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Abstract

Introduction: Themolecular mechanism of neurodegeneration, including tau and neu-

rite complexity, is an important topic in Alzheimer’s disease (AD) research.

Methods: We recruited 27 amyloid-positive individuals identified through 11C-

Pittsburgh compound B (PiB) positron emission tomography (PET) and 31 amyloid-

negative individuals with normal cognition. All participants underwent 11C-PiB and
18F-THK5351PET andmagnetic resonance imaging (MRI)with neurite orientation dis-

persion and density imaging (NODDI) protocol. The neurite density index (NDI), orien-

tation dispersion index (ODI), and PET images were analyzed to calculate voxel-wise

correlations among the imagingmodalities and correlations with cognitions.

Results: In the amyloid-positive participants, there were significant negative correla-

tions between 18F-THK5351 and NDI and between 18F-THK5351 and ODI. The bilat-

eral mesial and lateral temporal lobes were mainly involved. Regarding cognition, 18F-

THK5351 showedmoremarked associations with all cognitive domains than the other

modalities.

Discussion: Tau and neuroinflammation in ADmay reduce the neurite density and ori-

entation dispersion, particularly in themesial and lateral temporal lobes.
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1 INTRODUCTION

Alzheimer’s disease (AD), the most common neurodegenerative

dementia, is pathologically characterized by senile plaques and neu-

rofibrillary tangles consisting of amyloid beta (Aβ) and tau protein,

respectively.1 Because of the high prevalence and enormous social

burden of AD,2 efforts are being made to develop disease-modifying

therapies.3 Because the neurodegenerative process involving Aβ and
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tau precedes the clinical symptoms by several years,4 the molecular

mechanisms underlying the neurodegeneration are an important topic

in AD research.

In vivo molecular neuroimaging with positron emission tomogra-

phy (PET) is a powerful andminimally invasive tool to measure specific

molecules andmetabolisms in thebrain. The recent development of tau

PET has provided novel insight into and useful information about AD

and other tauopathies.5,6 Indeed, it has been found that tau deposition
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is associated with regional gray matter loss in both AD and amyloid-

negative elderly individuals.7,8

Meanwhile, diffusion tensor imaging (DTI) has also been applied

extensively to investigate microstructures in the AD brain.9,10 In

terms of Aβ and tau pathology, for instance, DTI was reported to

predict tau accumulation.11 Recently, to address some limitations

of conventional DTI, advanced diffusion MRI techniques have been

demonstrated to contribute to evaluation of neurodegenerative

diseases.12 Neurite orientation dispersion and density imaging

(NODDI) enables us to investigate the microstructural complexity

of neurites in considerable detail,13 and is being applied increasingly

to neurological and psychiatric diseases.14 In AD, reduced neurite

density and orientation dispersion have been found in both gray and

white matter.15,16 Of interest, significant correlations between tau

immunoreactivity and neurite parameters derived from NODDI were

confirmed in a mouse model of tauopathy,17 which may suggest a

potential molecular mechanism of tau-related neurodegeneration

involving neurite alterations. Human pathological findings also empha-

size the importance of neurites in tau-related neurodegeneration.18

However, little is known about the in vivo relationships between tau

pathology and neurites in humans, which would be highly relevant

to how aggregations of abnormal proteins affect neurons in the

brain.
18F-THK5351, one of the first-generation tau tracers,19 exhibits

distributions in tau-associated regions of AD and has favorable

image contrast.20 However, due to off-target binding to monoamine

oxidase,21 18F-THK5351 does not purely reflect tau pathology and is

currently considered to target astrogliosis-related neuroinflammation

as well as tau aggregation.22 Given the key role of neuroinflammation

in neurodegeneration,23 the tracermayprovide significant information

on tau, neuroinflammation, and neuronal damage.

In this study, we used 18F-THK5351 PET and NODDI to investigate

the associations of tau and inflammatory pathology with neurite com-

plexity in individuals with AD pathology and in amyloid-negative indi-

viduals with normal cognition. The study concept is illustrated in Sup-

plementary Figure S1. In addition, we assessed the clinical correlations

of these imagingmodalities with neuropsychological measures.

