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NOTES:  

· mA affects the number of photons.

· kVp affects the contrast , it changes the energy of the beam, so in filtration what we do is exclude the low energy photons & that helps the patients in reducing the dose.

· Collimation will decrease the scatter.

· If I took intraoral film & the x-ray was too dark this shows one of these (prolong exposure (time) , kVp was high or mill amperage.
how can we differentiate between these 3 options ?!

By contrast , which is linked to kVp .

Quality of the beam 
Inverse square law ; related to :
· Radiation protection ( if u r endodontist & have ur own dental clinic ,so u do alot of endo treatment & mainly getting radiographs while u r in the clinic without getting out ,soo if u don't have a shield to protect u ,u have to keep away some distance & certain degree around the patient which is the safest place to be in not near the x-ray tube or near the patient ,there is some rules to be followed(as we get away from the x-ray tube, the less exposure to the scattered radiation).
· Image quality(if I want to take radiograph for a patient , I have to bring the machine close to him in order not to lose the beam intensity soo having better image quality.  
Soo this law (there is certain radiation is emitted from certain point or reference (X) ,at this (X) there is certain intensity ,but :

Area = distance x distance = X^2  

Intensity is the distribution of photons over an area (soo if I double the distance (X) (the area will increase 4 times .And if I increase the (X) 4 times ,the area will increase by 16 and so on .

When I become closer (the beam intensity is highest (the darkest image & vice versa.
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Ty is the initial intensity of radiation, dy is the initial
distance, and d; is the final distance, and I is the final
intensity.
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From the formula (there is inverse, non-linear relationship.
Again ( x-ray production :
1. Bremsstrahlung radiation : the sudden stopping or slowing of high-energy electrons by tungsten nuclei in the target(anode) producing bremsstrahlung photons ,the primary source of radiation from an x-ray tube. These electrons directly hit the nucleus of a target atom & all the kinetic energy will transformed into a single x-ray photon. this mechanism is very imp cause later on we will talk about other mechanism but it happens in the patient's head (outside) & instead of electrons entrance ,there will be photon entrance cause we r dealing with x-ray interactions with biological tissues.
2. Characteristic radiation :contributes only a small fraction of the photons in an x-ray beam. Occurs when an incident electron ejects an inner shell electron from the tungsten target(anode) ,what happens later that outer shell electron is quickly attracted to the void in the deficient inner orbital ,when the outer orbital electron replaces the displaced electron, a photon is emitted with an energy equivalent to the difference in the 2 orbital binding energies. 

X-ray interactions( reaction of photon with the biological structures)
1. Coherent scattering : when the primary beam goes & hits any absorber (assume its wood stick) there is 3 options :
· scattered (change its direction & it could be all the way in or reflection as the mirror & this depends on the energy of the photon & the density of the material itself.

· Transmitted ( no change in the direction ,it enters & leaves from the other side at the same degree & this depends on the quality of the absorber.

· Absorbed(all the energy gets impacted within the absorber without getting out from the absorber.

Note: photon is electromagnetic ,it has all the wave characteristic so it is oscillating . each atom has resonance(oscillation) otherwise we all will be on the zero Fahrenheit ,cause the atom will be stopped there 

             Sooo in coherent (photon will enter ,change its direction ,changing the atom resonance by giving some energy & mainly require low energy photon. but this doesn't help the maxillofacial doctors ,cause they don't rely on low energy photons ,soo in coherent ,the energy of photons doesn’t change just it changes its direction.

2. Photoelectric interaction : here the photon has high energy ,it gets all the way to the inner shell orbit electron ,it knocks it out & then outer shell electron is quickly attracted to the void in the deficient inner orbital replaces the displaced one. (same as the characteristic radiation ,which we talked about ,but this happens in different time in different place). From health hazards point of view(this affects the patient himself ,cause this all amount of energy getting impacted inside the patient's head ,but it will not affect the operator at all .

3. Compton scattering :what happens here is the photon will enter not to the inner shell orbit electron , it will enter just to the outer shell orbit changing its direction & transmitting some energy (same as bremsstrahlung radiation) .here the photon enters & knock the outer shell orbit electron losing some of its energy ,but still this photon bearing a little amount of energy ,so this may affect other cells. From health hazards point of view(this affects the operator cause these photons may scatter & get out from the patient from the other side ,soo affecting the operator if he/she isn't using a shield or standing at the right distance.
Q : why sometimes photoelectric happens & sometimes Compton ?!?! it depends on :

· Energy of the beam.

· Density of the tissue(photoelectric
· Electron density (amount of electrons) (Compton (as electron density increases, the chance to hit outer shell orbit electrons will increase).

The doc said that u have 2 read these previous concepts from the book , I've mentioned some not all of them ,soo plz check it if there is sth else !!!

Note : secondary electrons : these r the inner/outer shell orbit electrons ,due to secondary interactions of photon with the matter ,these electrons may go from one atom to another until losing its energy or give radiation (x-ray production) its imp in order the energy will propagate from one atom to another.

