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Spinal Cord Artifacts from
Truncation Errors during MR Imaging!

The significance of linear regions of
altered signal intensity that appear
in sagittal magnetic resonance (MR)
images along the length of the spi-
nal cord was investigated. Examina-
tions were performed on ten
healthy volunteers and one patient
with spinal cord edema. A 0.5-T or a
1.5-T MR system was used. Sam-
pling-related effects (Gibbs phe-
nomenon) at spinal cord edges and
cerebrospinal fluid interfaces can
lead to different signal patterns
within the spinal cord and canal.
These artifacts cause problems in in-
terpretation, especially with the use
of small object-to-pixel size ratios,
by obscuring anatomy and simulat-
ing pathologic conditions such as
pseudosyringes. Analysis of these
intensity variations and of their de-
pendence on sampling may improve
the clinical accuracy of MR imag-
ing.
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HE two-dimensional Fourier

transform (2DFT) technique in
magnetic resonance (MR) imaging
has been associated with various arti-
facts (1-7). Knowledge of their ap-
pearances and behaviors is essential
for accurate evaluation of normal
anatomy and disease. In a number of
sagittal MR images of the spine, we
observed artifacts that appeared as
linear regions of low intensity along
the length of the spinal cord. These
artifacts could be interpreted as aris-
ing from central gray matter (8) and
may mimic pathologic conditions
such as a dilated central canal, a syr-
inx, an arteriovenous malformation,
or longitudinal necrosis. To assess
the role of image resolution (9, 10)
and boundary effects (2) in the gen-
eration of these lines, we examined
ten healthy volunteers and one pa-
tient with proved spinal cord disease
with various imaging and sampling
conditions.

SUBJECTS AND METHODS

Studies were performed with a 0.5-T
superconducting system (Picker Interna-
tional, Highland Heights, Ohio) ora 1.5-T
superconducting system (Signa; General
Electric Medical Systems Group, Milwau-
kee). Ten healthy volunteers and one pa-
tient with spinal cord edema due to in-
creased venous pressure were examined.
Multisection imaging was performed in
the sagittal plane with conventional T1-
and T2-weighted spin-echo (SE) pulse se-
quences. The sequences used were repeti-
tion time (TR) 500 msec and echo times
(TE) of 26 and 30 msec (SE 500/26 and
500/30) and SE 2,000/80 and 2,000/100.
In three cases, the T2-weighted images
were acquired with a motion artifact sup-
pression technique (MAST) (11, 12). Sec-
tions were contiguous and 3 or 5 mm
thick. For the healthy volunteers, cardiac-
gated images were also obtained with
multiecho pulsing sequences and TEs of
30, 60, and 90 msec. All acquisitions were
gated to the peak of the R wave of the
electrocardiogram (ECG) and obtained at
100-msec intervals throughout the cardiac

cycle; TR ranged from 1,000 to 2,000
msec, depending on the subject’s heart
rate. The sampling frequency along the
phase coordinate was determined with
the number of phase-encoding gradient
steps, and the sampling frequency in the
frequency coordinate was determined
with the digital sampling rate of the ana-
log signal observed during the readout
interval. The phase and frequency data
were then used to reconstruct an MR im-
age with the 2DFT technique. The data
sampling frequencies varied from 128 to
256 in the phase-encoding direction and
from 256 to 512 in the frequency-encod-
ing direction. In seven cases, phase and
frequency axes were interchanged. The
field of view (FOV) ranged from 16 to 30
cm, and one to four excitations were used
for each acquisition.

The effect of flow on the appearance of
truncation artifacts was investigated with
a simple flow phantom. Plastic tubing
with a 0.8-cm inner diameter and a total
length of 50 feet (15 m) was used and con-
nected to a large gravity feed tank con-
taining water. The flow rate was adjusted
with a valve at the efflux line. The net
flow velocities were obtained by measur-
ing inflow with a graduated cylinder and
were 0, 0.5, 2.0, 2.8, 4.0, and 6.0 cm/sec,
which covered the physiologic range of
cerebrospinal fluid (CSF) flow (13). The
input line had a course of 2 m within the
bore of the magnet to ensure essentially
complete magnetization of water. A U-
shaped part of the tubing was positioned
in a 12 X 18-cm basin that was filled with
water to a depth of 8 cm. Sections parallel
to the direction of flow and through the
tubing were obtained with SE 700/26.
The readout gradient direction was paral-
lel to the flow axis. The image consisted
of 128 and 512 steps in the phase- and fre-
quency-encoding directions, respectively,
with an FOV of 25 cm and a section thick-
ness of 5 mm.

