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Magnetization Transfer MR of the Normal Adult Brain

Rahul C. Mehta, G. Bruce Pike, and Dieter R. Enzmann

PURPOSE: To establish a normal baseline of the percent magnetization transfer of gray (cortical
and deep) and white matter structures in the brain in healthy adults and to determine whether there
are adult age-related differences in these measurements. METHODS: Axial T1-weighted scans
(800/20 [repetition time/echo time]) with and without magnetization transfer were prospectively
performed on a 1.5-T MR imaging unit on 68 healthy patients (aged 20 to 76 years). Presaturation
and postsaturation magnetization transfer images were obtained using an on-resonance binomial
pulse. All patients had normal MR scans on all pulse sequences. A calculated “difference” image
was used to calculate the percent magnetization transfer in multiple specific regions of the brain.
In each hemisphere, 9 discrete areas of cortical and deep gray matter and 29 areas of white matter
were measured in 68 patients to generate age-related changes in percent magnetization transfer in
these anatomic regions. Ranges of normal percent magnetization transfer in each of the 38
measures were established. RESULTS: The percent magnetization transfer of the gray matter (28%
+ 2%) was lower than that of the white matter (36% * 2%). There was no statistically significant
difference in the percent magnetization transfer in different areas of gray matter. Deep white matter
in the different lobes (percent magnetization transfer, 31% to 38%) also showed no differences by
age. Percent magnetization transfer was the highest in the genu of the corpus callosum (42%), and
this was statistically significant compared with other white matter measurements. CONCLUSION:
There were no statistically significant age-related variations in the percent magnetization transfer
in healthy adults in gray or white matter. These percent magnetization transfer measurements
provide baseline normative data, which can be used to measure the extent and severity of white

matter changes in disease states.

Index terms: Brain, anatomy; Magnetic resonance, magnetization transfer
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Magnetic resonance (MR) is dominated by
the contribution of freely mobile water protons
because of their great abundance and their
sharp resonance frequency. Nevertheless, re-
laxation of water protons by interactions with
macromolecular protons found in proteins and
cellular membranes does contribute to the sig-
nal derived in proton MR. The protons in mac-
romolecular proteins have restricted motion,
and they interact with mobile water protons
through coupling and chemical exchange. Ex-
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change of magnetization between highly mo-
bile, free water protons and immobile, restricted
water protons, is a primary mechanism for spin
lattice (T1) relaxation in tissues (1-4).

Wolff and Balaban (2) have described a new
form of tissue contrast: magnetization transfer
contrast. The exchange of magnetization in tis-
sues after a saturating pulse is determined by
the relative proportion of the two pools of hy-
drogen atoms: a highly mobile (“free”) hydro-
gen pool, H;, and an immobile (“restricted”)
hydrogen pool, H,, the latter being those pro-
tons bound to large macromolecular protein
molecules such as those found in cellular mem-
branes. Thus the presence of the restricted pool
can be detected by imaging the free pool of
protons. The H; have a discrete and a sharp
central peak on MR spectroscopy, and the H,
have a “broad” spectrum disposed symmetri-
cally around the H; peak. Direct observation of
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TABLE 1: Magnetization transfer (%, mean = SEM) in the age groups, for the different regions of the white matter