2 METHODS

2.1 Participants

For the AD-spectrum group (AD-S group), we recruited 27 amyloid-

positive individuals (>50 years of age). Amyloid positivity was visually

assessed by an independent board-certified nuclear medicine special-

ist from 11C-Pittsburgh compound B (PiB) PET. This group included 4

preclinical patients, 7 withmild cognitive impairment, 15withmild AD,

and one with moderate AD based on Clinical Dementia Rating (CDR)

scores (Table 1). To assess the molecular and neuronal relationships

during disease progression, we needed individuals at various disease

stages. For the healthy control (HC) group, we recruited 31 amyloid-

negative individuals with normal cognition. The visual assessment of

HIGHLIGHTS

∙ Weexamined the association of tau and inflammationwith

neurite complexity in Alzheimer’s disease (AD).

∙ Voxel-wise correlations among 18F-THK5351 positron

emission tomography (PET) and neurite imaging were cal-

culated.

∙ We found negative correlations of 18F-THK5351 with

neurite dispersion and density.

∙ The bilateral mesial and lateral temporal lobes were

mainly involved.

∙ We also reported the correlations with clinical parame-

ters.

RESEARCH INCONTEXT

1. Systematic review: We searched Medline and PubMed

databases for studies on in vivo tau positron emission

tomography (PET), neurite orientation dispersion and

density imaging, and relevant pathological findings in

Alzheimer’s disease (AD). Relevant studieswere addition-

ally found in the reference lists of articles or citation lists

on PubMed.

2. Interpretation: This study identified negative correla-

tions of 18F-THK5351 with both neurite dispersion and

density in the AD brain, which may suggest that tau and

neuroinflammatory pathology reduces the neurite den-

sity and orientation dispersion, particularly in the mesial

and lateral temporal lobes. Despite the cross-sectional

design, the causal relationship could be supported by the

accumulated evidence on the neurotoxicity of Aβ and tau
and the fact that extracellular neurofibrillary tangles are

involved in abnormal neuritic clusters.

3. Future directions: Further studies using second-

generation tau tracers and/or neuroinflammation-

specific imaging should provide more pertinent findings.

Larger sample size and longitudinal data are also desir-

able.

11C-PiBPETwasperformedbyan independent board-certified nuclear

medicine specialist. Therewere no significant differences in age, sex, or

years of education between the AD-S andHC groups.

2.2 Image acquisition

All participants underwent MRI scanning on a 3.0-T MRI sys-

tem (Verio, Siemens, Erlangen, Germany). Three-dimensional sagittal
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TABLE 1 Demographics of the AD-S andHC groups in this study

AD-S group (n= 27) HC group (n= 31) P

Age, y (mean± SD) 72.2± 8.4 69.0± 7.0 0.124

Sex (F:M) 17:10 17:14 0.531

Education, y (mean± SD) 13.7± 2.4 14.0± 3.0 0.645

CDR 0, 4; 0.5, 7; 1.0, 15; 2.0, 1 all 0 <0.001

MMSE (mean± SD) 23.3± 4.5 29.2± 1.1 <0.001

MoCA (mean± SD) 20.0± 5.8 27.3± 2.2 <0.001

WMS-R LM-II (mean± SD) 4.5± 5.0 12.6± 3.9 <0.001

SUVR of 11C-PiBwithin whole

cortex (mean± SD)

2.03± 0.75 0.89± 0.07 <0.001

Abbreviations: AD-S, Alzheimer’s disease spectrum; CDR, Clinical Dementia Rating; HC, healthy controls; MMSE, Mini-Mental State Examination; MoCA,

Montreal Cognitive Assessment; SUVR, standardized uptake value ratio;WMS-R LM-II,WechslerMemory Scale LogicalMemory II.

T1-weighted magnetization prepared rapid acquisition with gradient

echo (MPRAGE) images were obtained as follows: repetition time

(TR)/echo time (TE), 1900 ms/2.52 ms; flip angle (FA), 9◦; in-plane res-

olution, 1.0 × 1.0 mm; 1.0-mm effective slice thickness with no gap;

300 slices; matrix, 256 × 256; field of view (FOV), 25 × 25 cm. For the

diffusion imaging, a multi-shell protocol was acquired along 30 non-

collinear directions at two b-values (1000 and 2000 s/mm2), as well

as two images with reversed phase encoding (blip up/down) without

any diffusion gradient. The diffusion MRI parameters were as follows:

TR/TE, 17700 ms/93 ms; FA, 90◦; in-plane resolution, 2.0 × 2.0 mm;

2.0-mm effective slice thickness; 74 slices; matrix, 114 × 114; FOV,

22.4× 22.4 cm.