RESULTS

The effects of sampling and other
factors such as pulsing sequence,
flow, and pathologic conditions on
the patterns of signal intensity across
the spinal cord were evaluated. In all
healthy volunteers, midline sagittal,
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T1-weighted images of the cervical
spine showed a dark line located cen-
trally along the length of the spinal
cord (Fig. 1a). This pattern was ob-
served when the pixel size was ap-
proximately one-fourth of the spinal
cord diameter, such as would occur
with a pixel width of 2 mm compared
with a sagittal spinal cord diameter
of about 8 mm.

The artifactual central line may be
produced with an FOV of 25 cm and
128 samples in the horizontal direc-
tion. When the pixel size was re-
duced by decreasing the FOV, the
single central line was replaced by
two or more equally spaced parallel
lines along the length of the spinal
cord (Fig. 1b). On a long TR multie-
cho sequence, a cardiac-gated SE im-
age obtained from a healthy volun-
teer with a 200-msec delay after the R
wave of the ECG showed that the
CSF became isointense when com-
pared with the intensity of the spinal
cord on the second echo (even-echo
rephasing) with a resultant loss of
contrast at the edges of the spinal
cord (Fig. 2). Instead of a single cen-
tral line, two or more parallel dark
lines appeared along the length of
the spinal canal (Fig. 2b, 2c).

A patient with a cranial arteriove-
nous malformation and cervical spi-
nal cord edema (related to increased
venous pressure) was thought to
have a possible syrinx (Fig. 3a). This
cavity, which appeared more promi-
nently than those of healthy volun-
teers, disappeared when horizontal
sampling was increased (Fig. 3b).

In seven cases, phase- and frequen-
cy-encoding gradient directions were
switched with 128 and 512 steps in
each direction, respectively. When
horizontal sampling was increased,
the dark central band disappeared
and the vertical parallel bands over-
lying the vertebral bodies became
horizontal while retaining their spac-
ing in all seven cases (Fig. 4).

The phantom flow studies provid-
ed supportive experimental correla-
tion with the spinal images. With the
water stationary, a dark line was seen
centrally along the length of the
plastic tubing (Fig. 5a). Equidistant
bands parallel to the edges of the
tubing were also seen; they became
progressively less prominent at
greater distances from the bound-
aries. As the velocity was increased,
the intraluminal signal progressively
decreased, especially peripherally.
The parallel bands on either side of
the tubing remained present, howev-
er (Fig. 5b-5d). No new bands were
seen.
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Figure 1.
pling rates with cardiac gating, delay of 200 msec, SE 1,000/25, and section thickness of 3
mm. (a) Phase- (horizontal) and frequency- (vertical) encoding directions contain 128 X 256
steps; FOV is 24 cm. A dark central band is seen in the spinal cord. Pixel size is one-fourth
the spinal cord diameter. (b) Phase- and frequency-encoding directions contain 128 X 256
steps; FOV is 16 cm. Note the parallel dark bands (arrows) located centrally in the spinal
cord. Pixel size is one-sixth the spinal cord diameter.

DISCUSSION

In most MR systems, a 2DFT tech-
nique is used to reconstruct spatial
intensity data from phase- and fre-
quency-encoded information. The
image intensity data are obtained
with a Fourier series, which is a sum-
mation of sinusoidal waves of differ-
ent amplitudes, phases, and frequen-
cies (14, 15). Sharp edges or
discontinuities are difficult to repre-
sent since they would ideally require
an infinite number of terms (fre-
quencies) in the series. In MR imag-
ing, by virtue of the time constraints
placed on data acquisition and image
reconstruction, the number of terms
is limited by the elimination or trun-
cation of the higher-order terms,
which leads to aliasing errors in the
reconstruction of the desired object
(14-16). Actually, a discrete version
of the Fourier transform is used for
image reconstruction, which bears
close resemblance to the continuous
2DFT and is also affected by trunca-
tion errors (14). At abrupt transitions
in signal magnitude, loss of the high-
er-frequency terms results in a vari-
able overshoot and undershoot oscil-
lation, which accentuates high-
contrast boundaries (Fig. 6). This is

