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INTRODUCTION

Exercise induced bone strains have considerabknpal to

strengthen the skeleton [1, 2]. Given the invasia&ure of

direct strain measurement and that only superfibiahe

sites are applicable to strain measurement [3ietisea need
for a tool to be used in estimation of exercisediretl strains
at any bone site. For this purpose flexible multiipo
approach has been incorporated to the strain mmagdpdi 5].

The purpose of the current study was to furtheretigy
strain modeling by inserting realistic rates of sular force

development (RFD) and incorporating
material properties of cortical bone to the musskétetal
model.

METHODS

The different muscle models were compared in tesfrtbe
mean squared error (MSE) of the simulated GRF in
comparison to the measured GRF.

RESULTSAND DISCUSSION

The MSE of the CT model utilizing Hill muscle mode&s
12.8 % smaller than the respective error of thepkm
muscle model (figure 1A). The strain estimates appe be
quite similar between CT and MRI models. The madele
strains at single support and push-off phaseseo§#it cycle

inhomogeneouswere in line with the Lanyon et al. (1975) [# vivo

measurements (figure 1B), whereas the strainseaswing
phase appear to be overestimated. In conclusidhimidscle
model appeared more realistic in reproducing GRFails
modeling accuracy at long bone shaft is not maskedl

A healthy Caucasian man (52 years, 168 cm, 65 kg)mproved by utilizing CT data over MRI data in 8bFE

volunteered as subject for the study. He walkedfbat at
his preferred velocity (1.6 m/s) on a 10 m longcéor
platform (Raute Inc., Finland), which measured ¥betical
ground reaction forces (GRFJhe gait was recorded with
four video cameras at a 50 Hz sampling frequendi 29
visual markers applied on the subject. The threeedsional
motion capture data was applied on a full
musculoskeletal model. The model tried to replicttie

motion in  forward dynamics simulation. The
musculoskeletal model was built on BRG.LifeMODE
platform.

Two full body musculoskeletal models were built for
simulations. Both models consisted of 18 rigid lesdihead,
neck, upper torso, central torso, lower torso, stzeg) upper
arms, lower arms, hands, upper legs, lower leg faet)
except for right tibia which was modeled flexibla.the £'
(MRI) model the finite element reconstruction o€ thight
flexible tibia was based on magnetic resonance imgag
data. Constant material properties were assignedatin
element (longitudinal elastic modulus 20 GPa, varse 10
GPa). In the ” model (CT) the finite element reconstruction
of the
tomography data (CT). The elastic modules wereutaied
from the CT values as 1.5*CY for logitudinal and

body

reconstruction. Because of the radiation dosagecassd
with CT imaging MRI imaging is seen as more prdia
for purposes of modeling long bone shaft strairaédr.

Time [s]

Figure 1. A: measured (dashed line) and model predicted
(simple model grey, Hill model black) vertical GRB:
model predicted maximal and minimal strains at tib&l
midshaft. MRI model grey, CT model black. Circlee a
values reported from walking barefoot at 1.4 m/d_byyon

right flexible tibia was based on computed et gl. 1975.
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