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Abstract

Trabecular bone is one of components of human bliris.a porous structure which strength has prpadi
influence on strength whole bone. In the studybeen presented results investigation relationstepwieen fatigue
life (loading with stepwise increasing amplitudedastructural indices of human trabecular bone. Begencies were
described by determination coefficierft Rbtained values the coefficient were containegairge 0,50-0,69.
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1. Introduction

Trabecular bone is one of components of human Homea porous structure which strength
has principal influence on strength whole boneypidal loading for bones, eg. during gait is the
cyclic loading variable in time, and thus behavionsler such loading are fatigue behaviors [1-2].
Thus, besides bone tests exposed to static conguresgnding or torsion, research is carried out
under cyclic variable loadings. It investigationveos both the cortical bone parts [3] and the
trabecular bone parts [4-5].

The aim of the work is estimation relationship betw fatigue life under cyclic loadings with
stepwise increasing amplitude and structural irelafehuman trabecular bone.

2. Experimental methods
Material to the investigation were 61 samples ofmho trabecular bone. Samples were
collected from osteoporotic and coxarthrotic ferhdr@ads gained in result of hip arthroplasty.

The samples used to investigation have cylindstape about diameter 10 and height 8,5 mm —
Fig.1 [6].

Fig. 1. Test sample obtained from the femoral head




The age of the patients ranged from 46 to 88 witlawerage of 73 years. The samples were
obtained from 40 women and 21 men and were storetiO%6 formalin solution at the room
temperature. Samples were examined at microCT €e@w€T80) with resolution 3@6m
(parameters: 70kV, 114\, 500 projections/180°, 300ms integration timeh tesult the
investigation were obtained values 11 structurdicators of samples e.g. trabecular number
Tb.N, trabecular thickness Th.Th as well as borienae fraction BV/TV.

Fatigue tests were carried out under compressitin stepwise increasing loadings using the
testing machine INSTRON 8874. The frequency of sondal loading was 1 Hz, the minimum
loading for all the loading layers was 5-7N. Thexmam loading started from 20N with a gain
every 10N at successive steps. Each level of loaititained 500 cycles, realized under constant-
amplitude loadings.

Fatigue life was determined by estimation the medifithe values of deformation increment
and then considering the value of the first loopvithich the deformation gain exceeded the value
of the median by 10% (to be the fatigue life).

3. Results
Fatigue tests with stepwise increasing loading detrated the fatigue life of the trabecular

bone samples between 3,75" tgcles and 5,02- f@ycles (time of test between 1,04 h and 13,95
h). In Fig. 2 presented values of fatigue life warsnaximal compression stress achieved in test.
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Fig. 2. Fatigue life versus maximal compressioesir

In Tab. 1 presented values of selected indicesctsirel of tabecular bone obtained from
microCT investigation. The table includes mininrabximal and mean values as well as standard
deviation SD and relative standard deviation RSD.



Tab. 1. Values of selected indices structure didcallar bone obtained from microCT investigation

Indicator | min | max | mean| SD RSD

BV/TV,- |0.07590.45950.20490.0747 36 %

Th.Th, mm|0.10530.26770.17140.0354 21 %

Th.N, 1/mm|0.51091.54351.1329 0.222| 20 %

BSBV,

5.205618.99511.9972.7467 23 %
1/mm

In Fig. 3-6 presented relationship between fatiliigeand BV/TV, Tb.Th, Tb.N and BS/BV
respectiveFéy. Obtained values coefficient of deieation R for this relationship were in range
0,5+0,69.
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Fig. 3. Relationship between fatigue life N andédwenlume ratio BV/TV
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Fig. 4. Relationship between fatigue life N and#&eular thickness Tb.Th
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4. Conclusions
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Fig. 5. Relationship between fatigue life N and#&eular number Th.N
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Fig. 6. Relationship between fatigue life N andBS5/

From microCT investigation obtained wide range afues structure indices and significant
values SD or RSD. It point out significant diffeces in structure samples of trabecular bone.

Obtained values Rfor relationship structure indices and fatiguee lifontained in range
(0,5+0,69). Values Ris the highest for BV/TV. To tell about existenstong relationship
between BV/TV and fatigue life. For the other inigsted indices values®Rare similar — about

0,5.

In spite of differences in structure trabecular doaobtained values of coefficient of
determination for relationship between structurdidges and fatigue life point out existence
relationship between structure of trabecular bangsafatigue life.

Acknowledgements

This work by supported by The State Committee fmeific Research (KBN) under grant No. N

N501 308934.



References

[1] Taylor, M., Tanner, K. E.Fatigue failure of cancellous bone: a possible @a$ implant
migration and looseninglournal of Bone and Joint Surgery, Vol. 79-B (199p) 181-182.

[2] Martin, R. B.,Fatigue Microdamage as an Essential Element of Bdaehanics and Biology,
Calcif Tissue Int., Vol. 73 (2003), pp. 101-107.

[3] Evens, F. G., Riolo, M. LRelations between the fatigue life and histologwdiilt human
cortical bone The Journal of Bone and Joint Surgery, Vol. 5gt870), pp. 1579-86C.

[4] Benhamou, C. L., Poupon, S., ,Lespessalilles, Hseha, S., et. alThe influence of boundary
conditions and loading mode on high-resolution ténelement-computed trabecular tissue
properties,Bone, Vol. 44 (2009), pp. 573-578.

[5] Ding, M., Odgaard, A., Hvid, I.Changes in the three-dimensional microstructurdnwnan
tibial cancellous bone in early osteoarthritiy,Bone Joint Surg., Vol. 85-B (2003), pp. 906-
912.

[6] Mazurkiewicz, A., Topoliski, T., The relationship between structure, density andngjth of
human trabecular bonécta of Bioengineering and Biomechanics, Vol. 1009), pp. 55-62.