All PET/computed tomography (CT) scans were performed on a

Siemens/Biograph 16 scanner (3D acquisition mode; 81 image planes;

16.2-cm axial FOV; 4.2-mm transaxial resolution; 4.7-mm axial reso-

lution; 2-mm slice interval). A low-dose CT scan was performed for

attenuation correction. For 11C-PiB imaging, 11C-PiB at a dose of 555

MBq was injected intravenously 50 minutes before the PET/CT scan;

the emission scan durationwas 20minutes. For 18F-THK5351 imaging,
18F-THK5351at a doseof 185MBqwas injected40minutes before the

scan; the scan duration was 20 minutes. PET/CT images were recon-

structedusing a combinationof Fourier rebinning andOrderedSubsets

Expectation Maximization. The average interval between the 11C-PiB,
18F-THK5351, andMRI was 12.3± 13.7 days.

2.3 PET processing

After partial volume correction with the PETPVE12 toolbox,24 the
11C-PiB and 18F-THK5351 PET images were normalized using Sta-

tistical Parametric Mapping 12 software (SPM12; http://www.fil.ion.

ucl.ac.uk/spm/). The participants’ PET images were coregistered to

their T1-weighted images and normalized to the Montreal Neu-

rological Institute (MNI) space with the Diffeomorphic Anatomical

Registration Through Exponentiated Lie (DARTEL) method.25 After

spatial normalization, all of the PET imageswere divided by the individ-

ual’s positive mean uptake value of cerebellar gray matter, and finally

the standardized uptake value ratio (SUVR) images were obtained.

Each SUVR of PET image was smoothed by an 8-mm full-width at half-

maximum (FWHM)Gaussian kernel.

2.4 Diffusion MRI processing

The diffusion MRI data were preprocessed by topup correction for

geometrical distortions and eddy current and motion correction by

eddy using FMRIB Software Library (FSL), version 5.0.11.26 Sub-

sequently, the NODDI model was fitted using the NODDI toolbox

(https://www.nitrc.org/projects/noddi_toolbox/) running on MATLAB

(MathWorks, Natick, MA, USA), and then the neurite density index

(NDI) and orientation dispersion index (ODI) maps were calculated.

These images were also coregistered to the T1-weighted images

and normalized to the MNI space with DARTEL. When analyzing

the PET images, we focused on gray matter. Therefore, the normal-

ized NODDI images were masked by a gray matter image derived

from the SPM template. Finally, smoothing was performed with an

8-mm FWHM Gaussian kernel. To avoid the potential noise from

cerebrospinal fluid, we visually checked the masking out with careful

attention.

2.5 Voxel-wise correlations between PET and
NODDI

To estimate relationships between PET and NODDI, we used the Vox-

elStats toolbox.27 Using a general linear model, the toolbox calcu-

lated voxel-wise correlations between two imaging modalities with

age, sex, and education years as covariates. We analyzed the correla-

tions for all combinations of PET- and NODDI-related imaging modal-

ities, namely, 11C-PiB, 18F-THK5351, NDI, and ODI. In addition, to

reflect the pathological processes in AD, these analyses were per-

formed separately in the AD-S group and the HC group. BrainNet

Viewer (http://www.nitrc.org/projects/bnv/) was used to visualize the

results.28

http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/
https://www.nitrc.org/projects/noddi_toolbox/
http://www.nitrc.org/projects/bnv/
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F IGURE 1 Group differences between the AD-S andHC groups. (A) 11C-PiB, (B) 18F-THK5351, (C) the NDI, and (D) theODI. Color bars
denote the statistically significant T-values fromminimum tomaximum

2.6 Neuropsychological assessments

All participants underwent the Mini-Mental State Examination

(MMSE), Montreal Cognitive Assessment (MoCA), and Wech-

sler Memory Scale-revised Logical Memory II (WMS-R LM-II).

For correlation analysis between imaging and cognition, we

used WMS-R LM-II as a measure of delayed recall, the execu-

tion domain of the MoCA for executive function, and the ori-

entation domain of the MoCA for orientation function. These

analyses were also performed separately in each AD-S and HC

group.

