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Nuclear Medicine

What is nuclear medicine?

Nuclear medicine is a specialized area of radiology. It uses very small amounts
of a radioactive substance (radionuclide or radio-tracer) for health research,
diagnosis, and treatment of various conditions, including cancer. Nuclear
medicine imaging is a mix of many different disciplines. These include
chemistry, physics, mathematics, computer technology, and medicine.
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Soft tissue, such as intestines, muscles, and blood vessels, is hard to see on a
standard X-ray unless a contrast agent is used. This agent allows the tissue to
be seen more clearly. Nuclear imaging shows organ and tissue structure as
well as function. The extent to which a radionuclide is absorbed, or "taken up,"
by a certain organ or tissue may even show how well the organ or tissue is
working. So, while diagnostic X-rays are used mainly to study anatomy, nuclear
imaging is used to study organ and tissue function.
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A tiny amount of the radionuclide is used during the procedure. The
radionuclide is also known as a radiopharmaceutical or radioactive tracer. It is
absorbed by body tissue. There are several different types of radionuclides.
These include forms of the elements technetium, thallium, gallium, iodine, and
xenon. The type of radionuclide used will depend on the type of study and the
body part being checked.
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After the radionuclide has been given and has collected in the body tissue under
study, radiation will be given off. A radiation detector can pick up this radiation.
The most common type of detector is the gamma camera. Digital signals are
made and stored by a computer when the gamma camera detects the radiation.
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With a nuclear scan, the healthcare provider can assess and diagnose many
conditions, such as tumors, infections, or organ enlargement. A nuclear scan
may also be used to check organ function and blood circulation.
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The areas where the radionuclide collects in greater amounts are called "hot
spots.” The areas that don't absorb the radionuclide are called "cold spots.”
These look less bright on the scan image.
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In planar imaging, the gamma camera stays still. The resulting images are 2-D.
Single photon emission computed tomography (SPECT) makes detailed
images of an organ as the gamma camera moves around you. These images
are like those done by a CT scan. In certain cases, such as PET scans, 3-D
images can be done using the SPECT data.
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Nuclear scans are used to diagnose many health problems. Some of the
common tests are:

Renal scans.

Thyroid scans.

Bone scans.

Gallium scans.

Heart scans.

Brain scans.

Breast scans.
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Nuclear medicine is used to treat various health conditions. These include
hyperthyroidism, thyroid cancer, lymphomas, and bone pain due to certain
cancers.
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How are nuclear medicine scans done?

Nuclear medicine scans may be done on many organs and tissues of the
body.

A nuclear medicine scan has 3 phases:

e Giving the tracer (radionuclide)
« Taking images
e Interpreting the images
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The amount of time from giving the tracer and then taking the images may
range from a few minutes to a few days. The time depends on the body tissue
being looked at and the tracer being used. Some scans are done in minutes.
For others, you may come back a few times over several days.

To give an example of how a nuclear medicine scan is done, here is the
process for a resting radionuclide angiogram (RNA) scan. This is a type of
heart scan.
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Each facility may have certain protocols in place. But a resting RNA often
follows this process:

1. You will be asked to remove any jewelry or other objects that may
interfere with the procedure.

If you are asked to remove clothing, you will be given a gown to wear.
An IV (intravenous) line will be started in your hand or arm.
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4. You will be connected to an electrocardiogram (ECG) machine with
electrodes (leads). A blood pressure cuff will be attached to your arm.

5. You will lie flat on a table in the procedure room.

6. The red blood cells will be "tagged.” To do this, the radionuclide may
be injected into the vein. Or a small amount of blood may be taken
from the vein so that it can be tagged with the radionuclide. The
radionuclide will be added to the blood. It will be absorbed into the red
blood cells.

7. After the tagging procedure, the blood will be returned to the vein
through the IV line. The progress of the tagged red blood cells through
the heart will be traced with a scanner.

8. During the procedure, you must lie as still as possible. Any movement
can ruin the quality of the scan.

9. The gamma camera will be positioned over you. It will take images of
the heart as it pumps blood through the body.

10.You may be asked to change positions during the test. Once you
change position, you will need to lie still without talking.

11.After the scan is done, the IV line will be taken out. You will be able to
leave unless the healthcare provider gives different instructions.
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Radioisotopes

Different isotopes of the same element have the same number of protons in
their atomic nuclei but differing numbers of neutrons.

Radioisotopes are radioactive isotopes of an element. They can also be
defined as atoms that contain an unstable combination of neutrons and
protons, or excess energy in their nucleus.

How do radioisotopes occur?

The unstable nucleus of a radioisotope can occur naturally, or as a result of
artificially altering the atom. In some cases a nuclear reactor is used to
produce radioisotopes, in others, a cyclotron. Nuclear reactors are best-suited
to producing neutron-rich radioisotopes, such as molybdenum-99, while
cyclotrons are best-suited to producing proton-rich radioisotopes, such as
fluorine-18.

The best known example of a naturally-occurring radioisotope is uranium. All
but 0.7 per cent of naturally-occurring uranium is uranium-238; the rest is the
less stable, or more radioactive, uranium-235, which has three fewer neutrons
in its nucleus.

Radioactive decay

Atoms with an unstable nucleus regain stability by shedding excess particles
and energy in the form of radiation. The process of shedding the radiation is
called radioactive decay. The radioactive decay process for

each radioisotope is unique and is measured with a time period called a half-
life. One half-life is the time it takes for half of the unstable atoms to undergo
radioactive decay.

How are radioisotopes used?

Some radioisotopes used in nuclear medicine have short half-lives, which means
they decay quickly and are suitable for diagnostic purposes; others with longer half-
lives take more time to decay, which makes them suitable for therapeutic purposes.



What is a radioactive source?

A sealed radioactive source is an encapsulated quantity of a radioisotope
used to provide a beam of ionising radiation. Industrial sources usually
contain radioisotopes that emit gamma rays or X-rays.

faiall Hradll sa

adl g gint psall gl (e plad il Leadiuall dadiall Uil (e ddlie GaS g8 o sidal) alial) jaiadll
Honad) 28 o Lals Al Lgie Cloanti Amdia il e sale dcliall,

What are some commonly-used radioisotopes?

Radioisotopes are used in a variety of applications in medical, industrial, and
scientific fields. Some radioisotopes commonly-used in industry and science
can be found in the tables below. Medical radioisotopes are described in the
next section.
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Naturally-occurring radioisotopes in industry and science.

Half-life Use

Radioisotope

Hydrogen-3 12.32 Used to measure the age of ‘young’
(tritium) years groundwater up to 30 years old.
Carbon-14 5,700 Used to measure the age of organic
years material up to 50,000 years old.
Chlorine-36 301,000 Used to measure sources of chloride and
years the age of water up to 2 million years old.
Lead-210 22.2 years Used to date layers of sand and soil laid

down up to 80 years ago.



Artificially-produced radioisotopes in industry and science

Hydrogen-3
(tritium)

Chromium-51

Manganese-54

Cobalt-60

Zinc-65

Technetium-
99m

Caesium-137

Ytterbium-169

Iridium-192

12.32
years

27.7
days

312.12
days

5.27
years

243.66
days

6.01
hours

30.08
years

32.03
days

73.83
days

Used as a tracer in tritiated water to study sewage and liquid
wastes.
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Used to trace sand to study coastal erosion.

