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Biomechanics is the study of how the systems and structures of biological
organisms react to various forces and external stimuli. Biomechanics often
refers to the study of how the skeletal and musculature systems work under
different conditions.
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The following general terms are common to mechanics in general, although
they are also used widely in biomechanics:
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Units : we use SI units (System International Units) which use four
fundamental quantities (length, mass, time and force ) as below :
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Length meter (m)
(p) S Jshl

Mass Kilogram (Kg)
(+25) AL ) e 518

Time second (s)
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Force Newton (N)
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Peak — the peak value of any measurement is the point with the greatest
magnitude in a data set. Peak values are often seen in biomechanics, such as
when measuring joint angles (the maximum joint angle reached).
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Mean — the mean value of any measurement 1s an average of a data set and 1s
calculated by taking the sum of all the values and dividing this number by the
number of values. Mean values are also commonly used in biomechanics, such
as when measuring joint moments.
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Vector — a vector 1s a quantity that has a direction as well as a magnitude.
Example of vector quantities are velocity, acceleration, force and moment.
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Scalar — a scalar is a quantity that has no direction but only a magnitude.
Examples of scalar quantities are time, volume, density and mass.
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Component — components of vectors are used to help make calculations of
vectors easier. Every vector in mechanics or biomechanics can be broken
down into 3 orthogonal components, which are labelled as x, y, and z.
Orthogonal means that each component acts at right angles to the others. In
biomechanics, these three orthogonal components refer to the frontal, sagittal
and transverse planes, respectively.
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Resultant — the resultant vector is the vector calculated when summing
together other vectors, often in the form of components but also in the form of
two or more vectors acting in different directions on the same
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object. For example, during running, there are forces acting both vertically and
horizontally and also both
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forwards (propulsive) and backwards (braking) but ultimately there is a
resultant force that moves the runner

elanll & jat dliana s g8 @llia Algl) 3 (ST (Sl alall 5 (adall) Al

forwards.
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Kinematics is the branch of mechanics that deals with the motion of a body
without reference to force or mass. Kinematics describes the motion of a joint
in three planes.
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Kinetics is the branch of mechanics that deals with the motion of a body under
the action of forces and moments.
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Types of Motion
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the two basic types of motion are rotation and translation. Rotation is motion
about an axis, causing points on the rotating body to travel different distances
depending upon their distance from the point of rotation. Translation produces
a linear movement in which all points in the body travel the same distance
regardless of their location in the body. Most cartilaginous and fibrous joints
allow translation, or linear movement. Synovial joints, on the other hand,
allow both rotation and translation.
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Location of Motion
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Motion cannot be measured independently, it is relative to an observer. So if a
body is changing its position and location with time with respect to the
observer, then 1t 1s said to be in motion.
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For example, the door of a moving train is in motion with respect to an
observer standing on the ground. But, it is at rest with respect to a passenger
sitting in the moving train.
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Direction of Motion
A< all ola

The "direction of motion" is basically the direction of the object's
displacement during a very small time interval.
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Velocity: velocity is the rate of change of position of an athlete (in m/s), which
is the displacement
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divided by time. It is a vector quantity (meaning that it has a direction
associated with it) and speed is
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its scalar equivalent.
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Range of motion (ROM):the displacement in angular movement is generally
measured by reference to
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ROM, which can be reported in either degrees or radians.
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Center of mass (COM)- the center of mass is the unique point within an
object. It is the average position of all the parts of the system, weighted
according to their masses. For simple rigid objects with
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uniform density, the center of mass (COM) is located at the centroid.
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Definition of Forces
) 58l gy
Force — is the action of one body on another. Force equals mass times
acceleration (F = ma) and where mass
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(kg) and acceleration (m/s2) are expressed in standard international (SI) units,
force is expressed in Newtons
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Force of Gravity
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the force of gravity acts between the earth surface and any object
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Analysis of Forces

Analysis of forces into a pair of perpendicular components is very important subject to be studied in
order to have a full knowledge about the effect and distribution of forces on rigid bodies which are
remaining of rest.

Analysis of forces into a pair of perpendicular components as shown in figure (5):

Fx: The component of F for the x- axis fx aaaY) 4S yall
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Ex.: find the magnitude (% ) and direction

(s3¥) )of resultant (lwasall ) for the force-
shown? 80 NA 120 1\1
Sol:

Rx=120-80 =40 N

Ry=50 N

R= /Ri +R35 =./(40)% + (50)?

