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Diffusion-tensor imaging (DTI) is a noninvasive medical imaging tool used to investigate the
structure of white matter. The signal contrast in DTI is generated by differences in the Brown-
ian motion of the water molecules in brain tissue. Postprocessed DTI scalars can be used to
evaluate changes in the brain tissue caused by disease, disease progression, and treatment re-
sponses, which has led to an enormous amount of interest in DTT in clinical research. This re-
view article provides insights into DTT scalars and the biological background of DTT as a rela-
tively new neuroimaging modality. Further, it summarizes the clinical role of DTT in various
disease processes such as amyotrophic lateral sclerosis, multiple sclerosis, Parkinson’s disease,
Alzheimer’s dementia, epilepsy, ischemic stroke, stroke with motor or language impairment,
traumatic brain injury, spinal cord injury, and depression. Valuable DTT postprocessing tools
for clinical research are also introduced.

Key Words diffusion-tensor imaging, diffusion-tensor imaging scalar, postprocessing,
neurological disorders.

INTRODUCTION

Diffusion-tensor imaging (DTI) is a relatively new magnetic resonance imaging (MRI) tech-
nique that has mostly been used to evaluate microstructural changes in the brain by measur-
ing the motility of water molecules in tissue. Its imaging capabilities are based on the ability
to determine the orientation and diffusion characteristics of white matter.'

Recent advances in the resolution of DTT have made it possible to detect pathology-spe-
cific details such as microstructural changes in the axons and myelin of brain white mat-
ter.” The main current focus of DTI research is tracking neural fiber pathways in the cen-
tral nervous system.’

While DTT has been widely applied to various clinical conditions,* the semiquantitative
nature of DTI data analysis remains a significant limitation.” The measurement protocol
and processing of image data need to be standardized in order to generate more-accurate
quantitative results. Advanced techniques of DTI have made it possible to visualize potential
changes in various neural tracts associated with brain injury and clinical treatments.®*

The aim of this review article is to introduce the basic concepts of DTT and various appli-
cations for clinical researchers. We introduce DTI scalars, the biological background of
DTI, and current DTT postprocessing tools. Further, we summarize the clinical role of DTI
in various disease processes, including amyotrophic lateral sclerosis (ALS), multiple sclero-
sis (MS), Parkinsons disease (PD), Alzheimer’s dementia, epilepsy, ischemic stroke, stroke
with motor or language impairment, traumatic brain injury (TBI), spinal cord injury, and
depression.
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BASIC CONCEPTS OF DTI

DT1I scalars

Fractional anisotropy (FA), which is the most widely used sca-
lar in DTI, is calculated by dividing the square root of the sum
of squares (SRSS) of the diffusivity differences by the SRSS of
the diffusivities.” The FA represents the amount of diffusional
asymmetry in a voxel. FA values of 0 and 1 correspond to in-
finite isotropy (i.e., the ellipsoid is a sphere) and infinite an-
isotropy (i.e., the ellipsoid is highly elongated), respectively.
The ellipsoid itself has three axes called the eigenvectors,
which are usually a long axis (A,) and two small axes (A, and
\;) representing the width and depth, respectively. All three
axes are perpendicular to each other and cross at the center
point of the ellipsoid. The measured lengths of three axes are
the eigenvalues. The diffusivity along the principal axis of the
neural tract, which is the longest (\,), is called the axial diffu-
sivity (AD) or parallel diffusivity. The diffusivity of the mean
of the two minor axes (A, and \;) is called the radial diffusivi-
ty (RD) or perpendicular diffusivity. The mean of the three
orthogonal diffusivities (A;, A2, and A3) is known as the mean
diffusivity (MD), while the summarized total diffusivity of