Sagittal cervical spine images from a healthy volunteer obtained at different sam-

called the Gibbs phenomenon (14,
15). It occurs on both sides of the dis-
continuity and is associated with a
reduction in edge sharpness (slope of
spatial intensity profile) and second-
ary ripples that decay rapidly in a di-
rection perpendicular to the bound-
ary. Decreasing the pixel size by
increasing the number of samples at
a given FOV decreases both the
wavelength and the amplitude of the
secondary ripples. In our situation,
the wavelength of the ripples is
equivalent to the length of two pixels
(10). However, the degree of over-
shoot at the edge amounts to approxi-
mately 9% of the discontinuity ampli-
tude, regardless of the number of
terms in the series (14).

Although the occurrence of the
Gibbs phenomenon is predictable
near high-contrast anatomic bound-
aries, its presence can obscure normal
anatomy or pathologic conditions
and may simulate disease. It may also
be confused with other boundary ar-
tifacts (2), flow phenomena, linear
foci of calcification, or even paramag-
netic effects. The differential features
of other edge effects have been re-
ported (2, 3). Chemical shift produces
spatial misregistration at interfaces
between well-hydrated structures
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Figure 2. Sagittal cervical spine images from a healthy volunteer, obtained with successive
echoes, cardiac-gated spin echo, delay of 200 msec, section thickness of 5 mm, and FOV of 25
cm. Phase- (horizontal) and frequency- (vertical) encoding directions contain 128 X 512
steps. (a) TE of 30 msec (first echo). CSF appears darker than the spinal cord. A dark band is
visible centrally in the cord and corresponds to a valley in the histogram. Pixel size is ap-
proximately one-fourth the spinal cord diameter. (b) TE of 60 msec (second echo). Even-echo
rephasing of flowing CSF, which is almost isointense with the spinal cord. The mid-cervical
spinal canal is six times the pixel size and contains two dark parallel bands. (c) Same se-
quence as b. Upper cervical canal is eight times the pixel size and contains three bands.

Figure 3. Sagittal images of cervical spine in a 44-year-old man with fusiform cord enlarge-
ment. Ungated spin echo, section thickness of 5 mm, FOV of 25 mm, and SE 250/26 were
used. (a) Phase- (horizontal) and frequency- (vertical) encoding directions contain 128 X 512
steps. A prominent dark band is seen centrally within the spinal cord. Sagittal spinal cord
diameters are approximately four and five times the pixel size at the upper and lower cervi-
cal regions, respectively. (b) Sampling increased to 256 X 512. The dark central band is no
longer seen.

and fat due to differences in their frequency axis and has no associated
Larmor frequencies. This artifact ap- ripples. Artifacts due to motion ap-
pears as misregistration along the pear as ghost images with variable
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periodicity along the phase axis only.

The present data indicate that sam-
pling can lead to several different
patterns of the Gibbs phenomenon in
MR imaging of the spine. These pat-
terns are affected by various factors
such as object-to-pixel ratio, edge
contrast, edge sharpness, and type of
data filtering. The object-to-pixel size
ratio is determined with the spatial
sampling frequency. Edge contrast is
affected by pulsing sequence parame-
ters (TE, TR), relative tissue charac-
teristics across the edge (relaxation
times T1, T2), and physiologic fac-
tors, such as flow. Edge sharpness de-
pends on the geometry of the struc-
ture visualized, section thickness,
and section offset. Filtering the im-
age data can decrease the ripples, but
not without the loss of spatial resolu-
tion (2, 6).

A single midline central band of
decreased intensity was observed
along the length of the spinal cord
when the pixel width was approxi-
mately one-fourth the spinal cord di-
ameter. In this case, the wavelength
of the oscillations produced a peak
near each edge of the spinal cord and
a central depression (Fig. 6). A simi-
lar effect was noted in the phantom
image (Fig. 5). The resultant change
in signal intensity across the spinal
cord can thus approach up to 18% of
the edge contrast. Reducing the pixel
size by increasing the number of
samples in the horizontal direction
may lead to more complex patterns,
such as two or more parallel bands
along the length of the spinal cord.
In general, when the object-to-pixel
size ratio is equal to N, there should
be [(N/2)—1] artifactual bands (10,
15). On a T2-weighted image, the rip-
ples may produce a factitiously thin
spinal cord (Fig. 7). When N is an
even number, such as four or six,
there are one or two central depres-
sions within the object, respectively.
However, when the magnitude of N
lies between two consecutive even
numbers, the resulting ripple pattern
can be more complex. The oscilla-
tions at the edges may not be signifi-
cantly affected, but the central peaks
or valleys can be altered or “stret-
ched.” The net effect depends on the
degree to which the oscillations from
opposite edges reinforce or cancel
each other, which in turn depends
on N. Spinal cord enlargement with
an N of five is possibly responsible
for the dark central band prominence
(Fig. 3a).

