CHAPTER THREE
Dynamics of the Body
By: Dr. Taki Ali Musa Al Musawi
Professor in Medical Physics
3.1: Forces on and in the body:
The force is defined as a physical quantity that can affect the motion of an
object.
The forces control all the motions in the universe. The unit of measuring force
is newton (N) or dyne where, 1 N = 105 dyne.
There are three kinds of neutral forces that can make effects on our bodies
which are; the gravitational, electrical and nuclear forces.
1- Gravitation force (gravity):
The term gravity is referred to the force of gravitation on an object near
the surface of a celestial body such as the earth. The weight of an object on
the earth is a measure of the gravity force i.e. the force of attraction between
the object and the earth. The weight (w) of a person equals the force of gravity
(Fg) which is the product of his mass by the gravity constant (g) ( g = 9.8
m/sec2). i.e W = Fg = mg
There are two important medical effects of gravity on the body, which are:
A- Varicose formation in the veins: The surface of veins (mostly in the leg)
is enlarged because of a failure of the one way valves in the venous.
The gravitational force pulls the venous blood down ward and restrict the
blood from upward flowing to the heart. The blood run back down ward and
pool in the vein which will have a large size and becomes varicose.
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More than 15% of adults suffer from varicose veins usually in the legs.
Several conditions hinder venous blood return to the heart and make failure
of the one way valves in the venous such as obesity, long standing in one
position or pregnancy.
B- Lose of bone minerals in a weightless region:
When a person has a weight equals zero in a weightless region such as in a
space ship or orbiting satellite, the person will lose some of his bone minerals
which gives him serious problems especially in the long journeys.
2- Electric forces:
The electric forces are the attraction between different static charges and the
repulsion between the similar charges. The electrical forces are huge
compared to the gravitational forces. The electrical force between an electron
and a proton in a hydrogen atom is about 8.2x10-8 N while the gravitational
force between them is about 3.6x10-47 N which means that the electrical force
is 1039 times greater than the gravitational force between them. There are a lot
of examples of electrical forces in the body such as; the ionic bonds between
the ions in the body to form the molecules of the body, the forces produced
by the muscles relative to attraction or repulsion of the electric charges,
transmission of signals in the nervous system where these signals are electric
charges, and the transmission of ions via the cell membrane.
When the electric charges move they produce magnetic forces due to the
production of magnetic fields.
3- Nuclear force:
It is a very strong force holds protons and neutrons together in the nucleus
of the atom. This force is not a gravitational or electrical, it is completely a
unique force that acts only within the extremely small distances between
nucleons (protons and neutrons). It is the strongest force in the universe.
The nuclear attractive force is about 2.5x103 N, and the repulsive electric force
between two protons at the same separation equals 10-25 N.
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3.2: Skeletal muscle force:
Skeletal muscles are attached to the bones and they are responsible for
supporting and moving the skeleton by contraction.
The single skeletal muscle cell is known as a muscle fiber which is a single
cylindrical multinucleated cell. These fibers continue to increase in size
during growth from infancy to adult stature. The diameters of the skeletal
muscle fibers ranged between 10-100μm and the lengths are up to 20 cm for
the longest muscle cells in the body.
A number of muscle fibers are bound together by connective tissue to
form the muscle. These muscles are connected to the bones by bundles of
collagen fibers located at the end of each muscle known as tendons. (Fig. 3.1)

Figure 3.1: ligament and tendon connections between muscles and bones.
Skeletal muscles are controlled voluntarily or by reflexes, but they are
called voluntary muscles because they are the only type of muscles subject to
conscious control.
Skeletal muscles can contract rapidly and can exert a tremendous
power, but it gets tired easily and require a rest after a short period of activity.
The force of the muscle can be remarkably adaptable according to the required
activity. The muscle contracts with varying forces for different periods of
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time. For example, the muscles of your hand can exert a force of few grams
weight to pick up a light weight for a certain period of time before the muscle
gets tired, and the same muscles can exert a force of several kilograms weight
to pick up a heavy weight for shorter period of time.
The force exerted by a contracting muscle is called tension and the opposing
exerted force is called the load. The muscle tension and the load on a muscle
by the weight of an object are called opposing force.
The total tension of a muscle can be developed depending on the
amount of tension developed by each fiber and the number of contracting
fibers at any time before the muscle gets tired.
Usually the muscle at rest is soft and unimpressive. When it is activated
it can contract within few milliseconds to become hard elastic structure with
dynamic characteristics.
There are two major kinds of the muscle contraction: i) The isotonic (constant
tension) when the muscle tension developed overcomes the load and muscle
shortening occurs, and ii) The isometric (a constant length) when the muscle
tension developed but the load does not move and there is no change in the
length of the fibers.
The muscle force can be increased by regular exercises causing the muscle
cells to increase in size (hypertrophia).
When the muscle begins to contract, and generates a force this force is called
the internal tension, and when it becomes taut and transfer its tension to the
load, therefore, it is called the external tension. The muscle fibers return to
their resting length when the contraction ends.
Normally the internal tension of the muscle is always more than the external
tension, which means that the output of the muscles is always lower than the
input of the muscle like any other organ in the body.
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3.3: Transmission of muscle forces to the bones:
There are at least two tendons at the end of each bone responsible for
transmission of skeletal muscle forces to the bones (Fig. 3.2). Tendon is a
collagen fiber bundle that connect the skeletal muscle to the bone and
transmits muscle contractile force to the bone.
Some tendons are very long, for example the fingers are connected to the
muscles of the lower arm by long tendons. You can feel the movement of your
lower arm muscle by wiggling your finger or fingers. The forces of muscles
in the body are transmitted by tendons just like the transmission of other forces
over distances and through angles by cable and pulley systems. The output of
the muscle depends on the size of the muscle’s fibers and the orientation of
fibers within the muscle. Increasing the diameter of a fiber will increase the
force generating capacity of the fiber.