Age,y
21-30 31-40 41-50 51-60 61-70 71-80
Central Corpus 36.00 = 0.7 36.80 = 0.4 38.20 = 0.5 39.40 = 0.5 39.00 = 0.5 39.40 = 0.8
Peri Corpus 35.50 = 1.0 34.50 = 0.7 34.70 = 0.8 35.90 = 0.7 35.30 = 0.7 36.60 = 0.8
Brachium Pontis 34.20 = 0.4 36.30 = 0.6 38.10 = 0.9 38.80 1.4 38.60 = 0.6 37.80 = 1.5
Tectum 34.90 = 0.2 35.90 = 0.5 36.90 = 0.4 37.30 = 0.8 38.00 = 0.4 37.80 = 0.4
Tegmentum 33.20 = 0.6 33.10 = 0.6 34.80 = 0.9 35.00 = 1.0 35.60 = 0.5 35.80 = 0.8
Optic Tract 33.20 = 0.6 32.60 = 0.6 34.40 = 0.6 33.90 = 0.9 34.10 = 0.6 34.80 = 0.7
Peduncle-Med 32.90 = 0.7 35.20 = 0.7 35.80 = 0.7 36.30 = 0.8 37.20 = 0.7 35.30 = 0.7
Peduncle-Lat 34.00 = 0.7 35.50 = 0.5 36.10 = 0.5 37.50 = 0.6 37.50 = 0.5 35.20 = 1.1
Frontal L Central 35.60 = 0.6 36.60 = 0.5 37.80 = 0.7 37.50 = 0.6 37.30 = 0.6 36.80 = 1.0
Frontal L d Fiber 33.20 = 0.8 33.90 = 0.5 34.00 = 0.6 34.00 = 1.1 34.70 = 0.6 34.40 = 1.2
Parietel L Central 33.60 = 0.4 34.60 = 0.5 35.10 = 1.0 34.50 = 0.6 37.00 = 1.0 36.90 = 1.0
Parietel L U Fiber 31.30 = 0.6 31.70 = 0.6 32.40 = 1.0 31.40 = 0.7 33.30 = 0.9 33.00 = 0.6
Temporal L Central 37.40 = 1.2 38.20 = 0.3 38.60 = 0.4 39.10 = 0.5 37.80 = 0.5 37.80 = 1.1
Temporal L U Fiber 34.40 = 0.6 34.70 = 0.5 34.30 = 0.6 36.10 = 0.5 34.70 = 0.6 33.50 = 1.1
Optic Radiations 37.60 = 0.1 37.20 = 0.3 37.30 = 0.3 37.60 = 0.2 37.10 = 0.6 37.90 = 0.4
Occipital L Central 38.50 = 0.2 38.20 = 0.2 38.70 = 0.3 39.40 = 0.5 37.90 = 0.5 39.40 = 0.4
Occipital L U Fiber 34.60 = 0.7 35.70 = 0.3 36.00 = 0.6 34.40 = 0.8 36.10 = 0.5 36.60 = 1.1
IC-Ant 34.30 = 0.4 34.30 = 0.3 34.20 = 0.4 33.80 = 0.6 34.70 = 0.5 35.10 = 0.9
IC-Genu 36.20 = 0.4 36.30 = 0.3 36.10 = 0.4 35.80 = 0.5 36.50 = 0.3 36.50 = 0.6
IC-Post 38.40 = 0.4 38.10 = 0.3 36.10 = 0.5 35.80 = 0.7 38.90 = 0.5 39.60 = 0.7
External Capsule 32.80 = 0.9 30.40 = 0.4 31.90 = 0.9 33.60 = 0.5 33.30 = 0.6 33.60 = 1.1
CC-Genu 41.10 £ 0.4 40.70 = 0.3 40.70 = 0.5 41.50 = 0.5 4170 £ 0.4 41.00 = 0.7
CC-Splenium 36.90 = 0.7 37.70 = 0.3 37.50 = 0.4 38.00 = 0.4 38.90 = 0.6 37.50 = 0.5
Fornix 30.60 = 1.2 30.40 = 0.7 32.00 = 1.0 32.10 = 0.8 32.10 = 0.5 31.10 = 0.7
Centrum Semiovale 38.40 = 0.2 38.10 = 0.2 38.20 = 0.3 38.30 = 0.2 39.30 = 0.7 39.50 = 0.8
Fasciculus SFO 37.10 = 0.3 37.10 = 0.3 37.00 = 0.3 36.90 = 0.4 36.40 = 0.6 38.00 = 0.6
Centrum U Fiber 34.90 = 0.2 34.80 = 0.3 35.80 = 0.5 35.10 = 0.3 35.10 = 0.2 35.60 = 0.7
Cingulum 35.30 = 0.9 34.90 = 0.6 34.80 = 0.9 33.70 £ 1.2 36.20 = 0.7 35.60 = 1.2
Ant Comm 30.00 = 1.3 29.90 = 0.7 28.90 = 0.8 29.30 = 0.8 29.30 = 0.6 31.20 = 0.7

Note.—Peri corpus indicates peripheral white matter of the corpus medullaris; peduncle-med and peduncle-lat, medial and lateral cerebral
peduncles; IC-ant, IC-genu, and IC-post, internal capsule, anterior limb, genu, and posterior limb, respectively; CC-genu and CC-splenium, corpus
callosum genu and splenium; fasciculus SFO, superior frontooccipital fasciculus; and ant comm, anterior commissure.

the H, magnetization pool is normally not pos-
sible because of its extremely short T2 (<200
microseconds). However, saturation of the re-
stricted pool will have a detectable effect on the
free-proton pool. This effect is one of decreas-
ing the signal of the free pool by transferring the
restricted pool’s saturation. The rate of magne-
tization transfer is determined by the relative
proportion of the two pools of hydrogen atoms,
their efficiency of interaction, the field strength,
and scanning parameters.

