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Magnetization Transfer Effects in MR-Detected Multiple Sclerosis
Lesions: Comparison with Gadolinium-Enhanced Spin-Echo
Images and Nonenhanced T1-Weighted Images

John F. Hiehle, Jr, Robert I. Grossman, Karen N. Ramer, Francisco Gonzalez-Scarano, and Jeffrey A. Cohen

PURPOSE: To define the relationship between magnetization transfer and blood-brain-barrier
breakdown in multiple sclerosis lesions using gadolinium enhancement as an index of the latter.
METHODS: Two hundred twenty lesions (high-signal abnormalities on T2-weighted images) in 35
multiple sclerosis patients were studied with gadolinium-enhanced spin-echo imaging and mag-
netization transfer. Lesions were divided into groups having nodular or uniform enhancement, ring
enhancement, or no enhancement after gadolinium administration. For 133 lesions, T1-weighted
images without contrast enhancement were also analyzed. These lesions were categorized as
isointense or hypointense based on their appearance on the unenhanced T1-weighted images.
RESULTS: There was no difference between the magnetization transfer ratio (MTR) of lesions as a
function of enhancement. MTR of hypointense lesions on unenhanced T1-weighted images was,
however, lower than the MTR of isointense lesions. CONCLUSION: We speculate that diminished
MTR may reflect diminished myelin content and that hypointensity on T1-weighted images corre-
sponds to demyelination. Central regions of ring-enhancing lesions had a lower MTR than the
periphery, suggesting that demyelination in multiple sclerosis lesions occurs centrifugally. In
addition, the short-repetition-time pulse sequence seems useful in the evaluation of myelin loss in
patients with multiple sclerosis.
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The prevalence and morbidity of multiple
sclerosis (MS) have led to strong interest in the
evaluation and treatment of the disease. To as-
sess the efficacy of treatment regimens, it is
important to have a sensitive monitor of “dis-
ease activity.” Several authors have suggested
that changes on magnetic resonance (MR) im-
aging may be a more sensitive indicator of dis-
ease burden and activity than clinical grading
scales (1–4). Assessment of disease activity is
difficult, however, because of complex plaque
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pathogenesis. Investigators have attempted to
link clinical status to blood-brain-barrier break-
down and volumetric analysis of lesion burden
(4). In addition to quantifying the number of
plaques and the extent of active inflammation,
as denoted by blood-brain-barrier breakdown
with contrast enhancement, it would be valu-
able to determine the degree of demyelination.
Unfortunately, standard spin-echo images have
not been helpful in this regard, because hyper-
intensity on long-repetition-time images is re-
lated to increased water content and is nonspe-
cific, occurring with inflammatory changes in
the presence or absence of demyelination (5).
In addition to conventional spin-echo imag-

ing, several techniques have been investigated
in an attempt to define better the pathologic
changes in MS plaques and provide a more
quantitative assessment of the stage and extent
of disease. Measurement of relaxation times
and MR spectroscopy have attracted the most
attention, but both are time-consuming and lim-
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ited in specificity. Recent application of magne-
tization transfer has suggested an inverse cor-
relation between demyelination and the degree
of magnetization transfer within the tissue (6,
7). In the current study, we set out to define the
relationship betweenmagnetization transfer and
blood-brain-barrier breakdown, using gado-
linium enhancement as an index of the latter.
We hypothesized that enhancing plaques would
be in the process of active demyelination and
thus exhibit diminished magnetization transfer
ratio (MTR). During our analysis, a relationship
between MTR and signal intensity of nonen-
hancing plaques became apparent, and we
therefore broadened our study to include prega-
dolinium T1-weighted images.