Tensor

the three eigenvalues is called a trace. The mode (MO) is a
recently developed tensor index that can be used as a proba-
bilistic measure in crossing-fiber tractography. MO specifies
the type of anisotropy as a continuous measure that indicates
the differences in the shape of the diftusion tensor, which rang-
es from planar (a flat cylinder) to linear (a tube) (Fig. 1).°*
While FA is the most commonly used DTT scalar, AD, RD,
MD, and MO have recently also been used in clinical research.
FA is a marker of axonal integrity that presumes degenera-
tion can change the shape of the diffusion ellipsoid, and this
makes it highly sensitive to the microstructural integrity of fi-
bers." Although AD increases with brain maturation after
birth, it is related to axonal injury and thus decreases in cases
of axonal damage. RD is a putative myelin marker that increas-
es with myelin damage to white matter tissue. It can also be
influenced by the diameter and density of axons. The MD
value is an inverse measure of membrane density and is inde-
pendent of direction, while being sensitive to cellularity, ede-
ma, and necrosis."” Although FA is highly sensitive for detect-
ing microstructural changes, it is not highly specific to the type
of changes. FA can theoretically reduce in association with a
reduction in AD, increase in RD, or a combination of these

Fig. 1. DTl scalar images derived from diffusion-tensor images with 20 gradient directions. The FA is a DTl scalar that represents axonal integrity and
is strongly related to fiber integrity. The AD is related to axonal damage. The RD is probably a DTI marker of myelin, with an increased RD value sugges-
tive of myelin damage in white matter tissue. The MD is a measure of the average molecular motion. The size and integrity of cells affects the MD,
which is known to be related to necrosis, edema, and cellularity. The MO is a probabilistic tractography measure for crossing white matter fibers. AD:
axial diffusivity, DTl: diffusion-tensor imaging, FA: fractional anisotropy, MD: mean diffusivity, MO: mode, RD: radial diffusivity.
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two, and so the use of multiple DTT scalars such as AD, RD,
MD, and MO is recommended for better characterizing the
microstructure of white matter.' Decreased apparent diffu-
sion coefficient (ADC) values are known to be related to tu-
mors, immune cell infiltration, cytotoxic edema, and hemor-
rhage, whereas an increased ADC is related to vasogenic
edema.”

DT1I postprocessing tools

DTI Studio (https://www.mristudio.org) is an integrated DTI
processing program'® that can run on Microsoft Windows
systems. It was developed for DTI computation and white
matter fiber tracking. Various formats of MRI scanners can
input DTI data directly into DTI Studio. The software can ap-
ply various processing techniques such as eddy-current cor-
rection, tensor calculation, color mapping, and fiber tracking
with rapid fiber assignment by a continuous tracking algo-
rithm. Further, it allows the tracked fibers to be visualized in
both two-dimensional and three-dimensional (3-D) modes.
Most operations of this software can be performed with few
simple clicks.

Diffusion MRI image analysis can be performed using dif-
fusion-spectrum MRI (DSI) Studio (http://dsi-studio.lab-
solver.org) software.'” The main functions of this software in-
clude DTT reconstruction, Q-ball imaging, diffusion-spectrum
imaging, generalized q-sampling imaging, Q-space diffeo-
morphic reconstruction, deterministic fiber tracking, and
3-D visualization with a high-level technique. DSI Studio sup-
ports a Windows-based interface and can run on Microsoft
Windows, macOS, and Linux systems. The main advantage
of this software is that it supports statistical analysis of both
group and individual connectometry (Fig. 2).

wises JCN I

The tract-based spatial statistics (TBSS) toolkit of the FSL
(Functional MRI of the Brain Software Library) neuroim-
aging package allows voxel-based analysis (VBA) of multisub-
ject diftusion data, which is aimed at improving the objectivi-
ty, sensitivity, and interpretability of DTI studies.'® The TBSS
toolkit can be used to calculate FA, AD, RD, MD, and MO
from raw DTI images by fitting a tensor model. FA images of
subjects are aligned with the Montreal Neurological Insti-
tute (MNI) template using a nonlinear image registration
function. The mean FA images are generated from the FA im-
ages of subjects and then thinned to create a mean FA skele-
ton image. The FA images of subjects are projected onto the
study-specific mean FA skeleton image, and then a voxel-
based permutation statistical test is performed. The TBSS
toolkit is more precise than DTI analysis with a voxel-based
morphometry approach since it overcomes the problem of
spatially aligning the white matter tracts. The TBSS toolkit is
the only DTI tool that allows image processing of MO,
which is a useful DTT scalar for quantitatively evaluating
crossing fibers."”

