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Elucidation of pathophysiology of Parkinson®s disease by neurite orientation
dispersion and density imaging
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In this research, we demonstrated the ability of neurite orientation
dispersion and density imaging (NODDI) in the in vivo evaluation of the brain in patients with
Parkinson®s disease (PD). NODDI was able to detect cerebral grey matter degeneration in PD patients,

and NODDI parameters of grey matter were also well correlated with motor symptoms score of PD. We
also reported that NODDI was able to show the degeneration of nigrostriatal pathways, which is the
main cause of PD motor symptoms. In another study, we reported that disruption of cortico-basal
ganglia-thalamocortical networks in PD could be detected more sensitively using diffusion-weighted
MRI tractography and a multi-shell, multi-tissue (MSMT) constrained spherical deconvolution (CSD)
method compared to conventional CSD method. From our research results, NODDI and MSMT-CSD methods
are considered to be useful for evaluation of microstructural and neural networks changes of PD’ s
brain.

MRI



PD 2
PD PD
24
PD
PD PD
iPS
PD a
Lewy Lewy
Lewy Lewy Lewy neurite  pale
neurite
MRI
Diffusion tensor imaging (DTI) Diffusional kurtosis imaging DKI
MRI PD in vivo
DTI

PD DKI

DTI PD DTI PD
Kamagata

K, etal. AJNR 2012 DKI PD

(Kamagata K, et al. Magnetic Resonance Imaging 2014)

DTI/DKI
MRI neurite orientation dispersion and density imaging
(NODDI)
in vivo
NODDI
PD
Pale neurite, Lewy neurite
NODDI PD
2014 MRI
multimodal neuroimaging
PD in vivo
MRI PD
3DT1 neuromelanin imaging
MRI SPECT multimodal
neuroimaging PD PD
PD DTI DKI ASL 3DT1
SPECT
1
2)
3)
4) PD
5)PD
PD 3T MRI
DTI DKI neuromelanin imaging Arterial spin labeling (ASL)
3DT1 SPECT
Matlab Statistical
Parametric Mapping (SPM)  FMRIB Software Library 4.1.5 (FSL) TBSS



(Smith etal ., 2006) Freesurfer

Mini-Mental State Examination(MMSE) Clinical Dementia Rating Scale (CDR) Frontal

assessment battery at bedside FAB Hoehn-Yahr
Parkinoson®s Disease Rating Scale (UPDRS) PD
i. MR DTI DKl

ii. neuromelanin imaging

iii. 3D-TIWI  VBM PD
VBM DARTEL freesurfur
iv. ASL PD PD
V. SPECT
MRI MRI

voxel based morphometry VBM
cortical thickness analysis SBCT

Unified

PD

surface-based

Kamagata K, et al. Hum brain mapp 2017

MRI1
in vivo imaging
imaging marker

MRI
in vivo

VBM, SBCT

in vivo

Christina A, Kamagata K, et al. Parkinsonism & Related Disorders 2018

MRI

et al.Neurolmage: Clinical

46

3

Kamagata K,

46

Kamagata, K., Zalesky, A., Hatano, T., Ueda, R., Di Biase, M.A., Okuzumi, A.,
Shimoji, K., Hori, M., Caeyenberghs, K., Pantelis, C., Hattori, N., Aoki, S., 2017. Gray
Matter Abnormalities in Idiopathic Parkinson's Disease: Evaluation by Diffusional
Kurtosis Imaging and Neurite Orientation Dispersion and Density Imaging. Hum

Brain Mapp.

Andica, C., Kamagata, K., Hatano, T., Okuzumi, A., Saito, A., Nakazawa, M.,
Ueda, R., Motoi, Y., Kamiya, K., Suzuki, M., Hori, M., Kumamaru, K.K., Hattori, N.,



Aoki, S., 2018. Neurite orientation dispersion and density imaging of the nigrostriatal
pathway in Parkinson's disease: Retrograde degeneration observed by tract-profile
analysis. Parkinsonism Relat Disord 51, 55-60.

Kamagata, K., Zalesky, A., Hatano, T., Di Biase, M.A., El Samad, O., Saiki, S.,
Shimoji, K., Kumamaru, K.K., Kamiya, K., Hori, M., Hattori, N., Aoki, S., Pantelis, C.,
2018. Connectome analysis with diffusion MRI in idiopathic Parkinson's disease:
Evaluation using multi-shell, multi-tissue, constrained spherical deconvolution.
Neuroimage Clin 17, 518-529.

13

Koji Kamagata, Kouhei Tsuruta, Taku Hatano, Keigo Shimoji, Masaaki Hori, Ayami
Okuzumi, Misaki Nakazawa, Syo Murata, Ryo Ueda, and Shigeki Aoki. Evaluation of gray
matter degeneration in Parkinson’ s disease by using neurite orientation dispersion
and density imaging: Analysis by gray matter-based spatial statistics. ISMRM 24rd
Annual Meeting & Exhibition .2016 05 07 2016 05 13 . Singapore

Misaki Nakazawa, Christina Andica, Koji Kamagata, Ryo Ueda, Sho Murata, Taku
Hatano, Ayami Okuzumi, Osamu Abe, Michimasa Suzuki, Masaaki Hori, Kanako Kumamaru,
Nobutaka Hattori, Shigeki Aoki. Neurite Orientation Dispersion and Density Imaging
(NODDI) of Nigrostriatal Pathway in Parkinson Disease. 44

. 2016 09 09 2016 09 11

. Advances in MRI biomarkers for diagnosing dementia. 52
.2016 09 16 2016 09 18 . .
. MRI . 33
Brain function imaging conference . 2017
MRI . 45
. 2017

. Diffusion MRI in Parkinson®s disease. AIMS Neuro Imaging 2017
. 2017

Kamagata K, Okuhata S, Hatano T, lda K, Ogawa T, Takashige H, Oyama G, Shimo

Y, Andica C, Hori M, Kobayashi T, Hattori N, Aoki S. FOD clustering NODDI profile

46
. 2018
Christina Andica, Koji Kamagata, Taku Hatano, Asami Saito, Yuki Takenaka,
Akifumi Hagiwara, Takashi Ogawa, Genko Oyama, Yasushi Shimo, Masaaki Hori, Nobutaka
Hattori, Shigeki Aoki.
; 46 . 2018
Christina Andica

48 . 2019 2
Christina Andica
. Deep Learning with Convolutional Networks

for Segmentation of substantia nigra on Neuromelanin MRI. 48
2019 2 .
. Nigrosome-1 . 17 TAR
. 2018
. Connectome Analysis. 58 8
. 2018
. MRI1 . 42 Cl
2: . 2019 3
1
, , . Annual Review MRI.
2016.



¢y

@
HORI, masaaki

ANDICA, christina