Findings in preliminary studies have demon-
strated that the magnetization transfer tech-
nique may be useful in several cranial imaging
applications: for improved detection of intracra-
nial central nervous system lesions (5-13), for
improving small-vessel delineation at time-of-
flight MR angiography (14-19), for increasing
tissue contrast in gradient-echo imaging (20,
21), for characterizing and assessing the age of

multiple sclerosis lesions (22, 23), for evaluat-
ing cerebral ischemia and infarction (24-26),
for evaluating the cervical spine (27), knee
(28), heart, and coronary vessels (29, 30), and
for detecting wallerian degeneration (31).

As magnetization transfer techniques be-
come more widely disseminated and used for
general diagnostic purposes, it becomes in-
creasingly important to have a normal baseline
available for image and measurement interpre-
tation. A previously published study has de-
scribed new patterns of tissue contrast and the
increased visibility of normally enhancing struc-
tures (32). The purpose of our study was to
establish a quantitative range of normal of per-
cent magnetization transfer in different tissues
in the normal brain and to determine whether
there is an adult age-related change in the per-
cent magnetization transfer in the various gray
and white matter structures.
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Materials and Methods

This study was performed prospectively over a 4-month
period and involved 68 adults (ages 21 to 78 years). The
patients were grouped by age as follows: (a) 21 to 30
years, n = 10; (b) 31 to 40 years, n = 19; (c) 41 to 50
years;n = 11; (d) 51 to 60 years, n = 6; (e) 61 to 70 years,
n = 15; and (f) 71 to 80 years, n = 7. The entry criteria for
healthy patients was a normal MR scan on all pulse se-
quences including postcontrast scans. A review of the
medical history of each patient was performed to exclude
any patients with central nervous system disorders or sys-
temic disease, which would preclude inclusion in this
study. The detection of any abnormality resulted in exclu-
sion. These patients had histories of single isolated com-
plaints, and the MR was obtained to rule out structural
abnormalities. The work-up ceased with a negative MR.
Patients with chronic symptoms and unresolved diagnosis
were not included. All the studies were performed on a
General Electric 1.5-T Signa MR imaging unit (General
Electric, Milwaukee, Wis) using a head coil and 18- to
24-cm field of view. The brain MR protocol was as follows:
(a) sagittal T1-weighted, 800/20/1 (repetition time/echo
time/excitations), 5-mm sections with 2.5-mm intersec-
tion spacing; (b) axial T2-weighted, 2000/30,80/2, 4-mm
sections with 1.0-mm intersection spacing; (c) axial pre-
contrast T1-weighted, with and without magnetization
transfer, 800/20/1, 5-mm sections with 1.0-mm intersec-
tion spacing; and (d) axial postcontrast (if performed)
T1-weighted with and without magnetization transfer, 800/
20/1, 5-mm sections with 1.0-mm intersection spacing.
All the patients signed a written consent form allowing
performance of the additional magnetization transfer se-
quence. For magnetization transfer images, only the sat-
uration pulse was added; the other parameters were iden-
tical (4). The specific absorption rate for the magnetization
transfer sequence was well below the Food and Drug Ad-
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Fig 1. A 55-year-old healthy subject.

A, Axial T1-weighted image without mag-
netization transfer; B, axial T1-weighted im-
age with magnetization transfer; and C, dif-
ference image at the level of the basal
ganglia and the thalamus. On B there is a
suppression of the white matter signal in the
anterioposterior limb and the genu of the
internal capsule, the external capsule, and
the subcortical and deep periventricular
white matter. The thalamus is more sup-
pressed on B than the caudate nucleus, the
putamen, and the cortex. Note that the thal-
amus is the most hyperintense cortical or
deep periventricular gray matter structure in
the brain.

ministration limits; average specific absorption rate was
0.04 W/kg, and peak specific absorption rate was 2.53
W/kg for any gram of cranial tissue.