The Tracts Constrained by Underlying Anatomy (TRAC-
ULA) tool of the FreeSurfer software (https://surfer.nmr.
mgh.harvard.edu) is a fully automated DTI processing meth-
od for reconstructing long pathways of major white matter
tracts based on the global probabilistic approach. It uses a
prior anatomical information of the pathways from a set of
training subjects.”® The TRACULA tool can track 18 major
white matter pathways within predefined regions of interest
in an individual’s anatomical T1-weighted MRI images (i.e.,
corpus callosum to forceps major, corpus callosum to forceps
minor, both corticospinal tracts, inferior longitudinal fascic-
ulus, uncinate fasciculus, anterior thalamic radiation, cingu-

Fig. 2. Frontal-habenula-cerebellar and frontal-cerebellar tracts. The long fiber pathway connecting the frontal cortex via the habenula to the
cerebellum (left) and the frontal-cerebellar tracts (right) were tracked using 3-T, 64-direction diffusion-tensor imaging data, analyzed using DSI

Studio software.
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lum cingulate gyrus bundle, cingulum angular bundle, supe-
rior longitudinal fasciculus to the parietal bundle, and
superior longitudinal fasciculus to the temporal bundle), and
extracts the FA, AD, RD, and MD values for these pathways.

MRtrix (http://www.mrtrix.org) is a large set of functional
DTI postprocessing tools for performing various analyses
and for visualizing white matter fibers.*' The main features of
MRtrix include estimating fiber orientation distributions
for fiber tractography, anatomically constrained tractogra-
phy, nonlinear spatial registration of fiber orientation distri-
bution images, fixel (fiber bundle element)-based analysis of
the apparent fiber density and fiber cross section, and quanti-
tative structural connectivity analysis. MRtrix can run on Win-
dows, macOS, Linux, and high-performance parallel-process-
ing computing systems. This software efficiently uses Linux
pipelines for complex workflows involving the processing of
DTI module sets.

CLINICAL APPLICATIONS OF DTI

Amyotrophic lateral sclerosis

A reduction in FA has been reported in diseases associated
with structural damage to white matter tracts, such as ALS.
FA is therefore a promising DTI biomarker for ALS, as dem-
onstrated by two previous meta-analyses.”* One meta-anal-
ysis of 8 studies involving 143 patients with ALS and 145
healthy control participants demonstrated significant FA re-
ductions in the bilateral frontal white matter, cingulate gyrus,
and posterior limb of the bilateral internal capsule, which
suggested that ALS is a multisystem disease that encompass-
es more than motor dysfunction.” The other meta-analysis
revealed that FA was the most useful parameter in the corti-
cospinal tract (CST), but that its diagnostic accuracy as an
independent biomarker of ALS was inadequate.”” A recent
retrospective study of 253 patients with ALS and 189 control
participants from 8 different clinics presented FA maps re-
vealing the most significant alterations in the CSTs, and addi-
tional significant changes in white matter tracts in the frontal
lobe, brainstem, and hippocampal regions in ALS.** Howev-
er, that study also had limitations due to the equipment and
DTTI protocols varying across the participating centers.

In addition to FA, the AD, RD, and MD parameters have
also been used to evaluate ALS in a few previous studies.”>?’
The change in RD closely matched regions with FA reduction
in a study of 24 heterogeneous patients with ALS and well-
matched healthy controls.”® However, AD and MD were not
sensitive for detecting changes, which might indicate the rela-
tive preservation of axonal architecture. This could be attrib-
uted to the study involving patients in the early stages of ALS.
Conversely, another study found that increases in AD and
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MD were more widespread than decreases in FA, which were
only more evident in the corona radiata and genu of the
corpus callosum.*

While the results obtained using FA, AD, RD, and MD in
3-D MRI remain controversial, it has been demonstrated
that FA may be a useful tool for researching ALS and other
neurodegenerative diseases. Meaningful clinical implemen-
tations of DTT will require more studies of patients with ALS
in order to overcome the shortcomings of previous studies,
such as relatively small samples, low statistical power, lack of
control samples, and poorly characterized patient cohorts.

