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ABSTRACT

Purpose: Norma adult and neonate brains were evauated for regiond and age-related

differences in gpparert diffuson coefficient (ADC) and fractiona anisotropy (FA).

Materials and M ethods: Norma adults (n=8, 28 + 9 years) and neonates (n=20, 16+4 days)
were imaged with a 3T head-only MR scanner using asingle shat diffusion tensor imaging (DTI)
sequence. Trace ADC, FA maps, directional maps of the putative directions of white matter
tracts, and fiber tracking maps were obtained. Regions-of-interest (ROIS): 8 ROIsin white
matter (WM) and one ROI in gray matter (GM) were predefined for the measurements of ADC

and FA.

Results: Congstent with previoudy reported results, agloba eevation of ADC (p<0.001) in
both GM and WM and a reduction of FA (p<0.001) in WM are found in neonates when
compared to that in adults. In addition, sgnificant regiond variationsin FA and ADC are
observed in both groups. While regiona variations of FA and ADC in adults are less prominent,
the centrd WM in neonates congstently exhibits a higher FA and lower ADC than cortica WM.
Fiber tracking demonstrates only mgor WM tracts in neonates wheress fibers extended to the

cortica WM in adults.

Conclusion: Although the observed regiond differencesin FA and ADC in neonates may be
caused by dructura discrepancies among ROIs, one of the most plausible explanationsis the
different extent of brain maturity. Thisfinding further underscores the potentia utility of using

DTI for the study of brain development.
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INTRODUCTION

Diffuson-weighted magnetic resonance imaging (DW-MRI) links MR sgnd intensties to the
relative mobility of endogenous tissue water molecules (1). Signd aterations observed in DW
images reflect, on adatistical bas's, the displacement distribution of the water molecules within
voxels. When the water molecules are uncongtrained, the direction of motion of agiven
molecule is random and its position over time can be described gpproximately by a Gaussan
distribution. When the extent of water diffusesin tissuesisidentica in dl directions, such
diffuson is normdly referred to as “isotropic” diffuson or otherwiseisreferred to as
“anisotropic”’ diffuson. Isotropic diffuson isnormaly seen in gray metter (GM) whereas
anisotropic diffuson is commonly observed in white matter (WM); diffuson in the direction of
the fibersisfaster than that in the perpendicular direction (2, 3). Although the exact underlying
biophysical mechanism(s) for the observed anisotropic behavior in WM is gill under extensve
scrutiny, the generdly held view is that the pecific organization in bundles of more or less
myelinated axond fibers restricts water molecule motion to be preferentidly aong the direction
of thefiber (3-5). Therefore, it has been suggested that diffus on-weighted imaging sequences
with aspecid arrangement of diffusion gradients can be employed to provide uniquein vivo

information on the structural and geometrical organization of tissues (2, 6).

Typicdly, diffuson gradients oriented in at least Sx non-collinear directions are utilized to
acquire aset of images, which are used to estimate the diffuson tensor (D ) in each voxd (4, 5).
Subsequently, quantities characterizing specific features of the diffusion process, such asthe

principd diffudvities (eigenvauesof D), indices of diffuson anisotropy, and the principa



directions of diffuson (eigenvectorsof D) are computed (4, 5, 7). With these parameters,
extensve research efforts have been devoted to utilize DTI for both norma subjects and patients
in an atempt to yidd new ingghts into the microstructura organization of WM that are not
available with conventiona MRI techniques. To this end, many investigators have demonstrated
areduction of diffuson anisotropy in normal- gppearing white matter in patients with
neurodegenerative disease such asMS (8-10) and AD (11), axond injuries associated with
hypoxic/ischemic conditions (12, 13) or traumatic brain injury (14), and psychiatric disorders
such as schizophrenia (15, 16). These findings underscore the potentid dinica utility of DTI in

reveding subtle microstructura damage of WM associated with avariety of CNS diseases.

