Current Topics in Research

American Journal of Alzheimer’s
Disease & Other Dementias®

2016, Vol. 31(1) 68-75

© The Author(s) 2015

Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1533317515578257
aja.sagepub.com

®SAGE

Mild Cognitive Impairment is Associated
With White Matter Integrity Changes

in Late-Myelinating Regions Within

the Corpus Callosum

Nikki H. Stricker, PhD'?, David H. Salat, PhD**>,

Taylor P. Kuhn, PhD', Jessica M. Foley, PhD"*%,

Jenessa S. Price, PhD6’7, Lars T. Westlye, PhD8’9,

Michael S. Esterman, PhD?*3, Regina E. McGlinchey, PhD%'?,
William P. Milberg, PhD%'?, and Elizabeth C. Leritz, PhD*"'

Abstract

Degenerative brain changes in Alzheimer’s disease may occur in reverse order of normal brain development based on the ret-
rogenesis model. This study tested whether evidence of reverse myelination was observed in mild cognitive impairment (MCI)
using a data-driven analytic approach based on life span developmental data. Whole-brain high-resolution diffusion tensor imaging
scans were obtained for 31 patients with MCl and 79 demographically matched healthy older adults. Comparisons across corpus
callosum (CC) regions of interest (ROIs) showed decreased fractional anisotropy (FA) in the body but not in the genu or
splenium; early-, middle-, and late-myelinating ROls restricted to the CC revealed decreased FA in late- but not early- or middle-
myelinating ROls. Voxelwise group differences revealed areas of lower FA in MCI, but whole-brain differences were equally
distributed across early-, middle-, and late-myelinating regions. Overall, results within the CC support the retrogenesis model,

although caution is needed when generalizing these results beyond the CC.
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Introduction

White matter changes are well documented in Alzheimer’s
dementia (AD)'” and its prodromal stages, including mild
cognitive impairment (MCI).*® However, the pattern and
underlying mechanism of these changes remain unclear. One
reason for this uncertainty is that few diffusion tensor ima-
ging (DTI) studies have tested a priori hypotheses based on
a specified neuropathologic mechanism. The retrogenesis
model of AD provides a testable model and posits that white
matter degeneration reflects myelin breakdown that develops
in a pattern that is the reverse of myelogenesis.”'*!" White
matter pathways with large diameter fibers that myelinate
first in development, such as primary motor fibers, are the
last to be affected by AD. In contrast, white matter pathways
with small diameter fibers that myelinate much later in nor-
mal development, such as neocortical association and allocor-
tical fibers, are the first to be affected by the AD
degenerative process.'> Recent studies have demonstrated
support for the retrogenesis model in patients with
AD,'*'*? although support for this model is less clear in
MCL 1314

! Psychology Service, VA Boston Healthcare System, Boston, MA, USA
2Department of Psychiatry, Boston University School of Medicine, Boston,
MA, USA

3 Neuroimaging Research for Veterans Center, VA Boston Healthcare System,
Boston, MA, USA

4 Department of Radiology, Harvard Medical School, Boston, MA, USA

3 Athinoula A. Martinos Center for Biomedical Imaging, Massachusetts General
Hospital, Boston, MA, USA

¢ Department of Psychiatry, Harvard Medical School, Boston, MA, USA

7 McLean Hospital, Belmont, MA, USA

8 Division of Mental Health and Addiction, KG Jebsen Centre for Psychosis
Research, Norwegian Centre for Mental Disorder Research (NORMENT),
Oslo University Hospital & Institute of Clinical Medicine, University of Oslo,
Oslo, Norway

% Department of Psychology, University of Oslo, Oslo, Norway

' Geriatric Research, Education and Clinical Center (GRECC), VA Boston
Healthcare System, Boston, MA, USA

" Department of Medicine, Harvard Medical School, Boston, MA, USA

Corresponding Author:

Nikki H. Stricker, PhD, VA Boston Medical Center (I 16B), 150 S. Huntington
Ave, Jamaica Plain, MA 02130, USA.