Multiple sclerosis

MS lesions are associated with reduced FA values, indicat-
ing structural disruption. Although there are some discrep-
ancies between the findings of previous studies, it has been
suggested that DT can be used to detect decreases in FA as a
biomarker of acute enhancing lesions, and thus of disease ac-
tivity. Other DTT parameters such as MD, AD, and RD have
also been used to study MS. RD, which is the average value of
eigenvalues A, and A;, represents the rate of diffusion of wa-
ter perpendicular to the axons and is significantly related to
demyelination and remyelination.”*” Increased RD values
were found to be potentially related to focal T2-weighted le-
sions and lesional myelin loss. It was also detected in the
white matter, where lesions have not been detected using con-
ventional MRI. A relative elevation in AD values was also ob-
served in lesional fibers, consistent with Wallerian degenera-
tion.* Further, based on the idea that eigenvalues may be more
sensitive than FA measurements, acute plaques with greater
demyelination can be differentiated from chronic plaques with
a mixed histopathology of demyelination and remyelination.

Reduced FA and increased MD are surrogate markers for
detecting optic nerve damage in optic neuritis that are more
sensitive than conventional MRL*' Reduced AD values were
also suggested to be a predictive factor of clinical outcome.”
This finding was strongly correlated with the physiological
functional status indicated by visual evoked potentials. More-
over, changes in DTI parameters in the optic radiation could
be a surrogate marker of degenerative changes in the chron-
ic state after optic neuritis.”

The technical difficulties of acquiring qualified images
due to the small and mobile optic nerves and partial volume
contamination of adjacent structures by fat limit clinical ap-
plications of DTIL. Nonetheless, recent technical developments
in the postprocessing of images has increased the reliability
of DTI tractography in evaluating neural fiber connectivity,
with a higher sensitivity than conventional MRI for MS.*** In
addition, tractography findings are strongly correlated with
the MRI lesion load and clinical disability.* However, inter-



pretations should be more conservative owing to the likeli-
hood of false-positive findings and the difficulty of obtaining
a reliable value for lesions in gray matter and fibers passing
through old plaques in white matter.”

Neurodegenerative disorders: Parkinson’s disease
and Alzheimer’s dementia

DTT has mostly been applied in PD for connectivity analysis
to understand the pathomechanisms of various clinical man-
ifestations, including motor symptoms, cognitive dysfunc-
tion, and various behavioral symptoms, rather than for diag-
nosing PD or evaluating its clinical severity. Symptoms related
to dysfunction in executive function, attention capacity, and
language were correlated with an abnormal diffusivity in a
broad area of white matter. However, some symptoms were
related to a unique pattern of diffusivity; for example, short-
term memory was inversely correlated with MD in the for-
nix, while long-term memory was inversely correlated with
MD in the right anterior corona radiate.”

Some studies have also demonstrated that it is possible to
use DTI as a diagnostic tool for differentiating patients with
PD or Parkinsonian syndrome from healthy participants, by
analyzing changes in white matter fiber connections.*® One
study suggested that DTI is useful for evaluating the clinical
severity based on an investigation of the correlation between
FA in the substantia nigra and clinical motor symptoms.” A
recent meta-analysis of data from 958 patients and 764 con-
trols in 43 studies also suggested that DTI provides promis-
ing biomarkers for the clinical manifestations of PD. In addi-
tion, a subanalysis using data from nine studies demonstrated
that FA was lower in the substantia nigra of patients with PD
than in the control subjects, with a notable effect size.”® An-
other recent study of 36 patients with PD also demonstrated
that increased MD values in the putamen, globus pallidus, and
thalamus were correlated with higher grades on the Hoehn
and Yahr scale and the Schwab and England scale.

The use of advanced MRI techniques to research how chang-
es in the white matter microstructure may be directly related
to the pathophysiology of Alzheimer’s dementia has resulted
in DTT being used to identify promising Alzheimer’s demen-
tia biomarkers, since it has the potential to identify patients
with greater white matter pathology. A longitudinal study
comparing DTT scalars at 1-year intervals demonstrated sig-
nificant, widespread reductions in FA and MD with disease
progression.* Recent studies using DTI to investigate alter-
ations of the white matter have suggested that increased ce-
rebrospinal fluid levels of Tau proteins are correlated with
microstructural white matter affection prior to the onset of Al-
zheimer’s dementia, representing ongoing axonal damage.
Future validation of DTI for detecting biomarkers of Al-

wises JCN I

zheimer’s dementia will potentially allow early diagnoses and
the differentiation of mild cognitive impairment from early
Alzheimer’s disease. Moreover, DTI might be useful as a tool
for monitoring disease progression.