As the object-to-pixel size ratio ap-
proaches two, the secondary ripples
disappear and only a central peak re-
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mains (Fig. 6). Thus, the lack of edge
overshoot and central bands does not
necessarily imply that the Gibbs phe-
nomenon is absent. If N is reduced
further, the effect of the resolving
power also becomes important (9,
10). The result will be a loss in signal
intensity from the object, which pro-
duces an incomplete peak or valley.
This pattern is apt to occur when im-
aging relatively small structures (spi-
nal subarachnoid space) or when
large FOVs are used and may lead to
false-negative or false-positive diag-
nostic results.

If the edge contrasts differ bilateral-
ly, the magnitudes of the overshoots
on opposite sides of the spinal cord
may be unequal (Fig. 8). This is a direct
result of the properties of the Gibbs
phenomenon, in which the overshoot
amounts to 9% of the signal-transition
size (14-16). In spinal imaging, this
may occur due to differences in CSF
flow, partial volume averaging, pres-
ence of adjacent vascular structures,
or pathologic conditions. Asymmetric
signal intensities at the spinal cord
edges may simulate demyelinating
disease, tumor, or inflammatory pro-
cesses. They may also mask the pres-
ence of true pathologic conditions,
such as multiple sclerosis plaques.

Although bands of low or high sig-
nal intensity superimposed on the
spine and spinal cord have been re-
ported and thought to be CSF pulsa-
tion ghosting artifacts (17), they
could be truncation effects. CSF mo-
tion spatially mismaps CSF signal in-
tensity over the spine and spinal
cord: The pattern depends on the re-
lationship between heart rate and
repetition time and on CSF pulsation
amplitude. Unlike truncation arti-
facts, these bands propagate in the
phase-encoding direction only, have
no direct dependence on sampling,
and are minimized with cardiac gat-
ing and rephasing (17). We have,
however, observed bands on cardiac-
gated images at all phases of the car-
diac cycle, as well as on gated even-
echo images and on ungated images
acquired with MAST. Phantom stud-
ies also demonstrated bands with and
without flow. The band patterns that
we observed were directly depen-
dent on sampling. In addition,
switching phase and frequency direc-
tions caused a switch in the orienta-
tion of the bands overlying the verte-
bral bodies in all cases, which is
compatible with a truncation effect.

When artifacts appear as a single
midline band along the spinal cord,
they can potentially be confused
with a dilated central canal, central
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gray matter, syrinx, arteriovenous
malformation, or longitudinal necro-
sis. Differentiation of artifacts from
these other causes cannot always be
done unless further imaging with
different sampling rates is per-
formed. A number of different imag-
ing strategies may be used. Increas-
ing the number of phase-encoding
steps in the horizontal direction im-
proves horizontal resolution but may

increase imaging time (9). Inter-
changing the phase-encoding direc-
tion (usually the undersampled di-
rection) with the frequency direction
can increase the horizontal resolu-
tion without affecting the acquisition
time, although motion artifacts and
image wraparound may affect the re-
gions of interest. Filtering the data
may remove the high-frequency
ringing but will lead to decreased

Figure 4. Sagittal images of cervical spine in a healthy volunteer obtained with different
phase- and frequency-encoding directions, cardiac-gated spin echo, 1,000/30, and delay of
180 msec. Phase- and frequency-encoding directions contain 128 X 512 steps. Bright hori-
zontal band crossing the cord at lower C-4 level is probably due to a swallowing artifact.

(a) Phase- (horizontal) and frequency- (vertical) encoding directions contain 128 X 512 steps.
Vertical dark bands are seen within the spinal cord and over the vertebral bodies. (b) Fre-
quency- (horizontal) and phase- (vertical) encoding directions contain 512 X 128 steps. The
dark central band within the spinal cord is no longer seen, and the vertical bands over the
vertebral bodies are now horizontal.

a. b. c. d.