Email: nikki.stricker@va.gov


http://www.sagepub.com/journalsPermissions.nav
http://aja.sagepub.com

Stricker et al

69

Assumptions about the order of myelination throughout
development vary across study methods used and contribute
to difficulty in interpreting results within the context of the
retrogenesis model (eg, volumetric imaging, diffusion imaging,
and histological procedures may provide differing results).
Consistent with the pattern of gray matter (GM) cortical devel-
opment,'>!7 pathological studies of myelination of human
infants suggest a pattern of white matter development that is
proximal to distal, projection to association, and occipital to
frontal.'®'® More recent studies have attempted to examine life
span white matter changes in vivo utilizing magnetic resonance
imaging (MRI) methodology, including white matter volu-
metric study, diffusion parameters, and tractography. Indeed,
there is evidence that association tracts continue to develop
in the 20s, followed by projection fibers in the 30s.>*' Further,
in a cross-sectional study Westlye and colleagues®* found that
peaks in tract-based spatial statistics (TBSS) fractional aniso-
tropy (FA), mean diffusivity (MD), and radial diffusivity
occurred on average between 29 and 36 years, whereas white
matter volume segmentation noted growth into the sixth
decade. In normal aging, white matter pathways undergo a non-
linear, hierarchical maturation pattern such that there is a rapid
acceleration of development (increases in FA and decreases in
MD) during early life, a mid-life plateau, and a decline in later
adulthood; however, there are regional differences in the
course of these 3-phase models. Regions with frontotemporal
connections typically develop at a slower rate than regions with
less extensive connections.?* Those with protracted develop-
ment, including portions of the corpus callosum (CC), have
been shown to demonstrate rapid development in early child-
hood, a later plateau stage as well as accelerated decline in tract
integrity with age.”?***® However, there are methodological
considerations differentiating these studies, including MRI
method (volumetric, DTI, and/or fiber tracking), regional ver-
sus whole-brain analysis, and participant inclusion. Overall, it
appears that cortico—cortical association pathways followed
by commissural pathways represent the latest myelinating
regions in the brain.

The CC has frequently been targeted for investigating
changes in early- versus late-myelinating regions in studies
of aging and AD.'"*?°° It is often assumed that the genu is
later myelinating relative to the splenium due to the general
tendency of frontal regions to myelinate later than posterior
regions'® and the predominance of fibers connecting prefron-
tal regions in the genu versus temporoparietal fibers in the
splenium.*®>’ Decreased white matter integrity within the
CC has been previously reported in patients with AD relative
to healthy controls®'****742 and MCI1.%!%3132448 However,
inconsistencies exist in the literature base regarding the location
of abnormalities within the CC, when changes emerge across the
disease course and the underlying mechanisms driving the
changes. In particular, posterior callosal abnormalities (eg, sple-
nium) have been hypothesized to reflect Wallerian degeneration
attributable to cortical AD neuropathology,'******"4? whereas
degeneration of more anterior callosal regions (eg, genu) has
been suggested to reflect retrogenesis of those areas,'*32444748

The DTI studies of MCI and AD using ROI methods have fre-
quently omitted the body of the CC®8-1:35-38.39.40.43.46.49.50.51,
however, those studies that have included it or used a whole-
brain voxelwise analysis approach have often demonstrated
decreased white matter integrity in the body of the CC in MCI
and AD,12:32:37.44.48

Interestingly, some assumptions within the literature about
the developmental order within the CC were recently challenged
by data presented by Lebel and colleagues,*® whose results
suggest that the body of the CC should not be omitted from
studies of MCI and AD. The authors divided the callosum into
7 separate regions, creating boundaries that are functionally
as well as anatomically distinct. Although their lifetime white
matter development findings were consistent with prior stud-
ies demonstrating an inverted-U curve of increased FA and
decreased MD throughout adolescence and early adulthood,
followed by a plateau and reverse growth in later adulthood,
prior fit models were unable to assess relative timing of the
7 regions across the lifetime.>® Their results suggested an
“outer-to-inner” pattern of decreasing white matter integrity
with age within the CC and indicate that examination of the
entire callosum, including the body, is necessary to account
for potential differences in neurodevelopmental timing.

