Muscle Tissue

Muscle accounts for 40% of overall body weight
and is of three types:

Skeletal Muscle is under the voluntary control
of the nervous system. It maintains balance and
generates motion of the body segments.
Skeletal muscle is also called striated (striped)
muscle because the arrangement of the fibres
gives it a striped appearance.

Smooth Muscle is not under the voluntary
control of the brain. It produces the
contractions required for processes such as
digestion and pressure regulation of the blood
vessels.

Cardiac Muscle has a structure similar to
skeletal muscle, but the fibres are short and
thick and form a dense mesh. Cardiac muscle
generates hearth contractions.



Muscle Tissue

The basic contractile elements of skeletal muscle
are pairs of actin and myosin protein filaments.
When activated, they connect together is such as
way as to shorten the fibre bundle. Each muscle
cell contains many parallel actin and myosin
fillaments aligned along the axis of contraction.



Muscle Tissue

Proteins: the main component by weight (20%) after water
(75%). Collagen forms a support structure while the cross
linking of polarised actin and myosin causes motion.

Filaments: each myosin molecule is surrounded by six
actin molecules in the form of a spiral filament. At rest,
troponin and tropomysin proteins keep the strands
separated. During contraction troponin and tropomysin are
pulled away so that the actin and myosin strands slide
along each other to form cross bridges.

Fibrils: between 10 to 500 filaments are packed together in
a bundle called a fibril. Fibril stacking gives skeletal
muscle its striated appearance.

Fibres: fibrils are packed into bundles called fibres,
wrapped by connective tissue and surrounded by
sarcoplasm. Muscle fibre is cylindrical, 105 to 108 A in
diameter and 1 to 50 mm long. Each fibre is a single large
cell with several hundred nuclei and mitochodria.

Muscle: Between 10 and 150 fibres form a primary bundle,
wrapped by a membrane. Several primary bundles are
packed into a secondary bundle which are in turn grouped
into tertiary bundles and so forth. The complete muscleis
wrapped in perimysium, a collagen which at the ends
becomes tendon and connects to bone.



Muscle Tissue

Alpha motor neurons from the central nervous
system connect to muscle sarcolemma at
junctions called motor endplates.

At a motor endplate hundreds of fibrils below the
sarcolemma are brought under the control of a
common electrochemical signal.

The unit formed by the alpha motor neuron and
the fibres it controls is called a motor unit.



Muscle Tissue

Muscle is covered by a semi
permeable membrane called
the sarcolemma. At rest,
sodium (+) and some
potassium (-) ions accumulate
outside the membrane while
chlorine (-) ions accumulate
inside. This establishes an
electrical potential of roughly
100mV.

If electrical impulses from a motor endplate depolarise the
sarcolemma by at least 40 mV, the membrane permeability
increases and sodium ions penetrate and neutralise the
chlorine ions. Depolarisation propagates at 5 m/s along the
membrane causing hydrolysis of water molecules which
releases hydrogen and hydroxyl ions, which in turn split
off a phosphate group from adenosine triphosphate (ATP).
The splitting of ATP produces ADP and phosphoric acid.

When the action potential penetrates the fibrils it liberates
trapped calcium ions permitting them to move into the
myofibril fluid. Calcium ions combine with troponin and
tropomysin molecules pulling them away from the binding
sites allowing actin and myosin to contract.



Muscle Tissue

The energy source for muscle contraction is
the molecular compound called adenosine
triphosphate (ATP). Its phosphate bonds can
be broken quickly by hydrolosis, releasing
adenosine diphosphate (ADP) and energy.



Muscle Tissue

During muscle contraction ATP splits into
ADP, releasing energy.

Within less than a millisecond of splitting,

however, ADP is converted back to ATP by
reaction with another high-energy

phosphate called creatine phosphate.



Muscle Tissue

During sustained exertion phosphocreatine
Is depleted within 15-30 seconds, requiring
ATP to be produced by other means.

The primary source of ATP for 30-90
seconds is the anaerobic metabolism (not
requiring oxygen) of sugar which produces
lactic acid as a by-product.

