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X-RAY 

 

Lecture No.2                                                       
 

Central x-ray beam: 
    It’s the useful x-ray beam that’s created at the centre of the focal spot 

&emerging through the window of the tube in the form of streams of 

photons traveling inside the cone. 

 

How we can control the size &shape of x-ray beam: 

1. Size,we must control the size of the beam that reaches to the skin of  

patient ,so that to minimum the harmfull effect . 

2. Shape,can be controlled by using collimator. 

Inverse Square Law

The intensity of radiation varies 

inversely as the square of the 

target-film distance

* target = source, focal spot, focus

*
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Radiopaque &radiolucent: 
     Because the absorption of the x-ray is proportional To the object 

density,the higher the density(high atomic number) the higher the 

radiation absorption..called radiopaque… 

The lighter materials such as (soft-tissue,pulp,anterior filling,acrylic)the 

x-ray can penetrate them easily so they are called radiolucent.. 

 

Filtration: 
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filter

PID

The aluminum filter 

is usually located 

in the end of the 

PID which attaches 

to the tubehead.

 
pass only x-ray beam photons with sufficient energy to penetrate through 

anatomic structures&reaches the image receptors&represent the usefull 

x-ray beam for diagnostic radiology..i.e The process of removing low-

energy x-rays from the x-ray beam 

 

    Its an  aluminium disc  used to remove long wave x-ray, which has an 

important  use in diagnostic dentistry, we have two types of filtration: 

1-built in:it’s the filter that can not  be removed from the x-ray machine 

 -glass tube of x-ray tube. 

 -oil bath surrounding the tube. 

 -barrier materials that prevents the oil from escaping.. 

2-add filter: 

Which are the other extrafilters. Usually 1.5-2.5 mm aluminium disk 

placed over the port  in head of the x-ray machine. 

3-Total filter: is the sum of the above two. 

 

Collimator: 

Collimation: Regulates the size 

and/or shape of the x-ray beam.

filter

Collimator

PID
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collimated 

beam

collimator

target

(x-ray source)

front views

Collimation

2.75 inches (7 cm) = maximum diameter of circular beam or maximum 

length of long side of rectangular beam at end of PID.

 

    Is another device through which the emerges x-ray must paned 

through,to control the shape &the size of the final x-ray beam &its made 

of steel  with an aperature in the middle,which is put after the filter in the 

pathway of the final x-ray beam.round &rectangular collimators are most 

frequently used in denistary..the dental x-ray beam are usually collimated 

to a circle of 7 cm in diameter. 

Collimation 

 

Quality

Quantity

average energy

number of x-rays

 

(10) (20)

Quality  vs. Quantity

kVp

mA

Time 

Filtration

No change

No change

Collimation No change
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Absorption of the x-ray: 
        

     X-ray photons can be absorbed by any form of matter(solid ,liquid 

,gases)when these photons reach an atom ,one of the following can 

occur: 

1. the x-ray can pass through the atom whithout any change-taken 

place to the atom or photon. 

2.      can be deviated from its pathway by the atom without any 

change to the atom,this photon(cease to exist) now become photon 

of scattered radiation,with the same energy (coherent scattering). 

Represent 8% of all interactions in dental x-ray. 

Coherent Scattering

Low-energy x-ray interacts with 

outer-shell electron and causes it 

to vibrate briefly. Scattered x-ray 

of same energy as primary x-ray 

is then emitted, going in a 

different direction than primary x-

ray. Electron not ejected from 

atom. (No ionization).

Coherent Scattering

 
3.      It can strike an electron of the atom and  accelerate it from its 

orbit and becomes a photoelectron …..the x-ray photon will be  

completely absorbed &will be a photon electric effect..A 

characteristic radiation can be emitted when a  photoelectron 

originated from the inner orbit of the atom(causing ionization to 

the atom) & this inner electron can be replaced by an outer 

electron. Represent about 30% of the absorped photons in dental x-

ray.   
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Characteristic X-ray Production

L
K

M
High-speed electron 

with at least 70 keV

of energy (must be 

more than the 

binding energy of k-

shell Tungsten atom) 

strikes electron in 

the K shell

Ejected electron 

leaves atom

Recoil electron 

(with very little 

energy) exits 

atom

vacancy

 

photoelectron

primary x-ray

Photoelectric Absorption

The primary x-ray strikes an inner-shell 

electron, knocking it out of its orbit (ionization). 

The x-ray loses all of its energy and disappears. 

There is no scatter.

 
4.     There will be a Compton scattered radiation, represent about 

62% of absorped photons in dental radiology..this resulted from x-

ray photon interact with outer shell electron of the atom result in a 

Compton electron &the resultant x-radiation is Compton scattered 

one with slight loss of  its original energy.i.e. Outer shell electron 

ejected (Ionization)Scatter radiation results. 

recoil electron

scattered x-ray

Compton Scattering

primary x-ray

The primary x-ray strikes an outer-shell 

electron, knocking it out of its orbit (ionization). 

The primary x-ray loses some of its energy and 

continues in a different direction as a scattered 

x-ray. 

 



 

 

 أ.م.د. اسامة مراد ابراهيم

كلية طب  –جامعة تكريت 

 االسنان

Annual Radiation Exposure 

360 mrem (3.6 mSv)/yr = 3600 µSv

Radon

Cosmic

Rocks/soil

Internal

Medical x-rays

Nuclear medicine

Consumer products

Other sources

 

Units of Radiation Measurement

Roentgen (R)   Coulombs per kilogram

rad Gray

rem Sievert

Roentgen (R)

Radiation Exposure (in air)

SI unit = coulomb/kg

Units of Radiation Measurement

 

rad

radiation absorbed dose

(in tissue)

SI unit = Gray (Gy) = 100 rads

1cGy = .01 Gy =  1 rad

Units of Radiation Measurement

 

rem

roentgen equivalent man

compares effects of different 

types of radiation

SI unit = Sievert (Sv) = 100 rems

1cSv = .01 Sv = 1 rem

Units of Radiation Measurement
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*Half-value layer for measurements: 
    

Due to filtration..reduce beam to half the incident intensity. 

 

*Dosimetry : 
 

Determine the quantity of radiation exposure or dose. 

 

*Dose: 
 

The amount of energy absorbed/unit mass at site of interest. 

 

*Equivalent dose: 
 

    Used to compare the biological effect  of different types of radiation to 

a tissue or organ.measured by international units(1 sv=100 rem, 

sv=sievert). 

 

*Effective dose: 
 

     Estimate the risk to human..total sum of fractional doses each organ 

has received during the exposure to radiation. Also measured by sv.. 

(e.g. thyroid estimated risk= 0.05 sv). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