Given the variation in assumptions about the order of mye-
lination, we aimed to take a data-driven approach to testing the
retrogenesis model, with a focus on the CC. We defined mye-
lination order according to previously acquired data across a
large normative sample spanning ages 8 to 85°* and used a
priori, empirically defined ROIs to test the retrogenesis model
within the CC and across the whole brain. We predicted that FA
would be lower in patients with MCI relative to healthy older
adults in late-myelinating regions. We further expected lower
FA in the body of the CC in patients with MCI relative to
healthy older adults based on recent data suggesting this region
to be late myelinating relative to the genu and splenium.*®

Methods
Participants

One hundred and ten participants underwent neuropsycholo-
gical testing and brain MRI. Participants were recruited from
2 overlapping studies conducted at VA Boston Healthcare
System. Twenty-eight participants were selected (based on
their agreement to undergo structural MRI) from a larger sam-
ple recruited from the community through the Harvard Coop-
erative Program on Aging (HCPA) Claude Pepper Older
American Independence Center (OAIC). These participants
responded to an HCPA newsletter asking for healthy
community-dwelling older African Americans. Eighty-two
participants were part of the Understanding Cerebrovascular
and Alzheimer’s Risk in the Elderly (UCARE) program,
recruited through the Boston University Alzheimer’s Disease
Center (BUADC) based on the criteria of being neurologically
healthy and having a first-degree family relative with AD.
Data were analyzed on a subset of individuals presented
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previously.” Participants were excluded for the following: his-
tory of head trauma of “mild” severity or greater’® (within
our sample loss of consciousness did not exceed 15 minutes),
more than 1 head injury, any neurological disorder including
dementia (ie, Parkinson’s disease, AD, vascular dementia),
severe psychiatric illness, or brain surgery. All participants
were literate with at least a ninth-grade education. The VA
Boston Healthcare System’s institutional review board
approved the study according to the Helsinki Declaration, and
informed consent was obtained from each participant.

Criteria for MCI

Retrospective diagnosis of MCI was made by applying the
“comprehensive” criteria> based on neuropsychological test
scores across 4 cognitive domains including memory, atten-
tion/processing speed, language, and executive functions, as
described previously.” To contribute to MCI classification, at
least 2 performances within a cognitive domain fell 1 standard
deviation (SD) or more below published normative expecta-
tions for that domain. All participants scored >24 (caucasians)
or >23 (African Americans)>* on the Mini-Mental State Exam-
ination (MMSE). Participants were classified as amnestic MCI
(aMC]) if memory was impaired (either alone or with addi-
tional domains impaired) and as nonamnestic MCI (naMCI)
if domains other than memory were impaired. Participants
were classified as healthy controls (HC) if performance on no
more than 1 measure within a cognitive domain fell more than
1 SD below normative data. Using these criteria, 31 partici-
pants met criteria for MCI (14 aMCI and 17 naMCI), and 79
participants were classified as HC. Self-report measures
included the Geriatric Depression Scale (GDS)>> and the Law-
ton and Brody Instrumental Activities Of Daily Living
(IADLs) questionnaire.>®

Neuroimaging Protocol

Five participants were scanned using a Siemens 1.5 Tesla
Sonata system (Siemens Erlangen, Germany), with the follow-
ing parameters: DTI: repetition time (TR) = 9000 milliseconds
and echo time (TE) = 68 milliseconds, 60 slices total, acquisi-
tion matrix = 128 x 128 (field of view [FOV] = 256 x 256
mm), slice thickness = 2 mm (for 2-mm isotropic voxels) with
0 mm gap, with a b value = 700 s/mm? 10 T2- and 60
diffusion-weighted images, and 1 image, the T2-weighted
“low b image with a b value = 0 s/mm” as an anatomical ref-
erence volume. The remaining 105 participants were scanned
on the upgraded Siemens 1.5 Avanto System, with slightly dif-
ferent parameters: DTI: TR = 7200 milliseconds and TE = 77
milliseconds, 60 slices total, acquisition matrix = 128 x 128
(FOV =256 x 256 mm), slice thickness = 2 mm (for 2-mm iso-
tropic voxels) with 0-mm gap, with a b value = 700 s/mm?, 10
T2- and 60 diffusion-weighted images, and 1 image, the T2-
weighted “low b image with a b value = 0 s/mm? as an anato-
mical reference volume.
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Figure I. Early-, middle-, and late-myelinating ROls. ROIs dilated for
visualization purposes only. ROIs indicates regions of interest.