Materials and Methods
In the initial phase of our study, 87 white matter lesions

in 18 patients, ages 18 to 65 years (mean age, 35.8
years), were studied with gadolinium-enhanced MR and
magnetization transfer. All patients had clinical MS as de-
fined by the Poser criteria (8). Images of the brain were
obtained on a 1.5-T scanner using a quadrature head coil
and included sagittal T1-weighted images, 3- to 5-mm
axial T2-weighted fast-spin-echo images, magnetization
transfer images (see below), and 3- to 5-mm contiguous
axial postgadolinium T1-weighted images (600–750/26–
27/1 [repetition time/echo time/excitations]). Gadolinium
was given at a dose of 0.1 mmol/kg of body weight up to
a maximum of 20 mL. In each case, all data were acquired
in a single session. Because the initial goal of the study
was to define the relationship between magnetization
transfer and enhancement, cases for the first phase were
randomly selected (by J.F.H.) from a cohort of MS study
patients, with the criterion for selection being the presence
of one or preferably multiple enhancing white matter le-
sions. Lesions were considered to enhance if they demon-
strated significant hyperintensity to surrounding white
matter on the postgadolinium T1-weighted images (a sub-
tle ring of hyperintensity was not sufficient). Because we
initially planned to correlate MTR to the presence of en-
hancement, we did not prospectively choose to obtain
pregadolinium T1-weighted images in the first phase of
our study.

In the second phase, we studied 133 white matter le-
sions in 17 consecutive patients, ages 20 to 48 (mean age,
35.6 years), with MS. After recognizing in the first phase
that MTR corresponded more closely to the signal intensity
(on T1-weighted images) of nonenhancing lesions than to
the presence or degree of enhancement, we revised our
primary objective for this group of patients to a compari-
son of lesion appearance and signal intensity on pregado-
linium T1-weighted images to the MTR, regardless of en-
hancement. In addition to the pulse sequences described
for the initial phase, images included 3-mm contiguous
axial T1-weighted images, before (600/11/1) and after
(600/27/1) administration of intravenous gadolinium.

Magnetization transfer images were obtained for each
patient using the pulse sequence described by Schnall
(Schnall et al, “Technique for Magnetization Transfer Im-
aging at 1.5 T Using Steady State Pulsed Saturation” (ab-
stract 175), presented at the Society of Magnetic Reso-
nance in Medicine meeting, San Francisco, Calif, 1991).
Magnetization transfer data were collected before gado-
linium administration in all cases. Five-millimeter contig-
uous axial images were acquired with a volumetric gradi-
ent-echo pulse sequence (three-dimensional gradient-
recalled acquisition in a steady state, 106/5/1, 128 flip
angle, 256 3 128 matrix). A prolonged, off-resonance,
broad-bandwidth saturation pulse was applied before each
excitation pulse to achieve partial saturation of the “mac-
romolecular matrix” in the steady state (19-millisecond
single-cycle sync pulse; 2-kHz off-peak water resonance;
average B1 intensity, 3.67 3 1026 T). A reference image
(unsaturated) was also obtained with the amplitude of the
off-resonance saturation pulse set to zero. Parameters for
the reference image were otherwise identical (prescan pa-
rameters were held constant). The MTR of a given region
of interest was then calculated by subtracting the average
signal intensity of the region of interest on the saturated
image, Ms, from the average signal intensity of the same
region of interest on the unsaturated image, Mo, and divid-
ing by the average signal intensity of the region of interest
on the unsaturated image (Fig 1):

MTR 5 100~1 2 Ms/Mo)

This is an adaptation of the rate equation for magnetization
transfer described by Eng et al (7, 9). Throughout our
discussion, we will refer to the general technique of mag-
netization transfer imaging as magnetization transfer and
actual quantified results as MTR.

In addition to calculating a MTR for each white matter
lesion, each lesion was categorized according to its ap-
pearance on the T1-weighted image. For the initial
phase, only postgadolinium images were available and
lesions were characterized as (a) isointense nonenhanc-
ing, (b) hypointense nonenhancing, (c) uniform or nodu-
lar enhancement, or (d) hypointense ring-enhancing,
based on their appearance on the postgadolinium T1-
weighted image relative to the surrounding white matter
(Table 1).