Figure 5. Images of flow phantom obtained at different flow velocities, with SE 700/26,
phase- and frequency-encoding directions contain 128 X 512 steps and a FOV of 25 cm. In-
ner diameter of tube is 8 mm. (a) Stationary fluid. Dark parallel bands are seen that are paral-
lel to the edges of the tube. A single dark central band is also seen within the tube. (b) Flow
velocity of 0.5 cm/sec. Image shows no definite change. (¢) Velocity of 2.0 cm/sec. Signal
changes within the tube are noted, but the bands parallel to the edges of the tube remain un-
changed. (d) Velocity of 6.0 cm/sec. Increasing areas of signal void within the lumen are
now present, especially peripherally. The bands parallel to the tube appear unchanged. No
new bands are seen.
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spatial resolution by smoothing the
image (2, 6). Anatomic and physio-
logic considerations may also aug-
ment diagnostic accuracy. Syringes
or cavities may have associated find-
ings such as spinal cord enlargement,
intracavitary septations, Arnold-
Chiari malformation, or spinal cord
tumor or nodule (18). Arteriovenous
malformations tend to be tortuous
and may not be in the midline of the
spinal cord. If an appropriate imag-
ing sequence is used, arteriovenous
malformations and syringes may
show evidence of flow (19, 20). Lon-
gitudinal necrosis is usually accom-
panied by disk disease or spinal cord
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Figure 6. Effect of sampling on signal in-
tensity pattern (as reconstructed with Fouri-
er transform) shows changing number of
pixels across object dimensions. With object-
to-pixel size ratios of two, four, and six,
there are zero, one, and two central depres-
sions in the intensity profiles, respectively.

7.

compression (21, 22).

The accuracy of both spatial and
intensity measurements involving
anatomic structures, such as the spi-
nal cord and spinal canal, can be af-
fected by the Gibbs phenomenon.
Gray-level variations in MR images

may also interact with the Gibbs phe-
nomenon and affect the visual deter-

mination of anatomic boundaries.

Additional sources of error include
radio-frequency and field inhomo-
geneity (23). Although for the con-
tinuous Fourier transform the posi-
tion of the first peak relative to the

edge is affected by sampling (Fig. 6),

the inflexion points of the recon-

structed curves are not (14, 15). Edge
determination with inflexion points

could thus augment the accuracy of
object-size measurements if aliasing
errors created by discrete sampling
are minimized. Similarly, localized
measurement of signal intensity

within an object could be most accu-

rately determined at the inflexion
points of the ripples. ®

Acknowledgments:
great appreciation to Shirley Yang, M.D., for
her very valuable help. Special thanks are ex-
tended to Dan Shook, M.S., for his assistance

with the phantom studies. We are also grateful
for the assistance of the MR technicians in the

Department of Radiology at the National Insti-
tutes of Health, in particular, Brian Petrie, R.T.,

Graham Morrison, R.T., and Ron White, R.T.

The authors express their

Ref
1.

10.
11

12.

13.

14.
15.

16.
17.

18.
19.

20.

21.

23.

erences

Pusey E, Brown RK], Lufkin R, Solomon M,
Hanafee W. Artifacts in magnetic resonance
imaging: mechanisms and clinical signifi-
cance (abstr.). Radiology 1985; 157(P):296.
Lufkin RB, Pusey E, Stark DD, Brown R, Lei-
kind B, Hanafee WN. Boundary artifact due
to truncation errors in magnetic resonance
imaging. AJR 1986; 147:1283-1287.
Bellon EM, Haacke EM, Coleman PE, Sacco
DC, Steiger DA, Gangarosa RE. Magnetic
resonance artifacts: a review. AJR 1986;
147:1271-1281.
Hastrup W, Porter BA, Olson DO, et al. Clas-
sification and investigation of artifacts in
magnetic resonance imaging (abstr.). Radiolo-
y 1985; 157(P):397.
Echultz CL, Alfidi R], Nelson AD, Kopiwoda
SY, Clampitt ME. The effect of motion on
two-dimensional Fourier transformation on
magnetic resonance images. Radiology 1984;
152:117-122.
Wood ML, Henkelman RM. Truncation arti-
facts in magnetic resonance imaging. Magn
Reson Med 1985; 2:517-526.
Kumar A, Welti D, Ernst J. NMR Fourier
zeugmatography. ] Magn Reson 1975; 18:69-
83