Image Processing

Diffusion data went through a multistep processing pipeline
involving tools from the FreeSurfer image analysis suite and
Functional Magnetic Resonance Imaging of the Brain
(FMRIB) Software Library (FSL) (http:/www.fmrib.ox.
ac.uk.fsl/), specifically Dtifit from FMRIB’s Diffusion Tool-
box>’ and TBSS,® part of FSL.>’ See our previous work>®° for
additional details. Fractional anisotropy (FA), a measure of the
diffusion displacement probability of water within white mat-
ter, was used as the primary metric of white matter integrity for
this study. Lower FA is generally taken to indicate lower white
matter integrity.

Regions of interest (ROIs) restricted to the TBSS skeleton
for early-, middle-, and late-myelinating regions were created
based on available data. Order of myelination of different white
matter regions was empirically determined based on data pre-
sented in Westlye et al*®> wherein age trajectories of FA was
determined from 430 healthy participants (age range 8-85).
Summary data were provided in the form of a TBSS skeleton
map with voxel values corresponding to age of nonparametric
locally weighted polynomial regression (LOESS)°! estimated
peak FA; see Westlye et al** for details. This was divided into
3 ROI myelination tertiles (see Figure 1) defined as early mye-
linating (age FA peak <25.5), middle myelinating (age FA peak
25.5-29.08), and late myelinating (age FA peak >29.08).

Region of interests limited to the TBSS skeleton for the
genu, body, and splenium of the CC were created using the
Johns Hopkins University (JHU) white matter labels, avail-
able as part of the FSL suite. In addition, the genu, body, and
splenium ROIs were added together to create one larger CC
mask, and then the above-described early-, middle-, and late-
myelinating ROIs were applied to that mask. This yielded
early-, middle-, and late-myelinating ROIs restricted to the CC
(subsequently referred to as CC-early, CC-middle, and CC-late).
Average FA was derived for each white matter ROI and was
extracted from voxels limited to the TBSS skeleton to reduce the
influence of partial volume contamination.


http://www.fmrib.ox.ac.uk.fsl/
http://www.fmrib.ox.ac.uk.fsl/

Stricker et al

71

Table 1. Demographics and FA by Group.

HC (n=79) MCI (n = 31)
Age 67.81 (9.02) 68.94 (10.64)
Education 14.94 (2.83) 14.84 (2.46)
Sex, n male/female 29/50 12/19
Ethnicity, n caucasian/AA 55/24 16/15
MMSE 28.07 (1.65) 27.40 (1.96)
Lawton-Brody IADL 26.58 (0.96) 26.16 (1.37)
GDS 4.03 (5.59) 5.13 (5.64)
FA Genu of CC 0.682 (0.049) 0.680 (0.041)

FA Body of CC*
FA Splenium of CC

0.659 (0.042)
0.760 (0.041)

0.635 (0.044)
0.753 (0.034)

FA CC Early 0.662 (0.040) 0.654 (0.035)
FA CC Middle 0.695 (0.043) 0.680 (0.040)
FA CC Late® 0.691 (0.042) 0.666 (0.046)

Abbreviations: HC, normal controls; MCI, mild cognitive impairment; AA,
African American; MMSE, Mini-Mental Status Examination; FA, fractional
anisotropy; CC, corpus callosum; GDS, Geriatric Depression Scale; IADL,
instrumental activities of daily living.

2P < .05.

Statistical Analyses

Independent samples ¢ tests were used to examine group dif-
ferences across CC ROIs. Voxelwise statistics were per-
formed across the TBSS skeleton to test for whole-brain
differences in FA across MCI and HC groups. As the primary
goal was to evaluate the proportion of voxels significant
across the myelination tertile ROIs and not report on the exact
localization of differences found, the voxelwise analysis did
not control for multiple comparisons. A minimum cluster size
of 10 was required and a mask of all significant voxels was
saved. Masks for the early-, middle-, and late-myelinating
ROIs were then applied to the significant clusters mask to
determine what percentage of the total of significant voxels
from the voxelwise analyses fell within early-, middle-, and
late-myelinating regions. Chi-square analyses were used to com-
pare frequencies of significant voxels across the 3 tertile ROIs.
A significance level of P < .05 was used for all analyses.

Results

Participants

The MCI and HC groups were comparable on age ( = —0.56,
P = .58), education (¢ = 0.17, P = .87), sex (x*> = 0.04, P =
.85), ethnicity (x* = 3.16, P = .08), Lawton and Brody IADL
score (t = 1.83, P = .07), GDS (¢t = —0.93, P = .36), and
MMSE (¢ = 1.77, P = .08). Due to targeted recruitment, a large
percentage (92%) had a self-reported positive family history of
AD, and this percentage was comparable across MCI and HC
groups (x* = 0.05, P = .82; see Table 1).