Figure 3.2: The location of muscle fibers.

5

The fibers in skeletal muscles are arranged in different geometrical
arrangements. These arrangements are parallel, oblique or radial where each
of these arrangements facilitates the forces and speeds the muscle contraction.
3.4: Stress on the lower back:
Lower back (lumbar vertebrae) is the lumber region of the vertebral column
which consists five lumber vertebrae (L1-L5), within the vertebral column
(Fig. 3.3). They are locked together and provide stability by preventing
rotation of the lumbar spine. These vertebrae receive most of the stress applied
on the body.
The weight of the body and physical activities such as lifting or carrying
weights, pushing or pulling, and most of the sport exercises makes a stress on
the body. But the lower back receives most of the applied stress. When you
lift a weight, there is a reaction force on all the five lumbar vertebrae where
the reaction force on the fifth lumbar is more. To reduce the reaction forces
on the lumbar vertebrae and also on the discs between these vertebrae, we
have to bend the knee during lifting the weight. Thus picking up a weight is
correct when the knee is bent because this will lead to the distribution of the
stress between the back and the knee. It is believed that the lower back pain is
primarily happened at lifting a heavy object from incorrect position. However,
lower back pain is the price that mankind pays for being erect.

3.5: Strength of the bone:
There are 206 bones in the body of adult person. The bone is not uniformly
solid, it contains two types of materials, the matrix which is an organic
material mainly collagen that improves fracture resistance and form about
30% of the bone mass, and the inorganic material mainly calcium that gives
bones their rigidity and form about 70% of the bone mass.
The hard outer layer (cortex) of the bone is composed of compact (cortical)
bone that gives the bone its solid, smooth and white appearance. It forms about
80% of the weight of the bones. The internal tissue of the bone is the spongy
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tissue (also called trabecular bone or cancellous bone). It is an open cell
porous network (Fig. 3.3).

Figure 3.3: The structure of trabecular bone.
The spongy tissue helps the bone to resist stress as much as possible. It is
lighter, softer and weaker than the compact bone and has greater surface area.
The large surface area of the trabecular bone makes them more suitable to
withstand more stress. It is found at the end of long bones, the interior of
vertebrae, and at the bone joints.
There is no region that is only organic or inorganic in the bone. The organic
and inorganic components of bone are interwoven throughout the entire of the
bone like a honeycomb. Different kinds of bones and different parts of the
bone do have different internal structures.
Bone tissue is a hard, dense connective tissue made of different types of bone
cells, the osteoblast, osteocyte, and osteoclast. Both osteoblast and osteocytes
are involved in the formation and mineralization of bone, by a process called
ossification or new born formation (bone deposition). While osteoclasts are
involved in removing the mature bone tissue from the bone by a process called
resorption.
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These processes also control the replacement of bone following injuries like
fractures. The processes of resorption and ossification constituents bone
remodeling which responds also to the functional demands of the mechanical
loading.
Bone remodeling is triggered by a need of calcium in the extracellular fluid
and also in response to mechanical stress on the bone tissue.
In some diseases and at elderly (especially for women) the resorption
(osteoclast) gets more than the new bone formation (osteoblast) which leads
to osteoporosis. In osteoporosis the mass of bone material and the volume of
the bone are reduced, while the density of the bone stays approximately
constant. Of course the bone will be weak and break easily because it can’t
withstand the stress that the normal bone can do. Osteoporosis happens mostly
in the hips and legs bones.