=v/1600 + 2500=v4100 = 64 N

50N

40 N

0= tan_l(%) = tan_l(%) = tan~1(1.25) = 51.34 degrees

4 KN
Ex.: find the magnitude

and direction of resultant for the forces

shown?

Sol:

Rx=-6cos (25)=-5.44 KN u4 KN

Ry=4 -6 sin (25) =1.46 KN

6 cos (25)
— 2 2 <
R= /Rx +RZ 250 Lo 7]

A~ ¥ 6 sin (25)

R =./(—5.44)% + (1.46)% = 5.63 KN

R :
0= tan‘l(R—i) = tan‘l(ﬁ) =15°




Example

Terry and Charlie must move a refrigerator to a new location.
They both push parallel to the floor. Terry with a force of 350
N and Charlie with a force of 400 N. What is the magnitude
of the resultant forces produced by terry and Charlie? If the
amount of friction force that directly opposes the direction
of motion of the refrigerator is 700, will they be able to move
the refrigerator?

Graphic solution

Use the scale 1 cm=100 N to measure the length of the resultant

255
20°{ 2 + 30° pumn

The length of the resultant is approximately 6.75 cm or 675 N.
Since 675<700, they will not be able to move the refrigerator.
Trigonometric Solution
Given FT=350 N
FC=400 N
C?=A%?+B?-2(A)(B)COS O (thelaw of cosines)
R? = 4002 + 3502 — 2(400)(350)C0S 130
R =680N

Since 680 < 700, they will not be able to move the refrigerator unless they exert more collective force while
pushing at these particular angles.



Moment of a Force
Moment is a rotational tendency when a force tend to rotate a body about an axis.

Moment of force defined as the product of the magnitude of the force by the perpendicular distance (arm)
from the point to the action line of the force.

M=F.d

The moment is a vector M perpendicular to the plane of the body. To identify the direction of the
moment we use the right hind rule (2! 2 322 8), The basic unit of moment in ST units are Newton «meters

(N.m).

We can use plus sign (+) for clockwise moment and minus sign (-) for counterclockwise moment

or vice versa.
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Varignon's Theorem:

The moment of a force is equal to the moment sum of its components.

From figure (8) we can write: c x ,i
Mo=F cos(8) . (y) +(- Fsin (0) . (x) )
Ex.: Find the moment of the force 80 KN about the point (o)

as shown in the following figure?
80 KN

Sol:

M=F.d

M=80x 3 =-240 KN.m
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Ex.: Find the moment of the force F about the point (o) as shown in

the following figure? 8O KN
3m
o 60°
s - —— - ————— - — = — ] P —--
Sol:
M=F.d
M= - 80 sin(60) x 3 + 80 cos(60)x 0= - 207.85 KN.m
Ex.: Find the moment of the force 80 KN about the point (o) as 80 KN
shown in the following figure?
45°
Sol: £
:I 1m
. ' |
From Varignon's Theorem °.+________3_”j __________ R}

M, = 80cos45 (1) — 80 sin45 * (3) = —113.12 KN.m

Moment arm of force

for a 70 kg person standing on his toe if a= 9 cm , b=3 cm then the ankles tendon can be calculated

. _ Fprr.x a
Fi1= b
Fi _ 687N x 9

Fgry.

I-'q = external
groundreaction force

F1 = 2061IN

F; = internal
muscleforce.

The force follows the
position of the muscle
and ligament. Fj is in
this staric eguation
abour 3 times higher
than Fg.




Ex

Forces and Torques in Muscles and Joints Muscles, bones, and joints are some of the most interesting
applications of statics. There are some surprises. Muscles, for example, exert far greater forces than we
might think. Figure shows a forearm holding a book and a schematic diagram of an analogous lever system.
The schematic is a good approximation for the forearm, which looks more complicated than it is, and we
can get some insight into the way typical muscle systems function by analyzing it. Muscles can only
contract, so they occur in pairs. In the arm, the biceps muscle is a flexor—that is, it closes the limb. The
triceps muscle is an extensor that opens the limb. This configuration is typical of skeletal muscles, bones,
and joints in humans and other vertebrates. Most skeletal muscles exert much larger forces within the body
than the limbs apply to the outside world. The reason is clear once we realize that most muscles are attached
to bones via tendons close to joints, causing these systems to have mechanical advantages much less than
one. Viewing them as simple machines, the input force is much greater than the output force, as seen in
Figure.

