Radiology lec.5
Dr. alia al-hadidi

25/6/2012

Radiology films

       We need receptors to detect the photos going out in a non-homogeneous pattern to have a permanent record for the patients’ teeth.

Receptor wise we have 2 main categories:-         


 the type that has been used for more time and more commonly used in Jordan {Film based receptor} where we put x-ray tube on one side of the specimen and put film on the other side to detect the exiting photons. (Will be covered in this lecture). 



Digital receptors (will be discussed in the next lecture)
The main concept of both receptors is the exact same thing; the need of something that is sensitive to photons permanently and it will be interpreted as degrees / shades of white and black, and all the shades in between. It’s permanent for the next years. 
The size of the films is being symbolized by numbers from the smallest to the biggest (0 or 00(4). Depending on the region of interest and what structures to be included.
Plain films in head and neck, we have 2 types depending on where we put them:-


Intraoral (inside the mouth)

Extraoral (outside the mouth) 

 Ex. Panoramic / cephalometric / skull radiology.
Other criteria for the film classification:-

1) Direct exposure films ( films that are sensitive to exiting photons. 

2)  Indirect exposure films (films that are not sensitive enough for photons so we use something in between that’s sensitive to photons and produces light. The film will react with the light that is produced by the photons.

In dentistry: - direct exposure films ( intraoral 



  Indirect exposure films ( extraoral

· Direct ( since it has the ability to react directly with photons then its sensitive to photons / x-rays. We mean that there is something in the chemistry and physics of the constituent of the film making it sensitive to photons.
Examples of direct intraoral (primary and permanent teeth with the alveolar socket), they are small enough to fit in the mouth.1) periapical films centered on the apices of the teeth.2) bitewing film of the maxilla and mandible teeth at the same time whether they are big size for adults, or of smaller size for pediatrics.3) occlusals where the patients bite on them. 
· Indirect ( it needs an intermediate (screen) intensifying screen; this screen is sensitive to photons and produces light once photons hit it. The screen and the film are attached to each other in the same cassette. So the photons hit the screen, light will be produced that will hit the film in the corresponding area.
Cassette is a plastic box like a book can be closed and opened, inside it there is one sheet of film and one sheet of intensifying screen so that the screen is next to the patient’s head, the photons will get out of the patient’s head to hit the screen then to hit the film. The resultant radiograph will be presented after chemicals processing. The film is in between 2 intensifying screen in the cassette. 
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There are screens on both sides of film. Photons/ x-ray will hit the screen ( the screen will light up (produce light) and hit the film. The screen is called fluorescent material, any material that convert energy to light is called fluorescent and its divided into 2 main categories:-
1) Calcium tungestate (old material, not much sensitive and efficient) because not each 1 photon that hits the screen will produce 1 photon light, some energy is lost.
2) Rare earth material like titanium dioxide (much newer / more efficient), Gadolinium oxysulfide .
 Light that is produced is much more than the photons that hit the screen up to 20 folds and it’s significant for having a lower dose for the same intensity of light, the only reason to increase the exposure setting (irradiate the patient) is to have the needed intensity (black, white, and all the shades in between) but if we can get the same results with a lower dose then that would be a plus. That’s why the rare earth is most commonly used {high efficiency and coverage factor}; gives out lots of light for limited amount of photons.

· Old screen   ( blue violet
· New screen  ( yellow green 

But if I’m using rare earth and I know that the light that is produced is yellow green so would it be prudent to put with it a film that is sensitive to the blue light, we should choose a film that is produced in a way to be sensitive to the exact spectrum of light (match with it) to have the most efficient combination. {Light has different wave length ( with different energy}.
    **What’s the payback of converting photons into light?!
 The photons are passing in a straight line from the get go point, by passing through a small window in the x-ray tube so they are collimated then scattering occur but yet they are collimated. On the other hand, the light might go in lots of directions nothing will control the light to go to one direction. The idea is that the photon is giving energy to one of the atoms in the intensifying screen to produce light ( light will be scattered in all directions { unless we cover the area around the light source}, we cant make collimation to every single atom its just not practical and impossible.