3.6: The response of bone for mechanical stress:
The mechanical stress on the bone is due to the pull of muscle and gravity on
the bone. The bone should stay strong when stressors are acting on it. Wolff’s
law (a theory developed by the German anatomist and surgeon Julius Wolff)
states that a bone grows or remodels in response to the demands on it. The
American Heritage Medical Dictionary (2007) defined Wolff’s law as: every
change in the form and function of the bone or only the function leads to
change in its internal architecture and in its external form. The specific effects
on bone structures depends on the duration, magnitude and rate of loading.
When high compressive loading applied on a bone matrix (the intercellular
substance of bone tissue), the fluid flows away from this area.
If the load on a particular bone increases, the bone will remodel itself overtime
and it becomes more strong to resist that sort of load. The racquet holding arm
bones of tennis players become much stronger than those of the other arm.
Long bones and curved bones are thickest exactly where stresses applied on
them are greatest.
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When a load is applied on a bone, the bone will become weaker, less
metabolically and there is no stimulus for continued remodeling to maintain
bone mass.
An example for the stress on the bone is the load of the body on the head of
femur (Fig. 3.4).

Figure 3.4: Compression and tension stresses on the head of femur.
As it is clear from the above figure, the body weight tries to bend the bone
along the indicated arc in the figure compressing the bone by a certain force
on one side (converging arrows) and axial muscles and tendons stretching it
by equal but opposite direction force on the other side (diverging arrows).
These two forces cancel each other internally and much less bone material is
required internally than superficially.
The healthy compact bone has high compressive stress of about 170 N/mm 2
before it is broken, but it has poor tensile strength of about 104-121 N/mm2
and very low shear stress strength of about 51.6 N/mm2 before it is broken.
Bone can withstand a high force for a short period of time, but this force can
break the bone if it lasts for longer time.
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The bone like any other material can be considered as an elastic material that
its length changes under tension or compression. It follows Hook’s law which
states that, within the limits of perfect elasticity, the strain is directly
proportional to stress. The strain is the relative change of length ΔL/L (where
L is the length of the bone) proportional to the stress F/A (where F is the force
applied on the bone and A is the cross sectional area of the bone). According
to Hook’s law, the ratio of stress to strain is called Young’s modulus (Y),
where: Ybone = 1.8 x 1010 N/m2, hence:

Y=

stress
strain

=

F⁄A
∆L⁄L

…………….. (3.1)

When a compression occurs in a bone due to an accident which leads to a
shortening in the bone, some balances are required to be hanged gradually or
a certain machine is used to elongate the bone and substitute the compression.
Example (3.2):
A surgical operation had been done to the leg bone of a patient after a car
accident. His leg bone has a length of 1m and cross sectional area of 4 cm2
and a compression of 0.16 mm. Calculate the balance required to elongate the
bone to its original length.
Solution:
From equation 3.2:

F=

AY∆L
L

L=1 m, ΔL= 0.16 mm = 1.6 x 10-4 m, A= 4 cm2 = 4 x 10-4 m2, and Y = 1.8 x
1010 N/m2, therefore:

F=

4 x10−4 m x 1.8 x

1010 N
m2

x 1.6 x 10−4 m

= 1152 N. As 1 kg = 9.8 N,

1m

Hence the required balance =

1152
9.8

= 117.55 Kg.
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3.7: Cartilages; the force absorbers:
The skeleton contains cartilages with its bones. Skeletal cartilages are
found mainly in the regions where flexible skeletal tissue is needed (Fig. 3.5)

Figure 3.5: Different types of cartilages.

Cartilages stand up for both tension and compression forces and have
qualities intermediate between dense connective tissue and bone. The
cartilages are tough but flexible providing a resilience rigidity to the structures
that they support. They are made of cartilage tissue and has high fluid contains
up to 80% of water which accounts for its resilience. The ability of movement
of the tissue fluid in the cartilage enables the cartilage to rebound back to its
original shape after being compressed like a spring. The cartilage has no
nerves and no blood vessels.
When a force is applied on bone joint, the cartilages in the bone joint will
absorb (reduce) the applied force on the joint. Some of the applied force is
absorbed by water of the cartilage which leads to reduction of the stress on
the joint. This reduction is dependent on the area of the cartilage, the amount
of the applied force and the health state of the cartilage.
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3.8: Bone fractures:
Bone fracture is simply a break in a bone caused by forces that exceed
the strength of the osseous (bone) tissue in the bone. Mostly excessive
external forces cause the fractures and these fractures are classified as
traumatic fractures, (such as accident fractures), sports breakages, and
much lower cases of bone breakage caused by pathological diseases or
disorders such as osteoporosis that weaken the bone to the point of
fracturing under a normal strain.
Fractures are ranged from minor fractures which require little medical
interventional, to severe fractures that take months or years for full
recovery.
Bone fractures may be classified relative to the state of the fracture such
as, position of the bone ends after fracture, completeness of the break,
orientation of the break relative to the long axis of the bone, and whether
the bone ends penetrate the skin or not (Table 3.1).
Table 3.1: Classification of the bone fractures.
No. State of the fracture

1

2

3
4

Sub state of the Description
fracture
Position of the bone Non displaced The bone ends retain their
ends
normal position
after fracture
Displaced
The bone ends are out of normal
alignment.
Completeness of the Complete
The bone is broken through the fracture
break
incomplete
The bone is not broken through
the fracture.
Orientation of the break linear
The break is parallel to the long
axis
Transverse
The break is perpendicular to
the long axis
Whether the bone ends Open
Bones penetrate through the
penetrate the skin
(compound)
skin and expose bone to
external environment
Closed (simple) Bones don’t penetrate through
the skin
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There is another classification of bone fractures which can be described in
terms of the location of external appearance, and the nature of the fracture.
This classification is out of our concern in this book.