Corpus Callosum

The MCI group demonstrated lower FA than the HC group in
the body of the CC (¢ = 2.69, P = .008); see Table 1. There

were no significant group differences in the genu (¢ = 0.27,
P = .79) or splenium (¢t = 0.83, P = .41). To determine the
relative order of myelination of each CC ROI, we applied the
myelination tertile ROI map to the JHU CC ROIs. The genu
was comprised of predominantly early-myelinating voxels
(58.5%; 40.0% middle myelinating and 1.5% late myelinating).
The body was comprised of predominantly late-myelinating
voxels (47.8%; 37.2% middle myelinating and 15.1% early
myelinating). The splenium was comprised of predominantly
middle- (50.5%) and early-myelinating (47.8%) voxels (1.8%
late myelinating). Average FA extracted from the entire CC for
early-, middle-, and late-myelinating tertiles, respectively,
showed no significant group differences in the CC-early (t =
0.90, P = .37) or CC-middle (¢ = 1.66, P = .10) ROIs, but the
MCI group showed decreased FA in the CC-late ROI (¢ = 2.70,
P = .008) relative to the HC group.

Whole-Brain Voxelwise Results

Whole-brain voxelwise statistics demonstrated numerous areas
of decreased FA in the MCI group relative to the HC group
(approximately 15% of all voxels were significant). There were
no significant findings for the other contrast (MCI > HC). Chi-
square analyses revealed no differences in the frequency of sig-
nificant voxels across the early-, middle-, and late-myelinating
ROIs (x> = 0.91, P = .64). These results indicate that group dif-
ferences are equally likely regardless of order of myelination.

Discussion

The current findings revealed decreased FA in late-myelinating
regions within the CC and decreased FA in the body of the CC
(comprised predominantly of late-myelinating WM) in indi-
viduals with MCI relative to healthy older adults. These
results suggest that the pattern of changes in white matter
integrity in MCI within the CC supports the retrogenesis
model when late-myelinating regions are empirically defined
in an independent data set.

In contrast to previous research which considered the genu
as a late-myelinating region, given its connections to prefrontal
white matter, findings from Lebel et al*® and the data presented
here both demonstrate a general trend for outer regions (eg,
genu and splenium) of the CC to myelinate earlier than inner
regions (eg, body). Our finding of decreased white matter
integrity in the body of the CC in MCI in this study, combined
with previous evidence that this region is later myelinating
relative to the genu and splenium, suggests that the body is
an important region in white matter neurodevelopment and
worth assessment in future studies. Our results are consistent
with other findings showing decreased white matter integrity
in this CC region in MCI and AD.'??**7#44% The genu and
splenium, which did not reveal significant findings in ROI
analyses, may be composed of predominantly early- and
middle-myelinating fibers. Previous studies have shown vary-
ing results within these regions, with some revealing decreased
white matter integrity in the anterior CC in patients with MCI
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versus healthy older adults,'>3244434748:51 while others have

revealed no anterior CC abnormalities in MCI**® or in patients
with AD.*** Decreased white matter integrity in the splenium
is reported to be a fairly consistent finding across studies of AD
(see Chua et al for review®?); thus, it is somewhat surprising
that no differences across MCI and HC groups were found in
this ROI in our study. Although the splenium has been fre-
quently implicated in DTI studies of patients with AD, this
finding has been less consistent in MCI, with some studies not-
ing lower white matter integrity*®*® and others reporting null
results in the posterior CC'**%°!; this inconsistency in the
literature may help to explain our results and suggests a need
for additional examinations. Further, some studies have also
failed to show any differences in white matter integrity in ROIs
of the genu and splenium in MCI or AD relative to healthy
controls,***>%3! consistent with our results.

