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Objective: We qualitatively evaluated the differences among susceptibility-weighted
(SWI), magnitude (MAG), and high pass filtered phase (PHA) images in depicting inter-
lobar differences in the appearance of the signal of the corticomedullary junction (CMJ).
We conducted quantitative evaluation to validate the qualitative results.
Materials and Methods: We obtained SWI images from 25 preoperative brain tumor

patients (12 men, 13 women, aged 19 to 82 years, mean, 52 years). Two trained neuro-
radiologists evaluated MAG, PHA, and SWI images. Qualitative evaluation of the CMJ
signal and quantitative calculation of the relative signal ratio (RSR) percentages between
the CMJ and deep white matter (WM) were conducted at 3 different slice levels of the brain
independently for 4 different lobes (frontal, parietal, temporal, and occipital) and com-
pared among MAG, PHA, and SWI. The extent of the area of the CMJ signal was graded
on a 4-point scale (Grade 3, >75%; Grade 2, 50 to 75%; Grade 1, 25 to 50%; Grade 0,
<25%). Data were statistically analyzed using a nonparametric Friedman test.
Results: The Kappa coefficients between the qualitative and quantitative grades were

0.002 for MAG, 0.0047 for PHA, and 0.050 for SWI. Qualitatively, on the PHA images
and SWI, grades of the occipital lobes were significantly higher than those of the other
lobes (P < 0.005). Quantitatively, PHA images showed statistically significant interlobar
differences in RSR percentage values of the CMJ (P = 0.025).
Conclusion: Qualitatively, the appearance of the CMJ differed significantly among the

different lobes of the brain on SWI and underlying PHA images but not on MAG images.
Quantitatively, only PHA images showed significant interlobar differences in the RSR.
PHA images are most sensitive to the CMJ signal contrast due to local paramagnetic iron
content.
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Introduction

Susceptibility-weighted imaging (SWI) is a rela-
tively new magnetic resonance (MR) imaging se-
quence that relies on local tissue susceptibility,
such as that to deposition of iron and to blood-oxy-
gen-level-dependent (BOLD) effect, to create con-
trast.1 With the increased clinical availability of

MR imaging scanners with high fields, such as 3
tesla, SWI is a reliable sequence for evaluating
hemorrhage,2 migraine,3 and fine venous struc-
tures,4 quantifying brain iron content at the basal
ganglia,5–8 and identifying brain calcification.9

However, though MR imaging studies of brain his-
tological specimens are ongoing, in vivo studies us-
ing SWI in the CMJ are not so common. Details of
brain structures, such as the optic radiation (OR),
have also been reported as bands of low signal on
SWI.10 The presence of deoxyhemoglobin in the

*Corresponding author, Phone: +81-75-751-3760, Fax: +81-
75-771-9709, E-mail: yakira@kuhp.kyoto-u.ac.jp

Magn Reson Med Sci, Vol. 13, No. 4, pp. 231–238, 2014
©2014 Japanese Society for Magnetic Resonance in Medicine

MAJOR PAPER

doi:10.2463/mrms.2013-0108

231

http://dx.doi.org/10.2463/mrms.2013-0108


venules of the CMJ will affect both MAG and PHA
images.11–13 Effects of myelin and other histologi-
cal components at the CMJ appear mainly on PHA
images,14 and a recent study reported the disap-
pearance of the CMJ signal on PHA images of de-
myelinated mice brains.15 Water-macromolecule
exchange has been reported as another cause of
contrast on PHA images.16 A combination of the
above-mentioned mechanisms might contribute to
the final SWI contrast.
The CMJ is a unique anatomical location in the

brain, responsible for the interconnection of cortical
and subcortical areas and a part of the neural net-
works of the brain. Recent reports have shown
changes in the appearance of the CMJ in Alzhei-
mer’s disease using 7T MR SWI or diffusion tensor
imaging.17,18 Knowing the normal appearance of the
CMJ and following such age-related changes might
give clues about the pathogenesis of Alzheimer’s
disease. However, research is ongoing to determine
its true value in the diagnosis of Alzheimer’s dis-
ease.
Our daily use of SWI in brain MR imaging ex-

aminations has given us the impression that the ap-
pearance of the CMJ differs by lobe. Therefore, hy-
pothesizing a differing appearance of the CMJ sig-
nal among the different lobes, we evaluated the ap-
pearance of the normal CMJ in the different lobes
of the brain using SWI. We also investigated MAG
and PHA images.