Epilepsy

Patients with refractory temporal-lobe epilepsy exhibit in-
creased diffusivity and reduced FA in a sclerotic hippocam-
pal area, suggesting the presence of structural disorganiza-
tion.* There were similar findings in the region with cortical
malformation where conventional MRI scans produced nor-
mal findings.” These findings suggest that DTI is promising
for studying localized epileptogenic lesions in patients with
refractory epilepsy.

Recent studies attempting to understand the pathogenesis
of temporal-lobe epilepsy have focused on the integrity of the
white matter.*** A meta-analysis using pooled data from 13
studies demonstrated that FA in the white matter in both
hemispheres was lower in patients with temporal-lobe epilep-
sy who had unilateral hippocampal sclerosis than in healthy
participants. Increased MD values were also seen on both
sides, but these changes were greater in the white matter con-
nected to the affected temporal lobe. These findings dem-
onstrate that the structural integrity was disturbed in the ip-
silateral hemisphere, with the degree of severity varying
according to the distance from the epileptogenic foci.*® Al-
though further studies should be performed to validate the
role of DTT in evaluating epilepsy, there is general agreement
amongst researchers that it is useful for identifying epilepto-
genic foci.

Stroke

FA increased in the acute phase and then decreased marked-
ly in the chronic phase owing to structural disorganization of
the ischemic white matter. Although the ADC remained ele-
vated in the chronic phase, FA continued to decrease for up
to 6 months after stroke.”” Analyzing both the ADC and FA
could therefore be useful for assessing stroke severity and
long-term outcome. Although FA was decreased in regions
with leukoaraiosis, with increased T2-weighted signals in
conventional MRI, the magnitude of the MD increase was sig-
nificantly smaller than that in the infarct region.” These find-
ings indicate that DTI can reliably differentiate clinically sig-
nificant infarction from ischemic leukoaraiosis.

Motor impairment in stroke

The CST is a major neural tract in the human brain that is
crucial for the motor function of distal extremities,” and so
preservation or recovery of the CST is essential to a favorable
recovery of impaired motor function in stroke patients. DTI
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can be used to evaluate the anatomical orientation and integ-
rity of the CST in stroke (Fig. 3).**' Two recent meta-analy-
ses found a strong correlation between FA values and upper-
limb motor recovery in both ischemic and hemorrhagic
stroke.”>” Reductions in FA values were inversely correlat-
ed with improvements in neurological outcome and motor
functions.” The FA value in the cerebral peduncle can be used
to predict the need for orthosis in patients with hemiplegic
stroke. When the estimated FA value on the affected side
was >0.59, the estimated probability of ambulation without
orthosis was approximately 80%.>> Moreover, DTT has been
successfully used to evaluate the efficacy of rehabilitation
programs such as constraint-induced movement therapy.*
Volumetric data analysis revealed that the number and length
of CST fibers increased significantly after 8 weeks of hand

training. The cortical thickness of the ventral postcentral gy-
rus also increased significantly, demonstrating plasticity in-
duced by training with robotic devices.”

Language impairment in stroke

The arcuate fasciculus (AF) connects Broca’s and Wernicke’s
areas and is an important neural tract for language func-
tion.”’ The FA, ADC, and number of fibers evaluated using
DTI were useful for diagnosing aphasia lesions that could not
be easily detected in conventional brain MRL%® Serial DTI
scanning allows changes in the injured tract to be estimated,
such as regeneration, degeneration, or resolution of peri-AF
edema.”" The fiber density of the right AF was increased after
intensive and lengthy melodic intonation therapy in chronic
stroke patients with Broca’s aphasia.®® Further, the evalua-

Fig. 3. Diffusion-tensor tractography in a patient (a female aged 74 years) with left hemiparesis after suffering an infarction in the right corona
radiata (arrow in lower left figure) and basal ganglia (arrow in upper right figure). The right CST exhibited marked decreases in the number of fibers
[n=234 on the right (blue) and n=876 on the left (red)] and in fractional anisotropy (0.4267 and 0.5483, respectively), but the continuity of the right
CST was preserved throughout its course. CST: corticospinal tract, L: left, R: right.