Flannigan BD, Rauschning W, Lufkin R, Wil-
son GH, Bradley WG. High resolution MR
imaging and anatomy of the cervical spine
(abstr.). Radiology 1985; 157(P):249.
Bradley WG, Kortman KE, Crues JV. Central
nervous system hi§h resolution magnetic res-
onance imaging: effect of increasing spatial
resolution on resolving power. Radiology
1985; 156:93-98.
Schenck JF, Hart HR, Foster TH, Edelstein
WA, Hussain MA. High resolution magnetic
resonance imaging using surface coils. Magn
Reson Annu 1986; 123-159.
Pattany PM, Phillips JJ, Chiu LC, etal. Mo-
tion artifact suppression technique (MAST)
for MR imaging. ] Comput Assist Tomogr
1987; 11:369-377.
Haacke EM, Lenz GW. Improving MR image
quality in the presence of motion z' using re-
E:asing gradients. AJR 1987; 148:1251-1258.
elman RR, Wedeen V], Davis KR, et al.

Multiphasic MR imaging: a new method for
direct imaginﬁof ulsatile CSF flow. Radiolo-
gy 1986; 161:779-783.

racewell RN. The Fourier transformation
and its applications. New York: McGraw-Hill,
1978; 211, 377.
Carslaw HS. An introduction to the theory
of Fourier series and integrals. New York:
Dover, 1930; 289-310.
Gibbs JW. Fourier’s series. Nature 1898;
59(1522):200.
Rubin JB, Enzmann DR, Wright A. CSF-gat-
ed MR imaging of the spine: theory and clini-
;aglzimplementaﬁon. Radiology 1987; 163:784-

Di Chiro G, Doppman JL, Dwyer AJ, et al.
Tumors and arteriovenous malformations of
the spinal cord: assessment using magnetic
resonance. Radiology 1985; 156:689-697.
Enzmann DR, Rubin JB, DeLaPaz R, Wri%ht
A. Cerebrospinal fluid pulsations: benefits
and pitfalls in MR imaging. Radiology 1986;
161:773-778.
Kucharczyk W, Kelly WM, Davis DO, Nor-
man D, Newton TH. Intracranial lesions:
flow-related enhancement on MR images us-
ing time of flight effects. Radiology 1986;
161:767-772.
Hashizume Y, Iljima S, Kishimoto H, Hirano
T. Pencil-shaped softening of the spinal
cord: pathologic studg' in 12 autopsied cases.
Acta Neuropathol 1983; 61:219-224.
Jinkins JR, Bashir R, Al-Mefty O, Al-Kawi
MZ, Fox JL. Cystic necrosis of the spinal
cord in compressive cervical myelopathy:
demonstration by iopamidol CT-myelogra-
Ehy. AJNR 1986, 7:693-701.

hu XP, Checkley DR, Hickey DS, Isherwood
I. Accuracy of area measurements made from

Figures 7, 8. (7) Sagittal image of cervical spine (same patient as in Fig. 3) 10 days after sur-
gery. Ungated SE with MAST, section thickness of 5 mm, FOV of 25 cm, phase- (horizontal)
and frequency- (vertical) encoding directions contain 128 X 512 steps, and SE 2,000/100
were used. CSF is isointense with spinal cord. Two dark central bands are seen in the spinal
canal the diameter of which is approximately six times the pixel size. Note the factitiously
thin spinal cord (cord diameter appeared normal on corresponding T1-weighted image).

(8) Effect of asymmetric intensity profiles in sagittal cervical spinal cord images from a
healthy volunteer. Section thickness of 5 mm, FOV of 25 cm, phase- (horizontal) and fre-
quency- (vertical) encoding directions contain 128 X 512 steps, gated SE 978/30, and a delay
of 200 msec were used. Intensity profile shows that the magnitude of overshoot at the anteri-
or edge of the spinal cord is larger than that at the posterior edge (asymmetric).

MR images compared with CT. ] Comput As-
sist Tomogr 1986; 10(1):96-102.

Volume 166 Number 2 Radiology « 483