Because our first group of patients did not have prega-
dolinium T1-weighted imaging and we thought that some
minimally enhancing hypointense lesions might be mis-
categorized as isointense nonenhancing lesions, we re-
vised our methods in the second phase of the study to
include precontrast T1-weighted images. For these pa-
tients, lesions were categorized based on their signal in-
tensity on pregadolinium T1-weighted images (Table 2)
and their enhancement on postgadolinium T1-weighted
images (Table 3). Lesions were categorized as isointense,
slightly hypointense, or definitely hypointense relative to
surrounding white matter, based on appearance on the
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pregadolinium T1-weighted images. The intermediate cat-
egory of slightly hypointense lesions included lesions that
were subtle, but discernible as discrete lesions on the pr-
egadolinium T1-weighted images, knowing that there was
a corresponding hyperintensity on the T2-weighted im-
ages. Examination time limitations did not permit acqui-
sition of quantitative T1 relaxation times and, because
prescan parameters for the T1-weighted images varied
from patient to patient, region-of-interest measurements
of signal intensity on T1-weighted images were not com-
parable among patients. Therefore, lesions were assessed

Fig 1. Example of magnetization transfer images and mea-
surement of regions of interest. The left image is a gradient-echo
magnetization transfer image without the presaturation pulse ap-
plied; the right image is a magnetization transfer image with the
off-resonance presaturation pulse. Note that the signal intensity of
the brain parenchyma relative to CSF is decreased in the right
image because of partial saturation from magnetization transfer.
The CSF does not change in signal intensity, although it looks
brighter on the right image because of different window and level
settings. The MTR of a lesion is calculated from the signal differ-
ence ratio between identical regions of interest on the two images,
placing the region of interest to include the lesion without volume
averaging of adjacent normal-appearing white matter (see text).
visually. In addition, we measured region-of-interest val-
ues of lesions (from the T1-weighted images) and normal-
ized the region-of-interest measurement of each lesion to
the signal intensity of the cerebrospinal fluid (CSF) of that
patient (normalized region-of-interest measurement
equals T1-weighted image of the region of interest of le-
sion divided by average CSF region of interest from lateral
ventricle in same patient). CSF was used as a standard
because the T1 of CSF should be relatively constant be-
tween patients. The type of enhancement (nonenhancing,
uniform or nodular enhancement, or ring enhancement)
was assigned based on the postgadolinium T1-weighted
images. Because the primary goal of this phase was to
compare MTR to lesion appearance on pregadolinium im-
ages, enhancement was not a criterion for either patient or
lesion selection. Therefore, because the number of nonen-
hancing lesions far outnumbered the enhancing lesions in
these 17 patients, there are relatively few enhancing le-
sions in the second phase.

All calculations and lesion characterizations were per-
formed by one author (J.F.H.), who was not blinded to the
imaging or patient data.

Statistical significance was calculated using the
Student’s t test. Significance of MTR differences between
lesion groups was calculated using a two-tailed Student’s
t test. Significance of correlation coefficients was calcu-
lated using an adaptation of the t test (10).

TABLE 2: Phase 2: MTR as a function of appearance on pregado-
linium T1-weighted images

T1-Weighted Image
Appearance

MTR*,
mean,
%

Standard
Deviation,†

%

Number of
Lesions

Isointense 33.1 3.5 40
Slightly hypointense 30.6 4.1 22
Hypointense 27.3 4.2 71

* Average MTR of all lesions in group.
† Standard deviation of MTR measurements.
TABLE 1: Phase 1: MTR of lesions categorized by postgadolinium T1-weighted MR appearance

Group
T1-Weighted Image

Appearance
Enhancement?