2.7 Statistics

To compare clinical demographics between the AD-S and HC groups,

we used an unpaired t test for continuous variables and Pearson chi-

square test for categorical parameters in SPSS software, version 25.0

(SPSS Japan, Tokyo, Japan). A P-value less than 0.05 was deemed sta-

tistically significant.

For whole-brain SPM12 analyses, that is, group comparison and

correlation analysis with neuropsychological scores, we used a two-

sample t test and multiple regression designs, respectively, with age,

sex, and education years as covariates. Results with the following

criteria were deemed significant: a height threshold of P < 0.001

(uncorrected) and an extent threshold of P < 0.05 (family-wise error

[FWE] corrected).

For correlations between different imaging modalities, VoxelStats

generated the results based on random field theory (RFT) correction.27

The significance level was set at P< 0.001 (RFT-corrected).

To interpret the strength and the fit of the relationships, we also

included the box or scatter plots of mean values of PET or NODDI

within the significant areas in each analysis (Supplementary Figure S2).

2.8 Standard protocol approvals, registrations,
and patient consents

All participants provided written informed consent before participa-

tion. This cross-sectional observational study has been approved by

the institutional review board at theNational Center of Neurology and

Psychiatry Hospital.

3 RESULTS

3.1 Group differences in PET and NODDI

Figure 1 and Supplementary Figure S2-A show the group differ-

ence results. Both 11C-PiB and 18F-THK5351 showed significant and
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F IGURE 2 Voxel-wise correlations between PET andNODDI. (A) Negative correlations between 18F-THK5351 and the NDI in the AD-S
group, (B) negative correlations between 18F-THK5351 and theODI in the AD-S group, and (C) negative correlations between 11C-PiB and the
ODI in the AD-S group. Color bars denote the statistically significant T-values fromminimum tomaximum

widespread increases in the AD-S group (Figure 1-A andB). In addition,

whereas the NDI was decreased mainly in the bilateral temporal lobes

in the AD-S group (Figure 1-C), the ODI was reduced in orbitofrontal

areas and the cingulate gyri, in addition to the temporal lobes (Figure 1-

D).

3.2 Image correlations between PET and NODDI

The AD-S group showed significant negative correlations between
18F-THK5351 and the NDI (Figure 2-A) and between 18F-THK5351

and the ODI (Figure 2-B). The bilateral temporal lobes showed

more significant associations, although the right posterior cin-

gulate gyrus was also correlated between 18F-THK5351 and the

ODI (Figure 2-B). In addition, there was a small negative correla-

tion in the left orbitofrontal cortex between 11C-PiB and the ODI

(Figure 2-C).

There were widespread positive correlations between 11C-PiB

and 18F-THK5351 in the cortex in the AD-S group (Figure 3-A),

although a more restricted area showed the same correlations

in the HC group (Figure 3-C). The NDI and ODI also showed

positive correlations in the AD-S group (Figure 3-B), but the

same correlations were much more widely found in the HC group

(Figure 3-D).

The numerical relationships can be found in Supplementary Figures

S2-B andC. Theother undescribed analyses in Figures 2 and3were not

significant, and the list of them is shown in Supplementary Table S1.

3.3 Correlations with neuropsychological
measurements

Significant correlationswith cognitive functionswere found only in the

AD-S group, and the other unillustrated analyses in Figures 4 and 5

were not significant. The list of insignificant analyses can be found in

Supplementary Table S1. In additionally, Supplementary Figure S2 (D-

F) presents the numerical correlations.

With delayed recall, both 11C-PiB and 18F-THK5351 showed neg-

ative correlations in the cortex, with the latter showing a greater and

broader association (Figure 4-A, B). In addition, the ODI was also posi-

tively correlated with delayed recall in the bilateral posterior cingulate

gyri (Figure 4-C).

The right mesial temporal lobe was negatively associated with

orientation in 18F-THK5351, the NDI, and the ODI (Figure 4-D–F),

whereas 11C-PiB showed no significant correlations. In addition, 18F-

THK5351 presented significant negative correlations with orientation

in the bilateral mesial and lateral temporal lobes, cingulate gyri, and

orbitofrontal cortices (Figure 4-D).

Finally, the right posterior cingulate gyrus was correlated

with executive function in all modalities (negatively in PET and

positively in NODDI) (Figure 5-A–D). In addition, the bilateral

frontal lobes and lateral parietal lobes were also negatively cor-

related with executive function in 11C-PiB and 18F-THK5351

(Figure 5-A, B).