Magnetization transfer was performed with an on-reso-
nance zero-degree binomial pulse to saturate the H, pool
(33, 34). This pulse has a broad pass band with no significant
saturation of H; and is reasonably insensitive to the By, inho-
mogeneities. After testing a variety of binomial pulses,
the 1-2-1 pulse was found to be the best compromise
between H, saturation and H; bandwidth (33). The main
advantage of the on-resonance saturation pulse is that it
is shorter, and therefore more sections can be obtained
within a given time interval. It is also insensitive to By inho-
mogeneities, and the power deposition is also less (33).
A single binomial pulse is applied before each section-selec-
tive excitation in our multisection spin-echo sequence.

A total of 78 region-of-interest measurements were per-
formed in each patient, 38 in each hemisphere and addi-
tional measurements in air and ventricles (Table 1). Nine
gray matter regions were measured: cerebellum, temporal
lobe, frontal lobe, parietal lobe, occipital lobe, caudate
nucleus, globus pallidus, putamen, and thalamus. The
white matter areas measured were corpus medullaris (cen-
tral and peripheral); brachium pontis; tectum and tegmen-
tum of the pons; optic tracts; cerebral peduncles (medial
and lateral); central and subcortical (U) fibers of the tem-
poral, frontal, parietal, and occipital lobes; optic radia-
tions; anterior limb, genu, and posterior limb of internal
capsule; external capsule; genu and splenium of the cor-
pus callosum; fornix; centrum semiovale (central and sub-
cortical fibers); superior frontooccipital fasciculus; cingu-
lum; and anterior commissure.

All measurements were made by one author (R.C.M.)
on an independent console using the region-of-interest
function. Before the initiation of the study and on the first
15 patients a training session was undertaken by two au-
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Fig 2. Magnetization transfer difference image with region-of-
interest values from different gray and white matter regions in
both hemispheres.

thors (R.C.M. and D.R.E.) to ensure anatomically accurate
localization and consistency in the measurement tech-
nique. Once the anatomic sites were consistently located
and yielded consistent measurements by both observers,
R.C.M,, using the consensus techniques, made all the
measurements to ensure consistency. The large number of
measurements per patient made this the practical ap-
proach once agreement was reached. In large gray and
white matter regions reliable measurements were ex-
pected, because little partial volume (ie, gray and white
matter) error was anticipated. The areas such as subcor-
tical white matter were more susceptible to this type of
variation, but it would be reflected in the SEM. The low
SEMs confirm the consistency of the measurement tech-
nique.

This “difference image” was generated by subtracting
the signal intensity before and after the magnetization
transfer pulse and expressing the new image as percent
change from baseline (non-magnetization transfer image)
(Fig 1). Percent magnetization transfer was calculated by
drawing circular regions of interest measuring 0.5 mm?
and 25 mm? outlining an area in each of the above-men-
tioned regions on the calculated difference image (Fig 2).
Higher signal on this image means a greater change of
magnetization transfer. Identical regions of interest were
chosen in the contralateral hemisphere. T1- and T2-
weighted images were used for accurate anatomic location

AJNR: 16, November 1995

of the above-mentioned gray and white matter structures.
Caution was exercised to avoid inadvertent partial volum-
ing of other anatomic structures. Background noise was
measured as the signal intensity of air (in a region not
contaminated by the phase-encode artifact) and divided
by the square-root of 7 (35). The mean, SD, and SEM were
calculated for each region for each of the above-desig-
nated age groups. The measurements in various catego-
ries were compared, and tests for statistical significance
(two-tailed t test) were applied.

Results
White Matter

The degree of suppression of the white matter
was uniform, and there was no statistical varia-
tion in the pulse sequence during the period of
the study; that is, for the adult brain, the degree
of saturation of the white matter by the magne-
tization transfer pulse was constant throughout
the study, without any significant variation. The
percent magnetization transfer of various white
matter anatomic structures for different age cat-
egories is shown in Table 1. The percent mag-
netization transfer was higher in all the white
matter structures (36% * 2%) than the gray
matter (28% * 2%), as expected (P < .01). The
genu of the corpus callosum had the highest
percent magnetization transfer, 42% (P < .001).
There was no statistical difference in the mea-
surements of normal white matter structures be-
tween different age groups. There was also no
significant variation in the measurements be-
tween the left and right hemispheres. The range
of SD and SEM was also similar for all the dif-
ferent locations.

