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Anatomical and functional analysis of the human brain with magnetic resonance

imaging at ultrahigh fields

Magnetic resonance (MR) systems have become one of the most important tools
in not only clinical medicine but also brain science researches. Ultrahigh magnetic field
(static magnetic field>7T) strengths can significantly enhance the signal-to-noise-ratio
(SNR), contrast-to-noise-ratio (CNR), spatial resolution, and chemical shift dispersion.
Thus, it is expected that it will be possible to visualize microstructures of the human
brain at a sub-millimeter resolution and high contrast and to observe the subtle changes
in the cerebral blood flow and neurometabolites underscoring cognitive function. The
goal of my doctoral project was to apply ultrahigh field 7T MR systems to structural
and functional brain analysis for advancing the understanding of the higher brain
functions of the human brain.

First, I investigated the visualization of the globus pallidus sub-segments in
Study I. The success of deep brain stimulation (DBS) targeting the internal globus
pallidus (GPi) depends on the accuracy of electrode localization inside the GPi. The
GPi, separated from the external globus pallidus (GPe) by the medial medullary lamina
(MML), further into the external/internal segment (GPie/GPii) by the accessory
medullary lamina (AML). In this study, I sought to compare the visualization of the
MML and AML between proton density-weighted (PDW) and T2-weighted (T2W)
sequences on 3T and 7T MRI scanners. Eleven healthy participants (five men and six
women; age, 19-28 years; mean, 21.5) and one 61-year-old man were scanned using
two-dimensional turbo spin-echo PDW and T2W sequences on 3T and 7T MRI scanners
with a 32-channel receiver head coil and a single-channel transmission coil. Both

qualitative and quantitative evaluation of the visualization of the MML and AML was



conducted. Profiles of signal intensity were obtained from the pixel values of straight
lines over the GP regions crossing the MML and AML. Contrast ratios (CRs) for
GPe/MML, GPie/MML, GPie/AML, and GPii/AML were calculated. Qualitatively, 7T
visualized both the MML and AML, whereas 3T visualized the MML less clearly and
hardly depicted the AML. Although The signal intensity profiles acquired with PDW
and T2W sequences at 3T showed one negative peak representing the MML. However,
the signal intensity profiles acquired with PDW and T2W sequences at 7T showed two
negative peaks representing the MML and the AML, distinguishing the GPe, GPie, and
GPii. The T2W sequence at 7T yielded significantly higher CRs for GPie/MML,
GPie/AML, and GPii/AML than the PDW sequence at 7T or 3T. The T2W sequence at
7T allows visualization of the internal structures of GPi segments with high signal
intensity and contrast.

Second, I investigated the primary motor cortex (M1)-centered motor learning
network in Study II. M1 is crucial in motor learning. However, it remains unclear how
M1 interacts with other brain areas during practice leading to motor learning. Here, I
hypothesized that learning-related information is provided by the fronto-parietal
execution network (FPN), which is critical for the flexible cognitive control required
for practice as a goal-seeking procedure. I combined magnetic resonance spectroscopy
(MRS), task fMRI, and resting-state fMRI to depict the sequential finger-tapping
learning network. Using a 7T MR machine, | measured GABA and glutamate (Glu)
concentration within M1, which regulates network connectivity. A total of 25
participants performed a tapping sequence with their left hand as quickly as possible
during fMRI. I conducted MRS and resting-state fMRI before and after the task. MRS
was also performed during the task. An increase in the Glu/GABA ratio in the right M1
was positively correlated with task performance improvement. The fronto-parietal
regions, including the right M1, demonstrated a learning-related increase in preparatory

activity, which overlapped with the FPN and sensorimotor network (SMN). Resting-



state fMRI revealed that motor learning-related increments in M1-seeded functional
connectivity with the FPN, but not the SMN, were positively correlated with changes
in the Glu/GABA ratio in the M1. These connectivity changes were more prominent in
the parietal region than in the frontal region. Our findings indicate that motor learning
driven by cognitive control is associated with local variation in the excitatory-inhibitory
balance in the M1 that reflects remote connectivity with the FPN, representing the

formation of declarative procedural skill.
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