3.9: Bone fracture repair:
The skeleton is a living material like the other tissues and organs of the body.
Just immediately after the bone break, the bone begins to repair itself back.
Doctors often divide the overall process of the bone fracture repair into four
stages, which are all related to the bone to repair itself. But in this book we
add another stage, the intervention of the doctor or physician which is very
essential as soon as the fracture happened. This stage is called reduction which
is the first stage should be done by man hands and the other four stages are
done by the bone itself.
First of all, an X-ray image should be taken to the broken bone to determine
the location and type of the fracture. According to this image the reduction
process is started. Reduction is the realignment of the broken bone ends. In
closed (simple) fracture the two fractured bone ends are coaxed in position by
the hands of physician, but in open (compound) fracture a surgical operation
should be done to secure the two broken bone ends together with pins, plates,
or wires. In the reduction state, there are three ways to be done for the
treatment of the broken bone.
1- The two ends of the broken bone should be aligned not very correspond to
each other. Because when they are very corresponding to each other they will
grow and bent when they diffuse in each other.
2- A small gap should be left between the two ends of the broken bone relative
to the age and healthy state of the patient.
3- The broken bone should be immobilized either by a cast or traction to allow
the bone repair process to start.
4- Another X-ray image should be taken to the fracture to make sure that the
fractured bone is aligned properly, otherwise the reduction should be replaced.
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3.10: Control of the bone motions by the bone joints:
Bone joints are the bones intersections, also known as articulations. They are
strong connections that joint the bones, teeth and the cartilages of the body to
one another. Each joint has its shape and structural components. It controls
the range of motion between the parts that it connects.
Joints are the weakest part of the skeleton but their structures resist various
forces that try to drive the joints out of their alignments.
Bone joints are classified by structures and functions and in practice there is
significant overlap between them. We concern in this book about the structure
classification of bone joints because we are studies the motion of the bones.
The structural classification focuses on the material binding the bones
together. It is determined by how the bones are connected to each other and
whether or not a joint cavity is present.
There are three kinds of structural joints according to the type of binding tissue
that connects the bones to each other which are the synovial joints fibrous,
and cartilaginous joints.
We will focus here on the synovial joints because the other joints are out of
the field of this book. The synovial joints, also known as a diarthrosis, are
the joints in which the articulated bones are separated by a cavity filled by a
lubricating fluid called synovial fluid (Fig. 3.6).
The synovial joints are bone joints contain synovial fluid. The synovial fluid
is a unique fluid that can change its amount and viscosity relative to the
applied stress on the joint. The synovial joints facilitate the movements of the
body and provide mechanical support. They hold two or more bones together
and they reduce the friction between them by lubrication of the bones by the
synovial fluid to give our skeleton the required mobility.
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Figure 3.6: Synovial fluid present in the knee joint.
The synovial joints allow a free movement of the articulated bones. Most
joints of the body and all joints of limbs are synovial joints. The opposing
bones surfaces are covered by a glassy-smooth, thin (1 mm or less) hyaline
articular cartilage. The synovial fluid absorb compression applied on the
joint to protect the bone ends from being crashed and reduces the friction
during the movement. When a stress is applied on the joint, the synovial
fluid becomes warm, changes its viscosity and more synovial fluid is
squeezed from the articular cartilage into joint relative to the applied stress.
When the stress on the joint is relieved, the synovial fluid seeps back into the
articular cartilage like a water absorbed in to a sponge.
Synovial fluid reduces the friction coefficient between the articulated bones
to about 0.01, while the lowest friction coefficient in nature is that between a
steel blade and ice is equals 0.03.
when a continuous load is applied on the joint the articular cartilage losses its
ability to trap the synovial fluid back and the synovial fluid accumulate more
and more in the joint and cause a swallow joint. This swallow can happen
more in the knee joints of the people who have a long standing time,
continuous heavy load carrying, and obesity.
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***3.11: The pressure in the organs of the body:
The Pressure is defined as the force per unit area i.e:
P = F/A ………(3.2) where P = Pressure,
F = applied force and A = area
In medicine the unit of pressure are mostly non-standard units such as mmHg,
cmH2O.
The other units of pressure in the are N/m2, Pascal (Pa) (1 Pa = 1 N/m2),
dyne/cm2 , torr (1 torr = 1 mmHg), atmosphere (atm), (1 atm = 760 torr =
101325 Pa) and bar, (1bar = 100 Kpa). Multiple or subdivision of these units
are also usable.
In solids organs of the body like the bones ,the force per unit area is called
stress instead of pressure. In a column of liquid like the blood or a gas like
the air, the pressure can be given by:
P = ρgh ….……..(3.3)
where ρ= density of liquid or gas, g = gravity constant and h= height of
liquid or gas column.
The pressure plays very important role in a number of body functions such
as respiration and blood circulation.
The blood circulation is a result of the pressure difference between two
points in the blood vessels; while the respiration is possible because of the
pressure differences between the atmosphere and the thoracic cavity.
3.12: The blood pressure:
The blood pressure is the pressure exerted by circulating blood upon the
walls of arteries. It refers to the arterial pressure in the systemic circulation .
The blood pressure in the circulatory system varies from one point to
another even in the major arteries because of the gravitational forces.
The unit of measurement of the blood pressure is mmHg. In clinic it is used
as a number without the unit.
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When the heart contracts the left ventricle applies a force on the blood and
pushes it through the arteries to the rest of the body which is called systemic
cycle. At the same the right ventricle pushes the blood to the lung which is
called pulmonary cycle.
These forces create a pressure on the arteries called systolic blood pressure.
When the heart relaxes between the beat, the heart muscle is resting and the
heart ventricles refill with the blood from atriums.
The pressure in the arteries during the rest of the heart between beats is called
diastolic blood pressure, which is in normal individual below 80 mmHg in the
systemic and below 8 mmHg in the pulmonary cycle.
For a normal adult the systolic pressure in the systemic cycle equals about 120
mmHg, and in the pulmonary cycle equals 25 mmHg. In clinic it is used to
write the pressure of blood without units. For example, when the measurement
of pressure reads for example, 110 mmHg systolic and 70 mmHg diastolic, it
is written as 110/70.
The blood pressure can change from minute to minute with changes in
exercise, stress, posture and sleep. But it should normally be less than
120/80 for an adult with age of 20 years or more.
3.13: Categories of blood pressure:
The measurement of blood pressure is normally done through the arm of
the person which means it is a measure of only the systemic cycle pressure,
because the pulmonary cycle is just between the heart and the lungs which
does not affect the blood pressure in the arm.
The blood pressure categories defined by the American Health Association
for a person of age 20 years or more are as follows (Table 3.2).
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Table 3.2: Blood pressure categories.
Category
Systolic
1-