Used to predict the behaviour of heavy metal components in
effluents from mining waste water. Produced in reactors.

Used in gamma radiography,

Used to predict the behaviour of heavy metal components in
effluents from mining waste water. Produced in cyclotrons.
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Produced from the decay of molybdenum-99 and used in
gamma radiography.

Used as a radiotracer to identify sources of soil erosion and
depositing, and also used for thickness gauging. Produced in
reactors.
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Used in gamma radiography.

Used in gamma radiography. Also used to trace sand to
study coastal erosion. sadicd Lila geladll y peaill 8 dardiul)
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Produced in reactors.



Gold-198 2.70 Used to trace sand movement in river beds and on ocean
days floors, and to trace sand to study coastal erosion. Also used
to trace factory waste causing ocean pollution, and to study
sewage and liquid waste movements. Jull 4S ja il aadis
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Americium-241 432.5 Used in neutron gauging and smoke detectors. Produced in
years reactors.

Radioisotopes in medicine

Nuclear medicine uses small amounts of radiation to provide information about a
person's body and the functioning of specific organs, ongoing biological processes,
or the disease state of a specific illness. In most cases the information is used by
physicians to make an accurate diagnosis. In certain cases radiation can be used to
treat diseased organs or tumours.
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How are medical radioisotopes made?

Medical radioisotopes are made from materials bombarded by neutrons in

a reactor, or by protons in an accelerator called a cyclotron. ANSTO uses
both of these methods. Radioisotopes are an essential part of
radiopharmaceuticals. Some hospitals have their own cyclotrons, which are
generally used to make radiopharmaceuticals with short half-lives of seconds
or minutes.
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What are radiopharmaceuticals?

A radiopharmaceutical is a molecule that consists of a radioisotope tracer
attached to a pharmaceutical. After entering the body, the radio-labelled
pharmaceutical will accumulate in a specific organ or tumour tissue. The
radioisotope attached to the targeting pharmaceutical will undergo decay and
produce specific amounts of radiation that can be used to diagnose or treat
human diseases and injuries. The amount of radiopharmaceutical
administered is carefully selected to ensure the safety of each patient.
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Common radiopharmaceuticals

About 25 different radiopharmaceuticals are routinely used in Australia's
nuclear medicine centres.

The most common is technetium-99m,

A short half-life of 6 hours, and the weak energy of the gamma ray it
emits, makes technetium-99m ideal for imaging organs of the body for
disease detection without delivering a significant radiation dose to the patient.

Another radiopharmaceutical produced in OPAL is iodine-131. With a half-life
of eight days, and a higher-energy beta particle decay, iodine-131 is used to
treat thyroid cancer. Because the thyroid gland produces the body's supply of
iodine, the gland naturally accumulates iodine-131 injected into the patient.
The radiation from iodine-131 then attacks nearby cancer cells with minimal
effect on healthy tissue.
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Other commonly-used radiopharmaceuticals can be found in the lists below

Reactor-produced medical radioisotopes

Radioisotope

Phosphorus-
32

Chromium-51

Yttrium-90

Molybdenum-
99

Technetium-
99m

14.26
days

27.70
days

64
hours

65.94
hours

6.01
hours

Used in the treatment of excess red blood
cells.

Used to label red blood cells .

Used for liver cancer therapy.

Used as the ‘parent’ in a generator to
produce technetium-99m, the most widely
used radioisotope in nuclear medicine.

Used to image the brain, thyroid, lungs,
liver, spleen, kidney, gall bladder, skeleton,
blood pool, bone marrow, heart blood pool,
salivary and lacrimal glands, and to detect
infection. ¢l 8 Hall aall (g laall Ly saatl padin
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Radioisotope

lodine-131 8.03
days

Samarium- 46.28

153 hours

Lutetium-177 6.65
days

Iridium-192 73.83
days

Used to diagnose and treat various
diseases associated with the human
thyroid.

Used to reduce the pain associated with
bony metastases of primary tumours.

. Used to treat a variety of cancers,
including neuroendocrine tumours and
prostate cancer.
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Supplied in wire form for use as an internal
radiotherapy source for certain cancers,
including those of the head and breast.

Cyclotron-produced medical radioisotopes

Radioisotope Half-life

Carbon-11 20.33
minutes

Nitrogen-13 9.97

minutes
Oxygen-15 2.04

minutes
Fluorine-18 1.83

hours

Use

Used in Positron Emission Tomography
(PET) scans to study brain physiology
and pathology,

Used in PET scans as a blood flow tracer

and in cardiac studies.
um‘ QL&“)J_

Used in PET scans to label oxygen,
carbon dioxide and water in order to
measure blood flow, blood volume, and
oxygen consumption.

The most widely-used PET radioisotope.
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Radioisotope Half-life Use

Copper-64 12.7 Used to study genetic disease affecting
hours copper metabolism, in PET scans, and
also has potential therapeutic uses.
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Gallium-67 78.28 Used in imaging to detect tumours and
hours infections.
lodine-123 13.22 Used in imaging to monitor thyroid
hours function and detect adrenal dysfunction.
Thallium-201 73.01 Used in imaging to detect the location of
hours the damaged heart muscle.
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https://www.radiologymasterclass.co.uk/tutorials/mri/mri safety

MRI interpretation Introduction
g‘:‘h:‘ o=l
Tutorial key points

A basic understanding of MRI physics helps in the interpretation of
MRI scans

MRI produces detailed images of many body parts but is not always
the best imaging modality

A wide range of different MRI images can be produced to help answer
specific clinical questions

A systematic approach is required for image interpretation
There are important safety issues regarding the use of MRI

In this tutorial, you will learn the basic knowledge required for
interpretation of MRI scans.The tutorial covers the basic physics
necessary to understand how MRI images are formed.You will learn
about the different types of MRI images commonly encountered and a
systematic approach to image interpretation.Safety issues regarding
the MRI scanner are also discussed.

Application of MRI
Key points

The successful application of MRI depends on the clinical question in
mind, and the body part to be imaged .

With some applications of MRI, drugs may be given to help reduce
movement and improve image quality MRI is often incorrectly
considered a superior imaging modality to other imaging techniques.
In many circumstances, it is inferior to CT, ultrasound, or even plain
X-ray.
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The successful application of MRI depends on the clinical question in
mind, and the body part to be imaged. MRI provides exquisite images
of body parts that do not move, such as the brain, and anatomical
structures that can be kept still, such as parts of the musculoskeletal
system. Each set of images produced takes several minutes to obtain.
Therefore, MRI is not suitable for patient who are unable or unwilling
to remain motionless.
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MRI brain

Hover on/off image to show/hide findings
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MRI knee

Hover on/off image to shew/hide findings

Click image to align with top of page
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MRI small bowel

Hover on/off image to show/hide findings

Click image to align with top of page

The MRI scanner

Key points

Inside the MRI scanner there is a powerful magnetic field
The magnetic field interacts with protons in the body

The scanner produces radiofrequency pulses which further interact
with protons in the body

Protons give off ‘signal’ which is detected by the scanner

Once an MRI scanner is built, it remains switched on day and night,
and produces a powerful magnetic field within the bore of the magnet.
When the patient enters the magnet, all the protons (hydrogen ions)
within their body become aligned with the magnetic field. The scanner
produces radiofrequency pulses which further interact with protons
causing them to give off ‘signal’. This signal is detected by the scanner
and transformed into images.
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MRI scanner

Hover on/off image to show/hide scanner parts

MRI scanner

The patient lies on the scanner couch (1) which slides into the bore of
the scanner (2)

Within the bore of the scanner there is a powerful magnetic field

The scanner produces radiofrequency pulses to ‘excite’ protons in the

body

As the excited protons in the body ‘relax’ after each pulse, they give
off radiofrequency ‘signal’ which is detected by the receiver (3)

The receiver is placed around or near the body part being imaged
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What are MRI images?

