Soft tissue motion measurement
on shank and thigh with MRI
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Abstract—Most in vivo knee kinematic analyses are based on
external markers attached to the shank and the thig. However,
the positioning of the markers and skin artifacts an affect the
kinematic parameters of the bones true movement. Thaim of
the present study was to develop and to use a prat and a
modeling method that allows the computation of therelative
motion between the bones and the markers. MRI acgsitions
were performed on the right knee of eleven voluntes without
knee injury. The subjects were equipped with externaMRI-
compatible markers and a foot drive device allowinghe subjects
to perform an active loaded knee extension. The boseand
external markers were modeled from MRI images, a rgistration
algorithm was applied to the bones and finally therelative
motion of the thigh and shank markers with respectto their
underlying bones was computed semi-automatically. #\a result it
has been found that the marker movement differs from the bone
movement at their maxima 22 mm in translation and %° in
rotation.
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. INTRODUCTION

In vivo joint kinematic analysis is a major tool to
investigate functional activities of the knee [Different
systems - video, magnetic or optoelectronic - aseduto
capture the tibiofemoral kinematics in vivo and +iovasively.
The most popular method use external markers figethe
thigh and the shank, either with an external atteait system
or directly glued to the skin. However, the questaf the
reliability of the kinematic parameters e.g. Eudegles [5] or
helical axes [17] arose concerning these exterraakens [7].
Moreover the soft tissues motion between the bamesthe
markers is not very well known and new resultshis field
could alter the conclusions for motion analysisiss [2, 3, 8,
10].

It has been the objective of this study to asshes3D
relative movement of a external marker sets deslictd knee
motion analysis with dynamic MRI.

. MATERIAL & METHODS

The measurements were performed on the right kfiee o
eleven healthy volunteers (mean age 33 yearsagjer 23-54,
6 males and 5 females). All the volunteers underaetiinical
knee exam performed by an orthopedic surgeon at the
Polyclinique St Céme in Compiégne, and signed in an
informed consent.

Inside the 1.5T Signa MRI scanner (GE Medical Syste
Milwaukee, WI, USA), the subjects were in supinesipon.
Their ankles were fixed to a custom-made foot ddewice
(figure 1) manufactured with MR compatible matevial

Figure 1: Foot drive device

The foot drive device was designed in order tovalk
reproducible active knee movement. The subjectsewer
equipped with an external marker set for externaératic
analyses. The femur marker set was mounted onaligét
carbon composite structure and fixed to the thigth w& large
neoprene band. The tibia marker set was attachée tehank,

During two decades the scope for Magnetic Resonancaand was mounted on a PVC base attached with tword/el

Imaging (MRI) has been constantly expanding parfirogn
anatomical imaging to biomechanical kinematic asedy
[12,14]. The MRI technology gives 3D images andspnts the
advantage of not being invasive for the bony $tmecand the
soft tissues (muscles, ligament,...) surrounding it.

bands. The thigh marker set (TMS) and shank maske¢r
(SMS) were composed of a PVC structure equippeebeh
corner with four cylindrical (15mm long, 5mm in diater)

Adalat (Bayer, AG, Germany) capsules. Adalat casswere
chosen as MRI markers because of their low costhéglaly

visible MRI signal.



The 3D volume of the knee and the external markés s
were acquired while the subject performed a sedpleand
loaded knee extension.
parameters has been the result of a compromisesbrtthe
total examination time and the spatial resolutioim
comparison to a standard MRI knee protocol, it baen
necessary to have a higher field of view and mdides in
order to take into account the 3D movement of teek

From approximately 90° of knee flexion, the sulgect
performed a knee extension. During the knee exiantiie
subjects were asked to pause three times 10 sexamdil full
extension. A set of notches placed on the footeddievice rail
allowed the subjects to track each position. Dugagh pause
sagittal slices of anatomical structures and ttaistand thigh

external marker sets have been acquired with thel MR
Image Employing Steady-State

sequence FIESTA (Fast
Acquisition). The total acquisition time per sulije@s 10 to
15 minutes, this time included installation of gubject and all
acquisitions for the four positions.

Sagittal MRI images were then imported into a austo

The choice of the acquisitio |

Figure 3: Shank markers after femur Figure 4: Thigh markers after tibia
registrations registrations

For all subjects the relative movement parametérh@
thigh and shank marker sets were reported as dgidanaf the
flexion (figure 5).

RESULTS

The relative movement of the thigh marker sets esged

made segmentation software (SIP ©INSERM, [6]) wherehe same trend for all the subjects: an increashetelative

marker sets capsules, femoral and tibial outlioegéch of the
four positions were detected semi-automaticallyermtthe
outlines were imported into the PATRAN software

(MSC.software, California, USA) and solid models thie
bones were processed (figure 2).

Figure 2: Solid models of Femur, tibia and marleftsr segmentation for
different knee flexion

All femurs and tibias models were superimposed o t
extension femur model and the extension tibia mode
Subsequently the movement of the thigh and shamkenaets
relative to the femur (figure 3) and tibia (figu4¢ has been

movement distance with the flexion angle ; lineagression
between thigh marker sets distance and rotatiole gfigureb).
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obtained. The relative movement of the marker Batsbeen

expressed as a displacement and three rotationsndaro
reference coordinate frame axes (i.e. extensiokenaets).

