
         

Introd
movem
EStima
RESTO
model 
particu
increas
we dev
employ
Metho
parame
functio
times t
based o
standar
conver
To inv
MRI d
resolut
intensit
ANTS 
and HO
assump
calcula
normal
ORPs 
Additio
well as
during 
in temp
median

method
suscept
increas
3). FOD
popula
FOD p

Discus
fibre ar
bias in 
outlier 
distorti
Refere
[1] Cha
1472. [

Figur
and 

con

1The Uni

duction: Diffusion
ment and cardiac p
ation of Tensors b
ORE, however, us

more than a sing
ularly when diffus
sed number of outl
veloped HOMOR 
ys a higher order m
ods: For this study
eters). We reject o
on of orientation a
the signal standard
on the residuals co
rd deviation were
rgence was achieve
estigate the propo

data were acquired
tion using a 3T sc
ty inhomogeneity
software package
OMOR. The sign
ption that less than
ated for every par
lized using the num
were transformed
onally, FA maps a
s data output from
spatial normalisat

plate space, and c
n CV over 300 equ

ds, including the 
tibility distortions
se in population va
D population vari

ation variability we
population variabil

ssion: Our results s
reas are incorrectl
 the estimated fibr
rejection identifie

ions. 
ences:  
ang et al., 2005. M
[4] Raffelt et al., 2

re 3: Average outli
HOMOR. The OR
nsistently identifie

K
versity of Queensl

n-weighted (DW)
pulsation. These ar
by Outlier REject
ses the diffusion 
gle fibre populatio
sion data is acquir
lier voxels would 
(Higher Order M

model capable of re
y, we fit the DW s
outliers from the 

and not contain an
d deviation. Outlie
omputed between t
e considered outlie
ed. The workflow 
sed method, data f

d without cardiac g
canner. Data prep
. FA maps were 
 and an iterative u

nal standard devia
n half of all brain
rticipant as descri
mber of degrees o
d to the template 
and FOD images (

m both RESTORE 
tion using apodise

compared between
ually distributed di

splenium of the
s in the frontal an
ariability of FA wa
iability was increa
ere observed when
ity with HOMOR.

show that if REST
ly identified as ou
re orientation and 
ed outlier voxels m

Magn Reson Med 5
011. Neuroimage 

ier rejection proba
RP on the right ind
ed outliers. All ima

Outlie
Kerstin Pannek1, D
land, Brisbane, Qu

 images are pron
rtefacts are typica
tion, [1]) was pro
tensor model for 
on, identification 
red at high b-valu
be observed in cro

Model Outlier Reje
esolving multiple 
signal using spher
SH model based 

ngular frequencies
er voxels were ide
the SH model and 
ers and excluded 
is summarized in 
from 103 healthy 
gating along 64 n
processing include
calculated and reg

update approach. O
ation was calcula

n voxels are affect
ibed previously [
f freedom (degree
space using the 

(estimated using c
and HOMOR. FA

ed point spread fun
n the different met
irections. 

e corpus callosum
nd temporal lobes
as observed in cro

ased within crossin
n HOMOR was u
. 

TORE is used in hi
utliers. Excluding 
quantitative metr

mainly within are

53(5): 1088-1095. 
56(3): 1171-1180 

ability (ORP) maps
dicates areas where
ages are shown us

r detection for
avid Raffelt2, Chri

ueensland, Austral

ne to artefacts c
ally observed as si
posed to identify 
outlier detection.
of outlier voxels 

ues required for h
ossing fibre areas
ection), which is 
fibre populations w
rical harmonics at 

on the assumptio
 that would cause

entified in the indi
the DW data. Vox
from the subsequ
Figure 1. 
participants (54 m
on-collinear direct
ed correction for 
gistered non-linea

