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High end Medical Imaging Equipment

High-end Medical Imaging©

Various new Imaging technologies have been developed over the last 
50 years or so.

Different imaging technologies create images of different aspects of the 
human body, e.g. ultrasound reflection, X-ray absorption, magnetic 
resonance properties etc.  

Therefore, each imaging technology has its own strength and 
weaknesses. Medical doctors, supported by clinical engineers, have 
been finding out what imaging technology best to use for various body 
segments and diseases. For example, ultrasound is preferred for fetal 
imaging, X-ray for bone fractures, MR for brain scans, Nuclear Medicine 
for some types of cancer.  

In the (local) absence of the optimal imaging method for an application, 
lower cost methods will often offer a reasonable alternative. 

composite image with data from different imaging 
technologies
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CT components

Medical Imaging©

1.x-ray tube
2.filters, collimator,  
3.internal projector
4.x-ray tube heat exchanger (oil 
cooler)
5.high voltage generator (0-75kV) 
6.direct drive gantry motor
7.rotation control unit
8.data acquisition system 
9.detectors
10.slip rings
11.temperature controller
12.high voltage generator (75-150kV) 
13.power unit (AC to DC)
14.line noise filter and a technical room 

with cabinets (and 
wires)

control room with lead glass screenCT gantry (inside)



CT images 
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CT delivers a series (stack) of 
transversal images (slices), in 
the plane of the CT scanner. 





MRI
Magnetic Resonance Imaging
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Resonance of the 
protons in the body
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MRI principles

High-end Medical Imaging©

• In a strong magnetic field, the hydrogen protons in body tissues 
are aligned. 

• When an electromagnetic (radio) wave pulse is transmitted, 
this disturbs the axis of rotation of these protons.

• Following the electro-magnetic pulse, radio signals are 
generated by the body tissues as the protons return to their 
baseline state. 

• These radio signals from the body are often collected by small 
antennae, called coils, placed near the area of interest. 

MRI scanners do not use X-ray, but strong magnetic fields, radio 
waves, and magnetic field gradients to form images of the body

So far there is no evidence that this method does any damage to body 
tissues  

Patient table Magnet
Head CoilEffectively MRI makes images of the hydrogen protons 

(the concentration of water) in the different body 
tissues.  
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MRI image display

High-end Medical Imaging©

MR allows making direct images stacks in all 
directions: axial, sagittal, coronal or anything 
in between. 

Also, 3D images can be constructed. 
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MRI application in brain research

High-end Medical Imaging©

Functional MRI
showing brain areas that are activated 

with certain patient activities

Diffusion Tensor imaging
showing nerve bundels in 

the brain 

Functional MRI (fMRI) is a ‘functional’ neuro-imaging 
procedure using MRI technology that measures brain activity 
by detecting changes associated with blood flow. This 
technique relies on the fact that cerebral blood flow and 
neuronal activation are coupled. It is used for research on the 
functioning of the brain. 

Diffusion Tensor Imaging measures where the 
properties of brain tissue are not the same in 
all directions. This is the case for nerve 
bundles: the wiring of the brain. 
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MRI technology

High-end Medical Imaging©

• MR systems use different magnetic field strengths: from 0.1 to 
3.0 Tesla. A 1 Tesla field is 20,000x stronger than the earth 
magnetic field. Stronger magnets give better image quality but 
are (much) more expensive. 

• Metal objects (screw drivers!) must be kept out of the neighbour-
hood of MR scanners. They will be jumping into the magnet. 

• Often, heavy shielding is required to reduce the magnetic field to 
acceptable levels outside the MR room. 

• The strong magnetic fields are usually generated by means of high 
electric currents through wires running around the patient. In order 
not to generate a lot of heat, the magnet wires are cooled to close 
to zero degrees Kelvin (-273oC), so that the wires become super 
conducting: the wires have zero resistance at this temperature and 
no heat is created. For the cooling, liquid Helium is used. This must 
be regularly added (‘consumable’).
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MRI maintenance

High-end Medical Imaging©

MRI scanners are even more complex than a CT 
scanner or an X-ray system. No chance to fix 
anything outside the obvious if you are not a well-
trained specialist. A modern MR scanner has a lot 
of ‘service software’ on board to help the service 
engineer diagnose the system. This software is 
usually not accessible for the user. 

Maintenance contracts are obligatory.  
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PET principles

High-end Medical Imaging©

In PET applications a small amount of specific radio-active pharmaceuticals is 
injected into a patient. These pharmaceuticals spread throughout the body, but 
especially concentrate in specific organs/tissues, depending on the 
pharmaceutical used. 

In PET, the radio-activity means that positron 
particles are emitted by these 
pharmaceuticals. 

The positrons emitted from the pharmaceutical collide with free electrons in the 
body, get annihilated and emit 2 gamma photons in exactly opposite directions. 
These gamma photons are detected by the crystals in the PET scanner. The crystal 
is a scintillator that converts gamma photons into visible light. Only when two 
gamma photons are detected at the same time, it is counted as an ‘event’. 

After collecting such events over a significant period of time (30-60 minutes), 
cross-sectional images are made. 
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NM 
Nuclear Medicine

based on radio-active 
materials injected into the 

patient
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NM Applications (examples)

Medical Imaging©

2D Bone Scan Cardiac Technetium study 
mapping metabolism in the heart

Thyroid scan for evaluation 
of hyperthyroidism 
(too large thyroid)
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Other
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Teleradiology

Medical Imaging©

Teleradiology is gaining wide popularity, also in developing 
countries.  

Teleradiology is the transmission of medical (X-ray) images 
from one location to another for interpretation by a trained 
professional. It can be used to allow rapid interpretation of 
emergency room examinations after hours of usual 
operation. It can also be used to support small hospitals in 
rural areas which have an X-ray system, but no radiologist. 

Teleradiology requires a sending station, an internet 
connection, and a high-quality receiving station. At the 
transmission station, plain radiographs are passed through a 
digitizing machine before transmission, while CT, MRI, 
ultrasound and nuclear medicine scans can be sent directly, as 
they are already digital data. The computer at the receiving 
end will need to have a high-quality display screen. Reports 
are then transmitted to the requesting clinician.



END
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