Materials and Methods

Our local ethics committee approved this retro-
spective analysis of SWI, MAG, and PHA images
acquired from January 2009 to December 2010 and
waived the requirement for informed patient con-
sent because of the retrospective nature of the
study.
Subjects were 25 preoperative brain tumor pa-

tients (12 men, 13 women; aged 19 to 82 years,
mean age, 52 « 19.2 years). None of the subjects
had symptoms of dementia or cognitive impair-
ment. We did not include patients with tumor ex-
tending to the other hemisphere or with mass effect
or whose images were degraded by artifact caused
by such factors as head motion.

Data acquisition
SWI and magnetization prepared rapid gradient

echo (MPRAGE) images were acquired using a 3T
MR imaging scanner (Trio A Tim System, SIE-
MENS Medical Solutions, Erlangen, Germany).
The parameters for SWI in axial acquisition were:
repetition time (TR), 28 ms; echo time (TE), 20 ms;

flip angle, 15 degrees; acquisition matrix, 320 ©
250; field of vision (FOV), 230 © 180 mm; pixel
spacing, 0.72 mm © 0.72 mm; slice thickness, 1.2
mm; slab thickness, 80 slices; high pass filter ker-
nel size, 96 © 96; and number of averages, one. We
reconstructed MAG, PHA, and SWI images.1 Sag-
ittal 3D-MPRAGE parameters were: TR, 1900 ms;
TE, 2.58 ms; and inversion time (TI), 900 ms with
0.9-mm isotropic resolution. The MPRAGE image
volume data were reformatted into the axial plane.

Imaging analysis
Qualitative analysis of lobar CMJ grade
Two trained neuroradiologists independently

evaluated SWI, MAG, and PHA images for all 25
subjects using a PC-installed DICOM viewer (Cen-
tricity™; GE Healthcare, USA). MPRAGE, SWI,
PHA, and MAG images were evaluated simultane-
ously using a spatial cursor function on the picture
archiving and communication system (PACS). The
spatial cursor function enabled us to evaluate the
precise location of the CMJ on MPRAGE and share
the spatial information from the cursor among dif-
ferent images. We evaluated low signal at the CMJ
on SWI and MAG images. We evaluated high sig-
nal at the CMJ on the PHA images because our MR
imaging system is left-handed.19,20

We evaluated the signal of the CMJ on the non-
tumor side at the levels of the genu of the corpus
callosum for the frontal and parietal lobes, spleni-
um of the corpus callosum for the occipital lobe,
and red nucleus for the temporal lobe.
We used a 4-point scale to grade the extent

(length of CMJ signal/total length of gray matter)
of the CMJ signal visible in the studied lobe (Grade
3, >75% of CMJ signal visible; Grade 2, 50 to 75%
visible; Grade 1, 25 to 50% visible; and Grade 0,
<25% visible) (Fig. 1).
When the scores for an image did not agree be-

tween the 2 evaluators, final scores were decided by
consensus.
Quantitative analysis of CMJ signal
Quantitative analysis was conducted for the same

subjects at the same slice location to validate the
qualitative results.
We coregistered MPRAGE images to SWI using

Siemens syngo MultiModality Workplace software,
manually drew a linear region of interest (ROI) of
3-mm width following the border between the gray
(GM) and white matter (WM) on MPRAGE in each
lobe at the same slice level evaluated qualitatively,
and overlaid the ROI onto SWI, MAG, and PHA
images using ImageJ (National Institutes of Health,
USA) ROI manager.21 We then measured the signal
intensity for each voxel along the linear CMJ ROI.
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To quantify the signal intensity of the neighbor-
ing deep white matter, we used a circular ROI of
10-pixel diameter. We calculated the relative signal
ratio (RSR) between the CMJ and neighboring deep
WM for every voxel along the linear CMJ ROI in
each lobe on all images by dividing the signal in-
tensity value of the CMJ by that of the deep WM:
RSR = CMJ/deep WM. For SWI and MAG, we
considered all RSR values less than one to repre-
sent the CMJ low signal intensity examined quali-
tatively; for PHA images, we used RSR values
greater than one. To determine the percentage of

