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is a branch of applied physics that uses concepts and
methods of physics to help diagnose and treat human disease.
The field of Medical Physics covers a broad range of technologies and
applications, ranging from diagnostic methods as x-ray imaging, x-ray computed
tomography, structural and functional magnetic resonance tomography, nuclear
medicine, ultrasound imaging, and optical tomography and diagnostics, over
therapeutic techniques as radiation therapy, image guided therapy, and laser
treatment techniques, to supportive fields like medical image processing, quality
assurance, and radiation dosimeter.
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Diagnostic & Interventional Radiology ( Medical imaging)
 Diagnostic radiology including X-ray, fluoroscopy, mammography,
dual X-ray absorption, angiography, and computed tomography.
 Ultrasound, including intravascular ultrasound.
 Non-ionization radiation (lasers, Ultraviolet etc.).
 Nuclear medicine, including single photon emission computed
tomography (SPECT) and positron emission tomography (PET).
 Magnetic resonance imaging.
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Radiation Therapy
 TomoTherapy.
 Gamma knife
 Cyber knife.
 Proton therapy.
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 Brach therapy
 Boron Neutron captures therapy.
 High intensity focused ultrasound including lithotripsy.
 Nuclear medicine.
 Photomedicine, the use of light to treat and diagnose disease.

Fig 1. Medical devices
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Bone

is of interest to medical physics because engineering type problems

dealing with static and dynamic leading forces that occur during standing ,
walking , running , lifting , and forth.
Bone has at least six functions in the body:
1- Support: bones and muscle of the legs support the body.
2- Locomotion; bone joints permit movement of bone with respect to
another
3- protection of various organs
4- storage of chemicals; Ca storage in the bone which is release when it
needed
5- Nourishment: teeth.
6- Sound transmission. (In the middle ear).
 The body is muscles attached to the bone through tendons and
ligaments (the system of bones plus muscles support the body)
 Bone joints permit movement of one bone with respect to another.
 Bone is a living tissue and has a blood supply as well as nerves.

Bone consists of two different materials plus water
1- Collagen (organic fraction, 40% of the bone weight, 60% of its
volume.
2- Bone mineral (inorganic 60% of its weight, 40% its volume).
• Collagen makes bones flexible (elastic)
• Mineral makes bones rigid
• Water in interstitial spaces stores nutrients

Bone = collagen + bone mineral + water
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Bone Shapes

There are about 206 bones in the body.
The bone are shaped and constructed into major five piles according to their
shapes, so there are five piles:
1. Flat, plate-like bones (shoulder blade, some of skull bones
2. Long hollow bones (arms, legs, fingers)
3. Cylindrical bones form the spine (vertebrae)
4. Irregular bones the wrist and ankle.
5. Ribs that don t belong to the above piles

 Made of Bone
The strength of bone depends on the mass of bone minerals presents.
This mass decrease very slowly (1-2%) per year.
An osteoclast is a type of bone cell that breaks down bone tissue. Osteoblast
are cells with a single nucleus that process of bone formation, each day the
osteoclast destroy bone containing about 0.5 gm of Ca, while osteoblast built
anew bone using the same amount of Ca. While the body young and
growing, activity over 35 -40 years old the process is reversed causing
decreases in bone mass this is called Osteoporosis. This appeared to be
more in woman than in men especially in spine and hip.
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There is a large percentage of calcium in the body, it has much heavier
nucleus than most elements of the body, and it absorbs x-ray much better
than surrounding soft tissue. This the reason x-ray show bones so well.
The bone has about 1000gm of Ca so we have a new skeleton about every 6
years

Fig.2 Osteoporosis in bone

If

one cut some of bones apart, he can find it composed of Two quite

different types of bone.
1-Solid or Compact bone.
2-Spongy bone made up of thin thread –like Trabecular and called
Trabecular Bone.
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Trabecular Bone is found in the ends of the long bones, while most of
Compact bone is in the central shaft. Trabecular is weaker than compact
Bone. where a bone is subjected to compressive forces, such as at the ends
of the bones, trabecular bone gives the strength necessary with less material
than compact bone, also because the trabecular are relatively flexible,
trabecular bone can absorb more energy when large forces are involved such
as in walking, running and jumping, on other hand, trabecular bone cannot
withstand very well the bending stresses that occur mostly in the central
portions of long bones.

Fig.3 compact and spongy bone
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Fig.4 Made of bone
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 All materials change in length when placed under tension or
compression. When a bone placed in a special instrument for
measuring the elongation under tension, a curve similar to that in (fig
5) is obtained.

