BONE STRUCTURE LOADING AND
STRESS

Next week: Sue Hayes will give the first of two talks on facial
reconstruction. Her talks about the relationship between the
skull, facial muscles and skin are interactive and it will be
better for you to attend them than watch on Lectopia

There will be a handout, to draw and take notes on, in the
lecture but no downloadable version of the talk.

L ecture outline
Bone remodelling and patterns of trabecular bone

Kinds of loading
1. compression
2. tension
3. bending
4. twisting
Hollow bones
Stress reducing features
Allometry
1. bone robusticity
2. surface area to volume
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TRABECULAE OF SPONGY BONE
ALIGN THEMSELVESTO THE FORCES

Fig. 1. Jacob’s representation of the internal architecrure in
a coronal section through the centre of the upper end of the

Famous COmpariSOnI femur in the book of anatomy by Bourgery and Jacab (1832)

A German engineer
designed a crane and cal culated the main lines of tensile

and compressive stress. - and
An anatomist studying the trabecular arrangement in

the femur.

They met and compared notes and found that the femur
already hasinternal structure to match the lines of force
in the crane.



BONESADAPT THEM SELVESTO
CHANGED LOADING

Due to a unhealed fracture of the
tibia, the fibula hasincreased in
Size to compensate.

Below, in an ankyl osed (fused)
hip joint you can see that the
trabeculae in the pelvisand
femur have become lined up.
Also that “arc-cross-over” is till
there, but has moved proximally

Kinds of loading - COMPRESSION

Compression seems to be the main thing that boneis
there to deal with. Bones are compressed by
gravity/body weight and muscle action.

Consider the clavicle: it actsasastrut —astrut isa
compressive element.

In quadrupeds the clavicle would be under tension so
it s not bone, but aligament.

Where a non-bony thing (tendon) is compressed as it
wraps around a bone that compressed part sometimes
develops a sesamoid bone. That sesamoid is aways on
the deep surface of the tendon.
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Kinds of loading - TENSION Kinds of loading - BENDING

Tension is not so common in bone. It’s much easier to break something with bending

ﬁ than tension or compression alone.

We all know that bones arelevers and that levers
must resist bending

Even when you are hanging from your arms, the
muscles in your arms are compressing the bones more
than your body weight is stretching them.

Bending isa combination of tension and

There might be short periods of tension but it’s compression

doubtful that any bone is under overall tension more Compression in the concave side

than compression. Tension on the convex

Some examples of bones under tension are: \ 4

1. The quadruped clavicle - which is aligament
2. The bat scapula
has a deficient
spine and the crest Bones are bent by: l
isaligament. Its 1. Eccentric loading
thought in bat 2. Muscle action
flight the deltoid
and trapezius
muscles act
together, pulling ‘
in opposite
directions on the
crest



INTERNAL FORCES (STRESSES) IN A
BONE UNDER BENDING

In pure compression (or tension) the forces inside the bone are
the same all the way through. The bone, like the pillar of a
building are solid.

Engineering diagrams:
Down arrows mean compression
Up arrows mean tension \ l
L,

High tension on one side W
High compression on the other side
Low stressin the middle

This explains why we have tubular bones .......

Economy of material

Fourth kind of loading is tor sion/twisting and the way this
affects the bone is similar to bending, ie the stresses are much
higher around the edges — so hollow bones

Thick or thin tubular bones?

Solid

Some very heavy, slow moving
animals have solid bones. They
have vertical legs and they avoid
bending stresses

Thick tubes

Most land mammals have bones
where the cortex is about half the
radius. (Claire Hadley isdoing
her PhD looking at whether this
varies among marsupials
depending on their locomotion)

Thin tubes

Birds and bats have larger diameter bones that have a thinner
cortex. Thereisvery little compression in abird’s wing bone
but thereisalot of bending. The cortex is between athird and
a seventh of the radius

Very thin tubes
The biggest flying animals — the fossil pterodactyls
The cortex can be as little as one tenth of the radius



MECHANISM S TO REDUCE BENDING

| have two masts for my yacht:
Oneisvery thick and heavy and has no spreaders

The other is much thinner and lighter but has spreaders and
staysthat stiffenit.

The same with those big cranes...

—

]
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MECHANISMS TO REDUCE BENDING
Theilio tibial tract

Because of the shape of the femur
and theway it isloaded it is under
quite alot of bending.

Theiliotibial tract reduces the
amount of tension on the lateral
side and thus reduces bending
forces (ieit reduces the risk of it
breaking)
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MECHANISM S TO REDUCE BENDING

Brachioradialis

Another explanation for the
attachments of the
brachioradialis muscle is that
our forearm is being bent
when brachialisis used to
support aload

Brachioradialis can act like atie similar to the other examples
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ALLOMETRY

The effect of size on structure and function.

Even though they are drawn the same size, its obvious that the
elephant is a much bigger animal:
1. More robust bones (relatively thicker)
2. Posture — the elephant’ s legs are straight, this reduces
bending forces
Consider what a mouse skeleton would ook like...

Galileo noticed this hundreds of years ago



13

THE BASISOF ALLOMETRY
Consider stacks of sugar cubes

Lengthof |1 2 3 4
sde=L

Mass

Base = X-
section

Weight on
each cube

So, if the shape stays the same (ie cubic), with increasing
Size, the base cubes have to bear more and more weight.
And if the stack got too big, those base cubes would be
crushed under the load

Mass=L"> or L =Mass”
X-section = L2

Stress = mass/x-section = L

So the bones of big animals can’'t just be scaled-up versions of
small animal bones.

They have to be more robust because weight goes up by the
cube, but x-sectional area goes up by the square.
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BONE ROBUSTICITY, POSTURE AND
STRESS

dog deer hippopotamus elephant

The bones get more robust with increasing size.
But the elephant is not as robust as you might expect

Larger animals are less
athletic because they
avoid bending forces by
keeping their legs
straight like pillars.
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SOME DATA AND MATHS
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Scientists use this kind of maths to make allometric
predictions, and test them by collecting data.

So, small animals haverelatively larger surface area and
so they lose heat more easily. They need a quicker
metabolism to maintain their temperature.

And large animalsretain heat, and, in hot places, they need
specia mechanisms to cool off (eg big ears of elephants)

Bergmann’srule—animalslivingin cold placestend to be
bigger than thosein warm places. |E thereisa
relationship between latitude and body size.