CMJ signal, we counted the total number of voxels
with RSR less than one in SWI and MAG images
and greater than one in PHA images in each lobe
for each patient and then divided that number by
the entire number of voxels of the CMJ ROI.
To compare qualitative and quantitative results,

we converted the RSR percentages into grades sim-
ilar to those of the qualitative evaluation.
Statistical analysis
We used the Kappa coefficient to calculate agree-

ment between the scores by independent observa-
tions of the 2 evaluators and between the qualita-

Fig. 1. (a) Grade 0 corticomedullary junction (CMJ) signal of temporal lobe on
susceptibility-weighted imaging (SWI), corresponding magnitude (MAG) and
high pass filtered phase (PHA) images from left to right. (b) Grade 1 CMJ signal
of frontal lobe on SWI, corresponding MAG and PHA images from left to right.
(c) Grade 2 CMJ signal of parietal lobe on SWI, corresponding MAG and PHA
images from left to right. (d) Grade 3 CMJ signal of occipital lobe on SWI,
corresponding MAG and PHA images from left to right.
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tive and quantitative results, logistic regression
analysis to evaluate the relationship between age
and grade, and a nonparametric Friedman test to
analyze the data for interlobar grades for both qual-
itative and quantitative results. P < 0.05 was con-
sidered statistically significant after post hoc multi-
ple comparisons (Scheffe test).

Results

Qualitative analysis of lobar CMJ grade
No subjects were excluded because of infiltra-

tion. The Kappa coefficients of the 2 evaluators,
0.67 for MAG, 0.68 for PHA, and 0.62 for SWI
images, demonstrated substantial agreement. There
was no significant age-related interlobar difference
in CMJ grades.
Table 1 shows the grades after consensus of the

CMJ signal on MAG (Table 1a), PHA (Table 1b),
and SWI images (Table 1c). The grades were high-
est at the occipital lobe compared with other lobes,
but differed little between MAG and the PHA and
SWI images; we observed no significant difference

among the grades of the different lobes on the MAG
images (Table 2). On the PHA images, grades of
the occipital lobe were significantly higher than
any of the frontal and temporal lobe grades (P =
0.001) but not significant compared with the pa-
rietal lobe (P = 0.10, Table 2). The occipital lobe
showed significantly higher grades on SWI com-
pared with the frontal (P = 0.001), temporal (P =
0.001), and parietal lobes (P = 0.015) (Table 2).
Grades of the parietal lobe were significantly higher
than those of the temporal lobe on the PHA images
(P = 0.001) but not the SWI images (P = 0.42) and
MAG images (P = 0.80) (Table 2).

Quantitative analysis of CMJ signal
RSR results: Table 3 shows the distribution of

CMJ RSR percentage values on MAG (3a), PHA
(3b), and SWI (3c). PHA images showed statistical-
ly significant interlobar differences in RSR percent-
age values (P = 0.025), with significantly higher
RSR percentage values for the occipital lobe than
the frontal and parietal lobes (P < 0.05 for both)
and for the parietal lobe than the frontal lobe
(P < 0.05) (Table 4). There was no significant age-
related interlobar difference of CMJ RSR percent-
ages.
The Kappa coefficients between the qualitative

and quantitative grades were 0.002 for MAG,
0.047 for PHA, and 0.050 for SWI. The 2 results
showed only slight agreement.