Triceps F:;?e-body
muscle lagram
| Biceps
1 muscle
Fg
\ o
| W, ‘ lwb
|
‘ Fe

CG

(b)

Strategy There are four forces acting on the forearm and its load (the system of interest). The magnitude
of the force of the biceps is FB; that of the elbow joint is Fg; that of the weights of the forearm is wa, and
its load is wy. Two of these are unknown (Fg and Fg), so that the first condition for equilibrium cannot by
itself yield Fg. But if we use the second condition and choose the pivot to be at the elbow, then the torque
due to Fg is zero, and the only unknown becomes Fg.

Solution The torques created by the weights are clockwise relative to the pivot, while the torque created by
the biceps is counterclockwise; thus, the second condition for equilibrium (nett =0) becomes

Fowa + rawy, = rFpg



Note that sinf =1 for all forces, since 6 =90° for all forces. This equation can easily be solved for Fp in
terms of known quantities, yielding

?"2 W, —+ ?'3Wb
|

FB=

Entering the known values gives

_ (0.160 m)(2.50 kg)(9.80 m/s?) + (0.380 m)(4.00 kg)(9.80 m/s?)
B — 0.0400 m

which yields Fg=470 N

Now, the combined weight of the arm and its load is
(6.50 kg)(9.80 m/s?) = 63.7 N

so that the ratio of the force exerted by the biceps to the total weight is

Fg 470 _
R = 3T = 7.38.

Discussion This means that the biceps muscle is exerting a force 7.38 times the weight supported.



problem

The upper leg muscle (quadriceps) exerts a force of 1250 N, which is carried by a tendon over the kneecap
(the patella) at the angles shown in Figure. Find the direction and magnitude of the force exerted by the

kneecap on the upper leg bone (the femur).

The knee joint works like a hinge to bend and straighten the lower leg. It permits a person to sit, stand, and

pivot.

problem

A person working at a drafting board may hold her head as shown in Figure 9.40, requiring muscle action
to support the head. The three major acting forces are shown. Calculate the direction and magnitude of the
force supplied by the upper vertebrae FV to hold the head stationary, assuming that this force acts along a

line through the center of mass as do the weight and muscle force.




Supporting base

The base of support (BOS) refers to the area beneath an object or person
that includes every point of contact that the object or person makes with the
supporting surface. These points of contact may be body parts e.g. feet or
hands, or they may include things like crutches or the chair a person is
sitting in.

The BOS is an important concept to understand an individual's ability @
to Balance, as balance is defined as the ability to maintain the line of gravity 4
(passing through the Centre of Gravity) within the BOS.

For example, during a single leg balance the BOS is the area of the foot in contact with the surface; however,
when a person is standing on two feet, the BOS is the area of both feet and the surface between them.

In gait, the base of support has been defined as the horizontal stride width during the double-support phase
when both feet are in contact with the ground and the whole-body center of gravity (CG) remains within
the BOS. A wide base of support (BOS) has long been believed to be a hallmark of unsteady gait.



https://www.physio-pedia.com/Crutches
https://www.physio-pedia.com/Balance
https://www.physio-pedia.com/Centre_of_Gravity
https://www.physio-pedia.com/Gait
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Reaction forces ]
Ground Reaction Force
A reaction force is a force that acts in the opposite direction to an
action force. Ground reaction force is an example shown in the
figure.

Static Equilibrium
When a body is in Equilibrium, the resultant of all forces acting on it is zero. Thus, the

resultant force R and the resultant moment M are both zero, and we have the Equilibrium

R:ZF:O M:ZM:O
przo ZFyzo ZMozo

equations:

A general approach used to solve for
forces during static equilibrium is as

follows: The effect of the body | The firee body diagram |

Step 1 Isolate the body of interest. _— C] q]

Step 2 Sketch this body and all
external forces (referred to as a free

body diagram). Fexsbie cables

Table (1) F.B.I} for many types of contacis

Step 3 Sum the forces and moments
equal to zero. Cantilever bexn

Step 4 Solve for the unknown forces.