Fig.5 stress-strain diagram
Its length L and its change in length ΔL
The strain ΔL/L increases linearly at first, indicating that is proportional
to the stress (F/A) Hooks law. As the force increases the length increases
more rapidly, and the bone breaks at stress of about 120 N/mm2.
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The ratio of stress to strain in the initial linear portion is Young's modulus Y.
That is:
Y=

𝑆𝑡𝑟𝑒𝑠𝑠
𝑆𝑡𝑟𝑎𝑖𝑛

=

𝐹⁄
𝐴
∆𝐿⁄
𝐴

 Stress: force per unit area , σ =F / A
 Strain: fractional change in length due to stress, ɛ =∆L / L
 Hooke’s law: σ =Y ɛ ,
Note: - healthy bone is able to withstand a compression stress of about 170
N/mm2 before fracture. The property of bone to withstand a large force for a
short period of time without broking. While some force over a long period of
time may fracture it called Viscoelasticity
 Young's modulus of elasticity :How much forces is needed to break the bone by compression , tension and
twisting . When the bone placed under tension or compression there is
change in its length from the stress – strain curve in fig.5
Stress =

F
= N/mm2
A

,

Strain = ∆L / L

Stress = 120 N/m2
0.015 At fracture
The strain increase linearly at first with the stress (hook’s law)
If F increases the L increase more rapidly and the bone breaks at stress of
120 N mm.

10

 The ratio of stress to strain in the initial linear portion is called
young's modulus Y
Y=

, Y bone = 1.8 x 1010 N/m2 .

Example: Man with mass of (100 Kg) standing on the one leg has a (1 m)
shaft of bone with average cross-sectional area of (3 cm2) find:1-The pressure in Pa.
2-The amount of shortening in this bone.

solution
P=

F
A

. F = M * g = 100 x 10 = 103 N

P = 103N/ 3 x 10-4m2
=

1
x 107 Pa
3

= 3 x 10 6 Pa
3

1x10
LF
-4
L =
=
3x10 4 x1.8 x1010 10 m
AY
Y=

LF
tension elongate in L due to
A L

F
stress
A

LF
L =
AY compression
Shorting in the length of the bone of its length ( L )
Young’s modulus
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A joint or articulation (or articular

surface) is the connection made

between bones in the body which link the skeletal system into a functional
whole. They are constructed to allow for different degrees and types of
movement. Some joints, such as the knee, elbow, and shoulder, are selflubricating, almost frictionless, and are able to withstand compression and
maintain heavy loads while still executing smooth and precise movements.
Other joints such as sutures between the bones of the skull permit very little
movement (only during birth) in order to protect the brain and the sense
organs. The connection between a tooth and the jawbone is also called a
joint, and is described as a fibrous joint. Joints are classified both
structurally and functionally.

 Structural classification
Structural classification names and divides joints according to the type of
binding tissue that connects the bones to each other. There are three
structural classifications of joints.
1- Fibrous joint ; joined by dense regular connective tissue that is rich in
collagen fibers.
2- cartilaginous joint ; joined by cartilage
3- synovial joint ; not directly joined, the bones have a synovial cavity
and are united by the dense irregular connective tissue that forms the
articular capsule that is normally associated with accessory ligaments.
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Fig.6 Diagram of a typical synovial joint

 The components of a joint include:
• Cartilage: A tough slippery material that coats the ends of bones and
provides a shock-absorbing cushion to prevent them from rubbing together.
• Joint capsule: The membrane sac enclosing the entire joint.
• Joint space: The narrow, open area between two bones, where the
cartilage meets.
• Synovial membrane: The inner membrane lining the joint capsule. It
secretes a slippery substance called synovial fluid.
• Synovial fluid: The fluid that fills the space around and between bones
and helps to keep joints moving with little friction.
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• Ligaments, tendons and muscles: Structures located just outside a joint
that support the bones and help the joint bend and move. Ligaments are
strong, band-like tissues that connect one bone to another at a joint. Tendons
are fibrous cords that connect muscles to bones. Muscles are strong, fibrous
tissues that work in pairs, flexing and contracting to produce movement in
the joints.
• Bursae: Fluid-filled sacs located between ligaments, tendons, muscles and
bones. Bursae help these structures move smoothly against each other.

Fig.7 joint components
 LUBRICATION OF BONE JOINTS
There are two major diseases that affect the joint
1- rheumatoid, arthritis, which results in over production of the synovial
fluid in the joint and commonly causes swollen joints.
2- osteoarthritis, a disease of the joint itself. The synovial membrane
encases the joint and retains the lubricating synovial fluid.
14