Figure 5: Markers distance vs. flexion angle

The thigh marker set distance increased from Omé? &
16mm at 90°.

The distance of the shank marker sets has beenst@lmo
stable at around 4.5mm for all of the subjectsuf&®). No



tendency was observed for none of the subject. rElative
movement rotation parameters of the thigh and shaakker
sets increased with the flexion (1° to 5° for thegh marker
rotation around Z axis)

IV. DiscussiON ANDCONCLUSION

It had been the objective of the present studyetelbp a
methodology to compare the movement of the bondstlaa
one of the body segment external marker sets used
kinematic analyses of the knee. A MRI protocol wptmized
and a modeling package has been developed.

To our knowledge only two types of techniques hbgen
used to assess the relative movement of externetemaets
versus the true movement of the bones. The firgt ased
intra-cortical pins [4,13]or external fixtures [9The second
one used X-Ray fluoroscopy [15, 16]. Stagni e{2005) gave
a map of the soft tissue artefact on only two stibjeHowever
intra-cortical pins and fluoroscopy remains invasiv

On the contrary, MRI acquisitions are fully 3D andn-
invasive. However there remains the first limitatithat the
studied movement must stay within a small volumge Bther
limitation of the MRI acquisitions consists in tfect that the
3D acquisitions of the knee need to be acquiredstatic
positions. However a finite set of positions in isgpposition
can approximate a continuous movement[11].

The present study quantified the skin artifact fove
specific external marker set. For the future, firstwould be
useful to estimate the error impact of the relathation of soft
tissue on the knee kinematics parameters. Thempitid be
helpful to choose and to validate a skin artifaotrection
method.

ACKNOWLEDGMENT

[3] Chéze, L., Fregly, B., Dimnet, J., 1998. Detgration of joint functional
axes from noisy marker data using the finite hébods. Human Movement
Science 17, 1-15.

[4] Fuller, J., Lui, L.-J., Murphy, M., Mann, R.997. A comparison of
lowerextrimity skeletal kinematics measured usikig and pin mounted
markers. Human Movement Science 16, 219-242.

[5] Grood, E., Suntay, W., 1983. A joint coordinatestem for the clinical
description of three-dimensional motions: applimatio the knee. Journal of

fBiomechanicaI Engineering 105, 136-144.

[6] Ho Ba Tho, M.-C., 1993. Sip 305 logiciel de ftréitement d’images
médicales, scanner IRM patran. Copyright INSERM.

[7] Leardini, A., Chiari, L., Croce, U., Cappozza, 2005. Human movement
analysis using stereophotogrammetry part 3. ssftig artifact assessment and
compensation. Gait and Posture 21, 212-225.

[8] Lucchetti, L., Cappozzo, A., Cappello, A., CepdJ. D., 1998. Skin
movement artefact assessment and compensatioe @stimation of knee-
joint kinematics. Journal of Biomechanics 31, 9784-9

[9] Marin F. 2000.In vivo knee kinematics and Irseedynamics during
human gait, PhD thesis ENSAM Paris

[10] Marin, F., Mannel, H., Claes, L., Dirselen, 2003. Correction of axis
misalignement in the analysis of knee rotationanbin Movement Science
22, 285-296.

[11] Marin, F., Sangeux, M., Charleux, F., Du'rsele., Ho Ba Tho, M.-
C.,2006 . Can a finite set of of knee extensiosupine position be used for a
314 knee functional examination? Journal of Biona@its 39(2), 359-363.

[12] Niitsu, M., 2001. Kinematic mr imaging of theee. Seminars in
Musculoskeletal Radiology 5 (2), 153-157.

[13] Reinschmidt, C., van den Bogert, A., Nigg, Bindberg, A., Murphy,
N.,1997. Effect of skin movement on the analysiskaletal knee joint
motion during running. Journal of Biomechanics B29-732.

[14] Robertson, D., Debski, R., Almusa, E., ArmdieD., Stone, D., Walker,
P., 2003. Knee joint biomechanics: Relevance t@inta Seminars in

This work is supported by the Procope German-FrencRiusculoskeletal Radiology 7 (1), 43-58.

exchange program (MAE, DAAD).

REFERENCES

[1] Allard, P., Cappozzo, A., Lundberg, A., Vaughén, 1998. Three-
dimensional analysis of human locomotion. John W8leSons.

[2] Andriacchi, T., Alexander, E., Toney, M., Dyrb®., Sum, J.,. A
pointcluster method for in vivo motion analysisphgd to a study of knee
kinematics. Journal of Biomechanical Engineerin@, 7Z23—-749, 1998.

[15] Sati, M., de Guise, J., Larouche, S., Dro@®n,1996. Quantitative
assessment of skin-bone movement at the knee. fibe & 121-138.

[16] Stagni, R., Fantozzi, S., Cappello, A., LeardA., 2005. Quantification
of soft tissue artefact in motion analysis by camrig 3d fluoroscopy and
stereophotogrammetry: a study on two subjectsic@iiBiomechanics
20,320-329.

[17] Woltring, H., Huiskes, R., de Lange, A., Velds, F., 1985. Finite
centroid and helical axis estimation from noisydarark measurements in the
study of human joint kinematics. Journal of Biomeies 18, 379-389.