The range of percent magnetization transfer
of central corpus medullaris was, for all age
categories, similar to that of the white matter of
different lobes of the cerebrum. The peripheral
corpus medullaris and the subcortical U fibers
showed a slightly, but statistically not signifi-
cant, lower percent magnetization transfer,
probably reflecting the less-dense white matter.
In the pons, the percent magnetization transfer
of the tectum was slightly higher than that of the
tegmentum, but this was not statistically signif-
icant (P < .05) (Table 1). The percent magne-
tization transfer of the latter may have been
lower because of the presence of gray matter
nuclei.

The genu of the corpus callosum had the
highest percent magnetization transfer in the
brain, and this was statistically significant com-
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TABLE 2: Magnetization transfer (%, mean = SEM) in the age groups of the different regions of the cortical and deep gray matter
Age,y
21-30 31-40 41-50 51-60 61-70 71-80

Cerebellum 26.00 = 0.6 27.10 = 0.3 27.80 = 0.6 29.00 = 0.7 28.20 = 1.0 39.60 = 0.6
Temporal Lobe 27.90 = 0.8 28.40 = 0.4 28.30 = 0.8 29.20 = 0.4 29.00 = 0.3 28.90 = 1.1
Parietel Lobe 24.20 = 0.4 24.60 = 0.4 2490 = 0.5 26.10 = 0.6 27.20 = 0.7 26.20 = 0.6
Occipital Lobe 27.10 = 0.3 27.50 = 0.2 28.00 = 0.3 28.40 = 0.9 29.20 = 0.5 28.90 = 0.5
Frontal Lobe 2540 = 0.4 25.90 = 0.2 26.50 = 0.5 26.50 = 0.4 26.80 = 0.3 26.80 = 0.3
Caudate Nucleus 28.20 = 0.4 27.70 = 0.4 26.80 = 1.0 28.60 = 0.4 28.20 = 0.4 28.30 = 0.9
Globus Pallidus 27.30 = 0.7 28.40 = 0.5 27.80 = 0.6 28.80 = 0.9 28.40 = 0.8 28.10 = 1.3
Putamen 28.20 = 0.3 2740 =05 28.70 = 0.3 29.10 = 0.4 28.00 = 0.6 27.80 = 0.6
Thallamus 28.90 = 0.7 28.60 = 0.4 29.00 = 0.3 29.90 = 0.6 29.90 = 0.3 29.40 = 0.4

pared with the central white matter of the differ-
ent lobes (P < .01). This was followed by the
splenium, the central centrum semiovale, and
the superior frontooccipital fasciculus, because
of the presence of a large number of heavily
myelinated white matter fibers in these struc-
tures. The temporal and the occipital lobes
showed a slightly but statistically insignificant
higher percent magnetization transfer when
compared with the frontal lobes. The anterior
commisure and the fornix had comparable per-
cent magnetization transfers (Table 1).

Uray Matter

There was no statistical difference between
the percent magnetization transfer of the gray
matter in cerebellum and the temporal, parietel,
occipital, and frontal lobes across all the age
categories. The range of percent magnetization
transfer of gray matter (24% to 29%; mean, 28%
+ 2%) was lower than that of the white matter.
The thalamus had the highest percent magne-
tization transfer (30% + 0.5%) of any gray mat-
ter structure in the brain, which reflects the
presence of myelinated white matter fibers. The
caudate nucleus, globus pallidus, and putamen
had similar percent magnetization transfer (28%
+ 0.6%) for all age groups, which was statisti-
cally not significant compared with the thala-
mus (Table 2).

Discussion

With, MR, a variety of tissue contrast is ob-
tainable by manipulating the variable parame-
ters: T1-weighted, proton-density, and T2-
weighted, flow and gradient-recalled echoes.
Magnetization transfer is a method of determin-
ing the contribution of macromolecular protein

cell wall protons to the MR signal. In this study
we have explored the use of magnetization
transfer in nondiseased, normal, intracranial
structures. We sought to assess the variability of
magnetization transfer in normal structures of
the cranium and to see whether there was a
variability in different adult age groups.