Normal

less than 120

2-

Prehypertension

120 – 139

Diastolic
less than 80
80 – 89

3- Hypertension:
Stage 1

140 – 159

90 - 99

Stage 2

160 – 179

100 - 109

180 and higher

110 and higher

4- Hypertensive crisis
(emergency case needed)

The hypertension usually does not cause noticeable symptoms, but if it is
not treated, it increases the risk of serious problems such as heart attacks and
strokes. It is dangerous because it makes the heart work harder i.e. increase
the work of the heart to pump the blood to the body. Blood pressure is
determined by the amount of the blood that the heart pumps, and the amount
of resistance of the arteries to the blood flow. The more blood the heart
pumps and narrower the arteries, the higher is the blood pressure i.e.
(hypertension). The hypertension contributes to the hardening of arteries or
atherosclerosis (a disease in which a plaque is build up inside the arteries),
kidney disease, and development of heart failure.
For hypertensive patients, the reading of blood pressure should be repeated
and the patient should begin treatment program which almost includes life
style change and prescription medication.
For people over 50 years old, more attention is given to systolic pressure, as
it is a major risk factor for cardiovascular diseases.
Several factors and conditions may play a role in the development of
hypertension which we can divide in three categories which are personal,
diseases and inheritance.
i): Personal factors: such as sleep apnea (obstructive sleep), insufficient
intake of potassium, calcium and magnesium, older age, diet life style, too
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much salt in the food, smoking, lack of physical activity, stress, and too
much alcohol consumption.
ii) The diseases such as: chronic kidney disease, thyroid and adrenal glands
disorders (where tumors and other abnormalities cause these glands secrete
more hormones which increase blood pressure).
iii) The inherence factors such as: diabetes and obesity, inherit of high blood
pressure and genetics.
Also in women the birth control pills especially those containing estrogen
and pregnancy preservative, can increase the blood pressure.
In low blood pressure, as long as you are not experiencing the symptoms
of low blood pressure, there is no need for concern. Mostly the chronically
low blood pressure is considered dangerous only if it causes noticeable
signs and symptoms such as dizziness, fainting, dehydration and thirst.
As long as no symptoms are present, low pressure is not a problem. But if
you are experiencing any of these symptoms you have to concern about your
low pressure.
3.14: The devices used for measurement of blood pressure:
The sphygmomanometer is a device used with stethoscope to measure the
blood pressure. It consists of an inflatable rubber cuff, a measuring unit
(mercury manometer or aneroid gauge), and a mechanism for inflation
which may be manually operated bulb and valve or a pump operated
electrically.
There are two types of sphygmomanometers which are the manual and
digital sphygmomanometers.
1- Manual sphygmomanometer: There are two kinds of this manual device:
A- The mercury sphygmomanometer, in which the height of mercury is
observed and it is the most accurate and does not require recalibration (Fig.
3.7 A).
B- The aneroid “mechanical type” which requires calibration and it is not
very accurate but it is more safe and inexpensive (Fig. 3.7 B).
Kinds of manual sphygmomanometers require training.
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Figure 3.7 : Types of sphygmomanometers: A- mercury, B- mechanical
type, C- digital.
2- Digital sphygmomanometer, which may use manual or automatic
inflation. They are easily operated without training and can be used in noisy
environment but they are not accurate as much as mercury instruments, and
it requires calibration (Fig. 3.7 C).
Most of the digital sphygmomanometers display the pulse rate in addition to
the systolic and diastolic pressures. The digital sphygmomanometer may use
a cuff placed around the arm, the wrist, or a finger.
3.15: Procedure of blood pressure measurement:
The procedure of blood pressure measurement can be summarized as
follows:
1- The special cuff of sphygmomanometer should be wrapped around the
arm, wrist, or the finger of the patient dependent on the type of the
sphygmomanometer. The cuff has a gauge on it to read the pressure and
there should be a stethoscope put under the cuff over the brachial artery at
elbow (or arteries in the wrist or finger). (Fig. 3.8).
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Figure 3.8: Measurement of blood pressure by manual mercury
sphygmomanometer.
2- The cuff is inflated rapidly with air by the air bulb to a pressure value
more than the expected pressure of the patient to squeeze the arm by
