
1D

Intro
and ad
movem
as pain
anatom
diagno
tissue 
The te
recogn

Meth
custom
approx
is fixe
to the 
Two h
instruc
274/1
orient
Follow
Ten p
ordere
comm
allows
produ

Resu
volunt
shown

Fig. 3 
finding
arrow)
observ
develo

Fig. 4 
from a 

Disc
movem
imagin
uncon
option

Refe
Herbst

Investigation
Cris Lovell-Smith
ept. of Radiology, 

oduction Rece
dditionally indu
ment of the ankl
nful mechanical
mical site the c
osing soft tissue 
abnormalities c

echnique present
nized using this 

hod ShapeTape
m-built MR-com
ximately 90 Hz.
ed to the leg abov
tibia from the ta

healthy voluntee
cted to slowly m
.5 ms, matrix si
ation. A total o
wing acquisition
osition bins wer

ed by slice depth
mon slice in each

s a clinician to i
ces a better bin-

ults Fig. 3 show
teer. A clinician
n in Fig. 3. 

- Volunteer with
gs could be observ
. During dorsal e

ved. At (d) the me
ped (red arrow). T

– A healthy volun
 healthy volunteer

ussion and 
ment of the ankl
ng has been com

nstrained and un
ns. 

erences  [1] W
t et al., Proc. ISMR

n of tibiotalar 
h1, Kaywan Izadpa
University Medica

ent work in dyna
uces loading of 
le using a specia
 limitation of fu
ondition is cate
abnormalities c

an at best only b
ted enables a kin
method in a volu

e (Measurand Inc
mpatible ShapeT

 In our experim
ve the tibia (Fig
ape attached to th
ers and one with
move the fore-fo
ize 256×256, vo
of 500 slices we
n, the tracking da
re defined, whic
h to produce 10 
h of the 10 bins 
nvestigate foot m
filling in the out

ws 4 frames from
n was able to id

h tibiotalar imping
ved, whereas (b) t
extension of the 
edial compartment
The top left-hand c

nteer – In comparis
r. The labels a, b, c

Conclusion 
le to be construc
mpleted on a gre
nloaded motion 

Weber et al., Proc. I
RM 2011, #2683, [

impingement 
anah2, Sebastian G
al Center, Freibur

amic imaging of
the joint [1-3]. 

al tracking devic
ll ankle moveme
gorized as anter
ausing ankle im

be suspected [6].
nematic evaluati
unteer with know

c., NB, Canada)
Tape consists of 
ental setup two 
. 1). The base of
he fore-foot we p
h tibiotalar impi
oot backwards an
oxel size ~1×1×3
ere acquired, sp
ata were synchro
ch map to region

3D image stack
a sequence show
motion in both m
ter bins. 

m the volunteer d
dentify the impin

gement - (a) In a 
the medial articula
foot in (c) the c

t a bulging of the
corners show the re

son with Fig. 3 tib
c, d are defined in 

The presented
cted. This metho
eater number of
to be followed,

ISMRM 2011, #3
[5]  Bassett FH 3rd

using retrosp
Gruhlke1, Julian Ma
rg, Germany, 2Dep

f the knee has re
In this work w

ce [4]. One use o
ent. It is caused b
rolateral, anterio

mpingement. How
  
ion of the whole
wn ankle dysfun

) is a tracking sy
four such tapes
tapes are used. T
f each tape is mo
produce a signal
ingement were s
nd forwards ove
3.8 mm, acceler

pread evenly acr
onized with the im
ns along the foot
ks. These image
wing foot motion
medial and latera

diagnosed with t
ngement using th

central slice of th
ar compartment sh
central compartm
e synovial plica w
egions near the arr

biotalar impingeme
Fig. 3. 