MTR‡,
mean,
%

Standard
Deviation,§

%

Number of
Lesions

1 Isointense No 30.5 2.6 31
2 Hypointense No 23.9 5.4 26
3 * Yes (nodular) 30.2 3.3 22
4 Hypointense Yes (ring) 17.5 8.0 8
1, 3 Isointense† . . . 30.4 2.9 53
2, 4 Hypointense . . . 22.4 6.6 34
1, 2 . . . No 27.5 5.3 57
3, 4 . . . Yes 26.8 7.5 30

* Signal intensity on T1-weighted image not discernable because of enhancement of lesion.
† Including nodular enhancing plaques whose T1-weighted image appearance was not discernable.
‡ Average MTR of all lesions in group.
§ Standard deviation of MTR measurements.



Results

All patients had lesions with abnormal high
signal intensity on the T2-weighted images, al-
though there was marked variability in the num-
ber of lesions per patient. There was also vari-
ability in the conspicuity of these lesions and in
their degree of enhancement on the T1-
weighted images. All of the lesions had de-
creased MTR (mean, 28.6%; N 5 220), com-
pared with normal white matter in healthy
control subjects (mean, 41.8%; standard devia-
tion, 1.3%) (6).
In the first group of 18 patients, lesions with

central hypointensity on T1-weighted images
(groups 2 and 4) had decreased MTR relative to
isointense or uniformly enhancing lesions
(groups 1 and 3) (Table 1; Fig 2). There was
also correlation between MTR and signal inten-
sity on the postgadolinium images, which was
best for the “nonenhancing” lesions, including
both nonenhancing lesions with central hypoin-
tensity on postgadolinium T1-weighted images

TABLE 3: Phase 2: MTR as a function of gadolinium enhancement
on T1-weighted images

Enhancement
MTR*,
mean, %

Standard
Deviation,†

%

Number of
Lesions

None 29.8 4.7 117
Nodular 27.1 3.7 10
Ring 26.6 5.6 6

* Average MTR of all lesions in group.
† Standard deviation of MTR measurements.

Fig 2. Bar graph of MTR for different categories of MS lesions
in first group of 18 patients. Lesions were categorized according to
lesion appearance on the postgadolinium T1-weighted images:
group 1 is isointense, nonenhancing; group 2, hypointense, non-
enhancing; group 3, nodular enhancement; and group 4, ring
enhancing with relatively hypointense central portion.
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and nonenhancing lesions that were isointense
to surrounding gray matter on the postgado-
linium T1-weighted images (r 5 .64, P , .001)
(Fig 3). There was no significant difference in
the MTR of enhancing lesions (groups 3 and 4)
and nonenhancing lesions (groups 1 and 2)
(Table 1; Fig 2).
In the second group of 17 patients and 133

lesions, there was again no difference in the
MTR as a function of enhancement (Table 3).
The MTR of hypointense lesions (27.3%), how-
ever, was significantly lower than the MTR of
isointense lesions (33.1%; P 5 .0001, two-tailed

Fig 4. Bar graph of MTR versus subjective signal intensity of
lesions on pregadolinium T1-weighted images for second data set
of 133 lesions in 17 patients (for hypointense, slightly hypoin-
tense, and isointense lesions as categorized by J.F.H.).

Fig 3. MTR versus signal intensity of nonenhancing lesions on
postgadolinium T1-weighted images (first group of 18 patients,
r 5 .64).

AJNR: 16, January 1995
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unpaired Student’s t test) (Table 2; Fig 4). Fur-
thermore, this significant difference held up
when the intermediate group of slightly hypoin-
tense lesions was pooled with either the hypo-
intense lesions or the isointense lesions
(P 5 .0001 for both comparisons, two-tailed
Student’s t test). There was a large variability in
the measured signal intensities of lesions on the
T1-weighted images, probably attributable in
part to variabilities in the prescan routine be-
tween patients. The correlation between these
region-of-interest measurements from the T1-
weighted images and MTR by regression anal-
ysis was r 5 .46 (P # .01). When the lesion
region-of-interest measurements were normal-
ized to CSF, however, there was much better
correlation (r 5 .60, P # .01) (Fig 5).