Elsawhere, DTI has aso been employed for the study of brain development and cons stent
results have been reported in the literature. An éevation of ADC in both GM and WM and a
reduction of diffuson anisotropy in WM are normally observed in the neonates as well as
children when compared to adults (17-24). In addition, ADC has been shown to correlate
negetively with age while FA exhibits a positive correlation, suggesting potentia links between
ADC, FA, and brain development (17-24). However, most of the results were obtained based on
subjects who were scheduled for MR studies with dlinical indications. Even though only
subjects who had negative MR findings were included in data andlys's, these results may not
necessaxily reflect normative values. In addition, results on regiona messurements of diffuson
anisotropy remain lacking. In this study, norma adults and hedlthy neonates 2-3 weeks after
birth were imaged with a 3T head-only scanner in an attempt to determine the potentia
differencesin the gpparent diffusion coefficient (ADC), fractiond diffusion anisotropy (FA), and

the directions of mgjor white matter tracts between the two groups. Specificdly, regiona



vaiations of FA in WM, potentidly reflecting different degrees of brain maturation of WM in
neonates, were investigated. We further hypothesize that the regiond variations of ADC and FA

in neonates may reflect the degree of brain maturity.

MATERIALSAND METHODS

A total of 20 normal neonates (10 males and 10 females, 16 + 4 days) and eight normal adults (4
males and four femaes; 28 + 9 years) were recruited for thisstudy. Informed consent was
obtained from all subjects and the experimental protocols were approved by the Ingtitutional
Review Board. Neonates were recruited from the newborn nursery of UNC Hospitals as part of
an ongoing study of normal brain development. In contrast, adult subjects were recruited from
the community. Neither the normal adults nor the neonates were sedated for MR imaging.
Neonates were fed prior to scanning, swaddled, fitted with ear protection and had their heads
fixed in avac-fix device. A pulse oximeter was used to monitor heart rate and oxygen

saturation. Most neonates dept during the scan. Since a head-only scanner was employed in this

study, parents were able to St near their babies throughout the entire imaging sesson.

All images were acquired on a Siemens head-only 3T scanner (Allegra, Semens Medica System
Inc., Erlangen, Germany) with a maximum gradient strength of 40 mT/m and a maximum dew

rate of 400 mT/m/msec. Two main imaging sequences were employed, including a

magnetization prepared rapid gradient echo (MP-RAGE) T1-weighted and a single shot echo
planar (EPI) DTI sequence. For the neonate group, the imaging parameters for the DTI sequence

were asfollows. TRITE/TH=4219ms/92.2ms/5mm, inplane resolution = 1.72° 1.72mm? with a



gap of 1mm, 12 averages, and 20 dices. Seven images were acquired for each dice, one without
diffusion gradient (b=0) while the remaining six with b=1000/mm? and diffusion gradients
dong{1/+/2, 0,92}, {-Y2,0, 1/4/2},{0, 2,1/} {0, /2, -2}, {¥2,Y//2,
0}, {-1/+2,1/J/2, 0}, separately. The imaging parameters for the MP-RAGE sequence were as
follows TR/TE/TI/TH=11.1ms/4.3ms/400ms/1mm, inplane resolution = 1.27° 0.90mm?. A

total of 122 sagittal images were acquired to cover the entire brain, and the total data acquisition
timewas5 min and 34 sec. All theimaging parameters remained identical for the adult group

except that the T was changed to 300msec and atotal of 128 dices were acquired for the MP-

RAGE sequence, resulting in atotal data acquisition time of 6 min and 39 sec.

All DTI images were trandferred to a PC for data andyss. Trace images were firs created by

averaging al six diffuson-weighted images, and subsequently ADC maps were obtained as

ADC=IN(Sy=0/Sb=1000)/b,

where Sy=1000 represents the trace DW images and S;—o indicates the image obtained in the
absence of diffuson gradients. Subsequently, pixe-by-pixe diffuson tensor was represented by
a3 3marixD. Andytica expressonswere then obtained for the three principle diffugvities

of D,I1,|2andl 3, by solving the characteristic equation of D . Additiondly, the eigenvectors

of D were also obtained. Subsequently, fractiond diffuson anisotropy (FA) was caculated as.