4 DISCUSSION

In this study, we first examined the voxel-wise imaging correlations

among 11C-PiB, 18F-THK5351, and NODDI in individuals with AD

pathology and in amyloid-negative individuals with normal cognition.

We foundnegative correlations of 18F-THK5351with theNDI andODI

in the AD-S group, mainly in the bilateral temporal lobes. This finding

suggests that tau aggregation and the neuroinflammatory processes of

these regions may reduce neurite density and dispersion in AD. It was

also indicated thatAβdeposition in the left orbitofrontal cortex is asso-
ciated with decreased neurite orientation dispersion. Although this

cross-sectional study cannot determine causal relationships by design,
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F IGURE 3 Voxel-wise correlations between PET andNODDI. (A) Positive correlations between 18F-THK5351 and 11C-PiB in the AD-S group,
(B) positive correlations between the NDI andODI in the AD-S group, (C) positive correlations between 18F-THK5351 and 11C-PiB in the HC
group, and (D) positive correlations between the NDI andODI in the HC group. Color bars denote the statistically significant T-values from
minimum tomaximum

this relationship should be supported by the accumulated evidence on

the neurotoxicity of Aβ and tau.29,30

According to the hallmark pathological theory of AD,1,31 neurofib-

rillary tangles first target extrahippocampal temporal cortices and

then damage the hippocampus through the perforant pathway. Thus

the lateral and mesial temporal lobes, where we found a significant

association between 18F-THK5351 and neurites (Figure 2-A and B),

would be the areas most affected by tau. Aβ accumulates primarily in

neocortices and is less associated with AD progression and cognitive

impairment.1,32,33 A key role of tau is supposed to lie in mediating the

Aβ toxicity at post-synapse.29,30 Accordingly, the relationship between
tau and dendrites may have a significant impact on neurodegeneration

in AD. Of interest, dystrophic neurites are pathologically associated

with both Aβ and tau,18 and extracellular neurofibrillary tangles

are involved in abnormal neuritic clusters.34 We found a broader

correlation of 18F-THK5351 with the ODI than with the NDI in the

posterior cingulate gyrus and in the temporal lobes, and AD-related

dystrophic neurites may thus be more associated with orientation

dispersion changes. In fact, NODDI parameters were reported to show

a good agreement with myelin or neuronal density in histopathology35

as well as to be associated with microglial alterations.36 Thus it would

be reasonable to link NODDI abnormalities with neuroinflammatory

process.

In addition, we found a significant positive correlation between 11C-

PiB and 18F-THK5351, even in visually amyloid-negative individuals

(Figure 3-C), although the AD-S group showed much broader correla-

tions (Figure 3-A). Possibly, even in brainswith visually normal 11C-PiB,

subtle amyloiddepositionmight haveoccurredandmight be correlated

with tau and inflammatory pathology. However, it should be noted that

neither 11C-PiBnor 18F-THK5351was related toneurite parameters in

this group. On the other hand, the correlation betweenNODDI param-

eters, namely, the NDI and ODI, was much stronger and broader in the

HC group (Figure 2-D) than in the AD-S group (Figure 2-B). This find-

ing suggests that AD-related pathology may widely destroy the rela-

tionship of neurite density and dispersion that can be seen in healthy

elderly people.

In addition, we investigated associations with neuropsychological

measures, specifically delayed recall, executive function, and orien-

tation. Overall, among the imaging modalities in the AD-S group,
18F-THK5351 showed the strongest and broadest correlations with

all scores, which is consistent with the past literature concerning tau

PET.33 It is notable that a reduced ODI was correlated with worsening
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F IGURE 4 Correlations with delayed recall (A-C) and orientation (D-F) in the AD-S group. (A) 11C-PiB, (B) 18F-THK5351, and (C) theODI with
delayed recall. (D) 18F-THK5351, (E) the NDI, and (F) theODI with orientation. Color bars denote the statistically significant T-values from
minimum tomaximum

of delayed recall in the posterior cingulate gyri (Figure 4-C), where

significant correlations were observed between 18F-THK5351 and

ODI (Figure 2-B). Considering this relationship, tau and inflammatory

pathology in these areas may affect amnestic symptoms by reducing

neurite dispersions in AD. In addition, the areas correlated with

executive function were mainly the frontoparietal cortices (Figure 5).