Discussion

One difficulty in MR analysis of MS lesions
has been poor specificity in characterizing the
age and histologic substrate of lesions. Edema
in acute lesions may be nearly impossible to
differentiate from demyelination and gliosis in
chronic lesions on routine spin-echo imaging.
Gadolinium has proved sensitive in the detec-
tion of blood-brain-barrier breakdown, which
often occurs in inflammatory or “active” lesions.
Although the inflammatory change producing
enhancement may precipitate or occur in con-

Fig 5. Graph of MTR versus normalized signal intensity of
lesions on pregadolinium T1-weighted images (second group of
17 patients, r 5 .60). Signal intensity measurements of lesions
were normalized to average CSF signal intensity in the same
patient.
cert with the demyelinating process, active
plaques may either resolve or progress to
chronic demyelinated lesions and gadolinium
enhancement itself cannot be used to quantify
myelin loss. Distinguishing myelin loss is, how-
ever, potentially useful because edematous or
inflammatory lesions with relatively intact my-
elin may be more responsive to appropriate
therapy than lesions that have already under-
gone myelin breakdown. Therefore, investiga-
tors have used a variety of MR techniques to
evaluate white matter lesions in an attempt to
predict their biochemical composition.
Several investigators have looked at relax-

ation times of MS lesions compared with nor-
mal-appearing white matter. Lacomis et al
found that T1 values were increased in MS le-
sions (11). Larsson et al found both T1 and T2
values lengthened in MS lesions in 10 patients
with long-standing MS and no clinical symp-
toms over the preceding year (12), although the
T1 and T2 values of lesions varied over a broad
range. In a follow-up study of 10 patients with
the acute onset of MS (13), there was a large
overlap between the relaxation values of the
acute lesions and the chronic lesions from their
previous study (12). Armspach et al also stud-
ied T2 values in MS lesions and found a simi-
larly wide range of values (14). In summary,
multiple authors have suggested that the vari-
ability of relaxation times reflects biophysical
differences in tissue composition, but it has
been difficult to establish the relationship be-
tween plaque composition and prolongation of
T1 or T2 (11, 13).
MR spectroscopy of MS has also been inves-

tigated and has yielded some promising results.
Several investigators have demonstrated rela-
tively decreased N-acetyl aspartate in MS le-
sions (15–21), most evident in chronic lesions
(19). Other studies have found increased lipid
or cholesterol peaks in MS lesions, usually in
acute lesions (18, 22, 23). MR spectroscopy
clearly has potential for better defining the
pathologic substrate of MS lesions. Unfortu-
nately, MR spectroscopy software is not widely
available in the clinical setting, and spectro-
scopic examination is limited by volume loca-
tion and time constraints.
Magnetization transfer was described in the

physical chemistry literature in 1963 by Forsén
and Hoffman as a means of measuring chemi-
cal exchange rates (24). Recently, Balaban et al
have applied the technique to in vitro and in
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vivo MR imaging or magnetization transfer im-
aging (9, 25). The physical basis of magnetiza-
tion transfer is complex and not completely un-
derstood. In one of the more commonly
accepted theories, Eng et al have described two
separate populations of protons, (a) the protons
within freely mobile water molecules and (b) the
restricted-motion protons bound within various
macromolecules such as cell proteins and cell
membranes (9). Experimental evidence sug-
gests that the restricted-motion protons bound
within the “macromolecular matrix” have a very
broad resonance peak, and that there is rapid
exchange of energy between the protons in this
matrix, so that energy from a saturation pulse
applied anywhere over the broad resonance
peak will be quickly distributed among all the
bound protons (25). When this broad peak of
the macromolecular matrix has been saturated,
there is exchange with the protons of the bulk
water component via both chemical exchange
and mutual spin-flip or dipole interactions, so
that there will be some signal loss in the result-
ing image (26). The larger the macromolecular
matrix, the larger the energy transfer to the free
water protons and the greater the signal loss on
the “saturated” image relative to the “unsatur-
ated image.” In our technique, the MTR repre-
sents the ratio of signal intensities between the
two images; therefore a high MTR occurs in
more structured tissue where there is a large
macromolecular matrix, and a low MTR occurs
when there is a small macromolecular matrix.
Dousset used magnetization transfer to study

