
1Brai

INTR
and fa
Gauss
these 
algorit
from G
this n
measu
tools t
degen
(HOT
underl
the fo
efficie
phanto
scans.
directi
METH
capilla
tubing
overla
= 25×
32×32
encod
was al
for 73
diffusi
 Th
param
b-valu
directi
case, t
could 
the thr
calcul
RESU
compa
not re
widely
The tw
0.72%

W
was co
(c,f) g
phanto
CONC
tensor
had hi
encod
ACKN
REFE
1372. 

An 

in Imaging Analysi
Ya

RODUCTION:  
aithful reconstru
sian. Recently th

efforts have b
thms rather than
Gaussian diffusi

non-Gaussian pr
urement of non-
to assess change
eration. General
) (4) provides on
lying fiber struc
orth order diffu
ency and speed 
om that models 
  We identifie
ions sufficient to
HODS:   The
aries with an inn
g P-06417-70, C
apped at a 45° an
×25, TR = 1900m
2. Diffusion-we
ing directions a
lso scanned on a
3 slices. The di
ion encoding dir
he fourth order

meters for both th
ue and five b-v
ions between th
the calculated te
be applied.  The
ree largest eigen
ated giving a sec

ULTS & DISC
arison as the pha
alistic for a in v
y fluctuating val
wo b-value calc

% along that line.
We also found tha

onsistent with th
generated an exc
om. 
CLUSION:   A
rs.  Two b-value
igh agreement w
ing directions w
NOWLEDGME
ERENCES: 1. F

4. Liu, C., et al, 

Optimization 

is Center, Duke U
ang-Ming Universi

Resolving mult
uction of the co
here have been m
been largely fo
n providing a qu
on. Consequentl
operty is critica
-Gaussian diffus
es in white mat
lized DTI (GDT
ne such method 
ctures. An optim
usion tensors is
of the data acqu
crossing white m

ed the minimum
o estimate fourth
e phantom con
ner diameter of 5
Cole-Parmer In
ngle. Imaging wa
ms, TE = 13.8m
ighted images 

and for b-values 
a 3T MRI system
ffusion-weighte
rections and b-va
r generalized di
he subject and p
value set-ups. T
he phantom and 
ensors were con
e fourth order te
nvalues produce
cond method for

CUSSION:   T
antom data was 
vivo scan. The s
lues as seen in th
culation compar
   
at a single b-val
he results from th
cellent image w

A single b-value 
es, however, giv
with the gold stan
will generate a qu
ENTS: NIH R00
Frank L.R. MRM

MRM 2004; 51

Protocol for G
N

University, Durham
ity, Taipei, N/A, Ta

tiple fiber orient
omplex neural f
multiple methods
ocused on impr
uantitative assess
ly, fast and quan
ally needed. De
sion processes m
tter that are due
I) with the use o
to identify, char

mal scan protoco
s needed in ord
uisition.  This w
matter fibers and

m number of b
h order diffusion
nsisted of sheet
50μm and an ou
strument, Verno
as performed on
ms, single slice, 

were acquired 
of 500, 1000, 2

m using an FOV 
d images were 
alues of 1000 an
iffusion tensors

phantom data. Te
The large differ
subject data pro
verted to a 9×9 

ensor was then e
d by the decomp
r comparison. 

The last column
acquired with fi

single b-value ph
he central line pr
ed well with th

ue was not suffi
he phantom data

with 30 diffusion

is not sufficien
e a significantly
ndard.  We also 
uality fourth orde
0EB007182. 

M 2002; 47:1083-
:924-937. 

Generalized D
Nicole Murphy1, Ch
m, North Carolina, 
aiwan, 3Departmen

tations within on
fiber pathways. 
s developed spec
roving fiber tra
sment of the dev
ntitative assessm
eveloping quant
may provide pow
 to axonal dama

of higher order t
racterize and vis

ol required to es
der to maximiz
was investigated
d compared to i

b-values and gr
 tensors. 
ts of parallel p
uter diameter of 
on Hills, IL). T

n a 3T MRI syste
NEX = 4 (non
with a stimula

2000, 4000, and
= 256×256, TR 
acquired with 

nd 2500s/mm2.  
 were calculate
ensors were calc
rence in the nu
ovided another 
matrix upon wh
stimated by calc
position.  The v

n in Fig.1(e,j) p
five b-values and
hantom acquisit
rofile shown in F

he gold standard

ficient to generat
a. The two b-val
n directions com

nt for the calcula
y better image th
found that two b

er diffusion tenso

-1099. 2. Wedee

Figur
varian
f), 200
Gold 

Diffusion Tens
hing-Po Lin2, and 
United States, 2De
nt of Radiology, D

 
ne imaging voxe
It is recognized
cifically to acco
acking 
viation 

ment of 
titative 
werful 
age or 
ensors 
sualize 
stimate 
ze the 
d for a 
in vivo 
radient 

plastic 
350μm (PTFE u

Two sets of ca
em with scan par
-averaged), and 
ated echo for 
d 8000s/mm2. A
= 10200 ms, and
a dual echo seq

ed using a vari
culated for singl
umber of diffus
basis for compa
hich eigenvalue 
culating the mea
variance-to-mean

provided a gol
d 160 diffusion d
ions (Fig. 1a, b,
Fig. 2 and had p

d, with a percen

te a quality imag
lue patient data s

mpared to the 16

ation of higher 
hat, in the case o
b-values with on
or image in vivo

en V. J., et al, M

re 1: Phantom data
nce-to-mean ratio 
00 (b, g) and 4000
standard: five b (e

sor Imaging w
Chunlei Liu3 
epartment of Biom

Duke University, D

el is critical for 
d that the diffus
ount for this non

ultramicrobore 
apillaries were 
rameters; FOV 

d matrix size = 
160 diffusion 

A healthy adult 
d TE = 98.5ms 
quence for 30 

riety of set-up 
le b-value, two 
sion encoding 
arison. In each 
decomposition 

an eigenvalue of 
n ratio was also 

ld standard for 
direction and is 
, c, f, g, h) had 

poor agreement. 
nt difference of 

ge in vivo. This 
shown in Fig. 3 
60 used for the 

order diffusion 
of the phantom, 
nly 30 diffusion 
o. 

MRM 2005; 54:13

Figure 2: L
the phantom

Figure 3: Pat
(top row), va
row). Single b
Two b: [1000

a: mean eigenvalu
(bottom row). Sin

0 (c, h). Two b: [10
e, j).  T2-weighted

with Higher Or

medical Imaging an
Durham, NC_3129,

accurate quanti
sion process in 

n-Gaussian prope

f 

 

377-1386. 3. Tuc

Line profile throug
m data in figure 1

tient data: mean ei
ariance-to-mean rat
b: b = 1000 (a,d), 
0, 2500] (d,f).  

e (top row), 
ngle b: b = 500 (a, 
000, 2000] (d, i). 

d image (k) 

rder Tensors

nd Radiological Sc
, United States 

fication of tissu
brain tissues is

erty (1, 2, 3). Ho

ch D.S., MRM 2

gh row 16 of 

igenvalue 
tio (bottom 
2500 (b,e) 

k.) 

ciences, National 

ue microstructure
s generally non
owever, many o

2004; 52:1358-

e 
-
f 

3587Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