Smooth parface

C¥

Smopoth pins

=
:

=i
>
o
w3
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Ex: A carpenter carries & & Kg uniform board as shown. What downward
force does he hift on his shoulder?

; 15m : 0B m i 0.3 :

Mmoo e e
i i

i

i I :

Sol:

The weight of the board W=8*0.81=78 48 N

The length of the beard 151 1.5+0.6+03=24m

The center of gravity will be in the middle of the board 2.42=12m

; 15m : BB m ; B m ;
e L PR
i
i

Taking the moment about B
Fa*06-T848%09=0

70,632
Fa =06

=117 72N
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Dynamic equilibrium

Dynamic equilibrium is when all the forces acting on an object are balanced but the
object is moving (it has a velocity). Mechanical equilibrium exists when Newton's 1% Law is true
on our system of interest. Newton's first law states that a body will remain at rest or continue in a
straight line with a constant velocity unless it is compelled to change by an external force.
In static equilibrium, the velocity is zero but in dynamic equilibrium, the velocity is constant.

Force of friction

Friction is the force that resists motion when the surface of one object comes in contact with the
surface of another.

Friction is the tangential forces generated between contacting surfaces.

Impending
mutiuln
Static I 3 : P -
e Kinetic friction_ ( motion)
motion) I
F ! Fk=m::wNw
max=pg N — =~ — — — — L /

_‘—_H_hh-\-h

Static Friction:- the region in the fig. above up to point of slippage or impending motion is
called the range of static friction, and in this range the value of static friction force is determined
by the equation of equilibrium. This friction force may have any value from zero up to and

including the maximum value which proportional to the normal force N. thus we may write:-

Fnax = s N
where u, is the proportionality constant, called the coefficient of static friction.
Be aware that the last equation describes only the limiting or maximum value of the static
friction force and not any lesser value, thus the equation applies only to where motion is
impending with the friction force at its peak value. For a condition of static equilibrium where

motion is not impending, the static friction force is F < ug N
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Kinetic Friction: - After slippage occurs, a condition of kinetic friction accompanies the
ensuing motion. Kinetic friction force is usually somewhat less than the maximum static friction
force. The kinetic friction force is also proportional to the normal force, thus

F = e N
Where p, is the coefficient of kinetic friction. Also we can write

Hr < Us
Friction on Horizontal surface

Fs =Rsin®
HP
Fs
tan(Z)—E @
s = — =tan® N

EX: For the (40N) horizontal body shown, Find: -

The force acting on the thread which make the body move from rest (motionless) is (us= 0.5).
The force needed to keep the body moving continuously in a uniform velocity and in a straight
line if (uk =0.2).

p

A0 N AD-
S
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Sol:

XFE =0

pXcos37—F =0 Zmmmp F=pxcos37 —————— (1)
%F=0 mmmmp N+Psin37-40=0 ———————— (2)
F,=usN=05N — —— ——— — — — (3)

Sub.(3)in (1) 0.8P=0.5N = N =1.6P = Sub.In(2)
1.6 P +0.6 P = 40 il 2.2 P=40 =) P-18.181818 Newtons

2 - Fk = Uk N=02N SUb In (1)

0.8P=0.2 N ‘ N=4P Sub. In (2) ‘ 4P+0.6P=40 4.6P=40

P=8.695 Newtons

Concurrent force systems
When forces are applied to an object in such a way that their lines of
action pass through a single point, they are referred to as concurrent

forces.

Parallel forces
Parallel forces are aligned with each other, but are either adjacent to each other (laterally

displaced) or acting at different depths.
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Work
work done by a force is the product of the force and the distance moved in the direction of the

force by the point at which it acts.

W=-R.S S ..
®
W=m.g.h J'h
W=-m.g.h Th
L]

W=m.g.sin0.s

W=20

Unit of work: N. m (Joule)
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Levers in Human Body (Physiotherapy)

Introduction

A lever is a rigid bar which is capable of movement about a
fixed point called a fulcrum (F). work is done when a force or effort (E),
applied at one point on the lever, acts upon another force or weight
(W), acting at a second point on the lever . the perpendicular distances
from the fulcrum to the effort(E) may be called The “effort’s arm” and
that from the fulcrum to the weight(W) as the “weight’s arm”.