applying a pressure sufficient to stop the blood flow in the arm.
3- The knob of the bulb is released slowly to let the air out and to listen very
carefully by the stethoscope to the sound of the pulse.
4- When the pressure in the cuff drops below the systolic pressure, the
turbulent of blood drops from the artery causes sound vibrations that can be
heard by the stethoscope.
These sounds are called Korotkoff (or K) sounds which indicates the systolic
pressure level.
5- When the pressure in the cuff falls more, the K sounds die out or change
which indicates the diastolic pressure.
The obesity and other factors may reduce the accuracy of blood pressure
measurement by about 2 mmHg for systolic pressure and about 5 mmHg for
diastolic pressure.
It is noticed that there are differences between the blood pressures of the left
arm and the right arm which is called interarm blood pressure. In general,
any 10 mmHg or less systolic interarm blood pressure is considered normal
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and will not be concerned. But in patients with coronary artery disease, the
interarm systolic pressure difference is significantly greater than 10 mmHg.
Therefore, it is recommended to take the pressure of the two arms and notice
the difference in the systolic interarm blood pressure.
If one arm continuously has a higher blood pressure than the other arm, then
the blood pressure of the arm of higher blood pressure should be considered
as the blood pressure of the patient.
There are four essential regulations should be done in the measurement of
the blood pressure of the patient which are:
1- The patient should have no smoke, no drink (rather than water) or
exercise within the 30 minutes before measuring the blood pressure.
2- The patient should sit correctly with his back straight by a chair like a
dining chair, the feet should be flat on the floor, the upper arm should be at
the heart level and supported on a flat surface like a table, and the legs
should not be crossed.
3- The cuff of the pressure device should fit around the upper arm with the
correct size, and the middle of the cuff should be placed directly on the
brachial artery (or other arteries of the wrist or finger relative to the type of
sphygmomanometer).
4- Two or three readings of the blood pressure should be taken with one
minute apart between one and another.
3.16: Skull pressure.
There is about 150 cm3 of cerebral spinal fluid (CSF) in the brain in a series
of interconnected openings called ventricles which result of a pressure of 512 mmHg.
The CSF generated inside the brain and flows through the ventricles in to
the spinal column and then to the circulatory system. One of the ventricles is
in the form of a narrow duct called aqueduct. If this duct is blocked for any
reason, the CSF is accumulated in the skull causes increasing in the skull
pressure and enlargement of the head which is called hydrocephalus or water
head.
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The hydrocephalus is a serious problem either in infants due to the birth
defects such as aqua-ductal stenosis, or be acquired later in life.
Also there are other causes for hydrocephalus which include brain tumor,
traumatic brain injury, intraventricular hemorrhage, and subarachnoid
hemorrhage (a bleeding on the surface of the brain).
The hydrocephalus can be corrected by surgery using a by-pass drainage
system for the CSF.
There is no direct method for measuring CSF pressure because it is inside
the skull. But there are three ways can be used to indicate the hydrocephalus
which are the measurement of circumference of the head, the
transillumination method, and CT scanner.
1- Measurement of the circumference of the head which gives indication of
the hydrocephalus. This measurement is compared with the normal
circumference of the infant head at birth which is between 32-37 cm (Fig.
3.9).
2- The transillumination method which is the transition of light through
tissues of the body. It is used clinically for detection of hydrocephalus.
Because of the infant skull is not fully calcified therefore, the light is able to
penetrate the skull in normal infant head the light scatter in a certain pattern.
But if there is an excess of relatively clear CSF in the skull, light will scatter
to different parts of the skull producing certain patterns. These patterns are
compared with the normal head pattern to give us indication for the
characteristic of the hydrocephalus.
3- CT – scanner which is successfully used for diagnosis of the
hydrocephalus in some cases. But because the very high sensitivity of infant
cells to X-rays of CT scanner, the diagnosis by this method should not be
done, only in the critical cases.
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(A)