Key points

MRI images are a map of proton energy within tissue of the body
On X-ray and CT images white = high density

On MRI images white = high signal

X-ray and CT images can be considered to be a map of density of
tissues in the body; white areas on X-ray and CT images represent
high density structures.MRI images are different.In simple terms,
MRI images can be considered as a map of proton energy within
tissues of the body. A variety of MRI images can be produced which
emphasise different tissue types, in particular those that contain a
large amount of fat or water.Bright areas on an MRI image represent
high ‘signal’ given off by protons in the body during the scanning
process.White areas on an X-ray or CT image = high densityWhite
areas on an MRI image = high signal
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CTv MRI - brain

Hover on/off image to show/hide findings

Click image to align with top of page

MRI signal production

To produce ‘signal’, the MRI scanner interacts with protons in the
body. Randomly orientated protons become aligned with the powerful
magnetic field in the bore of the scanner. A rapidly repeating sequence
of radiofrequency pulses — produced by the scanner — then causes
‘excitation’ and ‘resonance’ of protons. As each radiofrequency pulse
is removed, the protons ‘relax’ to realign with the magnetic field, and
as they do so they give off radiofrequency ‘signal’ which is detected by
the scanner and transformed into an image.

Proton excitation and relaxation

During scanning, signal is produced by the repeated process of
alignment, excitation/resonance, and relaxation of protons in the body.
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Free protons in body

Hover on/off image to show/hide findings

Free protons in body

+ Free protons within molecules of the body are
orientated randomly, spinning on a North-South
magnetic axis

Click image to align with top of page
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Protons aligned in scanner

Hover on/off image to show/hide findings

Protons aligned in scanner

+ On entering the scanner, the protons align with the
axis of the magnetic field (blue arrows) within the
bore of the scanner

Click image to align with top of page

Radiofrequency pulse

Hover on/off image to show/hide findings
Radiofrequency pulse
+ A radiofrequency pulse is applied to ‘excite’ the
protons
+ Protons are aligned at an angle to the magnetic field

+ The radiofrequency pulses also cause the protons to
spin in phase with each other creating ‘resonance’

Click image to align with top of page

Signal creation

Hover on/off image to show/hide findings
Signal creation

+ Milliseconds after removal of each radiofrequency
pulse the excited protons 'relax’, giving off
radiofrequency signal which is detected by the scanner

+ Two types of relaxation occur - 1. Realignment of
protons with the magnetic field and - 2. Dephasing of
spinning protons (loss of resonance)

+ Two types of signal can be detected

+ T1 signal relates to the speed of realignment with the
magnetic field — the more quickly the protons realign
the greater the T1 signal

+ T2 signal relates to the speed of proton spin
dephasing — the slower the dephasing the greater the
T2 signal

Click image to align with top of page
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T1 v T2 images

It’s all about FAT and WATER

The two basic types of MRI images are T1-weighted and T2-weighted
images, often referred to as T1 and T2 images.

The timing of radiofrequency pulse sequences used to make T1 images
results in images which highlight fat tissue within the body.

The timing of radiofrequency pulse sequences used to make T2 images
results in images which highlight fat AND water within the body.
So, this makes things easy to remember.

T1 images — 1 tissue type is bright — FAT
T2 images — 2 tissue types are bright — FAT and WATER
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T1-weighted image — Anatomy (spine)

Hover on/off image to show/hide findings

ey /

<= Anterior Posterior m=p-

Click image to align with top of page
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T2-weighted image — Anatomy (spine)

Hover on/off image to show/hide findings
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== Anterior Posterior m=p

Click image to align with top of page

Contrast agents
Key points

Gadolinium is the most common contrast agent used for MRI — it can
be given intravenously or injected directly into a body part

Abnormal tissue may enhance more than surrounding normal tissue
following intravenous gadolinium

Abnormal tissue may also retain gadolinium longer than normal tissue

Additional information can sometimes be gained by use of a contrast
agent.The most common contrast agent is gadolinium, a para-
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magnetic substance which produces very high T1 signal. It is usually
given intravenously, but can also be injected directly into a body part,
such as a joint.
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MR with gadolinium (brain)
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MRI safety
MRI safety issues apply to the scanning room

Ferrous metallic objects can become projectile and cause serious
injury or death to patients or staff

All staff must abide by MRI department safety rules

Persons entering the scanning room must complete a safety
guestionnaire prior to being escorted in by trained MRI staff

Although MRI is considered a safe imaging technique, caution is
required in the MRI scanning room. A typical MRI magnet has a local
magnetic field which is 30,000 times the strength of the earth’s
magnetic field! Any magnetic object which comes close to the scanner
could become projectile and cause serious injury or the death of a
patient who is in the bore of the scanner.
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The magnetic field

MRI Safety - Tennis Ball fl\

STRONG MAGNETIC FIELD

NO PACEMAKERS

NO METALLIC IMPLANTS

NO NEUROSTIMULATORS

Persons with pacemakers, neurostimulators, or
metallic implants must not enter this area.
Serious injury may result.

NO LOOSE METAL OBJECTS

Iron, steel and other ferrous materials must not
be taken into this area. Serious injury or property
damage may result.
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MRI safety precautions

When referring a patient for an MRI scan the clinician is usually
required to complete some initial safety checks. Claustrophobic
patients may need sedation, or other imaging tests can be considered.
Up-to-date renal function results are required for patients having a
scan with gadolinium.

Before entering the MRI room patients are again asked a set of safety
questions by a radiographer. Patients with ferrous metallic foreign
bodies or implanted electrical medical devices, such as pacemakers or
cochlear implants, should not enter the MRI scanning room.

Any person with an implanted surgical device, such as a vascular
aneurysm clip or prosthetic heart valve, can only enter the MRI
scanner room once it has been established that the device is MRI
compatible. If there is doubt, then the person must not enter.
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The evolution of radiotherapy is based on shaping the beam of
radiation

What is radiotherapy?

Radiotherapy uses high-energy X-ray radiation produced by
linear accelerators to shrink tumours and kill cancer cells.
Radiation is delivered by a machine outside the body
(external-beam radiation therapy), or from radioactive
material placed in the body close to the cancer cells (internal
radiation therapy, also called brachytherapy). Systemic
radiation therapy uses radioactive substances such as
radioactive iodine that travel in the blood to kill the cancer
cells. But other types of radiation therapy exist, including
proton radiation. Modern methods of radiation are precise.
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What factors decide the type of radiation you use?

The radiation therapy prescribed depends on many factors,
including the type of cancer, its location, how close it is to
normal tissue that is sensitive to radiation, and how far into
the body the radiation needs to travel. The type of therapy will
also take into consideration the patient’s general health and
medical history, location of the cancer, and whether the
patient will be receiving other types of cancer treatment.
Radiotherapy cures approximately 40 per cent of cancers,
and half of all cancer patients should receive radiotherapy at
some point during their treatment pathway.
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How does radiation therapy kill cancer cells?

