axn 1 Cpas Hl) A s
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M \What is Biomechanics?

“ Branch of mechanics that is applied to biological
tissues”

“The study of mechanical motion in biological
systems”




@ The two main goals for the science are:

@ performance improvement
@Injury prevention




@ How does injury occur?

@ There must be a mechanical load.

@This load could be acute ( one or few repetitions
with high loads) or chronic load ( many repetitions
with low load).




@ \What are the loads
encountered in life
and sports?

UNLOADED  TENSION COMPHESSION BENDING

apip

R TORSION COMBINED
SHEA LOADING




@ Some mechanical
concepts:

— Force (A pull or a
push)

— Torque ( a force
directs off the center of
rotation)

— Mass ( the amount of
matter of body) or
resistance to change
In the linear direction




@ Physical laws related
to injury:

Jft=Amy

Fd=AE




@ Levers
1 — First class
2 - second class
3 - third class

What is the dominant
lever kind in the
human body?




@ Bone
— Stiffness
— Strength
— Elasticity
— Plasticity
— Yield Pointt
— Area under the curve




Comparison of bone
properties with other
materials.

-Glass: brittle, stiff
-Metal: stiff, pliable

-Bone: Elastic, weak

STRAIN




Comparison of bone with
other materials using
standardized procedures .

Bone is flexible and weak

Stiffness

AIGURE 2-9. The strength and stiffness of a variety of
different materials are plotted in four quadrants rep-
resenting material which is (A) flexible and weak; (B) stiff
and weak; (C) stiff and strong;-and (D) flexible and strong.
Note that bone is categorized as being flexible and weak
along with other materials such as a spider web and oak
wood. (Adapted from P. Shipman et al., 1985)
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Load rate and its
effect on bone

LOADING RATE 0.01 SEC

DEFORMATION

VY




The contribution of
muscles in load relieving
of bone

- With muscle contraction,
the bending load is evenly
distributed.

VY




-Fatigue of bone under
repetitive loading.

- Fatigue fracture occurs
only when the remodeling
process is outpaced by
fatigue process

- Wolff's Law:

-“Bone is laid down where
needed and resorbed where
not needed”

STRENUOUS EXERCISE

FATIGUED MUSCLE

LOSS OF SHOCK
ABSORBING CAPACITY

ABNORMAL

ALTERED GAIT

LOADING

ALTERED STRESS DISTRIBUTION

N\

HIGH COMPRESSION == COMBINED-=—HIGH TENSION
l SLOW ==PROCESS= FAST I

OBLIQUE CRACKS

OBLIQUE FRACTURE

DEBONDING OF OSTEONS

TRANSVERSE CRACKS

TRANSVERSE FRACTURE
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- The effect of aging on
bone mechanical
properties.

0]
0]
w
18
[
]

- With aging, both strength
and stiffness decrease.

STRAIN

Stress-strain curves for samples of adult human tibiae of two
widely differing ages tested in tension. (Adapted from Burstein et
al, 1976.)
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The regions on the curve are:

(1)The tissue elongate with
small increase in load as the
wavy collagen fibers
straightened.

(2) The fibers straightened
and the stiffness increases
rapidly.

(3) Failure of collagen fibers
occur after this point.

(4) Maximum load
representing the ultimate
tensile strength of the
material

MICROFAILURE

ELONGATION (mm)

Progressive failure of the anterior cruciate ligament
from a cadaver knee tested in tension to failure at a

physiologic strain rate (Noyes, 1977). The joint was

displaced 7 mm before the ligament failed com-
pletely. The force-elongation curve generated dur-
ing this experiment is correlated with various

8 degrees of joint displacement recorded photo-

graphically; photos correspond to similarly num-
bered points on the curve. (Courtesy of Frank R.
Noyes, M.D., and Edward S. Grood, Ph.D

ARY%



The load —elongation curve is
converted to load-joint
displacement curve
correlating with clinical
finding.

It is divided to three regions:

(1) The load imposed during
the anterior drawer test.

(2) load placed in ligament
during physiological activity

(3) load imposed on ligament
from partial injury to
complete rupture

PHYSIOLOGIC
LOADING

JOINT DISPLACEMENT (mm)

The curve preduced during tensile testing of a human anteriof
cruciate ligament in vitro [Noyes, 1977) [see Fig. 3—-8] has been
converted to a lead-displacement curve and divided into threg
regions correlating with clinical findings: {1) the load imposed on
the anterior cruciate ligament during the anterior drawer test; (2}
that placed on the ligament during physiologic activity; and (3
that imposed on the ligament from partial injury to complete
rupture. It should be noted that the divisions shown here
represent a generalization. Microfailure is shown to begin
toward the end of the physiologic loading region, but it may
take place well before this point in any given ligament.
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TYPES OF MUSCLE WORK AND CONTRACTION

STATIC WORK

Posture or joint position
maintained.

No mechanical work performed.

DYNAMIC WORK
Mechanical work performed.
Joint motion produced.

ISOMETRIC CONTRACTION
Muscle tension equals external load. Muscle

length constant.

I

CONCENTRIC
CONTRACTION
Muscle tension equals
external load. Muscle

shortens.

ECCENTRIC
CONTRACTION
Muscle tension equals
external load. Muscle

lengthens.

ISOKINETIC
CONTRACTION

Constant velocity of joint motion.

Maximal muscle moment
produced.

ISOINERTIAL
CONTRACTION
Constant external
load. Submaximal
moment produced.

ISOTONIC CONTRACTION
Muscle tension constant. Nonphysiologic.




Mechanical components
of muscles




The relationship between
macromere length and
relative tension

RELATIVE TENSION

127 16520 225
SARCOMERE LENGTH (um)
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The contribution of
muscle mechanical
components to tension
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When muscle attachment angles are acute, the parallel component of the force (P) is highest and is
stabilizing the joint. The rotatory component (R) is low (see A above). The rotatory component increases to its
maximum level at a 90 degree angle of attachment (see C above). Beyond a 90 degree angle of attachment, the
fotatory component diminishes and the parallel component increases to produce a dislocating force (see D and E
above).

The Nautilus machine for the forearm
flexors is shown in (A) above. A photograph of the actual
cam is also presented. This machine uses a cam system
which changes the moment arm of the weight, making it
easier (B) or harder (C) to lift.

Yy




The relationship between
force ( Muscle work) and
velocity

ECCENTRIC CONCENTRIC

ISOMETRIC

0 e .
VELOCITY
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Running and shoes

Absorption phase Propulsion phase
e
I Passive
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Force-time curve of the vertical component of the ground reaction force of a
heel striker running at 4.5 m/s in running shoes. BW = body weight.




Shoe anatomy

b o) 1 bl
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The effect of mid sole on
vertical ground reaction
force

\ _~Hard-soled shoe

Force

(BW)

Time (s)

Vertical component of the ground reaction force while running at5 m/s in hard-
and soft-soled shoes. BW = body weight.
ed, with permission, from Nigg, Denoth, and Neukomm 1981.
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THANK YOU
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