-3 v
- A

pivo |

In the body a lever is represented by a bone, which is
capable of movement about a fulcrum formed at the
articulating surfaces of a joint; the effort which works the
lever is supplied by the force of muscular contraction,
applied at the point of insertion to the bone, while the
weight may be either at the center of gravity of the part
moved, or of the object to be lifted.

Class 1 Lever Class 2 Lever Class 3 Lever




Classifications of Levers

m There are three orders or classed of levers,
each of which is characterized by the relative
positions of the fulcrum, effort and weight.

= 1 order lever
s 2" order lever

s 3 order lever

15t Order Lever

The fulcrum is between the effort and the weight; is may be situated
centrally, or towards either the effort or the weight, consequently the
effort’s and the weight's arms may be equal, or one may exceed the
other in length.

First order lever

Effort

Fulerum



2NP Order Lever

= The weight(load) is between the fulcrum and the effort, and the effort’s
arm must therefore always exceed the weight' arm.

Second order lever

3rd Order Lever

The effort is between the fulcrum and the weight, and the
weight's arm must therefore exceed the effort’'s arm.

Load
dnter e

Hion
tance

Lot
force loed
Force

Do

Third Class Lever



Mechanical Advantage

MECHANICAL ADVANTAGE : the efficacy of a force in relation to a
lever is dependent upon tow factors, i.e the force exerted (W) or (E),
and its perpendicular distance from the fulcrum

(weight’s arm or effort’s arm). The product of these two factors is known
as the Moment of Force (or toque). When the weight’s and effort’s arms
are of equal length and effort of a magnitude equal to that of the
weight will be required to lift it. No advantage is gained but the
machine is useful for measuring weights as, for example, in the common
balance.

If, however, the length of the effort’s arm exceeds that of
the weight’s arm, less effort will be required to achieve a
similar result and an advantages will be gained by the
use of the lever. This is known as a Mechanical advantage,
and it is obtained in levers of the 1 order when the
fulcrum is nearer to the weight than to the effort, and in all
levers of the 24 order. It is never obtained in levers of the
3 order.



Levers of the Body

1+ order lever

the feature of this order is stability, and a state of
equilibrium can be achieved either with or without
mechanical advantage. One example of this type of lever
is demonstrated during nodding movement of the head; the
skull represents the lever, the atlanto-occipital joints the
fulcrum, the weight is situated anteriorly in the face, and
the effort is supplied by the contraction of the posterior
Neck muscles, applied at their attachment to the occipital
bone.

i
Resistance {3

Fulcrum

Applied
force

2-d order lever

this is the lever of power as there must always be a
mechanical advantage. An example in the lower limb is
demonstrated when the heels are raised to stand on the
toes. The tarsal and metatarsal bones are stabilized by
muscular action to form the lever, the fulcrum is at the
metatarsophalangeal join, and the weight of the body is
transmitted through the ankle joint to the talus. The effort is
applied at the insertion of the tendo- calcneum by the
contraction of the calf muscle.
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3 order lever

in the human body there are more examples of the
3< order of levers than of any other types. This type
of lever, in which there is always a mechanical
disadvantages, is the lever of velocity, the loss of
mechanical advantage being outweighed by the
advantages gained by speed and range of
movement. Both in the days of primitive man and in
modern times, speed and range of movement have
often proved to be a greater asset than power.
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Mobility and stability functions of muscles

The muscular system consists of various types of muscle that
each play a crucial role in the function of the body. Muscular system

functions include mobility, stability, posture, circulation, and more.

Muscles allow a person to move, speak, and chew. They control
heartbeat, breathing, and digestion. Other seemingly unrelated
functions, including temperature regulation and vision, also rely on

the muscular system.

The muscular system contains more than 600 muscles that work

together to enable the full functioning of the body.

The muscle, fascia and elastic connective tissue surrounding a
joint function to create movement and provide the stability
responsible for controlling joint position while it is in motion. Optimal
mobility allows a joint to experience full, unrestricted motion while
controlling the constantly moving axis of rotation. Greater stability,
flexibility, and mobility ensure that athletes maintain proper exercise
techniques and reach their full range of motion in order for target
muscles to fire and strength to improve. Mobility and stability are two
of the most important factors in recovering from and preventing

injury.


https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022447/
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Types of Muscle
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Cardiac muscle Skeletal muscle Smooth muscle

There are 3 types of muscles in the body:

Skeletal muscle

Skeletal muscles are the only muscles that can be consciously
controlled. They are attached to bones, and contracting the muscles

causes movement of those bones.

