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1. Introduction

A method for bonematerial propeaties evaluaion of bonetisaues ,in situ” based on a CT
images is presented. Calculationswere made on the assumption tha bonetisaue was the orthotropic
material. Calculation results obtained for chosen points of thefemur sedion trochanter minor) have
bee shown, as well.

2. Method

Computer tomography (CT) data on the paient, having the form of images of sedions were
stored in the digital form DICOM (Digital Imaging and Comnunicaionsin Medicing). They were
then andyzed by means of the speddist software Mimics 9,0 to determine the distribution of
radiologicd densty Crin terms the Houngield units [HU]. Those data make it possble to cdculate
othe parameters of bone tiswues, i.e. appaent density, Young modulus, shea modulus and
Poison’srétio, for evaluaion the values of compliancematrix [b;] elements. The consautive steps
of bonematerial propety cdculationsare presented in FHg. 1.
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Figure 1. Methodfor evaluation of orthotropic properties of the bonetisaue materia “in dtu.”
3. Measurements and calculations
Using the Mimics technique,, profile lines’” oneobtainsthe curves representing the changesin

radiologicd densty Cr, [HU] (Fig 2b), dongthelines marked in the picture of sedion (Fig.2a). The
Cr vauesred off a charaderistic points A, B, C, D, E, are shown in Table.1.
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Figure 2.”Profile lines’ techniquefor evaluation of radiologicd densty a points A, B, C, D, E of
thesedion through tochanter minor of thefemur.

Basing on the Cr data, the values of apparent densty were cdculated. For the proximal femur the
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relationship p = f(HU) represented byequdion (1) [5] was employed.
p=167HU +131 kg/m?] 1)
On theassumption tha points A, B, C, D are situated within the areaof corticd boneand after
acceting suitable coordinate system thevalues of Youngmodulus E;, E;, E; were cdculated usng

equaions (2), [5]. While since point E is situated within the spongy bone area equéion (3) [5]
should begpplied.

E1=0.014p—-6.142, [E=0.009'p—4.007, E=0.010-p-6.087, [GP4, p[g/cm’] @)
E. =058 p**, B =0,01-p*®, B =0,004 p2%, [MP4, p[kg/m’] 3

Other parameters charaderizing material properties of the bonetisae i.e., Poison’s ratio and
values of the shea moduus G; can becdculated usng formula (4), [1,4 ]
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The vaues of parameters. vi= 0,307,v,3 = 0,622,v3; = 0,119, for the corticd bone[4] and
V1=V23=v31=v=0,2 [2] for the spongy bore respedively, were taken from the literature for
cdculationsthe compliancematrix [b;] elements. The cdculationsresults for points A, B, C, D, E
are presented in Tablel.

Cr. |p, Es E, Es Vo1 | Va2 | Vi3 Gr2 Gz | Gay
HU |g/cm®| MPa | MPa|MPa MPa | MPa| MPa
776 | 0,959 | 7284 | 4624| 3503| 0,195] 0,471| 0,247 | 2786 | 1425 1565
1076 1,279 11765 | 7505| 6704| 0,196] 0,556| 0,209 | 4501 | 2313| 2996
920 | 1,113 9435 |6007]5039]0,195| 0,522| 0,223 | 3609 | 1852| 2252
1170] 1,386 | 13259 | 8465| 7771] 0,196/ 0,571| 0,203 | 5072 | 2609 3472
326 | 0,479]1769 | 966 | 976 |0,109] 0,202| 0,366 | 737 | 402 | 406
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Table 1. Values of bonematerias condants a points of the sedion throughthe trochanter minor

3. Conclusions

The introducel method makes it possble to cdculate the parameters of orthotropic modd of
bonetisaies in the organism (“in situ”) on the basis of CT daa. The results obtained for the plane
sedionscan betransormed in to a3D modd [3] of the proximal femur .
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