The point that is supposed to be active is a pin point area, with the light being dispersed and going everywhere the area is not sharp thus losing sharpness and spatial resolution and that’s all due to using an intensifying screen. We are gaining efficiency and low dose but we are loosing little sharpness and resolution.
 extraoral large images like cephalometric and panoramic are not resolution limited like intraoral periapical where we are searching for periodontal ligaments or small sclerosis in the PA area. So they are more optimized toward the clinical question, and are used to count teeth, check missing or impacted teeth, intrabony pathology and trauma, most of these clinical cases don’t require a limited resolution like a cyst. we give up a little bit of resolution to have a lower dose, but in the intraoral that’s not really happening because we have much more details and should be precise with high resolution.

 This is the idea of fast screens, the fastest the intensifying screen is the more sensitive it is,  light convergence and scattering,  contrast and resolution. The fastest you go, you are loosing details, resolution and contrast.
A chart that shows different combination, no worries about names or any details, but the whole idea is about having a film / screen system combination according to the sensitivity. 100 is normal with no convergent factor and the intensifying screen is not multiplying the light, when you are going higher then we are going faster ( each photon produces folds of light. The more you are going down then the screen is not good, more exposure is needed to have a good radiograph. If we need a very sharp extraoral image we can just change the combination to the normal 100 for example. Most commonly used is 200 to 250 
* 800 ( much higher effectiveness, very fast (8 folds), exposure much less (1/8). The numbers don’t mean anything or KODAK numbers are different that other companies. But these are commonly used. 

* 20 is 5 fold less sensitive to 100 (100/5=20) , 5 fold more exposure, so practically its not used but still they are available if someone needs it in a clinical situation 

- Numbers are only relatively speaking.

** How to differentiate intraoral from extraoral radiographs?! 

1) Hazy and not sharp.

2)     Resolution due to the presence of intensifying screen. 

‑ The film components ( 3 main components 
1) Emulsion ( active part { single or double to increase the intensity} 

2) Base – just a plastic base – (polyester) in which emulsion sits on so we can handle it. 

3) Gelatin coating ( coating and external protection from scratching that attach everything together ) 

· Emulsion is the photosensitive crystals ( silver halides (silver bromide, silver fluoride, silver iodide) that will give us a radiographic image.
· We can change the sizes of the crystals thus changing the speed of the film. A large crystal any photon that passes from the area has a very big chance to hit this crystal it’s more sensitive to photons wither they are x-ray photons or a light photons so making it faster. But if the grain is very small, the photon should be directly hitting it or having too many photons to increase the chance of hitting the grain (statistic wise).

· linking resolution to how fast the film is and effective the receptor is:-

    small grain (        resolution so      speed and     dose ( mosaic by using very small stones you can change the size and color, details than using large stones like using 4 stones to make the face ) same thought process the grains are the constituents of image processing. 
Sensitivity and speed (A( F). A stands for the slowest, F for the fastest. {00( 4 size by numbers}
**remember: - radiation protection and health, combination of both collimation and faster film ( reduces the dose 65% to the patient.
Most commonly used nowadays F speed, before they used D speed. E speed was intermediate produced by KODAK that was trying some stuff and they weren’t too lucky so it’s not used, IT was temporary and you’ll not find it now.
Old uses ( D speed 
new uses ( F speed
the difference between them is 40-45% reduction in the patient’s dose, resolution is not being affected due to a new technology that is called tubular grains they make a smaller grains but not much small, its more about the orientation of the grain + the size of it. 

Diagnostic wise there is no difference between D and F. next to each other D looks a bit prettier than F. but evidence base there is no difference . F is as good as D due to the new tubular technology (tubular grains) have been there for 10-15 years and it’s faster.
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Emulsion Emulsion
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Emulsion changes during film processing. A, Before exposure, many silver bromide crystals
are present in the emulsion. B, After exposure, the exposed crystals containing neutral silver atoms
at latent image sites constitute the latent image (shaded areas in the crystals). €, The developer con-
verts the exposed crystals containing neutral silver atoms at the latent image sites into solid grains of
metallic silver. D, The fixer dissolves the unexposed, undeveloped silver bromide crystals, leaving only
the solid silver grains. (Courtesy C.L. Crabtree, DDS, Bureau of Radiological Health, Rockville, Md.)