FA= (11 <l >)2+(1 2- <I > +(13- <| >)7 /201 2+ 2 +| )



where <| >=(11+1 2+ 3)/3. Since FA measuresthe fraction of the "magnitudes’ of D that
can be ascribed to anisotropic diffusion, it varies between O (isotropic diffusion) and 1 (infinite
anisotropy). Furthermore, the putative direction of aWM tract was defined as the elgenvector
corresponding to the largest elgenvalue o that a pixe-by-pixd map of fiber directions could be
obtained. In order to focus only on mgor white matter tracts for the fiber directiond maps, an

FA threshold of 0.5 and 0.3 was employed for the adult and neonate groups, respectively. Only
pixdswith an FA greater than the predefined threshold value were used for the caculation of the

elgenvectors.

Fiber tracking

The principle diffusve direction, i.e. the eigenvector associated with the largest eigenvdue, of

the local tensor indicates locd orientation of fiber tracts. Tracing these loca directions through
white matter between user-defined source and target regions allows the reconstruction of three-
dimengona trgjectories following mgor axond tracts. Different techniques mostly based on
path finding in three-dimensiona vector fields have been developed (see (25) for amost recent
introduction). A fiber tracking method origindly developed by Mori et d (26, 27) was modified
to include volumes of interest of arbitrary shape as source and target regions for trgjectories and
was used in our study. VVolumes of interest of the splenium and genu of the corpus callosum were
firg defined using the FA images and amultiplanar visudization tool. The target was defined as
the whole brain cortex to search for al possible trgectories originating from the two source
locations. DTI images obtained from 3 neonates and one adult were employed for fiber tracking

S0 as to explore the potential discrepancies between neonates and adults.



Region-of-interest (ROI) analysis

An ROI approach was employed for measuring both FA and ADC from both adults and
neonates. In each subject, nine ROIs were predefined on a single transverse section through the
levd of the basal ganglia  Eight ROIs were placed in white maiter, including the anterior and
posterior limbs of the interna capsule, the genu and splenium of the corpus cdlosum, left and
right occipital and fronta WM adjacent to the cortical gray matter. Results obtained from the
anterior and pogterior limbs of the internal capsule, the left and right occipital white matter, the
left and right fronta WM were averaged separately for subsequent data andysis. These white
matter structures were chosen because they exhibited visible anisotropy and were easily
identified on diffuson-tensor images. The remaining ROI was placed in the cortical gray matter.
Specid care was taken to exclude contributions from cerebrospina fluid (CSF) for the choice of

ROIs by comparing FA and ADC mayps with the b=0 images.

Satistical Analysis

Student’ s t-test was employed for the comparison of experimentally measured FA and ADC
between adults and neonates. In addition, a single factor ANV OA correcting for multiple
comparisons (Tukey's multiple comparison test) was employed to determine whether or not
regiond differencesin both FA and ADC were significant. A p-value < 0.05 was considered

ggnificant at a 95% confidence leve.



RESULTS

We were able to obtain high quaity DW images without apparent motion artifact on 13 of the 20
neonates (8 maes, 5 femdes). Representative sagittal as well as the recongtructed transverse
MP-RAGE images from one neonate (Fig. 1laand b) and one adult (Fig. 1c and d) are shown,.
While the totd data acquigtion time for the MP-RAGE was shorter in the neonate group than
that in the adult group, the image quality is adequate. Clearly, the gray/white contrast in the
images obtained from the adult group is superior to that in the neonate group. In addition,

gray/white contrast is reversed between neonates and adults.

Typica b=0images (Fig. 2aand d), ADC (Fig. 2b and €), and FA maps (Fig. 2c and f) are shown
from one neonate (Fig. 2a-c) and one adult (Fig. 2d-€) in Fig. 2, respectively. As anticipated, the
gray/white contrast is reversed in the T2-wel gthed images between the neonate and the adult
groups. In addition, whileit is difficult to discern gray and white matter on ADC images for

both the adult and neonate groups, an obvious difference in FA between the gray matter and
white matter is seen for both groups, white matter exhibits a higher FA than that in gray métter.
However, only the mgor white matter tracts exhibit a higher FA vaue in the neonate group as
opposed to the adult group where the whole brain white matter demondrates a higher FA vaue

when compared to that in gray matter.