d method enable
od could become
f subjects. The u
 which is an ad

180 [2] d’Entremo
d et al., J Bone Joi

pective 3D volu
aclaren1, Michael H
pt. of Orthopedic a

 
volved around u

we describe a m
of these datasets 
by osseous, soft 
or, or posterior 
wever, with static

e ankle joint. We
nction. 

ystem comprisin
s. Each tape rep
The first tape is 
ounted to a 12-ch
l that describes t
scanned using a
er a period of ap
ration factor 2, f
ross 25 position
mages using the
t trajectory (Fig

e stacks represen
n can be genera
al slices. The ch

tibiotalar imping
he full motion-s

he 29 year old pa
howed a thickened
ent no soft-tissue

with resulting soft-
rows magnified tw

ent is not seen in t

es 4D datasets 
e a useful tool f
use of the tracki
dvantage over ex

ont et al., Proc ISM
int Surg Am 72:55

ume reconstru
Herbst1, Leonie Ei
and Trauma Surge

using an externa
method to constru

is in the diagno
t tissue abnormal

ankle impingem
c MRI, in a relev

e also demonstra

ng bend-sensitive
ports pose in fou

fixed to the fore
hannel head coil
the motion of the
a 3T Trio (Siem
pproximately 2 
flip angle 15˚) t

ns in the throug
eir timestamp inf
. 2). All 500 im

nt consistent 3D 
ated. Additionall
hoice of 10 bins 

gement and for c
sequence partial

atient no patholog
d synovial plica (r
e impingement w
-tissue impingeme

wo times for clarity

the motion-sequen

of free unloade
for clinicians on
ing system allow
xisting diagnost

MRM 2011, #317
5–59, [6] Philip Ro

uction and a fl
isebraun1, Matthia

ery, University Med

al mechanical de
uct 4D datasets

osis of tibiotalar 
lities, or a comb
ment [5]. MRI p
vant number of 

ate that tibiotala

e optical fibers 
ur sensitive regi
e-foot above the
l. By subtracting
e foot inside the 

mens Healthcare,
minutes. A CIN
to collect 2D im

gh-plane directio
formation. 

mages were assig
 volumes at giv
ly, slices of vary
leads to redund

comparison Fig. 
lly 

 
gic 
red 

was 
ent 
y.  

 
nce 

ed 
ce 
ws 
tic 

77  [3] Bradford e
obinson  Eur Radio

Fig. 1 – T
the fore-fo
ankle. 

Fig. 2 - Tr
ankle pos
position bi
produce m
and Fig. 4. 
 

lexible trackin
as Honal1, and Max
dical Center, Frei

evice which restr
s of unconstrain
impingment, a c

bination of both. 
provides crucial
patients impinge

ar soft-tissue imp

encased in a pla
ions along its le
e metatarsals and
g the position of 

coil. 
, Germany). All

NE sequence wa
mages of the ank
on, covering a r

gned a bin and th
ven foot position
ying depths can 
dant data in some

4 shows 4 frame

et al., Proc ISMRM
ol. 2007 Dec; 17(1

Tracking tapes (blu
ot and leg to track

racking data (gree
ition are sorted 
ins (red horizontal

motion sequences a

ng device 
xim Zaitsev1 
iburg, Germany 

ricts knee motio
ned and unloade
condition define
According to th
l information fo
ement due to sof

pingement can b

astic sheath.  Ou
ength at a rate o
d the second tap
the tape attache

l volunteers wer
s used (TR/TE =

kle in the sagitta
range of 95 mm

hen each bin wa
ns. By selecting 
be selected. Thi
e central bins bu

es from a norma

M 2011, #3178  [4
12):3056-65. 

ue) are attached t
k the motion of th

en) representing th
into 10 discret

l lines) and used t
as shown in Fig. 3

n 
d 
d 
e 

or 
ft 

e 

ur 
of 
e 
d 

re 
= 
al 

m. 

as 
a 
is 
ut 

al 

4] 

 
to 
he 

 
he 
te 
to 
3, 

3313Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