(B)
Figure 3.9: A- Hydrocephalus in infant. B- Measurement of the
circumference of the infant’s head.
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3.17: Eye pressure.
The aqueous humor and the vitreous of the eye humor maintain the shape of
the eye ball and the pressure in the eye. The normal pressure inside the eye
of an adult person, which is called intraocular pressure (IOP) is in the range
of 10-21 mmHg. Ocular hypertension is an eye pressure of more than 21
mmHg. If the ocular pressure left without treatment, it can cause glaucoma
and permanent vision loss in some patients.
The aqueous humor is a watery liquid contains chemicals and nutrients for
eye lens and cornea nutrition, as they do not get their nutrition by the blood.
The aqueous humor is continuously generated by the ciliary body located
behind the iris in the eye. It is drained outside of the eye by the trabecular
meshwork, an area of tissue around the base of cornea near the ciliary body.
It is responsible for draining the aqueous humor via the anterior chamber
through a set of tubes called Schliemann canal. The Schliemann canal
(named after Friedrich Schliemann, a German anatomist; 1795-1838), is a
lymphatic vasculature collects the aqueous humor from the anterior chamber
of the eye (between the cornea and eye lens) and delivers it into the
episcleral blood vessels via aqueous veins. Any restriction or blockage in
this canal will reduce drainage of the aqueous fluid and the fluid will be
accumulated in the chamber and spoiled.
This will cause an ocular hypertension called a blue water (glaucoma) in
which the pressure of eye increases up to about 85 mmHg. Another reasons
of the ocular hypertension are the head injuries and some medications. In
moderate cases of glaucoma, a pain and tunnel vision (vision at the center of
objects only) are resulted, and in severe cases of glaucoma or if the case
cannot be treated, a blindness will be occurred.
Glaucoma causes a tuned vision or probably blindness because of:
1- Spoilage of chemicals and nutrients in the aqueous humor affects the
nutrition of cornea and lens, and reduces the transparency of the aqueous
humor, cornea and eye lens to the light. In severe cases this will block the
light from reaching retina either by the spoiled aqueous humor, cornea, eye
lens or all of them together, and complete blindness will occur.
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2- The high pressure in the eye i.e. the high pressure in the retina artery as a
result of the pressure applied by the enlargement of the eye ball on retina
artery will reduce the blood supply to the retina (the eye sensitive film). This
leads to form weak or different signals in retina that the brain cannot
interpret it normally or it confuse the brain.
The pressure of eye can be estimated when we press gently on the eye ball
by finger tips.
A device normally used to measure the pressure of eye is called tonometer
(Figure 3.10).

Figure 3.10: Tonometer instrument.

3.18: Pressure in the digestive system:
The pressure in most of the gastrointestinal ( GI ) system is greater than the
atmospheric pressure i.e. it is positive pressure except in the esophagus.
The pressure in the esophagus is less than the atmospheric pressure i.e. it is
negative pressure. It reflexes the pressure between the lungs and chest wall.
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The intrathoracic pressure is usually less than the atmospheric pressure and
it can be determined by measuring the pressure in the esophagus.
The pressure in the stomach is greater than the atmospheric pressure
because during eating the volume of stomach increases and more air enter
the stomach.
3

Stomach volume is proportional to the cube of stomach radius (R ) and the
tension in the stomach. Therefore, the increase in the pressure of the
stomach is very low.
The pressure in the gut is also greater than the atmospheric pressure due to
the gas generated by the action of bacteria.
A blockage in the small intestine or large intestine will increase the pressure
and the volume of the intestine because of accumulation of gases and waste
in the intestine.
If the intestine pressure is highly increased, it will make a high pressure on
the blood vessels which restricts the blood flow to the critical organs which
lead to the death. This restriction of intestine can be treated surgically.
3.19: Pressure in the skeleton:
The bone joints are very well designed to reduce the friction and stress on
the ends of the bones in the joints. The synovial fluid reduces the friction
and reduce the stress applied on these bones. Some of these bone ends are
rounded or flat shaped which increase the area of the ends of these bones
and lead to the decrease of the applied stress on them.
The high pressure in the body are found in the weight-bearing bone joints
like the knee and the hip joints, e.g. the pressure on each knee joint at
walking is greater than10 atm., but it is reduced by the joint to smaller
values.