Radiation therapy damages the DNA of cancer cells beyond
repair, so they stop dividing or die. When the damaged cells
die, they’re broken down and eliminated by the body’s natural
processes.
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How has radiotherapy technology developed?
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The way we treat patients is more sophisticated now. The
evolution of radiotherapy is based on shaping the beam of
radiation so that it minimises the damage to healthy tissue and
organs.
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Radiotherapy Techniques

* Interstitial radiotherapy (brachytherapy) This technique is
usually reserved for accessible, small tumours often in the
mouth

* External beam radiotherapy

* D conformal and stereotactic radiotherapy-3
* Intensity modulated radiotherapy (IMRT)
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How radiation therapy works against cancer

At high doses, radiation therapy kills cancer cells or slows
their growth by damaging their DNA. Cancer cells whose DNA
is damaged beyond repair stop dividing or die. When the
damaged cells die, they are broken down and removed by the
body.
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Radiation therapy does not kill cancer cells right away. It
takes days or weeks of treatment before DNA is damaged
enough for cancer cells to die. Then, cancer cells keep dying
for weeks or months after radiation therapy ends.
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Types of radiation therapy

There are two main types of radiation therapy, external beam
and internal.

The type of radiation therapy that you may have depends on
many factors, including:

. the type of cancer
« the size of the tumor
« the tumor’s location in the body

« how close the tumor is to normal tissues that are sensitive
to radiation

. your general health and medical history
. whether you will have other types of cancer treatment

. other factors, such as your age and other medical
conditions
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External beam radiation therapy

External beam radiation therapy comes from a machine that
aims radiation at your cancer. The machine is large and may
be noisy. It does not touch you, but can move around you,
sending radiation to a part of your body from many directions.

External beam radiation therapy is a local treatment, which
means it treats a specific part of your body. For example, if
you have cancer in your lung, you will have radiation only to
your chest, not to your whole body.
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Internal radiation therapy

Internal radiation therapy is a treatment in which a source of
radiation is put inside your body. The radiation source can be
solid or liquid.

Internal radiation therapy with a solid source is
called brachytherapy. In this type of treatment, seeds,
ribbons, or capsules that contain a radiation source are
placed in your body, in or near the tumor. Like external beam
radiation therapy, brachytherapy is a local treatment and
treats only a specific part of your body.

With brachytherapy, the radiation source in your body will
give off radiation for a while.
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Internal radiation therapy with a liquid source is
called systemic therapy. Systemic means that the treatment
travels in the blood to tissues throughout your body, seeking
out and killing cancer cells. You receive systemic radiation
therapy by swallowing, through a vein via an IV line, or
through an injection.

With systemic radiation, your body fluids, such as urine,
sweat, and saliva, will give off radiation for a while.
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How radiation is used with other cancer treatments

For some people, radiation may be the only treatment you
need. But, most often, you will have radiation therapy with
other cancer treatments, such as surgery, chemotherapy,
and immunotherapy. Radiation therapy may be given before,
during, or after these other treatments to improve the
chances that treatment will work. The timing of when radiation
therapy is given depends on the type of cancer being treated
and whether the goal of radiation therapy is to treat the cancer
or ease symptoms.

When radiation is combined with surgery, it can be given:

. Before surgery, to shrink the size of the cancer so it can be
removed by surgery and be less likely to return.

. During surgery, so that it goes straight to the cancer
without passing through the skin. Radiation therapy used
this way is called intraoperative radiation. With this
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technique, doctors can more easily protect nearby normal
tissues from radiation.

. After surgery to kill any cancer cells that remain.
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External Beam Radiation Therapy

External beam radiation therapy (Teletherapy) [4] is radiation
delivered from a distant source, from outside the body and
directed at the patient's cancer site. External beam therapy is
the radiation therapy treatment option used for most cancer
patients. It is used to treat many types of tumors including
cancers of the head and neck area, breast, lung, colon, and
prostate.

Systems which produce different types of radiation for
external beam therapy include

« cobalt-60 machines
« linear accelerators
« neutron beam machines
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. orthovoltage x-ray machines
. proton beam machines
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Depending upon tumor location, different levels of radiation
are used for external beam therapy. Low-energy radiation
does not penetrate very deeply into the body and is used
mainly to treat surface tumors such as skin cancer. High-
energy radiation is used to treat other deeper cancers.

Stereotactic radiation therapy involves focusing the radiation
beam on a small area and delivering very high doses. The
therapy targets a tumor from many different directions, so the
beams of radiation converge on the tumor. This way, the ideal
amount of radiation needed to destroy tumor cells is delivered
directly to the tumor growth, while the amount of exposure to
the area surrounding the tumor is minimized. Stereotactic
radiation therapy is very effective in treating small tumors
such as those in the head and brain.

Sources of external beam radiation may include, but are not
limited to
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Figure 1. Radiation Therapy, External Beam (EBRT),
Head And Neck. Source: Terese Winslow (Illustrator),
National Cancer Institute.

. betatron

. cobalt

. linear accelerator
« hneutron beam

. photon beam

« proton beam

. spray radiation
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stereotactic radiosurgery such as gamma knife
x-ray

Types of Beams

Electrons — negative charge, beams do not travel far,
limited to tumors nearer body surface

Photons - can reach tumors deep within the body,
scatter bits of radiation along path to tumor, continues
to travel through normal tissue once tumor is reached

Protons - positive charged particles, does not scatter
radiation along path, stops at tumor location

Figure 2. Linear Accelerator. Source: Daniel Sone

(Photographer), National Cancer Institute.

Gamma Knife

Gamma knife uses a concentrated radiation dose from Cobalt-
60 sources. the gamma knife is so precise that it damages and
destroys the unhealthy tissue while sparing adjacent normal,
healthy tissue.

Advantages of External Beam

painless

most patients do not require a hospital stay

patients do not see or feel the actual treatment

many patients can go home following each treatment

most patients can even continue with their normal daily
activities
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Internal Radiation Therapy (Brachytherapy)

Brachytherapy involves placing radiation sources in the form
of wires, seeds (or molds) or rods as close as possible to the
tumor site. Sometimes, they may be inserted directly into the
tumor. This technique is particularly effective in treating
cancers of the cervix, uterus, vagina, rectum, eye, and certain
head and neck cancers. It is also occasionally used to treat
cancers of the breast, brain, skin, anus, esophagus, lung,
bladder, and prostate.

In some instances, brachytherapy may be used in conjunction
with external beam therapy. When both forms are employed,
the external beam radiation is intended to destroy cancerous
cells in a large area surrounding the tumor, while the
brachytherapy delivers a boost, or higher dose of radiation, to
help destroy the main concentrated mass of tumor cells.

There are several types of brachytherapy characterized by
different methods of placing radiation inside the body
including
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. interstitial brachytherapy

. intracavitary brachytherapy

. intraluminal radiation therapy

. radioactively tagged molecules given intravenously

Interstitial brachytherapy involves implanting radioactive
needles or wires in the tumor area. The radioactive sources
may be
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. may stay in the patient permanently
. putin and taken out on the same day
. removed from the body after several days
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With intracavitary brachytherapy, a radiation oncologist
places radioactive sources, using a metal or plastic device
(applicator), in body cavities such as the vagina, uterus, or
larynx to irradiate the walls of the cavity or nearby tissues.
Usually the radioactive source is afterloaded into the
applicator. When the specified dose of radiation has been
delivered to the tumor, the physician removes the applicator
containing the radioactive isotope.