134 J Clin Neurol 2018;14(2):129-140



tion of AF using DTT can help to predict aphasia recovery at
the early stage of stroke. The loss of leftward asymmetry in
the number of fibers in the AF or difficulty in reconstructing
the left AF were correlated with poor outcome.**** There-
fore, the integrity of the AF is important for the language
outcome in aphasia, and behavioral changes after language
therapy and resultant plastic changes in the white matter tracts
can be measured using DTI (Fig. 4).”

Traumatic brain injury

In mild TBI, microscopic traumatic axonal injury is not al-
ways detectable in conventional brain imaging.*® Unrecog-
nized damage to the white matter is likely to increase the risks
of long-term cognitive and functional impairments, and so
DTTI is not only useful for detecting hidden lesions but also for
understanding the pathophysiology of mild TBL* Moreover,
DTT is one of the best methods for detecting lesions in areas
that are commonly damaged in TBI, such as the anterior co-
rona radiata, uncinate fasciculus, superior longitudinal fas-
ciculus, and corpus callosum.®” Abnormal structural con-
nectivity both within and between hemispheres involving the
prefrontal cortex is an important pathophysiology of mild
TBL* Reduced FA in these areas has been found to be strong-
ly correlated with deficits in executive, attentional, and mem-
ory functions.”

Spinal cord injury

The weak association between MRI results and clinical find-
ings indicated that conventional MRI has a low sensitivity for
detecting diffusion abnormalities in the white matter of the
spinal cord.”” Although applying DTT in clinical practice re-
mains challenging, it may be useful for defining abnormal
white matter fibers that are undetected in routine MRIL.”> DTI
with fiber tractography can reveal the integrity of the spinal
cord and provide information about pathophysiology. Fibers
in the spinal cord are known to be displaced in slow-grow-
ing processes such as tumors, whereas more-acute changes
such as trauma disrupt fiber integrity.”* FA measurements
are also useful for predicting patient outcomes (better out-
come for FA values of >0.6 in the acute period) in spinal cord
lesion.” Thus, it may soon be possible to use DTI to quantita-
tively analyze axonal integrity for detecting potential bio-
markers that predict locomotor function.”

Major depressive disorder

Functional disruption of neural circuits involved in affective
and cognitive processing contributes substantially to the
pathophysiology of major depressive disorder (MDD).””® Nu-
merous DTI studies have found microstructural abnormali-
ties in white matter neural circuits in patients with MDD.”

wises JCN I

Changes in the integrity of the white matter in MDD have
been analyzed using whole-brain DTT methods, including
the TBSS toolkit and VBA.¥ In studies that used the TBSS
toolkit, patients with MDD exhibited lower FA in white mat-
ter tracts including the genu and body of the corpus callo-
sum,*® cingulum (both the cingulate and parahippocampal
regions),*** uncinate fasciculus,” anterior limb of the internal
capsule,” superior longitudinal fasciculus,**** inferior longi-
tudinal fasciculus,**** and anterior thalamic radiation.*” Stud-
ies that applied the VBA method suggested that patients with
MDD showed reduced FA values in the prefrontal cingulate
cortex,***** anterior cingulate cortex,” temporal lobe,”** pa-
rietal lobe,”"*** cerebellum,’”

The corpus callosum is a white matter structure that links

and thalamus.”’