Outlier voxels were
ated directly from
ted by artefacts. O
2]: for every vox
s of freedom = nu
non-linear transfo

constrained spheric
A and FOD image
nctions [4]. Popula
thods of outlier rej

m, brainstem, cer
s. When RESTOR

ossing fibre areas, 
ng fibre regions w
sed for outlier det

igh b-value data, a
these voxels from

ics (e.g. FA). In c
as prone to cardia

[2] Walker et al., 

s obtained using R
e RESTORE and H
ing the same wind

r high b-value
istopher Bell1, Jan
lia, 2Brain Researc

 
caused by physio
ignal dropout. The
voxels and direc

. As the diffusion
in crossing fibre

higher order mode
using RESTORE.
closely related to
within a single vox
a maximum harm

on that DW signa
e the SH model to
vidual DW volum
xels with residuals
uent iteration. The

male, age 18-73 ye
tions at b = 3000 
head movement, 

arly to a study-spe
e identified in diff

m the residuals as
Outlier Rejection P
xel, the number o
umber of directions
ormation obtained
cal deconvolution
es were then spati
ation variability (c

ejection. Note that 

Resu
obta
dete
2) 
(tens
How
num
iden
regio
A
regio
cons

rebellum, as wel
RE was used for 
as well as in singl

with RESTORE. S
tection, but no tren

large number of v
m subsequent anal
contrast, using a h
ac pulsation artefa

2011. Neuroimage

RESTORE 
HOMOR 
dowing. 

e diffusion dat
ne Mathias3, and St
ch Institute, Austra

logical noise, su
e RESTORE meth
ctions with outlier
n tensor cannot ap
e regions may be 
els. We hypothesi
. To overcome thi

o the RESTORE m
xel. 

monic degree 4 (i.
al should vary sm
o have residuals la
mes using an iterat
s larger than 3 time
e process was rep

ears) were analysed
s/mm2 and 2.5 m
susceptibility dist
ecific FA templat
fusion space using
s described in [2]
Probability maps (
of outliers was re
s – number of fit p

d from the FA-est
[3], harmonic deg

ially normalised u
coefficient of varia
t for FOD images,

ults: Figure 2 s
ained using REST
ected in crossing fi

when RESTO
sor model) was us

wever, no signific
mber of outliers w
ntified in th
ons using HOMO
number of ot

ons were identif
sistently for b
ll as areas prone

outlier detection,
le fibre areas  (Fig

Slight increases in 
nds were observed

voxels within cros
lysis may introduc

higher order model
acts and susceptib

e 54(2): 1168-117

ta 
tephen Rose1 
alia, 3University of

uch as head 
hod (Robust 
r intensities. 
ppropriately 
 inaccurate, 
ized that an 
s limitation, 
method, but 

e. fitting 15 
moothly as a 
arger than 3 
tive process, 
es the signal 
peated until 

d. Diffusion 
mm isotropic 
tortions and 
te using the 

g RESTORE 
], using the 
(ORP) were 
ecorded and 
parameters). 
timated warps, an
gree 8) were comp
using the FA comp
ation, CV) of the F
, the CV of the FO

shows average O
TORE and HOMO
fibre regions (e.g. 
ORE 
sed. 
cant 

were 
hese 
OR. 
ther 
fied 
both 
e to 
, an 
gure 

FA 
d in 

sing 
ce a 
l for 

bility 

77. [3] Tournier et 

F

Figure 2: P
yellow) an
and FOD (

RESTO

f Adelaide, Austra

nd averaged acros
puted from the ori
puted warps. FOD
FA and FOD imag
OD amplitude wa

Outlier Rejection 
OR. A large numbe

corona radiata – r

al., 2007. Neuroim

Figure 1: Workflow
detectio

Population variabi
nd decrease (blue-
(bottom) after outl
ORE (left) and HO

alia 

ss all participants
iginal DW data, as
Ds were reoriented
ges was calculated

as computed as the

Probability maps
er of outliers were
red circle in Figure

mage  35(4): 1459

w for outlier 
on

ility increase (red-
cyan) of FA (top) 

lier rejection using
OMOR (right). 

. 
s 
d 
d 
e 

s 
e 
e 

-

g 

3581Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