Intraluminal radiation therapy delivers radiation to hollow
organs. For example, a surgeon or a radiation oncologist
inserts a specially designed tube or applicator into the lumen,
or opening, of the esophagus to treat cancer.

Finally, radioactive particles can be attached to small
molecules and given intravenously. For example, I-131 is used
intravenously to treat bony metastases.
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Cobalt therapy:
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is the medical use of gamma rays from

the radioisotope cobalt-60 to treat conditions such as cancer.
Beginning in the 1950s, cobalt-60 was widely used in external
beam radiotherapy (teletherapy) machines, which produced a
beam of gamma rays which was directed into the patient's
body to kill tumor tissue. Because these "cobalt machines™
were expensive and required specialist support, they were
often housed in cobalt units. Cobalt therapy was a
revolutionary advance in radiotherapy in the post-World War
Il period but is now being replaced by other technologies such

as linear accelerators.!
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Linear AcceleratorsTreatment:

also known as linacs, are devices used to treat cancer. They
are most commonly used for external beam radiation
treatments. Linacs work by speeding up electrons to deliver
therapeutic X-rays or electrons to a patient's tumor.
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What are linear particle accelerator used for?

Linear accelerators propel particles along a linear, or
straight, beam line. Circular accelerators propel particles
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around a circular track. Linear accelerators are used
for fixed-target experiments, whereas circular accelerators
can be used for both colliding beam and fixed target
experiments.
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Where is linear accelerator used?

A medical linear accelerator (LINAC) is the device most
commonly used for external beam radiation treatments for
patients with cancer. It delivers high-energy x-rays or
electrons to the region of the patient's tumor.

What is the principle of linear accelerator?

A linear accelerator is a machine that can accelerate
electrons close to the speed of light with an electromagnetic
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field. Electrons or protons with more than 18 MeV are
bombarding to the target, and higher kinetic energy is
produced.
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Proton therapy

Proton therapy is a type of radiation therapy — a treatment
that uses high-powered energy to treat cancer and some
noncancerous tumors. Radiation therapy using X-rays has
long been used to treat these conditions. Proton therapy is a
newer type of radiation therapy that uses energy from
positively charged particles (protons).

Proton therapy has shown promise in treating several kinds of
cancer. Studies have suggested that proton therapy may
cause fewer side effects than traditional radiation, since
doctors can better control where the proton beams deliver
their energy. But few studies have compared proton radiation
and X-ray radiation, so it's not clear whether proton therapy is
more effective at prolonging lives.

Proton therapy isn't widely available, although new proton
therapy centers are being built in the United States and in
other countries.
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What is proton therapy used for?

Proton therapy uses high-energy proton beams instead of x-
ray beams to treat cancer. Proton beams are more precise
than x-ray beams which allows for more energy to be used to
attack cancer cells with minimum damage to nearby healthy
tissue and vital organs.
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Is proton therapy better than radiotherapy?

It may cause fewer side effects than standard radiotherapy.
This is because there is less damage to normal cells. It may be
possible to give higher doses of treatment, without increasing
side effects. It may help reduce the risk of developing long-
term or late side effects.

Standard radiothocrspny Proton beam thoeraprys
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What is the disadvantage of proton therapy?

Side effects that you may experience include: Fatigue. Skin
problems at the treatment site similar to a sunburn, including
redness, irritation, swelling, dryness, blistering or
peeling. Temporary hair loss at the treatment site.
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A positron emission tomography (PET) scan

an imaging test that can help reveal the metabolic or
biochemical function of your tissues and organs. The PET
scan uses a radioactive drug called a tracer to show both
typical and atypical metabolic activity.
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Positron emission tomography is a functional imaging technique that uses radioactive
substances known as radiotracers to visualize and measure changes in metabolic
processes, and in other physiological activities including blood flow, chemical
composition, and absorption.
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Positron emission tomography (PET) scans detect early signs of cancer, heart
disease and brain conditions. It involves an injection of a safe radioactive tracer that
helps detect diseased cells.
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What is the principle of a PET scan?

Positrons are emitted by the breakdown of the radionuclide. Gamma rays called
annihilation photons are created when positrons collide with electrons near the decay
event. The scanner then detects the annihilation photons, which arrive at the
detectors in coincidence at 180 degrees apart from one another.
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How does PET scanning work?

PET scanners work by detecting the radiation given off by a substance
injected into your arm called a radiotracer as it collects in different parts of
your body.
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What is the basic principle of a PET?

The principle of positron emission tomography (PET) is that radiation emitted
from a radiopharmaceutical injected intravenously into a patient is registered
by external detectors positioned at different orientations.
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What is the principle behind the PET scan?

A positron emission tomography (PET) scan is an imaging test that can help
reveal the metabolic or biochemical function of your tissues and organs. The
PET scan uses a radioactive drug called a tracer to show both typical and
atypical metabolic activity.
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What is the principal of a PET scan?

The basic principle of PET imaging is the process of concentrating
radiopharmaceuticals on physiological and metabolic grounds in tumors and
other benign organ tissues.
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What does FDG in PET scan mean?

FDG PET-CT exams use a radioactive tracer
called fluorodeoxyglucose (FDG) and an imaging machine to find cancer in

your body. If you've been scheduled for a FDG PET-CT, you doctor may want
to: find cancer cells. plan your cancer treatment.
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What is the principle of FDG PET?

The scientific basis of FDG-PET rests on the principle that malignant cells
have increased glucose metabolism, increased protein synthesis, and
uncontrolled cellular proliferation. Therefore, FDG uptake is proportional to
true glucose metabolism.
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What are the basic parts of a PET scan?

There are 4 main components a PET scan machine, the gantry (frame) that
houses the detection apparatus with a large patient port (opening), the subject
table that moves in and out of the patient port allowing for a complete scan,
the detector/camera system that captures the image, and a computer system
that processes ...
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What are the isotopes used in a PET scan?

The radioisotopes used in PET to label tracers are 11C, 13N, 150, and

18F (carbon, nitrogen, oxygen and 18F used as a substitute for hydrogen).
These radioactive forms of natural elements will pass through your body and
be detected by the scanner. Various drugs and other chemicals can be
labeled with these isotopes.
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Why is fluorine 18 used in a PET scan?

Much of the modern growth in nuclear medicine has been driven by PET

imaging of prostate-specific membrane antigen (PSMA) in men with prostate
cancer. Fluorine-18 is the ideal PET radionuclide with a moderately long half-
life, high positron yield, low positron energy, and cyclotron-based production.
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What are the two types of PET scans?
Types of PET Scan

PET f-18 FDG Scan.
Cardiac PET Scan.
PET/CT Scan.
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What is the main advantage of PET scan?

Positron emission tomography (PET) scans are used to produce detailed
three-dimensional images of the inside of the body. The images can clearly
show the part of the body being investigated, including any abnormal areas,
and can highlight how well certain functions of the body are working.
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What is one of the major disadvantages of pet?