X-ray photon gives it’s energy to the silver halides crystal atom producing energy, the pixels are activated as if the image is already there but you can’t see it. Now we have latent image in the silver halides tubules, other parts that are not exposed which will remains the same. When there is an object (or 3 stairs as in the dr. example) the photons will not pass through so activation will occur only to few grains. On the other hand, when there is no object (stairs as in the dr. example) more photons will pass so activation will occur much more. It’s a simple convey of energy (photons       , activation of the grains      ) thus having this part of the film black. 

**How can we convert the latent image into a real radiography ?! 
by chemical proccesing using 2 different chemical solutions to produce a visible image from invisible one ( latent image) the energy causes activation to see the anatomy and diagnosis to pathology.
We have 2 main ways (
1)manual proccessing. 

2) automatic proccessing.
- most good practises use automatic proccessing due to a better quality assurance, reproducibility
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- the exact main things happen in both, the 2 main solutions ( chemicals ) help us to produce visible image from latent image .
a) developer (developing) 
b) fixer (fixation) 
these are the two chemical proccessing steps.

 
developer ( rinse with water ( fixer ( rinse with water ( dry ( do the clinical interpretation.
 
**why do we wash in between?!

Inorder not to carry a chemical reactions from one solution to another. because these 2 chemicals one of them is acidic and the other is basic. Since each of them do something specific if we keep the film in the developer too much, as if im over exposing, causing more of the silver halides even if they are not activated to be developed. 
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A radiograph that is too light because of inadequate processing

or insufficient exposure.
These solutions should be:

 1) Of a govern concentration.
 2) Of a govern temperature.
 3) Not contaminated. 
 4) Not expired. 
 5) Of a govern duration of action.


 MA /    KVP (affect contrast ) /    time of developing (overdevelopment) /  developer temperature (hot)                       over exposed or dark image. 
 Processing is also affecting our equation.

 
 - squeezing action ( added in the automatic processing. The film will be moved from one tank to the other through wheel like something. When it moves it will be squeezed. Simply in order not to move developer to the fixer solution, otherwise the same thing is happening ( 
1) developing then rinse with water
2) fixation and rinse
3) drying and then it gets out to be mounted and interpreted in the clinical situation.

**Developer
A) Hydroquinone (main constituent + primary actor) that cause developing. It converts the silver ions halides (with + sign) into silver grains or atoms that is black. Black areas in radiography are due to silver atoms. 

B) Preservative for preservation.

C) Activator sodium carbonate for activation.

D) Restrainer for restraining (  the bottle itself) 
E) solvent ( water)
 
Developing the latent image is through converting the silver ions into silver atoms.  Softening of plastic and swelling of emulsion due to water presence. (More malleable, solution can inter).
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A radiograph that is too dark because of overdevelopment or overexposure.


      **fixer
A) Ammonium thiosulfate (main constitute + primary actor)
B) Hardening agent causes hardening to the film while the developer causes softening to it.

C) Acidifier.
D) Preservative
E) Solvent (water)

It cause fixation to the whole thickness of the film, intraoral is small with tiny thickness / extraoral is think especially if it was double emulsion films.
Latent images ( developing ( black to grey in color (developed silver), the unaffected area is still not affected its not yet touched while the film is in the developer solution. Then we take the film out and wash it with water then put it in the fixer that will harden the film so we can handle it and not to pollute our hands and damage, everything that is not activated (that doesn’t contain a latent image / containing no information) is disappeared and gone away by the action of fixer ( and when its washed out the plastic base is what remains which white or translucent in color. All that will gives us different intensities for bone / periodontal ligaments / enamel / dentine …
Note:  we can’t use a piece or part of panoramic film (extraoral) because there are no enough intraoral films (that don’t work due to the many differences between them. (Direct / indirect/ need an intensifying screen or not / resolution difference) so they are used for different clinical situations.
Saba Hawamdeh :D

Both look pretty colors








