-encoding 
axis have been chosen. Based on our analysis of 
the direction of chemical shift artifacts seen on 
coronal images from various brands of scanners, 
we conclude that there is a nearly even mix in 
the choice of this readout direction among the 
top MR manufacturers. Thus, depending upon 
one's instruments, the sellar susceptibility artifact 
may be either of high or low signal. High-signal 
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artifacts may mimic pituitary adenomas on T2-
weighted images (Fig. lA) and foci of hemorrhage 
or colloid-filled Rathke cysts on Tl-weighted im
ages. Low-signal artifacts may be potentially mis
construed as microadenomas on T 1-weighted im
ages and foci of hemorrhage or calcification on 
T2-weighted images. Hopefully, a more complete 
understanding of the nature of this artifact offered 
will prevent its being misinterpreted as a patho
logic lesion. 
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Appendix 

As can be found in undergrad uate textbook s on mag
netism (1 ), the relationship at any po in t in space between 
the magnetic induction 8, the magnetic fie ld H, and the 
magnetization per unit volume M is given in the CGS 
system by the vector equation 

B = H + 47r M 

If all substances imbedded within this field are isotrop ic 
and uniformly polarizable. then the magnetization M is 
collinear with and proportional to the applied field H so 
that M = x H and we can write 

B = H + 47rXH = (1 + 47rx)H = J1. H 

where J1. = 1 + 47rX is the relative permeability of the 
substance. 

If there are no macroscopic c ircu lating currents, one may 
define a sca lar magnetostatic potential (/J such that H = 
- grad (p . Using vector calculus techniques it is possib le to 
derive a relatively complex expression for ¢ at a distance 
r from the surface of the substance ( 1 0). Assuming the 
substance is contained w ithin a finite region of space (and 
hence has a closed surface) , Maxwell 's third law of elec
tromagnetism allows considerab le simplificat ion of this 
expression which becomes 

where Mn represents the normal (perpendicular) component 
of magnetization pass ing outward through the surface ele
ment dS. The physical significance of this equation is 
straightforward. A long the surface of a magneti zed body , 
there ex ists an effective "magnetic charge" per unit area. 
The gradient of this m agneti c potential is a m agnetic field 
that represents a susceptibility grad ient at the edge of the 
surface. 

At the junct ion of two materials with relative perm ea bil
ities J1. and J1.

1
, the m agnetic potentia l at the in terface can 

be written 

JpmdS 
¢ = (1/ 47r) -r-

where Pm = Bn(J.I.. - t-L ')/ J1..J1.
1 =the "magnetic charge" across 

the interface and Bn = the normal component of B (which 
by Maxwell 's equation must be conserved across the inter
face) . This equation can be used direct ly to determine the 
value o f B (and hence the MR frequency) at any point in a 
heterogeneous specimen. One first ca lculates this integra l 
analytica ll y or numerically over the interfaces of the various 
regions to find (/>. From a knowledge of ¢ one may then 
ca lculate H or B at a given point by differentiation . 



136 ELSTER 

For simple geometries it is possible to calculate the values 
of B w ithin a heterogeneous spec imen analytica ll y (11). 
Two of these specia l cases (B parallel or perpendicular to 
an interface) have already been utilized in explaining the 
origin of the sellar susceptibi lity artifact. Two other geo
metries (sphere and cylinder) may potentially be useful in 
predicting and ex plaining the artifacts present around air 
bubbles or struts of trabecular bone. The closed-form 
solutions for these geometries are presented in Table 1 and 
Figure 7. 
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TABLE 1: Susceptibility-induced distortions of the magnetic field for 

simple geometries 

Geometry 

Interface perpendicular to B (Fig. 7a) 

In terface para llel to B (Fig. 7b) 

Sphere (Fig. 7c) 

Cylinder with long ax is perpendicu lar to B 

(Fig. 7d) 

Analytica l Relation 

B' = B 

B' = (11'/11) B 
B' = 1311' /(211 + 11 ')j B 
B' = 1211 ' /( 11 + 11')jB 