Using ionized radiation . -1
Expensive -2

Poor resolution -3

Require care with radionuclides. -4

What are the clinical applications of PET imaging?
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Why is PET performed? In general, PET scans may be used to evaluate
organs and/or tissues for the presence of disease or other conditions. PET
may also be used to evaluate the function of organs, such as the heart or
brain. The most common use of PET is in the detection of cancer and the
evaluation of cancer treatment.
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CT-Scan ( Computed Tomography):

The term “computed tomography,” or CT, refers to a computerized x-ray
imaging procedure in which a narrow beam of x-rays is aimed at a patient
and quickly rotated around the body, producing signals that are
processed by the machine's computer to generate cross-sectional
images, or “slices.”

Al G G gaall L) iYL jsea 1 ja) ) CT o "ae gaall i) gl miliaa pdy

A ) L) iy Laa cann) Joa A8 o 09 g (2 sal) g Al AadY) (e (Gl Pl Asa gl
M A" gl dgakia gea g J g i gaaS ddaad 5y Lgiatlaa

How is a CT scanner made?

CT scanners are composed of three important elements: an X-ray tube, a gantry with
a ring of X-ray sensitive detectors, and a computer. In this method, images are
created using the same physics principles as in conventional radiography.
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What types of images are produced by CT?

A CT scan produces a three-dimensional image. The images captured by
a CT scan provide adoctor with a clearer view of a patient's inner organs,
blood vessels and soft tissues than a traditional x-ray.
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What is the physics of CT scan?

CT uses x-ray beams and a computer to create cross-sectional images of
the body. CT slices reveal specific anatomy levels, with slice thickness
chosen to minimize scatter radiation and superimposition using
collimators. CT data are divided into pixels, forming a matrix, each
representing different image details.
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What determines slice thickness in CT?

Slice thickness is another important factor influencing the quality of
images. It is determined by the collimator settings, and its values are
determined by the operator based on the clinical examination
requirements, typically ranging from 0.625 to 10 mm
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How many images are in a CT?

Most modern scanners now take more than one slice at a time. This may
range from 4 to 320 slices and up to 640 slices for the most recent
machines. This is referred to as “multi-slice” or “multi-detector”
technology.
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What are the three phases of CT image formation?

The formation of a CT image is a distinct three phase process. The
scanning phase produces data, but not an image. The reconstruction
phase processes the acquired data and forms a digital image. The visible
and displayed analog image (shades of gray) is produced by the digital-
to analog conversion phase.
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How is image formed in radiology?

The photon energy spectrum of an x-ray beam determines its quality. An
x-ray image is formed by the different attenuations of the x-ray beam
within a patient's body. Objects with increased attenuation produce
shadows. The image contrast produced by an object depends on its
attenuation of the x-ray beam.

X-RAY IMAGE FORMATION
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What is the principle of CT image?

Physical Principle of CT scanning: The X-ray flows from the rotating X-
ray beams, then they pass through the body they detected on rotating X-
ray detector. When X-ray passes through the body, the intensity of the X-
ray changed according to the nature of the body.

Basic Principles

High density tissue (such as bone) absorbs the radiation to a greater
degree, and areduced amount is detected by the scanner on the opposite
side of the body

Low density tissue (such as the lungs), absorbs the radiation to a lesser
degree, and there is a greater signal detected by the scanner.
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What is the theory behind CT scan?

The CT machine passes X-ray photons through each point in the object at different
angles through 360 degrees. Fluctuations in the density of the different parts of the
object change the intensity of photons that successfully pass through the object
depending on the angles at which the beam of photons is shone.
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What type of image is a CT scan?

CT or computerized tomography creates a 3D image of the body. It uses
an x-ray that rotates around the body. CT is used to take images of
multiple areas including the brain, neck, abdomen, pelvis, joints and
blood vessels including the blood vessels of the heart (coronary CTA).
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What is the physics behind CT scan?

Cross-sections are reconstructed from measurements of attenuation
coefficients of x-ray beams passing through the volume of the object
studied. CT is based on the fundamental principle that the density of the
tissue passed by the x-ray beam can be measured from the calculation of
the attenuation coefficient.
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Why CT-Scan done

Your healthcare professional may suggest a CT scan for many reasons.
For instance, a CT scan can help:

« Diagnose muscle and bone conditions, such as bone tumors and
breaks, also called fractures.

e« Show where a tumor, infection or blood clot is.

e Guide procedures such as surgery, biopsy and radiation therapy.

« Find and watch the progress of diseases and conditions such as
cancer, heart disease, lung nodules and liver masses.

« Watch how well certain treatments, such as cancer treatment, work.
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e Find injuries and bleeding inside the body that can happen after
trauma.
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Risks

Radiation exposure

During a CT scan, you're briefly exposed to a type of energy called
ionizing radiation. The amount of radiation is greater than the amount
from a plain X-ray because the CT scan gathers more-detailed
information.

The low doses of radiation used in CT scans have not been shown to
cause long-term harm. But for repeated scans, there may be a small
increase in the lifetime risk of cancer. This can affect children more than
adults.

CT scans have many benefits that outweigh any small risk. Healthcare
professionals use the lowest dose of radiation to get the needed medical
information. And newer, faster machines and techniques use less
radiation than older CT scans did. Talk with your healthcare professional
about the benefits and risks of a CT scan.
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Contrast material

A special dye called contrast material is needed for some CT scans. The
dye appears bright on images. So it makes certain areas of the body that
are being scanned show up better. This can help make blood vessels,
intestines or other structures easier to see.

Contrast material might be given:

« By mouth. If your esophagus or stomach is being scanned, you may
need to swallow a liquid that has contrast material. This drink may
not taste good.

« By shot, also called injection. Contrast agents can be given through
an artery or a vein in your arm. You may get a feeling of warmth or a
metallic taste in your mouth when the dye goes into your body.

« By enema. A contrast material may be put in your rectum to show
your intestines. This procedure can make you feel bloated.
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How you prepare

Depending on which part of your body is being scanned, you may be
asked to:

o Take off some or all your clothing and wear a hospital gown.

« Remove metal objects, such as belts, jewelry, dentures and
eyeglasses, that might affect image results.

o Not eat or drink for a few hours before your scan.

Preparing your child for a scan

If your infant or toddler is having a CT scan, the healthcare professional
may suggest a medicine called a sedative to help keep your child calm
and still. Movement blurs the images and may affect the results. Ask your
health professional how to help get your child ready for the scan.
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CT- Scan vs MRI

CT scans provide pictures of tissues, organs, and skeletal structure while
MRIs are more detailed and can show abnormal tissue. The biggest
difference is that MRIs (magnetic resonance imaging) use radio waves
and CT (computed tomography) scans use X-rays.

Which is better a CT scan or MRI?

MRI scans are generally considered as providing more accurate
imagery and are therefore used for diagnosing conditions associated with
your bones, organs or joints. CT scans are often used to identify any bone
fractures, tumours, or internal bleeding. Reasons for getting an MRI scan
could include: torn ligaments.
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What does a CT scan show that an MRI does not?

A CT scan is better for showing bone and joint issues, blood clots, and
some organ injuries, while an MRI is better for inflammation, torn
ligaments, nerve and spinal problems, and soft tissues. Beyond accuracy,
patient comfort is also a variable your doctor will keep in mind.
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What is an MRI Scanning for the Spine?

