Section 18: Mechanical
Properties of Bone
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Loading of Bones
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Load-deformation Relationships
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Schematic representation of various loading modes.
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Normal Standing

F1=35% of BW

-

F3=10% of BW

.

F2=45 % of BW

Mormal standing
Femur supports -~ 35% of B

| F1=35% of BW

5=5% of of B'W
M=Fa(x1}-F5(x2)

2

.

BHone loadimg profile

18-4

From: Vanwanseele




Resistance to Mechanical Load

Bone is strongest in compression and weakest
in shear...how do you suppose we know this?

stress to faillure

COMPression tension shear
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Bone Biomechanics

 Bone Is anisotropic - its modulus Is
dependent upon the direction of loading.

e Bone Is weakest In shear, then tension,
then compression.
e Ultimate Stress at Failure Cortical Bone

Compression <212 N/m?
Tension <146 N/m?
Shear <82 N/m?
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Material Properties
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Load Deformation Testing
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Standardized bone specimen in a testing machine. The strain in
the segment of bone between the two gauge arms |s measured
with a strain gauge. The stress is calculated from the total load
measured. |Courtesy of Dennis R. Carter, Ph.D.)
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Material Properties
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Material and
stuctural behavior

m A :cross-sectional ares

m L, : onginal length of
the cylinder

m Only valid for bone
with the same
microstructure and 1n
the same environment
as the test specimen
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Cortical bone - elastic behaviour

= Poiszon’s ratio
~{.6 for cortical bone 111!
compared to ~{.3 for metals

= [E in the longitudinal
direction ~ 1.5 E in the
iransverse direchon

18-11 From: Gillet



Cortical bone: age el

The lonmitndinal E and tensile yield
Shtﬂﬁﬂl of cortical bone decrease
by ~2% per decade after age 20

The slope of the stess-stram curve
after yeldmg mereases by 8% per
decade

There 15 reduchion m energy
abzorphon ~ %% per decade, mamby
due to reduoction E{he ultmate
straim

=~ less strong, less stiff, more
bmttle with agmg
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Basic Biomechanics

* Anisotropic * Viscoelastic
— Mechanical properties — Stress-Strain
dependent upon character dependent
direction of loading upon rate of applied
strain (time
dependent).
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Anisotropic behaviour of bone

B Anmsotropic
behaviour of
cortical bone:
specimens from

tested 1n tension
i four
directions
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Wolff’s Law (1892)

Bone elements place or
displace themselves in the gy —— P Ly
direction of functional forces | e
and increase or decrease = i
their mass to reflect the —i )
amount of the functional '
forces...

Bone adapts to increased use
(e.qg.. physical activity) or o
disuse (e.g., bed rest)

Mechanical properties of bone

(strength of stiffness) that depend upon form (size,
shape) can be altered in response to mechanical

demand
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Comprassive force
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