Discussion

In this study, our quantitative results showed sig-
nificant differences in the appearance of the CMJ
among the different lobes of the brain on PHA im-
ages, while our qualitative results also showed sig-
nificant interlobar difference, there was only slight

Table 1a. Distribution of qualitative grades among the
different lobes on magnitude (MAG) images

Frontal Parietal Occipital Temporal

Grade 0 16 15 12 19

Grade 1 3 5 9 4

Grade 2 5 5 3 2

Grade 3 1 0 1 0

Total 25 25 25 25

Table 1b. Distribution of qualitative grades among the
different lobes on high pass filtered phase (PHA) images

Frontal Parietal Occipital Temporal

Grade 0 8 9 0 13

Grade 1 9 8 2 11

Grade 2 4 5 11 1

Grade 3 4 3 12 0

Total 25 25 25 25

Table 1c. Distribution of qualitative grades among the
different lobes on susceptibility-weighted imaging (SWI)

Frontal Parietal Occipital Temporal

Grade 0 11 9 2 11

Grade 1 10 9 8 10

Grade 2 4 5 10 4

Grade 3 0 2 5 0

Total 25 25 25 25

Table 2. Qualitative interlobar comparison for magni-
tude (MAG), high pass filtered phase (PHA), and suscep-
tibility-weighted (SWI) images using nonparametric
Friedman test

MAG PHA SWI

P value 0.47 <0.001 <0.001

Interlobar
comparisons

O vs F
(P < 0.001)

O vs F
(P < 0.001)

O vs T
(P < 0.001)

O vs T
(P < 0.001)

P vs T
(P = 0.001)

O vs T
(P = 0.015)

O, occipital lobe; F, frontal lobe; P, parietal lobe; T, tem-
poral lobe
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agreement between the qualitative and quantitative
results.
SWI is a 3D gradient-echo MR image with high

spatial resolution that undergoes phase difference
enhancement in postprocessing to produce high
contrast between tissues with different susceptibil-
ities.1 The phase images are high pass filtered and
transformed into a phase mask that is later multi-
plied onto the original MAG image to enhance con-

trast between tissues with different susceptibilities,
resulting in the final SWI.1 SWI was first developed
as a BOLD venography technique4,22 to demon-
strate the difference in local susceptibility between
intravascular deoxyhemoglobin and surrounding
tissues.1,20 SWI has also been used to show differ-
ences in susceptibility caused by local iron content
in the basal ganglia7 and brain stem.23 However,
SWI has not been used to study interlobar differ-
ences of the CMJ that appear as low signal in the
subcortical region.
The CMJ is a unique area of the brain known to

be rich in iron deposition24,25 and heavily myelinat-
ed.26 Deposition of non-heme iron will lead to con-
trast changes in MAG and PHA images. The arcu-
ate segment of the subcortical veins runs in a
unique zigzag course in the CMJ to act as a source
of deoxyhemoglobin and affect both MAG and
PHA images. On the other hand, myelinated arcu-
ate U-fibers in the CMJ lead to contrast changes
mainly on the phase images. Using the magnetiza-
tion transfer ratio as an indirect measure of myelin
content in the CMJ, a recent report suggested the
variation of myelin as the main source of contrast
in the CMJ on phase images.14 The CMJ appears
with low intensity on SWI images, and low signal
on SWI comes from either MAG or PHA images.
Low signal on MAG images comes from changes
induced by local susceptibility to both paramag-
netic substances, such as iron, and diamagnetic
substances, such as myelin.1 High signal on PHA
images comes mainly from local positive phase
caused by iron,7,11,12,27–29 water-macromolecule ex-
change,16,30 anisotropic microscopic tissue architec-
ture, and fiber orientation within the main magnet-
ic field,31–33 whereas low signal on PHA images
comes from local negative phase in response to
such diamagnetic substances as myelin. Neverthe-
less, it has to be noted that diamagnetic substances
do not always show low signal on phase images;
when considering the relative susceptibilities of
substances to water susceptibility, substances less
diamagnetic than water (such as lipids) might
cause a quasi-paramagnetic effect and show high
signal on PHA images.31 However, very few
studies using SWI have involved the CMJ,14,25 and
to the best of our knowledge, there has been no
report of the local histological characteristics of in-
terlobar differences in the CMJ.
The only slight agreement between our qualita-

tive and quantitative results can be best explained
by differences in the continuity of the CMJ signal
between the 2 analyses, fluctuations in signal inten-
sity values, and the conversion of RSR percentages
into grades.

