        Dental Radiology
 Lec:         د امل رؤوف                                                            
Radiation : a form of energy carried by waves or stream of particles .Also it is the transmission of energy through space and matter . It may occur in two forms :
1- Particulate radiation 

Consists of atomic nuclei or subatomic particles moving at high velocity .Alpha particles , beta particles and cathode rays are examples of particulate radiation .

2- Electromagnetic radiation 

Is the movement of energy through space as a combination of electric and magnetic fields . Gamma rays , x- ray , ultraviolet rays , visible light , microwaves , and radio waves are all examples of electromagnetic radiation .
Dental Radiograph  : A photographic image produced on film by the passage of x- ray through teeth and related structure       .

X- Radiation : a high –energy radiation produced by the collision of a beam of electrons with a metal target in an x- ray tube . 
X-ray belong to electron and made of discrete unite of energy called (quantum ) or (photon ) .
The photon carries energy and the amount of energy carried by a photon is depend on the frequency and wave length of the radiation .

  Photon energy = Frequency  X  Wave length                                         

Short W. L ===  High Frequency === more energy 

Long W. L === Low Frequency === less energy 

The wave length of the x- ray are so short that they are measured in Angstrom units .

   A = 1\  100 000000 cm

X- ray wave length used in diagnostic radiation range (0.1 – 0.5)A
Similarities between visible light and x- ray :

1- Both travels in straight lines .

2- Both not affected by magnetic field .

3- Same speed for both , about (186 000 )miles \sec .

4- The X-ray radiation and visible light belong to electromagnetic radiation .

The major differences between visible light and x- ray :

1- Due to the short wave length of x- ray , it can penetrate some opaque materials , while the visible light can't , because it has long wave length .

2- The x- ray can produce fluorescence in about 1000 substance , but the light can't 

3- X-ray has the ability to ionize atoms while the light can't 

4- The x- ray is invisible like the light 
X-ray machine consist of :

 1- The component parts 
 2- The x- ray tube 

 3- The x- ray generating apparatus 

1- The component parts :consists of 

A- The control panel : contain ;

1- on – off switch ,and indicator light 

2- exposure button , and indicator light 

3- control devices ( time , kilovoltage , and milliamperage selectors )

             B-The extension arm :allows for the movement and 

                                       positioning of the tube head 
              C- Tube head: is tightly sealed ,and the component  
  Parts of the tube head are: 
1-Metal housing : surrounds the x- ray tube head and transformers , it filled with oil ,it protect the x- ray tube and grounds the high – voltage components .

2-Insulating oil : it prevents overheating by absorbing the heat created by the production of x- rays .

3- Transformer :is a device that used to either increase or decrease the voltage in the electrical circuit 
In the production of dental x- rays , three transformer are used

a- step – down transformer :is used to decrease the voltage from the incoming 110 or 220 volts to 3 to 5 volts 
b- step –up transformer :is used to increase the voltage from the 110 or 220 to the 65000 to 100 000 volts required 

c- an auto- transformer :serves as a voltage compensator that corrects for minor fluctuations in the current .
4-Aluminum filter :disks or sheets of 0.5 mm placed in the path of the x- ray beam , they filter out the non – penetrating , long wave length x- rays 

5-Lead collimator :or lead plate with a central hole , it restricts the size of the x- ray beam 

Diagram of the 

x- ray tubehead
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X-ray tube :is the heart of the x- ray generating system . The X- ray tube is a glass vacuum tube from all of the air has been removed , because if there is air there will be an interaction with air or gas molecule , and this interaction will prevent the electron from reaching the anode .
The component parts of the X –ray tube include :

A-leaded – glass housing :  is a leaded glass vacuum tube that prevents x- rays from escaping in all direction . 

              B- a cathode ( - ve ) : consists of tungsten wire 
                   filament in a cup – shaped holder made of                 
               molybdenum . the purpose of the cathode is to 
                    supply the electrons necessary to generate x- rays .
               c- anode ( + ve ) : consists of thin tungsten plate 
                    embedded in a solid copper rod . The purpose 
                     of the anode is to convert electrons into x- ray 
                      photons .
Diagram of the
x- ray tube .
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Generation of the X – ray :

When the filament in the cathode is electrically heated , a cloud of electrons is formed in the vacuum . When the high voltage circuit of the x- ray tube is activated , the electrons are repelled from the cathode and attached to the anode .