Quantitative measurements of ADC from both the adult and neonate groups are shown in Fig. 3a

ADC vdues in the neonate group are sgnificantly higher (p<0.001) than that in the adult group

for dl ROI assessed. For the neonate group, significantly higher ADC values are observed in

10



both cortical white matter as well as gray matter regions when compared to central white matter.
Statigtica comparisons of different ROIs are summarized in Table 1. In contrast, ADC in the
adults is more homogeneous across WM regions with small, but satisticaly sgnificant
differences (Table 1). Findly, when the ADC ratios of neonates to adults are compared (Fig.3b),
the frontal white matter exhibiting the highest ratio (2.05) followed by corticd GM, occipitd

WM, the genu of corpus callosum, the internd capsule, and the olenium of corpus calosum.

Fig. 4a showsthe FA vaues for both the adult and neonate groups. FA is Sgnificantly higher in
adults compared to neonates for al of the regions assessed (P<0.001). In the neonate group, FA
is higher in centrd white maiter compared to cortical white matter and gray matter. Results of
regiond comparisonsof FA aregivenin Table 1. In contrast, the extent to which FA varies
among WM ROlsin adultsis less remarkable than that observed in neonates, dthough datistical
differences remain (Table 1) between some ROIs. The FA ratios between neonates and adults
areshown in Fig. 4b. Similar to the characteristics of ADC rétios between neonates and adults, a
subgtantial regiond variation in the FA ratiosis observed. However, except for GM, the order of
the magnitude of the ratiosis exactly opposite to that observed in ADC ratios, the splenium of
corpus calosum has the highest ratio followed by the internd capsule, the genu of corpus

cdlosum, occipita WM, and frontal WM.

The primary eigenvectors, reflecting the putative directions of the white matter fibers are shown
in Hg. 5 for one neonate (Fig. 5a8) and one adult (Fig. 5b). While only the mgor white matter

tracts are seen in the neonate group, no apparent differences are observed between the two

groups.
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Finally, representative results obtained from fiber tracking are shown in Fig. 6 from one neonate
(upper row) and one adult (lower row). Fibers were tracked from the splenium and genu to the
brain surface, using the same computer program parameters. The resulting traces are overlaid
with transversal and mid-sagittal contour plots of the DTI b=0 images to augment three-
dimensond visudization. Although prdiminary, the results suggest that mgor white matter

tracts can be fully traced to cortica areasin the adult group but are limited to major interior

tractsin the neonates.

DISCUSSION

Thissudy indicatesthat it is possible to obtain high qudity diffuson tensor imaging detain
unsedated newborns using afast DTI sequence on a 3T scanner. We found that neonates had
sgnificantly higher white matter ADC (p<0.001) and significantly lower white matter FA
(p<0.001) compared to adults. These findings are consistent with previous reports (13, 17, 18,
21, 22, 28). We report for the firs time that thereisa sgnificant differencein FA and ADC in
central white matter compared to cortical white matter in neonates. Quantitative measurements
in our study reved ADC (10! mmf/sec) ranging between 153.9 + 10.3 (occipital white matter)
and 115.0 £ 20.3 (splenium of corpus calosum) among white matter ROIs and 134.5 + 22.9 for
gray matter whereas the FA is between 0.20 + 0.07 (frontal white matter) and 0.63 = 0.06
(splenium of corpus cdlosum) among white matter ROIs and 0.10 + 0.03 in gray matter for the

neonate group. In contrast, in the adult group, the ADC (10! mmf/sec) ranges between 71.5 +

4.2 (internal capsule) and 88.7 + 6.7 (occipital white matter) across white matter and 112.6 +

12



10.7 in gray matter while the FA lies between 0.58 = 0.06 (occipital white matter) and 0.78 +
0.02 (genu of corpus calosum) among white matter and 0.16 + 0.03 for gray matter. These
results are comparable with severd studies reported in the literature (12, 17, 29). Specificaly,
Engelbrecht et d. (17) imaged 44 children ranging from 7 daysto 7.5 yearswith DWI. Of the 44
subjects studied, 5 subjects were about 1 month old, Smilar to the age group in our studies. With
this five subjects, the reported ADC (10! mnf/sec) ranges between 104 — 164, in good
agreement with the ranges of ADC observed in our studies. In addition, smilar to our findings,
the occipital white matter exhibited the highest ADC and the interna capsule had the lowest

ADC among the white maiter ROIs evaluated. Nevertheless, ADC values obtained from the
occipitd white matter and the internd capsule gppear to be higher in their sudieswhen

compared to that obtained in our sudies, most likely reflecting the differencesin the ages of

subj ects between the two studies.