In contrast to our CC findings, results of the whole-brain
voxelwise analysis did not support the retrogenesis model.
Decreased white matter integrity in MCI was equally likely
across early-, middle-, and late-myelinating regions. It is pos-
sible that interhemispheric fibers may be more likely to reflect
developmentally based order of myelination because of prop-
erties inherent to the CC. For example, the CC is composed
predominantly of bidirectional interhemispheric connections
conjoined with few crossing fibers and a known, clearly
delineated pattern of increasing anisotropy from anterior to
posterior.®>%* Any alterations to CC white matter integrity,
including loss of myelination or reduced spatial organization
of white matter, may be more easily detected in the CC
relative to smaller white matter pathways that contain more
crossing fibers and have less well-defined anisotropy pro-
files. It may also be that other properties of the CC, such
as higher signal to noise ratio and higher reliability given its
greater homogeneity of fibers, may also help explain the
discrepancy between results within the CC and those of the
whole-brain analysis.

This study has a number of limitations. First, it will be
important for future research to replicate these results.
Because follow-up data are unavailable and MCI can reflect
a variety of etiologies, it is possible that the results presented
herein represent normal variability in white matter mor-
phology that is indicative of normative cognitive strengths
and weaknesses, rather than an Alzheimer’s disease trajec-
tory. Reproducing these results in an MCI cohort that later
converts to AD would help verify that results represent a pat-
tern of change expected early in the Alzheimer’s pathological
process. Second, changes in CC white matter have been
shown to correlate with the distribution of Wallerian degen-
eration at cortical regions following ischemic damage.®® It
is possible then that the findings reported here supporting ret-
rogenesis in the CC reflect a larger, brain-wide pattern of
pathogenesis that follows the retrogenesis model that were not
detectable in the whole-brain voxel-based white matter anal-
ysis. Future studies could use cortical thickness analyses to
investigate this hypothesis. Similarly, although decreased
FA has been associated with decreased myelin in mouse

models,® decreased diffusion anisotropy is due to changes
in myelin as well as other factors, such as axonal structure and
homogeneity of the direction of fiber pathways within a
voxel.®”®® Thus, the myelination tertile ROIs cannot be
assumed to only reflect increased myelination with age as
FA does not represent a direct measure of myelination and
is thus not likely to capture all relevant myelin-related neuro-
developmental or neurodegenerative variability. Third, due to
small sample sizes and an effort to limit the number of anal-
yses, we chose not to analyze aMCI and naMCI subgroups
separately, given evidence that naMCI frequently represents
early Alzheimer’s disease.®”””! However, this may make com-
parisons with other MCI studies more difficult, as samples
including only aMCI are more common. Fourth, there may
be disparities between the sample used to generate the myeli-
nation tertile ROIs** and the sample under investigation in
this study. The participants from which the myelination tertile
ROIs were derived were of above average cognitive function-
ing and are not necessarily representative of the general pop-
ulation or of the developmental trajectory of the sample used
here. In contrast, the neurocognitive performance of partici-
pants in this sample was widely distributed and included par-
ticipants with MCI. Additionally, cohort effects inherent in
the cross-sectional design used by Westlye and colleagues®
may contribute to the current results in that group-wise differ-
ences in early development (eg, nutrition and education)
could potentially alter white matter developmental trajectory.
Longitudinal studies could help clarify the role of environ-
mental and genetic factors on white matter development and
degeneration over the life span. Finally, the diffusion data for
both the Westlye study and the current study were derived
from the center of each pathway based on the processing
methodology employed (TBSS). Thin myelinated fibers
closer to the cortex or toward the periphery of white matter
pathways may be more vulnerable to changes with age or neu-
rodegeneration than the centers of white matter pathways and
deeper structures.””’* Therefore, the center-derived DTI
methodology used here may predispose findings to be less
sensitive to changes in these lateral regions than in regions
such as the CC. Alternate methods of projecting anisotropy
maps may allow future studies to investigate age-related
white matter changes more sensitively in these more thinly
myelinated regions. Finally, considering other imaging
indices of white matter integrity and myelination in conjunc-
tion with DTI metrics may provide a complementary view of
the age trajectories of white matter across the human life span
and in MCI samples.

In conclusion, these findings support retrogenesis as a
mechanism underlying white matter integrity changes within
the CC among individuals with MCI. The historical lack of
emphasis upon understanding development of brain white mat-
ter tracts in the study of callosal changes in AD may explain the
lack of consistency that has existed in the literature to date
across anterior, posterior, and middle regions of the CC. The
current methodology based on empirical data rather than
long-standing assumptions about order of myelination provides
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a novel perspective on interpretation of CC findings that will
contribute to improved understanding regarding the presence
and pattern of regional callosal involvement in MCI.
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