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FINITE ELEMENT METHOD
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Ahstract. Enowing of the force of contact between the dhia and femmur as well as the knes
carilage smess dismbution is nformaten which is of pamicuolar mmportance i clhinical
studizs dus to it is one of the basic indicators of cartilaze state and also provides information
of joiot carrilage wear and predict when it is necessary to perform surgery oo a patient. In
this research, we applied various kinds of sensors such as a system of infrared camems and
reflecfive markers, three-axis accelerometer and dual-axis pyroscopes and feof pressure mat
The floorescent marker and accelerometers are placed on patient hip, knee md ankle
respectively. During normal walk we are recording space position of makers, acceleration
and foot pressure distmibuten. Obtaiped data are inchiding m biomechanics modsl of knee
joint and geometry of this model is obtained fom MBI shice fmages. Thiz mods] mchudes
the impact of zround reaction forces, thia and femur contact force, patient body weight,
Epaments and muscle force. When the modal with boundary condition is created we apply
the finite element method for non-mvasively determine the cartilage sress dismbution and
its changes m real fims.

Everyday activities and daly roufines such as walking, standing and recreaton mmpose
relatrvely large loads and movements on the human knee joint This task can cause injunes
and degenerations in the joint lizaments, memscl. carfilage and bone. Thus, knowledge of
m vive jomt motion and loading dunng fimetional actmities 1s needed to improve ouwr
understanding of kree jomnt degeneration and restoration. This value sigmficantly depends
of lot of factors hke external loads, bedy weight, hraments and muscles forces.
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In the paper [1] the knee implants are used for directly measnming loads of subject dunng
daily activittes. In vrvo kpee mezsurements are very imwvasive and in the same case
mpossible. There are a lot of techmique for measure an external vanable which can be nsed
m biomechanical and mathematically models.

Some studies are based on the registration of flucroscopic images and computer model of
knee [2]. Most recent methed utlized force plate data, CT or MEI skelatal structure data
and mofion capture data obtamed from an mmfraved posrhion senzor [3],[4].

1. AMechamical model of knee
Enee joint metion 1s a complex combination of rotations and translations. The major parts

involved in the knee kinematical behavior include femur, fibia. and patella. It has been
shown a forces distributed i the knee jomt m the Figure 1.

Body weight

Ligament foree

Ligament
force

Contact force

Muscle

Ground reaction
force

force

Figure 1. Forces on 2 knes jomt

The main forces acting on knee jomt are body weight and ground reaction force which are
m the cpposite ditection. Very important in mechanics of knee are the hgament. muscles
forces and contact force of fibta and femur. If there would not be these forces the kpee joint
cartilage would be flatted and probably there 15 no existng. The fibia force and moment
will be mn equilibrium when [3]:
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where F, 15 the mround reaction force, F), 15 the body weight, F, and F; are the two
contact point forees, N, and N, are the two contact pomnt normals, F (i =1..7) are the
hgament and capsule forces, M, 15 the knee jomt drver moment along local = axs and P,
P, P, P,and F(i=1.T)are the posifion vectors where the corresponding forces are
applied Duning presentation of this model we assuming that tibia and femur are nzid body.
the deformation of this bone are very small cpposite the cartilage and higaments. The
coefficient of friction between cartilage surfaces 15 very low due to existing of synovia
fluid. The effects of hgament are ignored and 1t 15 supposed that mmscule forces are
supernimposed and this sum 15 zero.

3. Experimental parts

In thes study we used a commercial motion capture system CphTrack. This system consists
of s1x infrared cameras and four reflective markers. The markers are 1.5 cm m diameter and
it's attached mn vanous segment of the subject leg for umlateral gam amalymis. The
charactenistic points are defined af great trochanter rezon, femoral laterzl epyecondile, at the
tubercsity of the tibia and in the region of the center of the ankle jouint.

Figure 1. Reflective markers position on the examines leg
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The computenized camera system captures the exact motion of these markers, which wall
1dentify the mevement of the body while the voluntesr walks in a straight hine. The camerasz
are connected to a computer that collects gait eyecle kinematical data. A 3D tracking
softerare 15 then used to identify and convert 21 camera information into 30 metion data at
dafferent fime frames. The result of motion trackmg 15 a senes of 3D coordmates for each
mumbered marker To better inderstand kmematics and kinetics of gait we used and three-
amal accelerometer. The accelerometer records acceleration m X, Y and Z dwection with
sample rate of 100 Hz. Each of these components represent sum of statie accelerahon
defined by angle of inclination te comespendmg axis and dynamies component stemmung
from movement during walk. The AMCUBE Foot Work pro system showen on Figure 3. 15
used for recording the ground reaction force.

Figare 3. Foot Work Pro system for foot pressure measurement

Thiz system measure the foot pressure distibution dwring gate. Thas system consists of
matix of capacitor sensor dimension sach one 7.6 x 7.6 mm Range of measwrement
pressure 1= from 10 Kpa to 1200 Kpa. It 15 possible to calculate cumulative force dunng
wade with mteprzfion pressure over confact swrface. Sample rate of signal acqu=iton 15
100 Hz Thes platform is positoned on the pathway of gait and exarmines across that by
puthng one leg on the sensors plate.

4. FE amalysiz

We tzke geometrv of the finite element model from MRI shices for a specific examinee.
Four reflective markers at the anatomical landmarks of the lower extrenuty are detected on
MEI 3D reconstructon ohject.

For modeling of the cartilape and memscus we mplemented finite element formmlation
where the podal vanables are: displacements of solid, u; flwmd pressure, p; Darey’s velocity,
q; and electrical potential, @. A standard procedure of mtegration over the element volume
15 performed and the Gauss theorem 15 emploved. An implicit tme ntegration scheme 15
mmplemented. hence the condifion that the balance equations are satisfied at the end of each
fime step 15 Imposed.

More detanls of this parameter are g@iven 1 [6]. Performing this system of equation using
FEM and applyving the boundary condition for fibia and femur we obtained stress
distribution Figure 4. at the moment of the maximmm reaction force value.
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Figmre 4. Stress dismibution in MPa durng zait af the mement of murinmm resction force val

5. Conclusion

Mam goal of thiz studv 15 nommvasive effective stress caleulation for a specific ziven
patent. Input data are provided from gart apalvsis expenmental measurements and effectve
stress anmalysis 15 calculated from fimte element analy=is. It will open a new avemue for
precperative and postoperatrve surgical planming and treatment of the knee for specific
patents.

There are also some limitations of the cumrent study. We used material properfies from
Iiterature data and 1t will be 1n firure based on advanced mmage method for moving of the
segments duning MEI procedure. However, this study shows the ability of the cwrrent
madel to mvestizgate the effect of different biomechameal factors on the stress at the knee
joint. In this study we just used data obtzined from infia red cameras and food pressure
sensors. In the futwre work we frv to replace an expensive system of mfrared camera and
markers with accelerometer and using acceleraton data of leg segment 1n owr caleulation
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