i Conlrels

FA valye

B Potlients with nmTBl

Signilicanily different [p<0.01}* from conirels

*

Analomicol ragion

Figure 3 {A-C) Axial and coronol Jractional anisotropy {FA) maps. Several girculor regions of interest with o diometer of 2 mi are placed in the
corpus collosum {CC; the genu, stem and splenium), column of the fornix, corona rodicto and centrum semiovale. (D) FA values in the CC, fornix,
corona radiotn and centrum semiovale of potients with traumaiic broin injury. smTBl, non-missile troumatic brain injury.

Several round RO with o diamewen of 2 anm wene placed
it e vorpus callosunn, e column ol thie fornix, the cotonag
radiata bilaterally anmd the contnen semitvade bilaerally on
individizal o tonal anisostaepy maps Uigs 3A O The mean
valies of hactional andsoiropy rear sevesal iomud BOB vy
e Esamination ol group Jilfepences by stidy of RO
continned the marked diflerenses i lnawctional anisotropy,
meled i e voselbased aialysis, We Jomnd considerabile
dilferenves etween the group with T gronp and
vonttds in e boctional andwingy valoes ol ihe geng

[ 0008, stem iy G800) aud splenjeny el (e corpus
vallosany (p oon, sl the colmmn of ke Jospix
tp Ny Jir 30y, Average vadoes penvrated from ihe ROE

placed in e contjoospinal tract Jid ner dilfer betsveen the
W g onps.

Fignne 1 vompares hdividoal magneiic resonanoe inacio
wraphy of e corpus el and e Rk Jiom some
NRrTBE cases with constsols, Incases with nanTRE the fracking
lines theoupls the genn and the sphenium of the o
vallosim were sfilfeten) om Hase in contindy, with the
vonnedling fibres net reaching the cortex, Hie voluime and
Hee vonnecring fibres Inng the splesium i pativigs with
M TB] were elatively relained, Compared with anmrals, the
tracking Hoes thromeh (e wolumn of 1he lomix o opatiesns
with T8l did not pass along the fimbria of the

Bippocampins, although traciograply arousd the mamiitory
bady 1o the voligon of the Jrnix was relatively retained.

DISCUSSION

Dur resulis suppest hat 0 was able to ebjedtively show
abmnamadities in patients with nyTBE with cognitive buapair-
men s bat without mavioseopically detectabile fesions, o our
Koovvledge, 1155 i the first report of white matier disruption
of e varpas callesum sl formix jo evaluatle i TBE withon -
Mmavrosenpivally detectable fesons hy esing DT Voxel-based
fractional anisotropy analysis and pravtograply stody ohjee-
theely showed the volnerability of the corpus calissinm and
fornix i potderts with o TRI The parasogittal suboortical
while matier, injernal capsuoles, cerchellar folia dorsal (o the
dentate onclei amd brain stem, but nat corpus caliosum and
Tornis, are susceptible so diffnse asonad nfury.™ Our shndy
showed Lhe specilic viduierability of tre corpos catlosum and
Toria, becatise onr patients with 3 had cognitive
impairments bt no physical problems, The vorpas callosum
and oy are theught o be the stravinres at the vore of
neurad etworks in coepnition amd mensoery, Changes in the
anterior white paier, induging fhe corpus collosum, were
strongly related (o age-related cognitive dedine.” 7 The
Tornix is 1he major Jimbic white maier pathway jiercon-
necting the hippocampay and the mamillary bodies, The
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Figure 4 lateral view for the troctography of the corpus callosum {left column] and fornix {right column) in a control (left upper] and in 11 patients with
traumalic brain injury. The tracdographs are overlaid on T2-weightad MRI.

limbic circuitry of the hippocampus-fornix-~mamillary body
interaction has been the focus of extensive research on
memory functon. Damage to any of these limbic structures
results in various memory disorders.”

Limitations exist in assessing fractional anisotropy value by
ROI techniques, espedially in the case of very small ROI with a
diameter of 2 mm. ROI techniques depend either on subjective
assessment or on the relatively arbitrary size, shape and
placement of the ROIs, As a result, some arcas of the brain
may not be explored. SPM analysis is an alternative voxel-by-
voxel analysis method that can aveid subjectivities. In this

veww.jnnp.com

study, a marked decrease in values of {ractional anisotropy in
the colwmn of the fornix was not obvious with $PM, The SPM
may not have been successful because of the small size of the
fomnix. Its Jocation in stereotactic space may have been displaced
between subjects because of normalisation errors and smeared
out during smoathing with a gaussian low-pass filter of an 8-
mm full-width at half-maximom, making differences harder ta
detect. Because it was relatively easy to detect on the native
fractional anisotropy images, the manual ROI values, especially
in the small size, may be more accurate, resulting in greater
statistical power.
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Figore 4 Laterol view for the traciography of the corpus collosum {leh colymn) ond fosnix {righl column} in a control {leh upper) and in 11 patients with