The speed with which these electrons travel across the gap between the cathode and anode depends on the potential difference between the two electrodes , the potential is controlled on the x- ray machine panal by a kilovolt selector .

Only (0.2 %)of the kinetic energy will converted into x- radiation at 65 kVp and the remaining is lost as heat .   
The heat must be transmitted to outside of the tube otherwise the tube will be severely damage . The heat is carried away and absorbing by the insulating oil in the tube head . 
The x- ray produced are emitted from the target in all directions , however , the leaded – glass housing prevent the x- rays from escaping from the tube .

Selection of target material :

The ideal target material should have the following properties :

1- High melting point 

2- High atomic number 

3- High degree of thermal conductivity 

4- Low vapor pressure at high temp 

So the tungsten is the best target material .

Focal Spot : it ,s an area on the tungsten target from which x- ray photons are emerged .
The smaller the focal spot , the sharper the radiographic image .

Interaction of X- ray with matter : 

X- ray are absorbed by any form of matter (solid , liquid , and gasses ) .When photons reach on atom 4  things can happen :

1-Photon can pass through the atom without any thing change occurring to either the atom or the photon .
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2-It can be deviated from it's direction by the atom without any change in the atom , but the photon after deviation become a photon of scattered radiation (coherent scattering 
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3-Photon can strike an electron of the atom and be completely absorbed, and this called (photo electronic effect ) .
Under this condition , the electron of the atom is accelerated out of it's orbit and become photo electron , this photoelectron gives of it's kinetic energy by colliding with other electrons of other atoms or by interaction with nuclei of the atoms and producing electromagnetic radiation of long wave length .
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       4-  When x- ray photon hit an electron of atom and gives up
              only part of it's energy , this called (Compton effect ),

         the result is an electron that travel of high speed and    
          photon that change it's direction , so photon become 
          with low energy and long wavelength .
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So , when x- ray are absorbed by matter positive and negative ions are created along with secondary radiation . 

Filtration :

The x- ray of the longer wave length not use in diagnostic radiation and are more or less removed from x- ray beam by making the beam pass through the Aluminum disk (filter ) , these disks may built into the machine by manufacturer or may be added by the dentist . 

We have 2 type of filter : 

1- Inherent or Built : is a filter that cannot remove from the machine , which consist of :

a) The glass of the x- ray tube 
b) The oil surrounding the tube 

c) Any plastic pointed cone attached to the head of the x- ray machine .

2- Added filter : which is the sum of all extra filters 

Total filtration is the sum of inherent and added filtration . 

Collimation :

Control the size and shape of x- ray beam . It made from lead with a hole in it's center used to control the size and shape of x- ray beam . 

The hole is either round or rectangular in shape . 

Rectangular collimation reduces patient exposure more than the round collimation because it produce a beam slightly larger than size of intra oral film 

Primary Radiation :

Energy emerging from tube head in a collimated useful x- ray beam . 

Secondary Radiation :

Is the radiation resulting from interaction of primary beam of x- ray with matter , this secondary radiation consist of :

1- scattered radiation of primary beam .

2- Characteristic radiation .

3- Leakage radiation from the tube head . 

Half – Value Layer :

Is a method used to monitor or the penetrating quality of the beam . Half –value layer is determine by placing filtering material such as Aluminum filter in front of the beam , so the thickness of this filter need to reduce the number of x- ray photons passing through it to one half ,is present to half – value layer for this beam of radiation .
The higher half – value layer , the more is the penetrating ability of the x- ray beam , and in oral diagnosis , the half – value layer of the beam is approximately 2mm of Aluminum .
Inverse Square Low : 

States that the intensity of x- ray inversely proportional with square of distance measured from the source of radiation to the point of measuring the radiation intensity :

  I           ( D)                             I  = Intensity 

___  X  ____                             D = Distance 
  I           ( D )

Intensity :the number of photon per unit area .

Rectification :

The x- ray beam used in dentistry is not a continuo stream of radiation , but comes from the tube as pulses .The frequency of which depends on the number of cycle per second of Ac current . 

  ex :  if 60 cycle Ac current activates the tube , then 60 pulses of x- ray per sec . will be emitted from the tube . 

Each pulse of radiation last 1\120 sec . ,once there are no electrons at the anode to carry it across to the cathode .Thus the current is blocked from traveling in that direction .

So , Rectification  : is the process of converting ( Ac ) to direct current ( Dc ) . A rectifier essentially eliminates the negative phase of Ac leaving the positive voltage to be as Dc . 