For contractions lasting more than about 90
seconds the primary source of ATP is the
aerobic oxidative process which produces
CO, and H,0O as by-products.



Muscle Tissue

For moderate levels of physical activity the
aerobic process supplies sufficient ATP.

When the activity increases, ATP must be
produced by the anaerobic metabolism
leading to an accumulation of lactic acid in
the blood and what is known as oxygen debt.

If the debt is not repaid, fatigue sets in.



Muscle Tissue



Muscle Contraction

Isometric contraction: force is produced with no change
in length. Isometric contraction is sometimes called
static contraction. Since no movement is performed, no
work and no power can be calculated.

Isotonic contraction: force is constant during shortening.
Measurable work and power are produced. Isotonic
contractions are rare because the resistance normally
changes as a function of limb position. Due to the energy
expenditure to shorten the muscle, maximum isotonic
force is no more than 80% maximum isometric force.

Eccentric contraction: the external force is greater than
the force of the muscle therefore the muscle lengthens
while continuing to maintain tension. The muscle
controls the movement but does not initiate it.

Isokinetic contraction: the force is constant during a
movement. Normally performed by means of a device
which maintains constant resistive load and velocity over
an arc of motion. Isokinetic contraction is not a normal
human activity, thus it is limited to specialised machines.

Isoinertial contraction: the muscle force is greater than
that of the resistive load, thus the additional torque
accelerates the body segment.



Muscle Contraction

When a muscle is stimulated by a single action
potential, a contraction called a twitch occurs.
The short period from stimulation to contraction
Is called the latent period, the time of contraction
Is called the contraction period, and the time to
return to the original state is called the relaxation
period. The durations of these periods vary
greatly from muscle to muscle.



Muscle Contraction

As the electrochemical intensity from a motor
neuron increases, additional fibres are recruited
until a maximum contraction occurs. If a second
stimulus is applied before the response to the
first is complete, a greater force is produced. This
summation occurs even if the second is equal to
the first, and even if all fibrils had contracted in
response to the first.

When neural impulses are delivered rapidly a
sustained maximal contraction called tetanus
occurs. The stimulus rate to produce tetanus
varies from about 30 to 300 Hz.



Muscle Contraction

Maximum force production is only possible when
a muscle is at its resting length.

With increasing length there is a decreasing
overlap between the actin and myosin filaments
which reduces the number of cross-bridges and
thus the force.

When muscle shortens, an overlap occurs
between the actin filaments on opposite sides of
the myosin filaments. This interferes with the
formation of cross bridges, decreasing the force.



Muscle Contraction

The total force
produced by a
muscle depends not
only on the
generating ability of
the fibres, but also
on the passive tissue
network.

When muscle is
stretched the tissue
network acts as a
spring resisting the
elongation.

Since the active
fibres and the
passive tissue
network are in
parallel, the total
forceis the sum of
the two components.



Muscle Contraction

Moving muscle generates less force than static
muscle. The faster the velocity, the greater the
reduction in force. This effect is considered in

many dynamic ergonomic models.



Muscle Contraction

Muscle force has a temporal aspect. Force
production drops exponentially with time
as the body uses up its ATP reserves.

This must be taken into account when
determining safe work loadings for the
human body.



Biomechanics

A major assumption of biomechanics is
that the body behaves according to the
laws of Newtonian mechanics:

 Newton’s first law states that “a body
persists in a state of rest or uniform motion
In a straight line unless it is acted upon by
another force”.

 Newton’s second law states that “force is
the product of mass and acceleration”.

 Newton’s third law states that “to every
action there is an equal and opposite
reaction”.



Biomechanics

From the time of Borelli the human body has often
been modelled by links that are connected by joints
and powered by muscle forces. Treating the body
as a mechanical system leads to the following
analogies:

bones: act as structural members and lever arms
articulations: act as the joints and bearing surfaces
tendons: act as cables transmitting muscle forces
tendon sheaths: act as pulleys and sliding surfaces
muscles: act as motors, dampers or locks

flesh: act as mass or volume elements

nerves: act as control and feedback circuits

organs: act as generators or consumers of energy



Lever Systems

In the distant past, speed and mobility were
essential to the survival of apes and early
man.