It has been suggested that the increase of brain water content in neonates may account for the
observed devation of ADC in neonates as compared to adults. Nell et d (22) imaged 22
newborns 36 hrs after birth. Both ADC and quantitative diffusion anisotropy were measured
from all subjects. They reported that a correlation existed between ADC and the gestational age,
suggesting the potentia role of brain water for the observed elevated ADC in neonates when
compared to adults. However, no clear relationship was observed when quantitative diffuson
anisotropy was correlated to the gestational age (22). Thelr findings are perhaps not surprisng
given the fact that ADC provides an assessment of the overdl water mobility. In the neonate
brain where brain water content is higher than that in adults, leading to, potentidly, less water

redtriction by either membranes or other physiologica barriers and thus resulting in a higher

13



ADC. In contrast, diffuson anisotropy is more directly associated with the extent of white
matter development and thus should not be affected by the extent of brain water content.

Therefore, a potentia correlation between age and the extent of white matter anisotropy may be

explained by this mechaniam.

Indeed, adirect correlation between white matter anisotropy and age is reported by many
investigators (17, 20, 23, 29, 30). The generd findings are that diffusion anisotropy in white
matter increases from infancy to adulthood and subsequently decreases with aging (29, 30),
further confirming the potentid utility of DTI for the investigation of brain development.

However, the exact relationship between the two parameters appears to vary among different
reported results. With subjects between 5-18 years old, Schmithorst et d (23) converted dl the
acquired images onto the Taararch space. A pixd-by-pixd andysis was performed to
determine regions where FA changes were correlated with ages. They concluded that alinear
relationship between FA and age existed. In contrast, Mukherjee et d. (20) demonstrate an
exponentia increase of diffuson anisotropy with age for subjects between 1 day to 11 years old
in both the pogterior limb of the interna capsule and thdamus, dthough alinear rdationship was
also observed at the lentiform nucleus. Furthermore, results reported by Engelbrecht et d. based
on subjects between 7 days and 7.5 years old appear to be best characterized by afunction
expressed as A(1-exp(-age)) where A isacongant. While the differencesin ages for the subjects
studied may account for the observed discrepanciesin the relationship between diffusion
anisotropy and ages, the mogt likely explanation is the potentid regiond variationsin the
measurements of diffuson anisotropy. Asshownin Figs. 3 and 4, subgtantid and Satigticaly

ggnificant regiond variations exist in the measurements of ADC and FA for both the adult and



neonate groups. Therefore, in addition to taking into account the potential age dependence of FA
and ADC, regiond variations of both parameters should be considered when comparing results

obtained from different studies.

Relationship between regional variations of FA and ADC and brain devel opment in neonates
The observed regiond variationsin FA and ADC require additiond discusson. While regiond
differences are observed between the adult and neonate groups, they are more substantid in
neonates. Therefore, the subsequent discussion will focus only on the regiond variations of
ADC and FA observed in neonates. Most of the studies to date have emphasized the potential
relationship between diffusion anisotropy and age, with relatively little aitention regarding the
potentid implications of regiond variations of FA and ADC in the same age population.
Specificdly, as mentioned previoudy, severd lines of evidence have suggested that
measurements of diffuson anisotropy may reflect brain maturity. Therefore, we hypothesize that
the observed regiond variaionsin FA and ADC for the neonate group could reflect the regiond
extent of brain maturity 2 weeks after birth. Asshown in Fig. 4a among the white matter ROIs
evauated, the splenium of corpus cadlosum exhibits the highest FA, followed by the genu of
corpus calosum, theinternd capsule, occipital white matter, and fronta white matter. In
addition, when FA of each ROI in the neonate group is normalized to the corresponding region
of the adult group (Fig. 4b), the FA a the splenium of corpus callosum is most comparable,
while the frontal white matter isless amilar to that obtained from the adult group. In other
words, if one assumes that the measurements of FA reflect the degree of brain maturity, the
splenium of corpus calosum will be the most advanced and the frontal white matter is the least

developed region 2 weeks after birth. In contrast, dthough it isimmediatdly obvious that the