Table 3a. Distribution of quantitative grades among the
different lobes on magnitude (MAG) images

Frontal Parietal Occipital Temporal

Grade 0 6 6 2 7

Grade 1 3 4 6 7

Grade 2 4 7 12 5

Grade 3 12 8 5 6

Total 25 25 25 25

Table 3b. Distribution of quantitative grades among the
different lobes on high pass filtered phase (PHA) images

Frontal Parietal Occipital Temporal

Grade 0 0 0 0 1

Grade 1 7 5 6 7

Grade 2 18 18 17 16

Grade 3 0 2 2 1

Total 25 25 25 25

Table 3c. Distribution of quantitative grades among the
different lobes on susceptibility-weighted (SWI) images

Frontal Parietal Occipital Temporal

Grade 0 4 4 2 5

Grade 1 4 3 5 6

Grade 2 3 6 6 7

Grade 3 14 12 12 7

Total 25 25 25 25

Table 4. Quantitative interlobar comparison for magni-
tude (MAG), high pass filtered phase (PHA), and suscep-
tibility-weighted (SWI) images using nonparametric
Friedman test

MAG PHA SWI

P value 0.467 <0.025 0.596

Interlobar
comparisons

O vs F (P < 0.05)

O vs P (P < 0.05)

P vs F (P < 0.05)

O, occipital lobe; F, frontal lobe; P, parietal lobe; T, tem-
poral lobe
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Continuity of the CMJ signal: By visual qualita-
tive evaluation, we only see the continuous signal
of the CMJ (the continuous pixels with low signal
on SWI), whereas the quantitative analysis detects
all voxels of RSR less than one in SWI and MAG or
greater than one in PHA whether or not they are
continuous and then converts the total number into
grades.
Fluctuations in signal intensity values: The more

fluctuations of the RSR, the less agreement be-
tween quantitative and qualitative grades because
the human eye may be unable to detect RSR values
very near to one (no contrast between GM and
WM) (Fig. 2).
Conversion of RSR percentages into grades: The

results of quantitative analysis are derived as per-
centages and transformed into grades, each of
which covers a range of 25% of the RSR percent-
age. Qualitatively, many borderline cases might
have been graded lower or higher because of the
less accurate nature of the visual “subjective” grad-
ing. PHA images are most sensitive to phase varia-
tion in local susceptibility and would show better
contrast between the CMJ and neighboring WM.
MAG images are not as sensitive as PHA images
for the local substance variations mentioned and
therefore not as sensitive as PHA in distinguishing
the CMJ from neighboring WM. Though SWI com-
bines the 2 images, contrast from the MAG image
might obscure the contrast between the CMJ and
WM from the PHA image in some areas at the vox-
el level. Therefore, quantitative analysis of SWI, its
underlying PHA, and MAG images would reveal
any subtle changes in signal intensity that qualita-
tive analysis alone does not permit.
The CMJ is rich in iron,12,24,25 and its iron con-

tent is higher than that of the underlying white mat-
ter,24,27,34 so iron rather than myelin may be the
source of the low signal of the CMJ on SWI. How-

ever, this is beyond the scope of our study and re-
quires more advanced postprocessing methods,
such as quantitative susceptibility mapping, to in-
vestigate further the cause of local susceptibility at
the CMJ. The OR, on the other hand, is rich in
myelin and low in iron content and appears as a
low signal (diamagnetic) on PHA images compared
to the high signal of the CMJ (paramagnet-
ic).10,31,34 A reported difference in interhemispher-
ic and interlobar iron concentration35,36 might give
clues to the interlobar difference in the appearance
of the CMJ in our results.
Our study is limited because we evaluated only

patients with preoperative brain tumor. A larger
study sample is needed to study further age-related
changes in CMJ appearance, and more sophisticat-
ed post-processing tools are needed to investigate
further the causes of interlobar differences. We also
did not perform region-specific analysis (in areas
known to have high iron content, such as the motor
cortex) within the different lobes to investigate in-
tralobar differences in the CMJ signal.

Conclusion

Qualitatively, the appearance of the CMJ differed
significantly among the different lobes of the brain
on SWI and underlying PHA images but not on
MAG images. Quantitatively, only PHA images
showed a significant interlobar difference of RSR.
PHA images are most sensitive to CMJ signal con-
trast due to local paramagnetic iron content.
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