Evolutionary forces therefore produced a
muscular and skeletal system which makes
use of lever arms to create large movements
of the long bones by means of relatively
short contractions of the muscle fibres.

The lever systems of the human body make
man highly mobile, but the trade-off is the
need to produce large forces from the
muscle packs and the generation of large
resultant loads at the articular surfaces.



Lever Systems

In biomechanics, resultant loadings are not normally
determined simply from the sum of the external forces
acting on the body. External forces are counteracted
by internal forces produced by muscle packs.

The lever systems of the body are such that the
muscle packs always act at a distance relative to the
joint which is much closer than that of the external
load, therefore the internal force is at a mechanical
disadvantage and must be much larger than the
external load.



Lever Systems

All joints of the human musculoskeletal system can be
described by one of three basic lever systems.

Type-1 levers are those that have a
fulcrum in the middle, with an
imposed external load on one end
and a counteracting internal force
on the other.

Type-2 levers are typical of the lower
extremity and consist of a fulcrum
on one end, the counteracting
internal force at the other end, and
the external load in-between the two.

Type-3 levers are those where the
fulcrum is at one end, the applied
external load is at the other, and the
counteracting internal force is in-
between the two.



Biomechanics

A Human Factors application of a biomechanical
model is the determination of back muscle loading
during materials handling.

A first order approximation can be obtained from a
simple planar model such as the one shown above.

Due to the mechanical disadvantage, the muscle
and spinal loadings are much greater than the
weight of the external object being handled.



Much can be
understood about
the internal
loadings of the
human body from
simple, planar,
multi-link static
models.



Biomechanics

The first step in creating
such a model is to divide
the body into segments,
each characterised by a
link length, a total mass
and a centre-of-mass
location.



Biomechanics

The next step is to define
the angle of each body
segment in the posture
being analysed, and to
define the size and
direction of any external
loads acting on the body.



Biomechanics

A static system of rigid
links, fixed at the point
of contact with the
ground, is assumed.



Biomechanics

« Analysis begins by solving the equilibrium
equations for the forces and moments at the
joint adjacent to the point of application of
the external load.

 The values obtained from the equilibrium
equations of the first joint are then used to
solve the equilibrium equations of the next
adjacent joint.

 The procedure is continued in sequence until
all the forces and moments are determined at
each joint in the kinetic linkage system.



Biomechanics

The reaction forces at each joint can be
expressed as

R = R,+W =0

J

Where R, are the reaction forces at joint J, R; ;
are the reaction forces at the previous adjacent
joint in the solution and W are the weights of
each body link L.



Biomechanics

If a horizontal datum is taken pointing to the right,
then each link angle can be measured with respect
to the same datum and the equilibrium equations
for the joint moments can be expressed as

M, = M, .+ ]JCM (cosg,)+ Jjl{cos g,)R,.; =0
Where M; are the reaction moments at each joint j,
JCM, are the distances from joint j to the centre of
mass of link L, g, are the postural angles of the L
links at each joint j, W are the body segment
weights for the links, jj1 are the body segment link
lengths measured from joint j to the adjoining joint
J-1,and R, ; are the reaction forces at the adjacent
joints j-1.



Biomechanics

Reaction forces (N) and moments (Nm) for three
different body postures with no external loading
are shown above. It can be seen that posture has
no effect on the joint reaction forces, but a very
large effect on the joint moments.



Biomechanics

For the purpose of 3 dimensional biomechanical
analysis, the human skeletal system is often
simplified into a small number of straight-line links
representing the major long bones and joints.



Biomechanics

Standard models exist for predicting the segment
masses and inertias for the body regions.



Biomechanics

Numerous virtual environments exist in which
biomechanical human mannequins can be used to
evaluate products while still in the design stage.



Biomechanics

Biomechanical mannequins are used to evaluate
things such as reachability, fit, required operator
loads, human energy expenditure, operator
comfort and risk to human health.

By permitting preliminary evaluations during the
design phase, such tools lead to improved
products and to large cost savings.