Magnetic resonance imaging (MRI) is a test that uses a magnetic field
and pulses of radio wave energy to make pictures of organs and
structures inside the body. In many cases, MRI gives different
information about structures in the body that can be seen with
computed tomography (CT) scan. MRI also may show problems that
cannot be seen with other imaging methods.

There are no known dangers or side effects connected to an MRI scan.
The test is not painful; you cannot feel it. Since radiation is not used,
the procedure can be repeated without problems. There is a small
theoretical risk to the fetus in the first 12 weeks of pregnancy, and
therefore scans are not performed on pregnant women during this
time.

Because patients have to lie inside a large cylinder while the scans
are being made some people get claustrophobic during the test.
Patients who are afraid this might happen should talk to the doctor
beforehand, who may give them some medication to help them relax.

The machine also makes a banging noise while it is working, which
can make patients uncomfortable.

It can give a very clear picture of the structure of the spine.
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MRI is good for:
Imaging organs, soft tissue internal structures (see spine scan image
to the right)

Showing tissue difference between normal and abnormal
Imaging without radiation
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What is CT Scanning of the Spine?

Computed tomography, more commonly known as a CT or CAT scan,
is a diagnostic medical test that, like traditional x-rays, produces
multiple images or pictures of the inside of the body.

CT scan is a rapid, 5-20 minute painless exam that combines the
power of X-rays with computers to produce 360 degrees, cross-
sectional views of your body. CT images of internal organs, bones,
soft tissue and blood vessels provide greater detail than traditional x-
rays, particularly of soft tissues and blood vessels.
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Using CT, the bony structure of the spine vertebrae is clearly and
accurately shown, as are intervertebral disks and, to some degree,
the spinal cord soft tissues.

The cross-sectional images generated during a CT scan can be
reformatted in multiple planes, and can also generate three-
dimensional images.

CT is good for:

Imaging bone, soft tissue and blood vessels at the same time
Pinpointing issues with bony structures (injuries)

Evaluating lung and chest issues (see lung scan image to the right)

Detecting cancers
Imaging patients with metal (no magnet)
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What the difference between an MRl and a CT SCAN?
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An MRI differs from a CAT scan (also called a CT scan or a computed
axial tomography scan) because it does not use radiation.

MRI scans are better for imaging water-containing tissue. An MRI can
be better at detecting abnormalities of the spinal cord, bulging discs,
small disc herniation’s, pinched nerves and other soft tissue
problems. MRIs may also be used in cases where the X-rays are
contraindicated, such as with pregnant women. People with metallic
implants may not be able to undergo an MRI because of the strong
magnetic field used in the test.

A CT scan is better than an MRI for imaging calcified tissues, like
bones. CT scans produce excellent detail used to diagnhose
osteoarthritis and fractures.
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Dual-energy X-ray absorptiometry:

* (DXA, or DEXA) is a means of measuring bone mineral
density (BMD) using spectral imaging. Two X-ray beams, with
different energy levels, are aimed at the patient's bones.

** DXA works by sending two low-dose X-rays which are absorbed
differently by bones and soft tissues. The X-rays are used to calculate
bone mineral density. The lower the density, the greater the risk of
fracture. DXA is painless and takes about 10 minutes. The amount of
radiation is very low, about 10 percent of a normal chest X-ray.
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*** DXA can determine bone mineral density for any bone but is most
commonly used for hip and lumbar (lower) spine, for example in people
who have unexplained back pain or who have experienced a loss in
height of more than an inch in a year. Vertebral fractures are often
asymptomatic. A bone mineral density assessment may be considered
every two years, depending on age, gender, and other factors. See
below for specific recommendations.
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What is the DEXA used for?

Dual-energy X-ray absorptiometry (DXA or DEXA) is a scan that is used to
determine the density of bone to assess its strength. It is a standard method
for diagnosing osteoporosis, it is also considered an accurate way to estimate
fracture risk. In other word :

What does DEXA tell you?

DEXA (dual x-ray absorptiometry) scans measure bone density (thickness
and strength of bones) by passing a high- and low-energy x-ray beam (a form
of ionizing radiation) through the body, usually in the hip and the spine. DEXA
scans are often used to diagnose specific conditions, such as bone thinning.
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When is DEXA used?

DEXA is most commonly used to diagnose osteoporosis. Osteoporosis
involves the loss of calcium in the bones causing them to become thinner,
more fragile and prone to fractures. DEXA may also be used to monitor
treatment once osteoporosis has been diagnosed.
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What is the indication of DEXA?

DEXA may be indicated as a tool to measure whole-body fat and lean mass,
such as in patients with malabsorption, cancer, or eating disorders
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Osteoporosis Screening

According to the International Osteoporosis Foundation, osteoporosis is
estimated to affect 200 million women worldwide. Men also experience the
condition, which weakens bones and makes them subject to fracture. Though
more women than men have osteoporosis, men are more likely than women
to die after breaking a hip.
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Regular screening can diagnose osteoporosis and other bone problems early.
That way they can be managed and even curbed with prescription medicines
and lifestyle modifications.
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How important is bone health?

Assessing your bone health may not seem like a critical health priority but
consider these facts:

e In women over 45, osteoporosis accounts for more days hospitalized
than diabetes, myocardial infarction, and breast cancer.

o The overall mortality is about 20 percent in the first 12 months after hip
fracture.

e About 20-25 percent of hip fractures occur in men. Men who break a
hip are more likely to die than women who do the same.
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The DXA Procedure

DXA is a quick, painless test, as simple as an X-ray, just with slightly larger
equipment. You'll lie on your back and have two scans, turning your body
between scans to get the optimal angles.

How long does DXA take? The entire appointment time is about 30 minutes, with
the scan itself taking less than 10.

72



1) DXA

St 58 cana aladiiudy b Aol dad) Jia Unr s calise s 5 i o 1 0530 DXA LSS0 22y

LI Ao Jgandl anidl) clllas ( laa 9l g (Guand! auadiug & ol o Al
At

¢ DXAG A B gll (o aS
(B 10 (o B Al pandl) (§ aday g ABE2 30 (Mg Adasl 2o gall (§ iy
Making an appointment

DXA is not recommended if you’re pregnant. Tell your doctor if there’s any chance
you might be pregnant. If it’s critically important that DXA being performed during
..pregnancy

Tell your doctor if you recently had a barium exam or have been injected with a
contrast material for a computed tomography (CT) scan or radioisotope scan. You
.may have to wait 10 to 14 days before undergoing DXA
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24 hours prior to your exam

Take no calcium supplements

On the day of your exam

o Wear loose, comfortable clothing with no metal attachments such as
zippers or metal buttons.

e You may be asked to remove some of your clothing and wear a gown.

e You'll be asked to remove any jewelry, eyeglasses, removable metal
dental appliances, and any other metal objects that might interfere with
X-rays.
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After the exam.

Your test results will have two scores:

T score — This number shows how much bone you have compared with a young
adult of your gender who has peak bone mass. A score above -1 is considered
normal. A score between -1.1 and -2.4 is considered to be low bone mass

or osteopenia. A score of -2.5 and below indicates osteoporosis.

Z score — This number compares your amount of bone with others of your age,
gender, and size. If this score is unusually high or low, you might need further
testing.