Magnetization transfer, which is derived from
a saturation transfer technique, was described
by Forsen and Hoffman (36). Subsequently,
Wolff and Balaban in 1989 (2) demonstrated
that the topology of water-macromolecular pro-
ton magnetization transfer can be determined
by using MR imaging coupled with a saturation
transfer technique. In their experiments, the re-
stricted hydrogen magnetization was selectively
irradiated using a power radio-frequency field
off-resonance from the H;. This results in a se-
lective saturation of H, magnetization. The H,
saturation is then transferred to the coupled H;
spins via the magnetization transfer process.
Because the magnetization is transferred, the
process is called saturation transfer. Koenig
(37) has postulated that the primary magneti-
zation transfer pathway in white matter is cross-
relaxation between the cholesterol of myelin
and surrounding water.

The percent magnetization transfer described
in this study is equivalent to the magnetization
transfer ratios calculated by other workers (22,
25): percent magnetization transfer or magne-
tization transfer ratio = signal of the region of
interest (without magnetization transfer satura-
tion) — signal of the region of interest (with
magnetization transfer saturation)/signal of the
region of interest (without magnetization trans-
fer saturation). The percent magnetization
transfer is a measure of the degree of signal
suppression of a given tissue compared with the
conventional T1-weighted sequences. On T1-
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weighted images there was a qualitative differ-
ence in the appearance of the white and gray
matter between the T1-weighted magnetization
transfer and conventional T1-weighted spin-
echo images. The MR signal from all brain
structures was uniformly decreased on T1-
weighted magnetization transfer compared with
the T1-weighted images (Fig 1B). Moreover,
even though all brain signal was uniformly de-
creased, the white matter was more suppressed
than the gray matter (Fig 1). Correspondingly,
the white matter had the higher percent magne-
tization transfer because of the greater degree of
signal suppression on magnetization transfer
saturation (Table 1). As a result of this differen-
tial saturation, gray matter of the thalamus, pu-
tamen, caudate, and globus pallidus (Fig 1) was
rendered more intense than white matter and
became conspicuous when the magnetization
transfer pulse was applied.

In the current study, the highest percent mag-
netization transfer was found in the genu of the
corpus callosum, followed by the splenium,
centrum semiovale, and superior frontooccipital
fasciculus. The ranges of percent magnetization
transfer in the periventricular, deep, and sub-
cortical white matter for the different lobes of
the cerebrum were similar, and the differences
were not statistically significant. There was also
no significant variation in these measurements
across the different age groups up to age 80
years (Table 1).

Among the gray matter structures, the thala-
mus had the highest percent magnetization
transfer of any gray matter structure (cortical or
deep periventricular) (Table 2). The thalamus
appeared lower in signal on the magnetization
transfer-saturated image (Fig 1) compared with
the cortex or the basal ganglia, indicating a
higher degree of suppression and a higher per-
cent magnetization transfer. The value of per-
cent magnetization transfer of the caudate and
the putamen in our study was higher than the
figures published by Mathews et al (25).

The cause of the differential saturation is not
precisely known for the differences in percent
magnetization transfer between white matter
and gray matter. The degree of myelination,
cerebroglycosides, phosphatidylcholine, and
cholesterol in the white matter may all play an
important role (38). Iron deposition and density
of neurons have also been postulated (32). The
higher magnetization transfer found in the genu
and the splenium of the corpus callosum can be
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correlated histologically to the presence of a
large number (300 million) of heavily myeli-
nated white matter fibers in these structures
(39). The higher thalamic percent magnetiza-
tion transfer may also be related to the presence
of myelinated afferent and efferent fibers enter-
ing and leaving the thalamus because of its
various connections (40, 41).

In comparing our extensive white and gray
matter measurements with previously pub-
lished reports (8, 9), the percent magnetization
transfer (magnetization transfer ratio) of the
white matter in the centrum semiovale is similar
and comparable to that published by authors of
another study, that is, approximately 39% to
41%. These workers used an off-resonance
magnetization transfer pulse that, compared
with the on-resonance pulse used in this study,
made normal white matter measurements in
patients with metastatic lesions of the brain. The
percent magnetization transfer in both their and
our study is higher than that published by
Mathews et al (25), who derived percent mag-
netization transfer (magnetization transfer ra-
tios) from the proton-density and the T2-
weighted sequences compared with the T1-
weighted sequences. These differences may be
related to the pulse design, scanning parame-
ters, and the degree of power deposition and the
type of MR imager, all of which affect the tissue
saturation.

In conclusion, this study defines the percent
magnetization transfer of normal gray and white
matter of the brain. These data suggest that no
significant change in percent magnetization
transfer occurs as a result of aging. These data
provide a quantitative baseline for percent mag-
netization transfer measurements.
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