These interactions leads to resultant image (lets think in hypothetical situation where all the photons enter the patient's head & getting out from the other side unaffected(this will not give an image (black) ,soo how can we differentiate between dentin ,enamel, amalgam & gutta percha ?!??

By attenuation which gives different shades ,some r whitish & other r black in color & areas in between are grayish. for example; amalgam is too hard & has high density ,soo its going to attenuate the photon in a different degree compared to ur mucosa.soo radiology its all about attenuation, without  it there is no radiographic images !!!
Factors affecting attenuation : 

1. scatter radiation (it kills the contrast ,so it doesn't give the good image for exact attenuation of the anatomy which was exposed.

2. thickness & mass(the more the thickness of the tissue , the better the absorber the tissue, the better attenuation.

3. energy of the beam( low energy beam (easier attenuation & vice versa.

Reconstruction bar (step wedge) : its metal aluminum piece has a ladder shape, which having 2 ends : thick & thin . there is difference between Ti ,bone, teeth, interarch fixation & soft tissues.

These steps have known measurements like 1 mm . we took the energy on different kVp ( 1st kVp=100 then 70 then 40 ,we can notice that at a certain point when the kVp was 100 there was certain shade that’s differs from the same point when the kVp is changed (70 or 40) .the thickest end the shade getting lighter to white (more attenuation) while the thinnest end gets darker to black & the middle different grades of gray color , soo energy affects contrast.   

          [image: image3.jpg]


   [image: image4] 
[image: image5.jpg]



Why all the world pay attention to the radiation ?!?!?
Because there is revolution in the number of machines that produce currents & the skills being practiced. Before 1 year in Newyork times newspaper showed that one of the hospitals in California ,they expose the patients to a radiation that exceed the needed dose by 50 times without any aim or scientific evidence to increase the image quality for example. If we r talking about dentist in his own clinic ,max number of patients that he would see 20 patients/week on avg  ,so u may don't notice the hazard of overexposure to radiation between these 20 patients ,but in reality this is not the case … !!! there is policies that being applied on societies ,how many intraoral radiographs are being taken in the whole world ?!?!? lets assume that there is a chance to have sequamous cell carcinoma after overexposure to radiation (this would be 1/1 million individual ,that seems to be negligible amount which 1 person from 1 million person who would develop cancer ,but if we r talking about 60 millions (then we r talking about 60 person develop cancer ,which is significant number ,its not trivial to neglect. So dentistry is entire career life ,u have to be careful in using radiographs ,u may say that 1 periapical x-ray will not cause a problem ,but again & again over time it may show abuse & lead to a cancer. 

ALARA principle :

This is the guiding principle of radiation protection everywhere including the dental office.
(Keep radiation As Low As Reasonably Achievable)  (reasonably achievable is very suitable word ,cause if its low ,its not useful anymore & this is helpful in our management ; not all dentists have  apex locator even the ones the do have one ,they all need to have a radiographs . in such cases ,soo u can't go lower than reasonably achievable.
Units of radiation :

Radiation is photons that we can't measure it by Kg or Ounces (soo we need a certain units to express it.

1. Exposure : roentgen (R) 

1 R : amount of radiation that produces in 1cc of air 2.08 X 10^9 ion pairs 

SI : Coulomb /Kg

2. Absorbed dose :energy imparted by a radiation to the matter. Measured by rad .
3. Equivalent dose (REM): used to compare the biologic effects of different types of radiation which could be : ( particulate ,electromagnetic ,α ,β ,γ & x-ray).for example;  α particle has very good ionizing radiation but x-ray doesn't have mass ,soo not good ionization. 
4. Effective dose : a means of expressing the radiation induce risk to the whole body eventhough the whole body was not exposed. Sum of the products of the equivalent dose to each tissue/organ & the tissue weighting factor. This is the most common unit used.

Note : the effective dose : different tissues have different sensitivity to radiation , so a muscle has sensitivity to radiation different from the bone marrow. this sensitivity being imparted in a formula by weighting factor ,every tissue in the body has weighting factor being achieved already when America has bumped Hiroshima & Nagasaki ,so they noticed that people being exposed to that bump(radiation) & their offspring & neighbors in the area having the highest dose ,but for the adjacent areas having the lower doses ,soo these people being used to make long term scientific research by watching how many of them develop leukemia , kidney tumors, intelligence changes .this weighting factors varies from time to another which that last revision in 2009 ,they noticed that the salivary glands are the most sensitive to radiation ,so this tissue shows increase in weighting factor.

5. Radiosensitivity (curie) : describes the decay rate of a sample of radioactive material. Sensitivity varies directly with :

· rate of proliferation (any tissue proliferates in a faster manner ,will be more sensitive than a tissue proliferates slowly or don't proliferate, cause radiation effect is more on the DNA .

· number of future divisions.
Indirectly with :

· Degree of differentiation (if its not well differentiated , it becomes very sensitive cause DNA will be more complex . 

Exception : 

1. small lymphocyte

2. oocyte 

( these 2 cells the most sensitive cells to radiation although they are fully mature. 

Good luck (
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