The ractographs ore overloid on T2-weighted MR,
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inmitaiions exist in assessing fractional anisutropy value by
RO techniqoes, espedially in the case of very small RO with a
diameter of 2 mm. RO weehniques depend either on sabjective
assessmenl or oon e relatively arbilrary sire, shape and
placement of the ROIs. As @ result, some areas of the brajn
may ol be explored. SPM analysis is an alternative voxel-by-
voxel analysis method il can avoid subjectivities. In thiy
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siudy, 2 marked decrease in values of fractioaa] anisoiropy in
e colimn of the Fornib was not obvious wills SPM. The SPM
may not have bren successful bevavse ol e simald sive ol the
Fornix, 1s location in stereoinatic space nay have been displaved
Between subjeets because of normabisation ereors and smeared
put dusing smoothing with o gaussian fow-pass [y of an &-
mm full-widih at balf-maximum, making differences harder to
dereet. Beranse it was relatively easy to dueiest on the native
fractiomal anisotrapy Images, the nsanual RO valaes, espeeiaily
in the small size, may be more accuraty, resudting i grestet
stalistical power.
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White matfer disruption in Iroumotic brain injury

In this study, 2 marked correlation was found in the

“splenium of the corpus callosum between MMSE and

fractional anisotropy value, No significant correlation effects
of WMS—R and PASAT were, however, detected. Although
the condition with threshold at a value of corrected p<l0.05 in
yoxel Ievel and at an extent of 60 voxels may cause these
results, a positive correlation was shown only in the MMSE
may be because of characteristic differences between the
MMSE and the others, The MMSE reflects general cognitive
functior: the others, however, reflect specific cognitive
function.

Although a major number of patients with dilfuse brain
damage and cognitive impairments do not show obvious
lesions on conventional neurcimaging, guantitative brain
MRI studies conducted at least 6 weeks after injury have
shown that moderate to severe traurnatic brain injury results
in a decrease in the volume of the hippocampus, fornix and
corpus callosum,** These reporis point to the vulnerability
of the corpus callosum and fornix in patients with nmTRBI
and the relationship between atrophy and cognitive dysfunc-
ton. The results of these morphometric studies and our
investigation on abnormalities of the corpus callosum and
fornix are consistent, White matter abnorrnalities in patients
with nmTBI can be detected earlier with DTI than with the
morphomietric methods, because DTI can presume the
structure of the white matter, whereas morphometrics may
detect secondary, atrophic changes subsequent to primary
damage. The altered state of the white matter resulting from
acute fraumatic brain injury may, however, affect diffusion
tensor anisotropy measurements. Oecdematous tracts may

lose some anisotropy, but retain enough dircctional organisa-

tion to remain identifiable on directional DTLY White matter
tracts may be destroyed or disruptured to the point where
directional organisation and, consequently, diffusion aniso-
tropy is lost completely. In our study, magnetic resonance
tractography of the corpus callosumy and fornix disclosed
abnorrpalities in the tracking lines of the individual patients
with nmTBI . The magnetic resenance iractography was
symbolic and demonstrative of the neuaral network and may
be useful for individual evaluation of patients with nmTEBI
The definition of magnetic resonance tractography as a
chinical method has, however, not been established. The
techinical limitations of magnetic resonance tractography
must not be overlooked.® Studies are under way in our
hospital to identify the optimal timing of DTI 1o identify
accurately the presence of white matter abnomalities aflter
nmTBI,

In this study, all participants underwent DTT with the 15T
MRI system, Although a direct comparison of 3.0T and 15T
with regard to magnetic resonance tractography has not been
reported, the 3.0T MRI system has a higher sighal-to-noise
ratio than 1,5T. Thin slice images can be obtained with 3.0T
owing to a higher signal-to-noise ratlo, so z-axis resolution is
improved. Therefore, magnetic resonance tractography may
be more effective in z axis with 3.0T than with 1.5T. The 3.0T
system, however, has a higher susceptibility artefact in DTL It
will be necessary to examine the clinical comparison of 3.07
imaging and 1.5T imaging with regard to magnetic resonance
tractography furthermore. :

We will apply our findings to each patient with traumatic
brain injury In the acute or subacute stage, to obtain an

-objective index of reliable diagnosis, evaluation, estimation

and trearment of cognitive impairments, »
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