If your results indicate osteopenia or osteoporosis, you and your doctor can
decide on a treatment plan that could include medications and/or lifestyle
modifications.
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Is DEXA aMRI? (s )

Magnetic Resonance Imaging (MRI) is frequently utilised to aid in the
comprehensive assessment of back pain, while dual-energy x-ray
absorptiometry (DEXA) is the gold standard test for the assessment of bone
density. Assessing bone density on MRI could reduce costs and avoid
exposing patients to ionising radiation.
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What are 4 symptoms of osteoporosis?

Back pain, caused by a broken or collapsed bone in the spine.
Loss of height over time.

A stooped posture.

A bone that breaks much more easily than expected.
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Is DEXA safe?

How safe are bone density (DEXA) scans. Bone density scans are very safe.
They use a much lower level of radiation than standard X-rays, which means
that the radiographer (the technical specialist carrying out the scan) can stay
in the scanning room with you during the scan.
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What 3 things does DEXA measure?

A bone density test is used mainly to diagnose osteopenia and osteoporosis .
It is also used to determine your future fracture risk. The testing procedure
typically measures the bone density of the bones of the spine, lower arm, and
hip.
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What is the difference between a CT scan and a DEXA scan?

DEXA is currently routinely used for determining bone mineral density,
because of the advantage that it is easily available, easy to perform, and has
a low radiation dose (0.009-0.027 mSyv). While radiation dose of Computed
Tomography (CT) is higher (0.06-2.5 mSv)
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What is the principle of DXA?

The DXA machine sends a thin, invisible beam of low-dose x-rays with two
distinct energy peaks through the bones being examined. One peak is
absorbed mainly by soft tissue and the other by bone. The soft tissue amount
can be subtracted from the total and what remains is a patient's bone mineral
density.
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e DEXA Accuracy and Calibration

Primary calibration

There are two tools used: an aluminium step wedge, and an acrylic
step wedge. Aluminium is used to calibrate DEXA to bone tissue,
acrylic is most similar to fat. By running tests of the scanner against

known quantities, we can determine if the DEXA is ready for client
tests.
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The acrylic block and the aluminium e are placed on top of each other to

provide a stepwise ladder system for electrons that have been excited by the
X-ray tube.

This allows our operations team to measure the functional amount of X-
ray that is reaching the detector on the other side. This is an analog process,
and only by running tests on these analog systems can we ensure quality data
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Daily Quality Assurance

Each DEXA scanner has to pass a daily Quality Assurance (QA) test before being
used by our technicians. This daily QA is performed with a block that has known
weight and approximations of each of the tissue type densities.
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Images for DEXA:
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SPECT Scan:

A SPECT scan is a type of imaging test that uses a
radioactive substance and a special camera to create 3D
pictures. This test is also known as single-photon emission
computerized tomography. While many imaging tests show
what the internal organs look like, a SPECT scan can show
how well the organs are working.
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What is a SPECT scan used for?

A single photon emission computed tomography (SPECT) scan is an
imaging test that shows how blood flows to tissues and organs. It may
be used to help diagnose seizures, stroke, stress fractures, infections,
and tumors in the spine.
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What is the difference between SPECT and PET?

The main difference between SPECT and PET scans is the type of
radiotracers used. While SPECT scans measure gamma rays, the decay of
the radiotracers used with PET scans produce small particles called positrons.
A positron is a particle with roughly the same mass as an electron but
oppositely charged.
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What is the difference between an MRI and a SPECT scan?

Objective: Magnetic Resonance Imaging (MRI) is often regarded as the gold
standard for spinal pathology, as it provides good structural

visualisation. SPECT-CT, however, provides combined structural and
functional information.
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What is the basic principle of SPECT?

SPECT takes conventional two-dimensional nuclear medicine images
acquired at different views around the patient and provides an estimate of the
three-dimensional radioactivity distribution using methods of image
reconstruction from multiple projections.
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Is SPECT used for lungs?

Evaluating non-small cell lung cancer treatment options with

SPECT/CT. Whenever a lung cancer diagnosis is determined, subsequent
medical imaging is often ordered for accurate assessment of lung function
and as a predictor of treatment success.
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Is SPECT a type of PET?

SPECT radiopharmaceuticals have similar design considerations as
described for PET but are based on gamma-emitting radioisotopes, such

as 99mTc, 123, 131 M|, 67Ga, 20171, 8'MKr, 133Xe. While PET has the
advantage of higher resolution and sensitivity, SPECT is more accessible and
cheaper.

SPET (o g 58 s (SPECT) cusnall (ahaddl gl Ja
PET & ;mage 58 WS ilas prana’ Gl e ) Je SPECT deladl) Li¥asall &l juasiiall (s ad
201T| (67Gg 11|y (131 (123] (9O MTc Jia clale (pa Camall L'?_'"J\ Axiiall ).:Ua.x]\ A;\r. dala L3S
ol 5 A geus ST SPECT Ol ¢ le V) Lpnlual) 5 4811 5 300y aiay PET O a8 . 133Xe (BIMKr
A

Table 1. A comparision of T&™™ and 2Tl sotopes.

Technet-99m Tal-201

Half-life Tz [h] 6.02 1
y photon energy [keV] 140 (98%) 1121?5 1:[32?;:]?'
Given mm[[::'. EF].& substance 10-30 h]
Method afi:;?:;gtiun of the Generator Cydotron

Mather radionuclide Molybdenum-99  Thallium-203
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What radiation does SPECT use?

There are three main tracers used in SPECT imaging: technetium-99m,
iodine-123 and iodine-131. The radioactive tracer then emits gamma rays (a
form of electromagnetic radiation), from the patient; which contrasts with the
PET scans which emit positrons.
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What are the components of Spect CT?

Main components of a SPECT camera are collimators, scintillation crystals
(mainly sodium iodide doped with thallium, Nal(Tl)), which are read out by
photomultipliers, and subsequent electronics. These components are
collectively referred to as detector.
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C L L T T T T T T T +— Systemof photomultipliers

Nal Crystal

Collimator
Figure 1. Construction scheme of scintillation gamma camera. Almast
only gamma rays parallel to the openings in the collimator
pass through the collimator.
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Which detector used in SPECT?

The most widely investigated detector materials for SPECT are cadmium
telluride (CdTe) and cadmium zinc telluride (CdZnTe or CZT), with CZT now
being applied in several commercial scanners. Gamma photon interactions in
semiconductors lead to the creation of electron-hole pairs.
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What is cardiac SPECT?

Cardiac SPECT (single photon emission computed tomography) scans — also called
myocardial perfusion imaging — are non-invasive tests that are used to assess the
heart's structure and function.
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What equipment is used in SPECT?

The most commonly used instrument in SPECT imaging is the conventional
gamma camera that was invented in the middle of the last century by Anger

(7).
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Does SPECT use contrast?
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Image contrast of SPECT is the difference in densities between regions of the
image corresponding to different levels of radioactive uptake in the patient.
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Is SPECT scan safe?

A SPECT scan is safe, using only a small amount of radiation, and the patient
experiences little to no side. No long-term health risks are associated with the
test.

What is SPECT in neurology?

SPECT is a nuclear medicine test and stands for Single Photon Emission
Computed Tomography. SPECT scans show brain function (what the brain is
doing), as opposed to CT and MRI scans which show brain structure (what
the brain looks like).
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Can a SPECT scan show depression?

They also found that SPECT could distinguish depression from CDs with 86%
accuracy. In addition, brain SPECT imaging showed the ability to distinguish
depression or dementia in people with both with 83% accuracy.
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