Any action that a person consciously undertakes involves the use of
skeletal muscles. Examples of such activities include running,

chewing, and writing.

Smooth muscle

Smooth muscle lines the inside of blood vessels and organs, such

as the stomach, and is also known as visceral muscle.

It is the weakest type of muscle but has an essential role in moving
food along the digestive tract and maintaining blood circulation through

the blood vessels.

Smooth muscle acts involuntarily and cannot be consciously

controlled.



Cardiac muscle

Located only in the heart, cardiac muscle pumps blood around the
body. Cardiac muscle stimulates its own contractions that form our
heartbeat. Signals from the nervous system control the rate of

contraction. This type of muscle is strong and acts involuntarily.

Eleven main functions of the muscular system

The main functions of the muscular system are as follows:

1. Mobility

The muscular system’s main function is to allow movement. When

muscles contract, they contribute to gross and fine movement.
Gross movement refers to large, coordinated motions and includes:

« walking
e running

e Swimming
Fine movement involves smaller movements, such as:

« Writing
« Speaking

. facial expressions

The smaller skeletal muscles are usually responsible for this type of

action.



Most muscle movement of the body is under conscious control.
However, some movements are reflexive, such as withdrawing a hand

from a source of heat.

2. Stability

Muscle tendons stretch over joints and contribute to joint stability.
Muscle tendons in the knee joint and the shoulder joint are crucial in

stabilization.

The core muscles are those in the abdomen, back, and pelvis, and

they also stabilize the body and assist in tasks, such as lifting weights.

3. Posture

Skeletal muscles help keep the body in the correct position when

someone is sitting or standing. This is known as posture.

Good posture relies on strong, flexible muscles. Stiff, weak, or tight

muscles contribute to poor posture and misalignment of the body.

Long-term, bad posture leads to joint and muscle pain in the

shoulders, back, neck, and elsewhere.

4. Circulation

The heart is a muscle that pumps blood throughout the body. The
movement of the heart is outside of conscious control, and it contracts

automatically when stimulated by electrical signals.



Smooth muscle in the arteries and veins plays a further role in the
circulation of blood around the body. These muscles maintain blood

pressure and circulation in the event of blood loss or dehydration.

They expand to increase blood flow during times of intense exercise

when the body requires more oxygen.

5. Respiration

Breathing involves the use of the diaphragm muscle.

The diaphragm is a dome-shaped muscle located below the lungs.
When the diaphragm contracts, it pushes downward, causing the chest
cavity to get bigger. The lungs then fill with air. When the diaphragm

muscle relaxes, it pushes air out of the lungs.

When someone wants to breath more deeply, it requires help from

other muscles, including those in the abdomen, back, and neck.


https://www.medicalnewstoday.com/articles/270644.php
https://www.medicalnewstoday.com/articles/270644.php
https://www.medicalnewstoday.com/articles/153363.php

6. Digestion

Smooth muscles in the gastrointestinal tract control digestion.

Food moves through the
digestive system with a
wave-like  motion called
peristalsis. Muscles in the
walls of the hollow organs

contract and relax to cause

this  movement, which
pushes food through the

esophagus into the stomach.

The upper muscle in the stomach relaxes to allow food to enter,
while the lower muscles mix food particles with stomach acid and

enzymes.

The digested food moves from the stomach to the intestines by
peristalsis. From here, more muscles contract to pass the food out of
the body.

7. Urination

The urinary system comprises both smooth and skeletal muscles,

The muscles and nerves must work together to hold and release urine
from the bladder.



8. Childbirth

Smooth muscles in the uterus expand and contract during childbirth.
These movements push the baby. Also, the pelvic floor muscles help

to guide the baby’s head down the birth canal.

9. Vision

Six skeletal muscles around the eye control its movements. These

muscles work quickly and precisely, and allow the eye to:

« Mmaintain a stable image
« scan the surrounding area

« track moving objects

10. Organ protection

Muscles in the torso protect the internal organs at the front, sides,
and back of the body. The bones of the spine and the ribs provide

further protection.

Muscles also protect the bones and organs by absorbing shock and

reducing friction in the joints.



11. Temperature regulation

Maintaining normal body temperature is an important function of the
muscular system. Almost 85 percent of the heat a person generates in

their body comes from contracting muscles.

