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Image analysis and Errors
In radiology, we seek functional aspects when we take a radiograph, for example, when we take a periapical radiograph, we have to make sure that it fulfills all basic criteria for a periapical radiograph (i.e. we can see everything on the radiograph without distortion).
Taking an intraoral radiograph is not an easy task because it is an error prone procedure and this is due to operator reasons, receptor reasons, system reasons and patient reasons. So after taking the radiograph we have to look for errors and afterwards we decide whether to accept the radiograph and use it for diagnosis or to repeat it. 
Digital radiographs have a distinct feature not found in films which is that they can be overexposed up to a certain degree or underexposed up to a certain degree and still can produce an image. (If the film is overexposed, we get a dark image). This is because radiographs are sensitive to photons, so any photon they gain; they use it to produce some sort of an image.
The doctor is now showing us two different digital radiographs with 10 times difference between their exposure times, we can still see a full image (crown, root and amalgam restoration). However, these two radiographs differ in their quality; one of them has a grainy appearance.
Errors in Geometry
Geometry depends on the operator’s actions; where he places the film in the holder and where he places the holder inside the patient’s mouth.
Incorrect film packet placement

Example (1)
The doctor is showing us a periapical radiograph of lower posterior teeth and we cannot actually decide whether it is a premolar or a molar projection; it is not a premolar projection because it doesn’t show the distal surface of the canine and the mesial surface of the 1st premolar, it is not a molar projection because it doesn’t show a full third molar.
The error in this case is due to the wrong placement of the receptor whether it is a film or a digital receptor, this is known as incorrect film packet placement; the receptor is not covering the right anatomy because it is placed too anterior or too posterior or too high or it is tilted too much.
Example (2)
The dentist was trying to take a periapical radiograph of mandibular premolars of the left hand side, but this area was too sensitive for the patient so the dentist asked the patient not to bite on his teeth and he ended up with a radiograph that doesn’t look like a periapical radiograph, nor like a bitewing one, in this situation the film packet was placed too superior.
Example (3)

A picture is shown and you would think from the first sight that it is a bitewing radiograph tilted a little bit; the fact is that this radiograph was meant to be a periapical radiograph but it was tilted too much. When the radiograph is tilted too much, you start to lose apices and start to get the opposite teeth as well, that is why it looks like a bitewing radiograph. This is also an example of wrong film packet placement.
Overlapped contacts (Horizontal angulation).

In order to maximize the amount of contact opening, the beam should be directed at right angles to the contact area. In the mandible this is fairly straight forward. In the maxilla, though, the molar contacts are often directed mesially due to the triangular shape of the maxillary molars. This means the beam must also be directed from the mesial to open these contacts. Often times the reverse is done. The beam is directed from the mesial in the bicuspid area and at right angles or distal in the molar region. This will most often result in overlapped contacts. Hence, closed contacts are created by horizontal angulation error.
[image: image1.png]35

Optical
Density

09 15 21
Log (Relative Exposure)





[image: image2.emf]
Cone cut
The cone alignment is very important for a successful radiograph taking, what we have to do is to bring the cone close to the holder circle as parallel as we can. If there is a slight horizontal angulation in the cone, then we will get a closed contact even if the cone and the holder circle are close to each other. It is not about the circle; rather it is about how much the cone fits into the circle.

 When the cone is not aligned with the holder circle (i.e. they aren’t parallel to each other), part of the film will not be exposed to the x-radiation and will appear clear. This is known as cone cut.
[image: image3.emf]If the cone cut is not taking out of the anatomy that you should see in any particular projection, then it is not considered a problem.
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Vertical angulation
Changing the vertical angulations affects the length of the structure to be radio graphed; if it is too steep, it will cause shortening, and if it is too flat, it will cause elongation. This is clinically applicable in deciding the working length when performing a root canal treatment.
Bending

Bending of films for patient comfort, (for example, when the patient has a shallow floor of the mouth and he is asked to bite on his teeth, the film is going to bend) will also cause errors, as bending of films will cause elongation and distortion, and we are going to lose apices.

Basic image quality characteristics:
1. Spatial resolution: this is the capacity for distinguishing fine details in an image.
2. Contrast resolution: This is the ability to distinguish different densities in the radiographic image.
3. Noise : this is the appearance of uneven density of a uniformly exposed radiographic film  and it represents all the photons that do not carry actual real signals, it can be related to:
· The graininess of the film.
· The speed of the screen.
· The amount of scatter.
· Quantum mottle: statistical fluctuations due to the fact that not all photons carry the same amount of energy.

4. Radiographic density: it is a measure of the degree of film darkening; it is a measure of light transmitted through the film. This density can be measured as the optical density of an area of an x-ray film. 


The optical density is the easiest practical method to correlate the film image quality with the exposure setting. A plot of the relationship between the film optical density and exposure is called a characteristic curve.


This is only applied for films. For digital radiographs, the optical density is not used as we can’t shine light through it; we use gray scale instead of optical density.
5. Exposure; increasing the exposure time will increase the density of the radiograph.
6. Subject thickness; the thinner the subject, less beam is attenuated and the darker the resultant image.
7. Subject density; the denser the object, the lighter the resultant image is because they are strong absorbers (soft tissue is always darker than bone).
8. Subject contrast.

9. Film contrast; its effect is dependent on the type of grains that the film is made of and the scatter because scatter kills the contrast.
10. Beam energy.
11. Time.
Magnification

Everything that gets radio graphed in plane radiography is magnified, and this magnification is a function of:

1. Focal spot size.

2. Source to film distance.

3. Source to object distance.

These factors play together to give the net magnification of any radiographic technique.

Example

If the same object is placed close to the source or far away from it, it is going to give different lengths; when it is close to the source, the magnification will be more so it appears longer.
If the magnification is off to one side (not along the central ray), there will be a distortion and we end up with a change in size and shape of the object. 

Blurred distortion

How does a blurred distortion happen?

There is a divergent beam, and this beam hits the edges of the object. When the object is thick, the beam will go through more of that bulk of the material so the edges of the object will not appear sharp and this is what known as blurred object (lower resolution) and this distortion depends on the thickness of the object.
Sometimes we end up with magnification and distortion at the same time, and this depends on the site and the orientation of the subject.
A little explanation about PSP

PSP stores its image, so what happens when the old plate is not erased is that the PSP stores the new image over the old one, so on the radiograph, they appear superimposed on top of each other (i.e. you can see the new image clearly, and you also can see the old image as a ghost image on the same radiograph).
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As a summary: 


Premolars and molars are not aligned along the same line; hence the angulation that works for premolars projection doesn’t work for molars projection and vice versa…see the picture above.


Premolar angulation lies between the 1st and 2nd premolar.


Molar angulation lies between the 1st and 2nd molar.





A clear area representing a cone cut.





When the cone and the holder circle are not parallel to each other we will have:


Closed contact.


Cone cut.





You as a dentist have to think wisely when taking a radiograph, for example, when the crest bone level is not shown on the bitewing radiograph due to bone loss, you have to think of another option like taking a vertical bitewing radiograph instead of retaking it. This is what is known as the thought process.





You have to think about the image quality as a trade off; if you win something, you lose another thing, and it is all about the diagnostic task. For example: if you want a high speed, then you have to give a high dose.


 If you want less noise, then you have to reduce the dose.


If you want to use a lower dose, you will get a noise and a low resolution.











Optical density = log10 I0 /If 


I0 is the intinsity of incident light (from a viewbox).


If is the intensity of light transmitted through the film.





A characteristic curve shows that as exposure of the film increases, its optical density increases.
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