ADC vdues of the centrd white matter are higher than those of the cortica white matter, the
order of magnitude of ADC vaues a different ROI is not gpparent. However, when the ADC
ratios of neonates to adults are examined, the order of the magnitude is exactly opposite to that
observed with FA ratios, the frontal white matter exhibits the highest ratio and the splenium of
corpus calosum hasthe lowest ratio. Thisis of interest, Snceit iswdl known thet brain water is
expected to decrease as the brain devel ops and this has been suggested as one of the primary
factors contributing to the elevation of ADC in neonates (22). The observed order of ADC ratios
would imply thet the fronta white matter is less developed while the splenium of corpus

cdlosum isthe most advanced in the brain development, identical conclusions to those based on

the FA ratios.

The regiond variations of FA and ADC found in our sudy are in good agreement with the
known tempora order of brain myelination. As summarized by Volpe (31), the pattern of brain
myelination starts from proxima to dista pathways, from sensory to motor, from projection to
asociative pathways. Furthermore, Volpe (31) also indicated the occipital 1obe completes the
myelination process prior to fronta Iobe. In addition, Knagp et d (32) studied the evolution of
cerebra gyration and sulcation in preterm and term neonatesin an atempt to determine brain
development. Both T1-weighted and T2-weighted images were employed for their Sudies.
They reported that at birth the gyrd devel opment was most advanced in the centrd sulcus and
the medid occipitd 1obe, while most immature &t the frontal and tempora regions. Therefore,
these findings support our hypothesis that the regiona discrepancies of FA and ADC may be

indicative of different brain matuity levelsin different brain regions. More sudies, including

16



longitudindly following the same subjects will be needed to further assess the implications of

regiond variaions of FA and ADC observed in the neonate group.

Our study has three mgjor advantages. Fird, unlike most of the studies where images obtained
from subjects who were scheduled for MR imaging due to clinica indications were andyzed,
norma neonates were recruited for our studies. Therefore, our results should directly reflect the
normative ADC and FA vauesfor the age range included in our studies. Second, none of the
neonates were sedated, minimizing the potentiad confounding factors associated with sedetion in
the measurements of ADC and FA. Findly, a3T head-only scanner was employed. With the
improved sgnd-to-noise rétio, it was possble to shorten the total data acquisition time while
maintaining an adequate Sgnd-to-noise ratio, minimizing motion artifacts. Conversdly, our
study hastwo technica limitations. Firg, in order to minimize diffuson gradient induced motion
atifacts, asingle shot EPI sequence was employed in our studies, resulting in limited spatia
resolution, particularly for the neonate group. Thislimited spatid resolution is likely to induce

partid volume effects and can potentialy confound the ROI measurements of FA and ADC in

our sudies. Second, the results of fiber tracking are preliminary and the accuracy of this method

has yet to be established. Nevertheless, our preliminary results suggest different patternsin
fiber-tracked tracts between neonates and adults. More studies will be needed to further

determine the dinicd utility of fiber tracking.

