
Introd
 N
dysfun
results
dysph
treatm
 T
diseas
neurol
morph
/- are a
region
 

Metho
 H
an ear
4-chan
gas an
follow
time: 
 D
using 
[4] wa
the vo
using 
volum  

Resul
 E
brain 
Result
illustr
the Np
 P
vivo 2
and ca
 

 
 

Refere
[1] Patt
[2] Liu

Figure
and Np

duction 
Niemann Pick T
nction of the tra
s in a buildup o

hagia, and deme
ments or cures are
The Npc1-/- mou
se.  The Npc1-/- 
logical disease s
hometry (TBM) 
analyzed to mea
ns with a TBM-b

ods 
High resolution T
rly presymptoma
nnel phased arra
nd temperature 

wing parameters
60:08 (min:sec).

Datasets were se
the N4ITK algo

as used to registe
olume measurem
the symmetric n

me changes by ex

lts and Discussi
Example WT and
size and shape 
ts of atlas-based

rates example tem
pc1-/- template to
Past studies of th
2D datasets [6]. 
an provide additi

ences 
terson MC. Neuro

u et al. PNAS 106:2

e 1.  Example in vi
pc1-/- mice brains a

Magnetic Re
1Biomedical Eng

Type C (NPC) d
ansmembrane pro
of cholesterol an
entia [1].  Diagn
e currently avail

use model has a 
model has been
symptoms [2].  
to be applied to 

asure volumes o
based analysis. 

T2-weighted in v
atic disease state
ay surface coil a
maintained with
:. TR=1800 ms,
.   
emi-automaticall
orithm [3].  The 
er each segment

ment of 20 indiv
normalization (S
xamining maps o

on 
d Npc1-/- images
are visible in t

d volumetric mea
mplates of the W
o WT.  The deter
he Npc1-/- mouse
 The current wo
ional insight into

ologist 9(6):301-31
2377-2382. (2009)

ivo images of WT
at 9 weeks of age. 

esonance Mor
John Totenhagen

gineering, Univers

disease is geneti
otein NPC1, fou
nd glycolipids i
nosis is most o
lable, but several
complete lack o

n used in many s
Advancements 
preclinical disea
f discrete brain 

vivo brain imag
e to near end stag
and animal bed s
h a circulating 
 ETL=8, Echo S

ly segmented to 
SyN image regi
ed brain to a lab

vidual brain struc
SyN) algorithm.
of the determinan

s obtained at 9 w
the T2-weighted
asurements are s

WT and Npc1-/- b
rminant map pro
e model have re
ork demonstrates
o neurodegenera

 

10. (2003) 
) 

Figure 2.  R
brain regions
WT and Npc
deviations. 

T 

[3] Tu
[4] Av

rphometry in a
n1, Eriko Yoshima
sity of Arizona, Tu

ic, rare, and fat
und in lysosome
in cells, leading

often made duri
l are in developm
of functional Np
studies of propo
in high resoluti
ase studies of ne
regions with an 

es were obtained
ge of the Npc1-/-

system with ear 
heated water sy
Spacing=10 ms,

isolate the brain
istration algorith

belled MRI in viv
ctures.  Brain te
  Registering se
nts of the Jacobi

weeks of age are 
d images, particu
hown in Fig. 2 f

brains, with a ma
ovides visualizat
eported a decrea
s that several bra
ative status durin

Results of volum
s found to signifi

c1-/- mice (P<.001)

stison et al. IEEE 
vants et al. Neuroim

a Mouse Mod
aru1, Robert Ericks
ucson, Arizona, Un

 

tal.  The primar
s and late endos

g to progressive
ng childhood w
ment and testing
pc1 protein, resu
osed NPC treatm
on MR imaging

eurodegenerative
atlas based app

d from WT and 
- model.  A 7T B
bars and bite ba

ystem.  A 3D f
 TEeff=40 ms, F

n from surround
hm implemented
vo mouse brain a
emplates were cr
egmented brains
ian matrix of the

shown in Fig. 1.
ularly in the are
for six brain regi
ap of determinan
tion of changes i
se in overall bra
ain structures in
ng treatment stud

etric measuremen
icantly differ in s
), error bars repres

Trans Med Img 29
mage 54:2033-204

el of Niemann
son2, and Theodor
nited States, 2Pedia

ry cause of the 
somes throughou
ely worsening sy
with death occur
g. 
ulting in a phen

ments including c
g of rodent brain
e diseases.  In th
proach as well as

Npc1-/- mice at 
Bruker Biospec s
ar for head fixat
fast spin echo s
FOV=30 x 17 x 

ding tissue, and 
d in the advance
atlas [5].  The re
reated with algo
s to the created 
e deformation tra

.  Differences in
reas of the corpu
ions found to dif
nt values of the 
in volume within
ain size and cere

ncluding the cere
dies.   

Fig
a m
(c)
the
co

nts from six 
size between 
sent standard 

9:1310-1320. (201
44. (2011) 

n Pick Type C
re Trouard1 
atrics, University o

disease is a de
ut the body.  Th
ymptoms includ
rring prior to a

notype resemblin
cyclodextrins w
ns has allowed 

his work, high-re
s examine brain

3, 6, and 9 wee
system was used
tion.  Animals w
sequence was u

9.6 mm3, 100μ

corrected for su
ed normalization
egistration to a la
orithms included
templates allow

ansformation for

n white matter co
us callosum, lat
ffer in size betw
Jacobian matrix
n and across brai
ebellar volume w
ebellum are redu

gure 3. 9 week ol
map of local volu
), dark blue areas
e Npc1-/- template

olors mark areas of

[5] Ma et al. F
[6] Bae et al. 

10)  

C Disease 

of Arizona 

efect in the NPC
he lack of NPC1
ding ataxia, dyst
adulthood.  No 

ng a severe form
which have been 

techniques such
esolution in vivo
n atrophy within 

ks of age, cover
d for imaging ex
were anesthetize
sed for data co

μm isotropic reso

urface coil signa
n tools (ANTS) s
abeled mouse br
d in the ANTS s

ws visualization 
r each voxel. 

ontrast, ventricle
teral ventricles, 

ween WT and Np
x of the volume t
in regions. 
with manual reg
uced in size in th

d WT (a), and Np
ume expansion/con
 represent areas o

e relative to WT,
f expansion. 

Front Neuroanat 2
Cell Tissue Res 3

C1 gene, causin
 protein functio
tonia, dysarthria
proven effectiv

m of human NPC
shown to reduc

h as tensor base
o images of Npc1

and across brai

ring a range from
xperiments with 
d with isofluran
llection with th
olution, and sca

al inhomogeneit
software packag
rain atlas allowe
software packag
of regional brai

e size, and overal
and cerebellum

c1-/- mice.  Fig. 
transformation o

gion tracing of e
he Npc1-/- mouse

pc1-/- (b) templates
ntraction is shown
of brain atrophy in

green and orange

2:1 (2008) 
40:357-369 (2010

g 
n 
a, 
e 

C 
e 
d 
1-

n 

m 
a 

ne 
he 
n 

y 
e 
d 

ge 
n 

ll 
m.  

3 
of 

x 
e, 

  s,  
n 
n 
e 

) 

3247Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


