Modeling initial fracture patterns in human long bones
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Introduction

Long bones can be fractured in wide number
of different patterns. Mechanical behavior of a
long bone submitted to a static loading is
modeled with the aid of well established
stress analysis approach. Experimental
results of referred literature are used to
support several initial hypothesis of the
presented model, like the selection of a
failure criterion that contributes to keep the
model simple.

Stress Analysis

The stress analysis expressions are furnished
with the support of Figure 1, where are shown
geometrical variables and loadings on a
section of a human femur.

Figure 1. Geometrical variables and
loadings on a section of a human femur.

where, P is the force that act at the head of a
human femur, « is the angle of direction of

shear force V, [ is the angle of neutral axis

of bending moment M and y is the angle that

determine the point of interest, all of them
referred to X axis (positive at ¥ = 0°). Y axis

is positive at ¥ =90°.

In this introductory model the transversal
section of bone is modeled as a hollow circle.

The axial stress o expression is:
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where, I, is the outer radius, I, is the inner
radius, N is axial force.

The bending stress o expression is:
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The transverse shear stress expressionz, is:
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where, Qis the first moment of area, | is the

second moment of area, t is a width at a
distance y. from hollow circle centre.

The torsional stress expressionz; is:
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where, T is the torsional moment or torque.



To access principal and maximum shear
stresses as well as its respective planes the
Mohr circle is used, as shown at Figure 2.
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Figure 2: Mohr circle.

The principal stresses o, and o, for this

Mohr circle are:
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where, o, is the sum of o, and o, it's
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signal is positive for traction and negative for
compression resultants. z, is also the sum of

7, andr, .
At fig.2, point 1 correspond to & = 0°, point 2
correspond to the angle @ of o,:
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Point 3 corresponds to the angle of 7,
0 =60+45°.

Failure Criteria

Although many adaptations of well
established failure criteria were suggested to
model long bones behavior, until now no
model truly describe it. (Keyak et al., 2000)
obtained experimental evidences that failure
theories based in Distortion energy, as von

Mises Theory and based inz_, theories, as

Tresca, furnish reasonable performance,
even not recognizing the existence of
differences between tensile and compressive
proprieties and the anisotropy of bone

material. The expression of Mises Theory for
biaxial stress is:
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where, o, is L to o,.

Example

Figure 3 shows the angle of initial fracture by
shear and Mises stresses at outer surface of
a transversal section of a human femur,
calculated by utilization of former expressions
with experimental data obtained from referred
literature (Bergmann et al., 2001).
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Figure 3: Initial fracture angle and Mises
stress.

In this case o, is maximum at y = 320°, that
correspond to initial fracture angle of = 52°.

Conclusions

A simple model has been constructed using
well establish stress analysis and failure
criterion, to model the angle of initial failure of
human long bones submitted to static
loading. Numerical simulations will be
implemented as this research develops.
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