the bilateral brain hemispheres involved in emotional and
cognitive processing, and shows microstructural alterations
in MDD.*! The genu of the corpus callosum connects the pre-
frontal and orbitofrontal cortexes in the bilateral hemispheres,
which play a pivotal role in emotion regulation, reward pro-
cessing, and cognitive tasks.” The cingulum and uncinate
fasciculus, which are main pathways connecting the ventro-
medial prefrontal cortex to the medial temporal structures
(e.g., amygdala and hippocampus), or posterior parietal or
temporal regions, also play critical roles in reward circuitry
and the corticolimbic circuit of emotion regulation.”>'® There
is evidence that the microstructural alterations of white mat-
ter tracts involved in emotion, reward, and cognitive process-
ing contribute substantially to the pathophysiology of MDD.”
However, there are several inconsistencies or controversies
in the results of DTI studies of MDD, which are due to their
heterogeneity in size, sociodemographic and clinical charac-
teristics of samples, analysis methods, or DTI imaging pa-
rameters.” These inconsistencies among the previous results
highlight the need to perform a meta-analysis of DTT studies
of MDD. Five recent meta-analyses of DTT that utilized the
TBSS toolkit with or without a VBA data set found that pa-
tients with MDD exhibited lower FA values in the genu and
body of the corpus callosum, anterior limb of the internal
capsule, superior longitudinal fasciculus, uncinate fasciculus,
dorsolateral prefrontal cortex, and cerebellum 39101103
Several DTI studies have found the clinical characteristics
of MDD to be related to disease burden, including the se-
verity or illness duration of MDD, and inversely correlated
with the integrity of the white matter as measured using FA.
This suggest that DTI measurements could be useful for eval-
uating biomarkers that define and track the clinical status of
MDD.” The meta-regression analysis of Murphy and Frodl'"!
demonstrated a significant inverse correlation between the
FA of the superior longitudinal fasciculus and the severity of
MDD. Another meta-regression analysis, by Jiang et al.,'” also
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Fig. 4. Three levels of damage to the left AF. DTl of the AF (left column) and T2-weighted magnetic resonance images (right column) show three
types of AF (blue, right AF; red, left AF) categorized according to the severity of damage. In type A, fibers of the AF are severely damaged and thus
are not visualized in DTl reconstructions. In type B, the AF is disrupted between Wernicke's and Broca's areas. In type C, the AF is preserved around
the brain lesion. The arrow indicates disruption of the left AF around the stroke lesion. AF: arcuate fasciculus, DTI: diffusion-tensor imaging.
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suggested that symptom severity (as measured using the Ham-
ilton Depression Rating Scale) is inversely correlated with the
FA value in the genu of the corpus callosum in patients with
MDD.

With regard to illness duration, a study that applied linear
regression analysis and the TBSS toolkit found that a longer
illness duration was inversely correlated with the mean whole-
brain FA.* There are also several lines of evidence that mi-
crostructural abnormalities can predict the treatment out-
comes when administering antidepressants in MDD. The
FA values bilaterally in the hippocampus were lower in pa-
tients with treatment-resistant MDD, defined as nonrespon-
siveness to at least two well-designed trials of antidepressant
treatment, than in patients with MDD who responded to 8
weeks of antidepressant treatment.'™ A recent study utiliz-
ing the TBSS toolkit also found that the FA values in the cin-
gulum and forceps minor were higher in responders to ket-
amine therapy than in nonresponders.'” Along with recent
advances in machine-learning methods, several neuroimag-
ing studies have applied a support-vector machine (SVM) to
classifying patients with MDD using DTT data and white mat-

1% applied pattern recognition

ter network patterns. Qin et al.
analysis to white matter brain networks using DTT scans of pa-
tients with MDD, and demonstrated that a linear SVM could
distinguish patients with MDD from healthy controls with
100% classification accuracy. Another study with a similar
methodology also indicated that a linear SVM classifier differ-
entiated patients with depression from healthy controls with
91.7% accuracy, based on changes in anatomical connectivi-
ty patterns in the DTT scans of the patients.'”” Those authors
reported that most-discriminating features were in the fron-
tolimbic network.

CONCLUSIONS

DTI is an emerging neuroimaging method for identifying mi-
crostructural changes. Various DTI scalars—such as FA, AD,
RD, MD, and MO—can be correlated with clinical informa-
tion in order to reveal abnormalities associated with neuro-
logical diseases. Apart from selecting appropriate DTT sca-
lars, sophisticated clinical research also requires suitable DTI
postprocessing tools. Advanced robust postprocessing tech-
niques have yielded novel anatomical and structural pathway
information about the brain. Improvements in DTT acquisi-
tion techniques such as shorter scanning times (to reduce
the effects of head motion), high spatial and gradient-direc-
tion resolutions, higher signal-to-noise ratios, and standard-
ization of postprocessing methods will guarantee the utiliza-
tion of DTT in clinical research and even as a diagnostic tool.

wises JCN I
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