When body heat falls below optimal levels, the skeletal muscles
increase their activity to make heat. Shivering is one example of this
mechanism. Muscles in the blood vessels also contract to maintain

body heat.

Body temperature can be brought back within normal range through
the relaxation of smooth muscle in the blood vessels. This action

increases blood flow and releases excess heat through the skin.

Five facts about the muscular system

1. Muscles make up approximately 40 percent of total weight.

2. The heart is the hardest-working muscle in the body. It
pumps 5 quarts of blood per minute and 2,000 gallons daily.

3. The gluteus maximus is the body’s largest muscle. It is in the
buttocks and helps humans maintain an upright posture.

4. The ear contains the smallest muscles in the
body alongside the smallest bones. These
muscles hold the inner ear together and are
connected to the eardrum.

5. A muscle called the masseter in the jaw is the
strongest muscle by weight. It allows the teeth
to close with a force of up to 55 pounds on the
incisors or 200 pounds on the molars.



https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022447/
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022447/
https://arheart.com/heart-health/amazing-heart-facts/
https://www.loc.gov/rr/scitech/mysteries/muscles.html

Muscles have several functions in the body:

1- They move the bones of the skeleton.

2- They enable the heart to beat.

3- They can be found in the walls of hollow organs, such as the
intestines, uterus and stomach.

4- They allow a person to move, speak, and chew.

5- They control heartbeat, breathing, and digestion.

Effects of immobilization

the process of stopping something or someone from moving or prevent

(something or someone) from moving or operating as normal.

Skeletal muscle and immobilization are linked in a dual causal
relationship. Muscle paralysis is an obvious cause of immobilization. On
the other hand, when muscles are immobilized by extraneous forces they
undergo changes which may permanently affect their structure and

function.

Immobilizing muscle results almost immediately in a significant loss in
muscle mass and volume. The process of muscle wasting is called muscle
atrophy. The muscle enters a catabolic state losing mass and volume,

resulting in a decrease in strength and function.
Aging

Muscle loses size and strength as we get older, which can
contribute to fatigue, weakness and reduced tolerance to

exercise. This is caused by a number of factors working in


https://www.bing.com/ck/a?!&&p=19555d6dd174c240JmltdHM9MTY5ODc5NjgwMCZpZ3VpZD0yYTY2Y2Q0ZC00MzE3LTY2YTgtMTQyMy1kYzBhNDJiYjY3MzMmaW5zaWQ9NTg4NA&ptn=3&hsh=3&fclid=2a66cd4d-4317-66a8-1423-dc0a42bb6733&psq=Muscle+function&u=a1aHR0cHM6Ly93d3cua2VuaHViLmNvbS9lbi9saWJyYXJ5L2FuYXRvbXkvbXVzY2xlcw&ntb=1

combination, including: Muscle fibers reduce in number and

shrink in size.
Elements of muscle structure

A muscle is made up of fibers of muscle cells surrounded by protective
tissue, bundled together with many more fibers, all surrounded by a thick
protective tissue. There are several types of muscle that act on various
parts of the body. Skeletal muscles, which are the organs of the
skeletal muscle system, include three layers of connective tissue that
enclose and provide structure to the muscle as a whole. The outer layer
of each muscle fiber is wrapped with a layer of connective tissue called
the epimysium. The epimysium allows muscle to contract and move
powerfully while maintaining its structural integrity. It also separates

muscle from other tissues and organs
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Gait Analysis

The Normal Gait Cycle
Everyone has a slightly different way of walking, but in general these ways are similar

IH

enough to be called “normal” gait. We need to understand the normal way before we can

recognize what is abnormal.

We cannot align or fit a prosthesis or orthosis unless we understand exactly what is normal.
One gait cycle is measured from heel strike to heel strike once more on the same leg.

The gait cycle can be divided into two phases.

1- Stance Phase
- Period of time that the foot is on the ground.
-Approximately 60% of one gait cycle is spent in stance.
-During stance, the leg accepts body weight and provides single limb support.
2- Swing Phase
- Period of time that the foot is off the ground moving forward.
- Approximately 40% of one gait cycle is spent in swing.
-The limb advances.
In turn, the stance phase and swing phase are divided into more specific phases in
classic gait terms and new gait terms as follow :(show figures)
In classic gait terms:
Stance Phase: (1- Heel strike 2- foot flat 3- midstance 4-heel off 5-toe off)
Swing Phase: (1-Acceleration 2-Mid-swing 3-Deceleration)
Whereas, in new gait terms:
Stance Phase: (1- initial contact 2- loading response 3- midstance 4- terminal stance
5- preswing).