In summary, we have observed substantia regiond variaions of FA and ADC in neonates and
demondtrated statisticaly significant differencesin FA and ADC between adults and neonates,

usng DTI. More importantly, when regiond ADC and FA measurements from neonates are
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normalized to those of the corresponding region from adults, the order of the magnitude of the
ratios exhibits a pattern that is congstent with the tempora order of brain myelination; the
gplenium of corpus calosum has the highest FA ratio but the lowest ADC ratio, whereas the
frontal white matter demondrates the lowest FA ratio but the highest ADC ratio. These findings
suggest that the splenium of corpus calosum isin the most advanced stage of brain development
while the frontal white matter is the least developed at 2-3 weeks after birth, compared to the
remaining ROIs assessed. The ability to non-invasively assess the degree of brain development
in neonates should offer an important means to study white matter development in children at
risk for neurodevelopmental and neuropsychiatric disorders aswell as, potentidly, to monitor

response to thergpeutic interventions.
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Table 1. Statistical comparisons of regional ADC and FA in the adult and neonate groups, Separ ately

Apparent Diffusion Coefficients Fractional Anisotropy
Splenium  Genu Internal Occipital  Fronta GM Splenium  Genu Internal Occipital ~ Frontal GM
Adults Capslle Capsule
Neonates
Spolenium NS P<.01 P<.05 NS NS
Genu NS NS P<.001 NS NS
Internal NS NS P<.001 NS NS
Capaule
Occipital | P<.001 P<.001 P<.001 P<.001 P<.001
Frontal P<.001 P<.001 P<.001 NS NS
GM P<.05 NS P<.001 P<.05 NS
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FIGURE CAPTIONS

Fig. 1 MP-RAGE T1-weighted images obtained from both a neonate (a and b) and an adult (c
and d) are shown for comparison. It is evident that the gray and white matter contrast in the
images obtained from the adult is reversed and superior to that obtained from the neonate. In
addition, the Sgnd-to-noiseis dso higher in images obtained from the adult when compared to

the neonate.

Fig. 2 Comparisons of T2-weighted images (aand d), FA maps (b and €), and ADC maps (c and

f) between the neonate (upper row) and the adult (lower row) are shown.

Fig. 3 Regiona measurements of ADC in both adults and neonates are shown in a, respectively.
The standard deviation indicates intersubject variability. In addition, the regiond ADC retios

between neonates to adults are dso givenin b.

Fig. 4 Regionad measurements of FA in both adults and neonates are shown in g, respectively,

whereasregiond FA ratios between neonates to adults are givenin b.

Fig. 5 Putative direction maps of the mgjor white matter tracts are shown from one neonate and
one adult, respectively. The color bars indicate the angles of the mgor white matter tractsin

degrees with the zero degree corresponding to the positive x-axis.

Fig. 6 Comparison of fiber tracking results obtained from a neonate (upper row) and an adult

(lower row) subject. Fibers were tracked from the splenium and genu of the corpus calosum to
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the brain surface. The imagesilludrate top views (l€ft), left views (middle) and top-oblique
views (right). The resulting traces are overlaid with transversd and mid-sagittal contour plots of

the DTI b=0 images.
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Fig. 1 MP-RAGE T1-weighted images obtained from both a neonate (a and b) and an adult (c
and d) are shown for comparison. It isevident that the gray and white matter contrast in
the images obtained from the adult is superior to that obtained from the neonate. In
addition, the Ssgnd-to-noiseis dso higher in images obtained from the adult when

compared to the neonate.
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Fig. 2 Comparisons of T2-weighted images (a and d), FA maps (b and €), and ADC maps (c and

f) between the neonate (upper row) and the adult (lower row) are shown.
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Fig. 3 Regiond measurements of ADC in both adults and neonates are shown in a, respectively.
The standard deviation indicates intersubject varigbility. In addition, the regiond ADC

ratios between neonates to adults are dso given in b.
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Fig. 4 Regiona measurements of FA in both adults and neonates are shown in a, respectively,

whereas regiona FA ratios between neonates to adults are givenin b.
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Fig. 5 Putative direction maps of the mgor white matter tracts are shown from one neonate and
one adult, respectively. The color bars indicate the angles of the mgor white matter

tracts in degrees with the zero degree corresponding to the positive x-axis.
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Fig. 6 Comparison of fiber tracking results obtained from a neonate (upper row) and an adult
(lower row) subject. Fibers were tracked from the splenium and genu of the corpus
cdlosum to the brain surface. Theimages illudtrate top views (l&ft), 1eft views (middle)
and top-oblique views (right). The resulting traces are overlaid with transversal and mid-

sagitta contour plots of the DTI b=0 images.
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