a model of MS in both guinea pigs and human
patients (6). In the guinea pigs with experimen-
tal allergic encephalomyelitis there was a mild
decrease in MTR in lesions that had histologic
evidence of edema, but no demyelination. In
human patients with MS, however, MTR mea-
surements of white matter lesions resulted in a
broad range of values, mildly to markedly lower
than normal. They hypothesized that mildly di-
minished MTR might correlate with edematous
or inflammatory lesions that did not yet have
significant demyelination (thus relative preser-
vation of the highly structured myelin matrix),
whereas more marked decrease in MTR might
correlate with actual demyelination. Unfortu-
nately, the lesions with low MTR were all in
human subjects, so that no pathologic correla-
tion was available to prove the coexistence of
markedly diminished MTR and demyelination.
In more recent work, we demonstrated a cor-
relation between MR spectroscopy findings and
MTR (7). Decreased MTR correlated to in-
creased spectroscopy peaks in the 2.1 through
2.6-ppm range, in which amino acid products
including g-aminobutyric acid and glutamate
are known to resonate. We hypothesize that
these peaks may represent myelin catabolites
and that the MTR may be decreased as a result
of disruption of the normal macromolecular ma-
trix of myelin.
Our current study demonstrates an interest-

ing correlation between the MTR of MS lesions
and their signal intensity on the T1-weighted
images. Data from an earlier study (7) had led
us to suspect that enhancing plaques would
have relatively low MTR, presumably because
of an active process of inflammation and demy-
elination. Our current study, however, did not
confirm this but rather demonstrated that most
enhancing lesions had a relatively small de-
crease in MTR. Instead, the lowest MTR were in
those white matter lesions that appeared hy-
pointense to surrounding white matter on the
T1-weighted image, including both hypointense
nonenhancing lesions and the central, hypoin-
tense portions of ring-enhancing lesions. White
matter lesions that were nonenhancing and rel-
atively isointense to the surrounding white mat-
ter on the postgadolinium T1-weighted images
also had a relatively modest decrease in the
MTR.
Given the underlying physics of magnetiza-

tion transfer and earlier results suggesting an
association between decreased MTR and de-
myelination, we conclude that hypointense
plaques represent the most demyelinated le-
sions, including both hypointense nonenhanc-
ing lesions and the hypointense central portion
of ring-enhancing lesions. On the other hand,
the mildly diminished MTR of isointense nonen-
hancing and nodularly or uniformly enhancing
lesions suggests an inflammatory or edematous
reaction with less significant demyelination.
Ring-enhancing MS lesions produced some

of the most interesting results. There is general
consensus that the peripheral, enhancing por-
tion of a ring-enhancing lesion represents the
“active, inflammatory” and presumably most
acute component, whereas the nonenhancing
central portion represents an older and poten-
tially demyelinated area or gliotic scar (13).
Ring-enhancing lesions may represent either re-
crudescence of an old demyelinated or gliotic
plaque, or a rapidly progressive acute plaque



Fig 6. A, Variation of MTR along a ray drawn through a single large, enhancing MS lesion, demonstrating very low MTR in the central,
presumably demyelinated portion of the lesion and moderately diminished MTR along the margins of the lesion, which may be caused
by edema and/or inflammatory changes without significant myelin loss.

B, The data points on the line plot represent pixel-by-pixel MTR measurements from just anterior to the lesion to just posterior to the
lesion. The arrowsmark the points corresponding to the relatively hypointense ring that separates the lesion from the surrounding edema
on the T2-weighted image (the arrows also correspond to the margin of enhancement).