According to a functional MRI study of dementia,37 executive tasks

activate fronto-parieto-occipital networks in both AD and healthy

elderly individuals but require greater activation of the brain in AD.37

In particular, the burden of Aβ, tau, and neuroinflammation may cause

dysfunction in these areas (Figure 5-A, B) and impaired execution in

AD,whereas the right posterior cingulate gyrusmight play a significant

role in terms of neurites (Figure 5-C, D). Regarding disorientation, the

bilateral posterior cingulate gyri and right middle temporal gyrus are

supposed to be potential neural correlates,38,39 which is consistent

with the areas showing correlations on 18F-THK5351 (Figure 4-D).

Finally, there was no correlation in the HC group, which could be

attributed to the lower accumulation of Aβ and tau or the ceiling effect
of the examination scores.

In the field of diffusion MRI research on AD, DTI has been widely

used and demonstrated relevant findings, including axonal damages,

an important role of fornix, and network disruption.9,10 Of interest,

a longitudinal study reported the association between diffusivity

in the hippocampal cingulum bundle and tau accumulation.11 Our

results using NODDI, which may have more specific characterization

of the tissue microstructure,12 could provide further insights into the

relationships between tau pathology and microstructures estimated

by diffusionMRI.

Most of previous studies of NODDI findings in AD have focused

on white matter changes,15,40,41 or specific regions of the cortex.16

These studies reported reductions in both the NDI and ODI in regions

related to AD,15,16,40,41 and NDI in several cortical areas showed

positive correlations with the MMSE,16 which is compatible with

the present results (Figure 1-C, D and Figures 4–5). A more recent

study revealed broader reduction of the NDI and ODI mainly in

bilateral temporal lobes in AD.42 Our NODDI findings in the gray

matter are generally consistent with the previous report and may

extend the understanding of correlation analysis with specific neu-

ropsychological domains. Apotentially differentmechanism inmemory

between individuals with and without the ε4 allele of the apolipopro-

tein E (APOE) gene was also suggested in another recent article

using NODDI.43 However, the group differences and neuropsycho-

logical correlations of NODDI were generally less marked than those

of 18F-THK5351, and NODDI might not currently be a comparable

biomarker to tau-related PET for the diagnosis or disease monitoring

of AD.
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F IGURE 5 Correlations with executive function in the AD-S group. (A) 11C-PiB, (B) 18F-THK5351, (C) the NDI, and (D) theODI. Color bars
denote the statistically significant T-values fromminimum tomaximum

This study has several limitations. First, the sample size was rel-

atively small, and the use of uncorrected P values for the height

threshold in SPM should also be kept in mind. However, we believe

that the extent threshold with FWE correction would overcome this

issue, and our findings may thus provide novel insights into AD. Sec-

ond, although 18F-THK5351 is considered to reflect the combined

pathology of tau and astrogliosis-related inflammation,22 we were

unable to evaluate these two mechanisms separately. Further stud-

ies using second-generation tau tracers and/or neuroinflammation-

specific imaging should providemore pertinent findings.

Finally, the potential partial volume effect on diffusion MRI has to

be addressed carefully.44 Accordingly, we corrected the correlations

of 18F-THK5351 with NDI and ODI (Figure 2-A and B), which were

the main findings in this study, for cortical thickness calculated by

Computational Anatomy Toolbox (CAT12) (Supplementary Figure S3).

In the partial correlation analyses with cortical thickness of the right

inferior temporal gyrus as a covariate, the results with both NDI and

ODI remained significant (partial correlation coefficient r = −0.679

and−0.716, respectively, both P < 0.001). Although wemainly applied

voxel-wise methods to explore the whole cerebral graymatters includ-

ing subcortical structures suchashippocampus, the limitationof poten-

tial confounding by partial volume effect should be kept in mind for

careful interpretation.

5 CONCLUSION

This study identified negative correlations of 18F-THK5351 with

the NDI and ODI in the AD-S brain, which may suggest that tau

and neuroinflammatory pathology reduces the neurite density and

orientation dispersion, particularly in the mesial and lateral tem-

poral lobes. Combined with clinical correlation results, these find-

ings extend our knowledge of neurodegenerative mechanisms and

cognition.
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