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Chapter 1

Introduction and
Definitions



Hysteresis

Hysteresis is derived from an ancient Greek word meaning
‘coming behind’. It was introduced into scientific vocabulary
about 120 years ago by the Scottish physicist, Sir James Alfred
Ewing. He discovered hysteresis when he was studying magnetic
systems that do not have a material substance but have elasticity
and viscosity properties. For instance, if you push on a piece of
wet sponge it will assume a new shape, and when you remove
your hand it will not return to its original shape, or at least not
immediately and not entirely. "

Identified by David Luce, corneal hysteresis (CH) is the
difference in the inward and outward pressure values obtained
during the dynamic bidirectional applanation process employed in

the ocular response analyzer (ORA), as a result of viscous

damping in the cornea. ®

To gain a better understanding of corneal biomechanical
properties some terms should be defined:
e Stress: is the average amount of force exerted per
unit area.
e Strain: is the deformation in the material to which

stress has been applied.

Strain (deformation) is directly proportional to stress
(applied force), independent of the length of time or the rate at
which the force is applied.

o FElasticity: is the property of a substance that enables

it to change its length, volume or shape in direct



response to a force and to recover its original form

upon the removal of the force.

e Viscosity: is the resistance of a fluid (liquid or gas)
to a change in shape, or movement of neighboring
portions relative to one another. The more viscous a
fluid is, the more it resists flow. Honey, for example,
has a greater viscosity than water.

Resistance to an applied force depends primarily on the
speed at which the force is applied.

e A viscoelastic material: is a material which has both
viscous and elastic properties. The cornea is an
example of a viscoelastic material. Viscoelastic
materials are also able to recover their original shape
after stress is removed, but the relaxation path is
different from the deformation path. This behavior is
referred to as hysteresis.

e Damping: is restraining of vibratory motion, such as
mechanical oscillations, by dissipation of energy.

e Poisson’ s ratio: is a measure of the Poisson's
effect (figure 1) which occurs when a sample cube of
a material 1s stretched in one direction, it tends to
contract (or occasionally, expand) in the other two
directions perpendicular to the direction of stretch.
Conversely, when a sample of material is
compressed in one direction, it tends to expand (or
rarely, contract) in the other two directions. ©