AJNR: 16, January 1995 MAGNETIZATION TRANSFER 75
which has already demyelinated centrally. Most
of the ring-enhancing lesions in our study were
relatively hypointense centrally, with a rela-
tively low central MTR. Although it was difficult
to measure the MTR along the thin enhancing
rim of many of these lesions, there seemed to be
relatively less decrease in the MTR along the rim
(Fig 6). These findings support the hypothesis
that active demyelination occurs peripherally in
ring-enhancing plaques, with the central portion
corresponding to the most myelin loss.
Unfortunately, the variability in data, includ-

ing both magnetization transfer results and T1-
weighting images, coupled with the absence of
pathologic correlation, makes it impossible to
determine a threshold at which actual demyeli-
nation can be diagnosed. Pathologic correlation
would be helpful to correlate degree of demy-
elination to decreases in MTR or hypointensity
on T1-weighted images but is unlikely to be
available given the low mortality rate of MS and
the difficulty in justifying biopsy. We hypothe-
size that there is a spectrum of values for MTR.
At the lower end, these would correlate with
myelin loss; in the middle, there would be a
combination of myelin loss and edema; and at
the upper end, mostly edema with little myelin
loss.
Our data are in agreement with some of the

previous work done on relaxation time changes.
Namely, a mild increase in T1 would be consis-
tent with little to no perceptible change in the
appearance of the lesion on T1-weighted im-
ages (ie, isointense to surrounding white mat-
ter); the greater increase in T1 would be con-
sistent with myelin loss (27). We might have
achieved better correlation between the magne-
tization transfer image and the T1-weighted im-
age had we measured relaxation times instead
of regions of interest, but time constraints would
not permit that experiment. Furthermore, non-
predictable sources of T1 variance would be
expected to affect relaxation time measure-
ments as well as region-of-interest measure-
ments (28).
Comparison to Koenig’s results is also helpful

in understanding our data (29). Koenig hypoth-
esizes that white matter appears bright because
of rapid mixing of axonal water with the water of
myelin, causing an unexpectedly short T1. He
also suggests that this may be caused by cross-
relaxation effects analogous to the magnetiza-
tion transfer effects reported by Balaban’s
group (9, 25). If cross-relaxation properties of
myelin are indeed a major factor in the short T1
of white matter, it would explain our correlation
between diminished MTR and decreased signal
intensity on T1-weighted images in MS lesions
and support our hypothesis that both of these
changes are caused by demyelination.



Because of the high conspicuity of MS lesions
on T2-weighted images, most protocols for the
evaluation of MS have exploited the sensitivity
of these images for the detection or volumetric
quantification of plaques. Several investigators,
however, have discussed the advantages of T1-
weighted images in the evaluation of MS le-
sions. Edwards et al showed that heavily T1-
weighted inversion recovery scans had a higher
specificity for demyelinating lesions than stan-
dard T2-weighted images (Edwards MK et al,
“Clinical Utility of Inversion Recovery MR in
the Diagnosis of MS” [abstract], AJNR Am J
Neuroradiol 1989;10[suppl]:898). More re-
cently, Shah et al showed that although T2-
weighted imaging was better in detecting gray
matter lesions, heavily T1-weighted MP RAGE
images actually detected more deep white mat-
ter lesions than the T2-weighted images (30).
Although the high sensitivity of T2-weighted

images makes them ideal in the detection of
plaques, their relatively low specificity limits
their usefulness in determining the type of
plaque. T1-weighted image contrast, on the
other hand, may prove helpful in defining the
inherent structure andmyelin content of lesions,
contributing information that may be used in the
prognosis and evaluation of treatment regi-
mens.
In conclusion, the MTR of MS plaques is uni-

formly lower than that of normal white matter.
Previous reports suggest that myelin may serve
as the substrate for the relatively large magne-
tization transfer of white matter, and that the
cross-relaxation properties of myelin may con-
tribute to the short T1 of normal white matter.
Given these findings, we believe that diminished
MTRmay be a sensitive indicator of myelin loss.
Furthermore, the correlation of T1 signal inten-
sity with MTR suggests that T1-weighted im-
ages may be more useful and more specific
than previously thought in the categorization of
MS lesions and perhaps even patient cohorts.
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