Chapter 1: Physical Concepts and Radiotherapy

Radiation

· Radiation is the flow of energy through space electromagnetic waves such as visible light, ultraviolet and gamma ray

· Ionizing radiation is radiation that produces ions in matter. It is able to disrupt chemical bonds of molecules and cause biologically important changes

Type  of ionizing radiation: 
Electromagnetic waves:
· X- Rays:

 Electromagnetic waves emitted by an electrical device with wavelength in the range of 10 to 0.01 nanometers

· Gamma Rays: Electromagnetic waves produced by unstable or radioactive isotopes. wavelength less than 10 picometers
Example
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Particles:
· Neutrons 

· Electrons, beta rays 

· Protons 

· Alphas.

· Heavy Ions: nuclei of any atoms that have been stripped of their electrons. They move at great speeds and have large amounts of energy

· Non-ionizing radiation: type of electromagnetic radiation that does not carry enough energy to ionize atoms  to completely remove an electron from an atom or molecule 
Radiation units 
· Activity is the transformation (disintegration) rate of a radioactive substance

· Curie (Ci)

· Becquerel (Bq) - S.I. Unit 

· 1 Bq = 1 disintegration per second (dps)

· 1 Ci = 3.7 x 10-10 dps

Exposure: is the charge release per unit mass of air
S.I. Unit : C/kg
Roentgen (R)= 2.58/10000 C/kg
Absorbed dose is the energy imparted by radiation onto an absorbing material.
S.I. Unit
Gray (Gy)   1 Gy = 1 joule per kilogram
1 Gy = 100 rads.
Dose Equivalent (DE) regarding to biological effect. 
DE = Absorbed Dose x Quality Factor (Q) 

Q depends on the type of radiation.
Q = 1 for gamma, x-ray and beta.

Q = 10 for alpha

S.I. Unit

· SIEVERT (Sv),  1 Sv = 100 rems

· Nominal background radiation absorbed dose of 100 mrad/year = 1 mGy/yr. 

· Nominal background radiation dose biological equivalent of 100 mrem/year = 1mSv/yr. 

· Occupational whole body limit is 5 rem/yr = 50 mSv/yr.
Interaction of Radiation with matter

In general there are three principal mechanisms 
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-rays with matter or living tissue:
1- Photoelectric effect
The incident photon transfers all its energy 
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  to an electron located in one of the atomic shells (usually K shell). The electron is ejected from the atom with kinetic energy Ek given by
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where Eb  is the binding energy of the electron in the atom, then it begins to pass through the surrounding matter

 This interaction   occur at low energies (< 0.5 MeV). 

The cross-section for photoelectric effect depends on atomic number (Z) of the material

2     Compton scattering 

 Compton scattering was introduced by Compton in 1923, in which the incident photons are scattered by the electrons with a partial energy loss, which depends on the angle θ between the directions of the photon before and after the interaction.
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The recoil electron (Ee) can be found from the difference between the energy of the incident photon and scatter photon
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The Compton cross-section for the number of photons scattered depends both on the photon energy and scattering angle. 

3     Pair Production

Pair production is the complete absorption of photon which can occur if the incident photon has an energy greater than 1.022 MeV (i.e. twice the electron rest energy), consisting in the annihilation of the photon and the creation of two particles an electron and positron in the field of a nucleus of the absorbing material or living tissue. 

The cross-section of the pair production varies with the photon energy and is very proportional to the atomic number (Z) of the material 

Finally, the positron that is formed combines with an electron, the two particles being replaced by two 0.51 Mev γ-rays in the process of annihilation radiation emitted in opposite direction.

Absorption coefficient 

The linear absorption coefficient (
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) represents the fraction of incident photons diverted from the incident beam by unit thickness of the absorber material it is given by the expression:
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where I and I0  are the intensity of the radiation transmitted through a thickness (x) of the material and the initial intensity of the radiation respectively. The mass absorption coefficient,
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 (cm2 g-1) is obtained from divided the linear absorption coefficient (
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) by density of the material (
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). Therefore the probability of the absorption or total cross section is given by
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where NA is the Avogandro’s number (
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per mol) and A is the atomic mass of the absorber. The total cross-section (
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) is the sum of all the possible photon interaction processes.
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Radiation therapy

Cancer cells divide more rapidly than normal cells. Therefore, cancer cells are more sensitive to radiation than normal cells, and low doses of x-rays and gamma rays are often used to treat cancer.

Uses of radiotherapy

Radiotherapy is used for a number of different medical purposes including:

· to cure an illness, for example by destroying a tumour (abnormal tissue), 

· to control symptoms, such as relieving pain, 

· before surgery, to shrink a tumour so that it is easier to remove, and 

· after surgery, to destroy small amounts of tumour that may be left. 

Radiotherapy is sometimes used in a process called total body irradiation (TBI). In severe cases of leukaemia (cancer of the bone marrow and white blood cells) or lymphoma (cancer of the lymphatic system), the whole body is given radiation to destroy the bone marrow cells.

After TBI, new bone marrow is transplanted. The new bone marrow is taken from a donor or from the patient before TBI.

Types of radiotherapy
- Teletherapy  use of radiation to destroy cancerous tissue not removable by surgery. Often use x-rays or gamma rays (cobalt-60).

- Brachytherapy  insert radioisotopes by needle or seed into the area to be treated. Often use gold-198 or iridium-192. Used often for skin cancers.

Courses of radiation

Radiotherapy is often given as a course of treatment that lasts for days or weeks. Most people who have radiotherapy to treat a serious condition, such as cancer, receive five treatments a week with a break at the weekend. This break allows the normal cells to recover. Each treatment is known as a fraction.
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