3.20: The pressure in the urinary bladder:
The urinary bladder is a hallow muscular elastic sac in the pelvis. When it is
empty it has a size and a shape of that of the pear. The kidneys make urine
by filtration of the waste from the blood which enters the bladder through
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two tubes called urethras. The bladder stores urine and exits it voluntary to
outside of the body by the urethra.
The typical volume of human bladder is between 300 – 500 ml.
The volume of the bladder is proportional to the accumulation of urine in it.
When the accumulation of urine increases, the pressure in bladder increases
too. The typical maximum volume of the bladder before voiding is about
500 ml. At a pressure of about 30 cm H O in the bladder, the micturition
2

(discharge of urine which is also called in public gotta go) reflex occurs.
3

The volume of bladder is proportional with the cube of its radius ( R ) and
2

its pressure is proportional with the square of its radius ( R ).
Normal voiding occurs between 20 - 40 cmH O, but for men suffer from
2

prostatic obstruction of the urinary passage it may occur at a pressure more
than 100 cmH O.
2

When the bladder muscles contract for voiding the momentary pressure at
this contracting increases to about 150 cmH O which push the urine out of
2

the bladder (Figure 3.11).

(A)

(B)

Figure 3.11: The urinary system: A- Anatomy. B- Schematic diagram for
measuring pressure in bladder by cystometry.
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The bladder pressure increases at coughing, straining, and sitting. Also it
increases in the enlargement of prostate in men and at pregnancy in women
because of the weight of fetus, will increase the pressure on the bladder.
To study the hydrodynamic of the lower urinary track and the problems of
urination and bladder voiding, the pressure in bladder can be measured by
two methods, the simple and direct cystometry. These methods are used to
test the bladder function where the pressure and volume of the urine in the
bladder are measured during filling, storage and voiding of urine in the
bladder.
1-Simple cystometry (catheter technique): Catheter (a thin plastic thread with
a pressure sensor) is slowly inserted into the urethra until it reaches the bladder
when the bladder is as empty as possible. The residual urine volume and
pressure in the bladder are recorded. Then the bladder is gradually filled with
warm water, or saline solution, CO2 gas or a contrast solution for x-ray
analysis depending on the type of the required test. When the bladder is
completely filled the patient is asked to begin voiding and the measurement
starts with his voiding for his bladder volume, pressure, and the flow rate of
urine.
2- Direct cytometry: In this procedure, the pressure of the bladder is measured
by means of a needle inserted through the wall of abdomen directly into the
bladder. This technique is used in the cases that the pressure cannot be
measured by the catheter technique, such as getting information on the
function of the exit valves (sphincters) of the bladder.
3.21: Hyperbaric Oxygen Therapy (HOT):
In this technique the partial pressure of oxygen is increased up to 100% in
order to provide adequate amount of oxygen to the tissues to treat some
diseases such as:
1- Gas gangrene: The bacillus that causes gas gangrene cannot survive in the
presence of oxygen and almost all the gas gangrene patients treated with
HOT are cured.
2- Carbon monoxide (CO) poisoning:
The presence of even few CO molecules on the red blood cells (RBC), will
greatly reduce the ability of RBC to transport oxygen. Thus the partial
pressure of oxygen (PO ) in the air should be increased by a factor of 15
2

permit enough oxygen to be dissolved to fill the needs of the body.

29

3-Radiotherapy of cancer: The core of cancer is a poorly oxygenated, which
make it radio resistive. Therefore, using HOT will make the core of the
cancer cells more oxygenated and more sensitive to radiation. The patient is
placed inside a transparent plastic tank. The chamber is filled with 100%
oxygen with a pressure of 1.5 to 3 atm., and a treatment time ranging from
30 – 90 min.
Then external radiation beam is directed to the tumor through the wall of the
plastic tank.
The solubility of oxygen in the blood at atmospheric pressure is low (about
2.5 ml of O2/1 Lit. of blood). At high pressure, the solubility of O2 in the
blood can be increased up to 20 times more than that at atmospheric
pressure, and the more amount of absorbed oxygen by the blood will be
transferred to the injured tissues and organs, which allows extra oxygen
supply for them.
HOT speeds healing and recovery time of the injured cells in the tissues and
organs.

END OF CHAPTER
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