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	Which Imaging Technique?

	
	
	


This sheet gives a quick summary of the different types of imaging technique available in the Diagnostic Radiography Department at Faratron City Hospital.

Have a look at your Glossary (Handout) if there are any words you don’t understand.

Computerised Axial Tomography (CT or CAT)

Modern CT scanners allow three-dimensional images to be built up from two-dimensional X-ray pictures.

These images are created using an X-ray source, which rotates around the patient. The patient is positioned on a moving table and a large number of scans are taken as the patient passes through the CT machine. These images are then combined using a mathematical process called tomographic reconstruction.
CT scans are used for the diagnosis of head injuries, brain haemorrhages, some types of lung disease such as pneumonia and cancer, abdominal conditions such as kidney and bladder stones, appendicitis and bowel obstructions. CT scans are also frequently used for imaging complex fractures, especially those around joints.

Gamma camera

Gamma cameras are used to image the flow of blood through the heart. This is called cardiovascular imaging.
A patient is injected with a radioactive compound and then they exercise on a treadmill. The gamma camera detects gamma rays emitted as the compound decays while it flows through the circulatory system. The imaging process can be repeated after the patient has rested. This produces two images which can be compared to reveal changes in blood flow to the heart.
Different combinations of isotopes and other chemicals can be used to allow the gamma camera to image other organs, such as the liver.
Gamma rays have a very high energy and if we are exposed to them for too long or in too great a concentration they can cause damage to our cells, which may ultimately lead to the growth of tumours. Gamma rays are more penetrating than X-rays and are produced by nuclear processes within an atom. For these reasons they cannot be used in the same way as X-rays.

Magnetic Resonance Imaging (MRI)

MRI machines create a magnetic field many times stronger than that of the Earth. They are built with a ‘tunnel’ through them so that patients can be placed inside this field, which causes hydrogen atoms within the patient’s body to line up in one of two ways. A radio signal sent into the body at the correct frequency can cause these atoms to resonate, taking energy from the signal.  As biological tissue contains plenty of hydrogen in differing amounts according to the tissue type, this signal can be used to produce detailed images of the inside of the body.
MRI is particularly useful for investigating delicate areas of the body such as the brain, because the energy carried by the radio signal is very small. Higher frequency signals could be used but they are much more likely to cause damage to body tissues as they have more energy.
MRI can be used for diagnosing infections in the brain, spine and joints, visualising torn ligaments in the wrists, knees and ankles and diagnosing strokes in their early stages.

Positron Emission Tomography (PET)

Gamma cameras are used to image the flow of blood through the heart. A PET scan can provide images of blood flow or biochemical functions such as glucose metabolism in the brain.
A patient requiring a PET scan is given an injection containing a short-lived radioactive isotope. As the isotope decays it emits positrons. These particles are the antimatter counterpart of electrons. When one of these positrons collides with an electron they annihilate and produce a gamma ray.
In order for the gamma rays to be detected, the patient is positioned on a flat table inside a doughnut-shaped structure which contains gamma ray detectors. These detectors send signals to a computer that produces images in the form of a slice through the patient’s body.
The table moves the patient through the detector step by step so that the area of interest can be imaged as a set of slices. These slices can then be assembled into a complete three-dimensional image of the relevant area.

Thermology

Thermology is sometimes called medical infrared imaging or tele-thermology and uses high resolution infrared cameras to scan areas of a patient’s body.
Thermology works by monitoring skin temperature and can be used for detecting the early signs of breast cancer.
It also has applications in dentistry, neurology, orthopaedics and vascular medicine or cardiology. It works on the basis that sites within the body which are suffering from infection of one kind or another are often hotter than surrounding healthy tissue. This is due to the action of the immune system. This temperature difference can be spotted by sensitive infrared cameras and the site of an infection can be located.

Ultrasound

Ultrasound scanning uses sound waves in the range of 1 to 5 MHz in frequency. These are way beyond the maximum frequency that a human can hear (about 20 kHz).
They work by using a piezoelectric transducer to transform electrical energy into high frequency sound energy. This is produced in short pulses around 10 microseconds in length with a gap of a few hundred microseconds between pulses. During these gaps the transducer is in receive mode, listening for reflections.
Sound is reflected back to the transducer where there are boundaries between different tissues or materials. The reflected sound produces an electrical signal which is processed by computer to produce an image.
Ultrasound scans are used to produce images of foetuses in the womb and delicate organs such as the brain, eye or heart. Ultrasound scans of the heart are called echocardiograms.
With an ultrasound scan there is no risk of the kind of cell damage that may occur from repeated exposure to X-rays or gamma rays.

X-rays

X-rays are high-energy electromagnetic radiation and can be produced by firing high energy electrons at a metal target. X-rays are absorbed by all tissues in the body but the extent to which they are absorbed depends on the density of the tissue. Bone, for example, will absorb more than muscle as it is denser. This can be used to create an image on a photographic plate.
The best images are of areas where there are types of tissue with a large difference in density, as this gives the image the best possible contrast.
Use of X-rays needs to be carefully controlled because when they pass through tissues they can remove electrons from their atoms, causing ionisation. This can damage molecules which are vital to cell function and may cause mutation which can lead to the development of cancers.
For this reason, radiographers ensure that patients’ exposure to X-rays is kept to an absolute minimum. X-rays are only given when absolutely necessary but are useful for imaging bone breaks and other injuries to the skeleton.