Swing Phase: (1- initial swing 2- Mid- swing 3- Terminal swing)
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Strength of Materials

Strength of materials: is the science which deals with relations between externally

applied loads and their internal effects on bodies.

Stress:
Is the force of resistance offered a body against the deformation.

Stress = —

A
Where:
P: applied load A: cross-sectional area
There are two types of stress :-
1- Normal Stresses: when the force acts perpendicular to the cross-section area

Mormal Stress

: _ !

Compressive Stress Tensile Stress

A) Compression (compressive stress) o,

P [ _ _._._._._._.}4* )

B) Tension stress (o;):

— T

2-Shearing (Tangential) stress (7): The stress which is caused by force acting a long or
parallel to the area resisting the forces sometimes called tangential tress.

P
T=—
A

Where: P =shearing force A =area being sheared a long or parallel to p



Strain (¢):

Is the deformation accompany loading.
Or

Is the change in shape or size produced in unit dimension of a body subjected to an
external force.

L—1L

L

o

)
€E =—-=
LO o

J : the elongation(dUaiuYl)
L, : origin length, L: finally length

Elasticity, ability of a deformed material body to return to its original shape and size
when the forces causing the deformation are removed.

Plasticity: the limit in which the material will not return to its original shape when unload.
Notes:

1-Normal stress (axial load) =———== normal strain (elongation).

2-Strain is a dimensionless quantity.

3- Units of stress are:

[N/ m? (Pascal) (pa), N/mm?, Ib/ft?, Ib/in* (psi)]
[10°N/m?=10°pa=1MPa, 10°Pa=GPa]

Hooke's law

Hooke's law describes the elastic properties of materials only in the range in which the
force and displacement are proportional.

o P 1)
E=- o=~ € ==
€ A L
P
E—E—E PL
_g_AS " AE
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Table  Average mechanical properties of selected materials
STRESS
MATERIAL YIELD ULTIMATE ELasTIC SHEAR Poisson’s
Steel STRENGTH STRENGTH MODULUS MODULUS RATIO V
0,(MPa) o, (MPa) E (MPa) GPa
Muscle - 0.2 - - 0.49
Tendon - 70 04 - 040
Aluminum Skin - 8 05 - 049
Cortical bone 80 130 17 3.3 0.40
Glass 35-70 - 70-80 - -
Cast iron 40-260 140-380 100-190 42-90 029
Aluminum 60-220 90-390 70 28 0.33
Steel 200-700 400-850 200 80 0.30
STRAIN
Titanium 400-800 500-900 100 45 0.34




Example

If the allowable stress is g, = 157 % . for the plate shown find the force F if the
diameter of hole is d= 20 mm, the plate's thickness is t= 10 mm and the plate's width is 200

mm?

Answer: —

A, = 0.2%0.01 = 0.002 m?
A, =0.02%0.01%2=

0.0004 m?
. 0.002 — 0.0004 = 0.0016 m?
oy = g F=0%xA
=157 % 10% %16« 107*
~ F=2512KN
F
Example:

Find the minimum diameter of steel wire when the load exerted on it is 5KN and the stress is
not exceed 100 MN/m?2?

Sol.

o= P=5x10° N o0 =100 x 10° N/m?

> | O

5x 103
T2
4d
d =798 mm

100 x 10® =




A sample of biological material is loaded into a material-testing machine. The material is 2 cm long in its
unloaded state. A 6000 N tensile force is applied to the material, and it stretches to a length of 2.0004 ¢cm
as a result of this force. What is the strain in the specimen when it is stretched this much?

Solution:
Step 1: Identify the known quantities.
{=2.0004 cm
{=20cm
Step 2: Identify the unknown variable to solve for.
g=-1
Step 3: Search for an equation with the known and unknown variables.

(-(
==

o

o

£

Step 4: Substitute the known quantities and solve for the unknown variable.
_ (=€, _ 2.0004 -2.000
S, 2000

0

£

¢=0.0002 =0.02%



