
            

                 

clinician's main diagnostic aid 



What do we learn 

Basic physics and equipment  

Radiation Biology  

Radiation Protection  

Radiography  

Radiology 



I. The Physics of Ionizing Radiation 

 

II. Biologic effects of Radiation 

 

III. Radiation effects & Protection 



IV Imaging principles and techniques 
1. X Ray films, Intensifying Screens and Grids 

2. Projection Geometry 

3. Processing X Ray films 

4. Radiographic Quality Assurance and 

Infection control 

5. Intraoral Radiographic Examination 

6. Normal Radiographic Anatomy 

 

 



IV Imaging principles and techniques 
1. Panaromic Imaging 

 

2. Extraoral Radiographic Examinations 

 

3. Digital Imaging 

 

4. Specialized Imaging Techniques 

 

5. Guidelines for Prescribing Radiographs 

 



V. Radiographic interpretation of pathology 
1. Radiographic interpretation of pathology 

2. Dental Caries 

3. Periodontal Diseases 

4. Dental Anomalies, 

5. Inflammatory lesions of the Jaws 

6. Cyst of the Jaws 

7. Benign Tumors of the Jaws 

 



V. Radiographic interpretation of pathology 
8. Malignant Diseases of the Jaw 

9. Diseases of Bone Manifested in the Jaw 

10. Systemic Diseases Manilested in the Jaws 

11. Diagnostic Imaging of the Temporomandibular Joint 

12. Paranasal Sinuses 

13. Soft Tissue Calcification and Ossification 

14. Trauma to Teeth and facial Structures 

15.  Developmental Disturbance of the face and Jaws 

16.  Salivary Gland Radiology 

17.  Orofacial Implant  

 



Matter 

Atomic 
structure 

Radiation 

• Atom 

• Sub Atomic 
Particles 

 

• Neil Bohr 1913 

• Ionization 

• Types of 
Radiation 

Basic 
Physics 



Atom (electrically neutral) 

Atomic Number (Z) = # of protons 

K-shell 

L-shell 
protons 

neutrons 

electrons 
M-shell 

Proton  

 

electron 

 

 Neutron 

K 

L 
M 

2(n)2 

n=Principal 

Quantum no. 



Attraction between protons 

and electrons 

Electrostatic Force 



Centrifugal Force 

Pulls electrons away 

from nucleus 



Balance between electrostatic force 

and centrifugal force keeps 

electrons in orbit around nucleus 

EF CF 



The amount of energy required 

to remove an electron from its 

orbit (= electrostatic force). 

Depends on atomic number (Z) 

(# of protons). 

Binding Energy 



Ionization 
 If an electrically neutral atom loses an electron, it 

becomes a positive ion and the free electron is a 
negative ion.  

 

 This process of forming an ion pair is termed 
ionization 

 

 



Radiation 

Radiation is 
the 

transmission 
of energy 

through space 
and matter electromagnetic. particulate 



Particulate Radiation 

Particulate radiation consists of atomic 

nuclei or subatomic particles moving 

at high velocity. 



Particulate Radiation 

 

Alpha rays 

Beta Rays 

Cathode rays 



Home work 

Difference between 

properties of Alpha beta and 

Cathode rays 

 

What Is LET – Linear Energy 

Transfer? 



ElecroMagnetic Radiation 

•movement of energy through space as 

a combination of electric and magnetic 

fields  

 

•generated when the velocity 

of an electrically charged particle is 

altered. 



ElecroMagnetic Radiation 
Gamma rays  

 

x rays 

 

ultraviolet rays  

 

visible light 

 

infrared radiation (heat) 

 

Microwaves 

  

radio waves  



Clinical Exam + Radiographic Imaging* 

 

                      Diagnosis 

 

                      Treatment  

 

     



Bitewing Radiograph  

 (X-ray Film, “X-ray”) 
Periapical Radiograph 



Panoramic Radiograph 



Cephalometric Radiograph 



TMJ Radiograph 



Cone Beam CT 



First Radiograph 

    Dec. 22,1895 

Taken by Wilhelm Conrad Roentgen, who 

discovered X-rays on Nov. 8, 1895. 



X-ray 

A form of electromagnetic radiation with a 

short wavelength that can cause ionization 

and can penetrate through solids. 

Electromagnetic Radiation 
• X-ray 

• Gamma ray 

• Visible light 

• Microwaves 

• Radio waves 



Wavelength x Frequency = Speed of light 

F 

W 

W 

A B 



Electromagnetic Spectrum 

radio visible 

  light 

x-rays gamma 

   rays 

microwaves 

103 m 10-2 m 0.5x10-6 m 10-10 m 10-12 m 

104 Hz 108 Hz 1015 Hz 1018 Hz 1020 Hz 

W: 

F: 



ENERGY 

Ability to penetrate 

Shorter wavelength, higher energy 

Higher frequency, higher energy 



X-ray Characteristics 

High energy waves 

No mass 

No charge (neutral) 

Travel at speed of light 

Invisible  



X-ray Characteristics 

Travel in straight line 

Cannot be focused to a point 

Differentially absorbed 

Cause fluorescence 

Harmful to living tissue 

Dr. C. Edmund Kells took the first intraoral 

radiograph in early 1896; had numerous 

cancerous growths due to x-ray effects. 



X-RAY MACHINE 
 

 PARTS 

  1. Component parts 

  2. X-ray Tubes ( Coolidg’s Tube) 

       3.   X-ray generating apparatus 

   

 1. Component parts includes   

  a Control Panel 

   a. On/off switch and an indicating light 

   b. Exposure Button  and indicating light 

   c. Control Device (timer KV and milliamperage selector)  

  b. Extension arm 
 



tubehead 

control panel 

support arms 

electricity 

X-ray Machine Component parts   



PID, BID 
(cone) 

PID = position indicating device 

BID = beam indicating device 

X-ray Tubehead 

degrees 



Control Panel  



Tube head 
a. Metal Housing 

  b. Insulating oil 

  c. Tube head seal 

  d. X-ray tube 

  e. Aluminium disks 

  f. Lead collimator 

  g. Position indicating device  

II. X-RAY TUBE 
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 c.  

   



X-ray Tubehead Components 

barrier 

PID 

oil 

X-ray Tube  
Electrical connections 

Step-up transformer 

Step-down transformer 

Oil 

PID 



X-ray Tube 

Cathode (1, 2) Anode (3,4) 

7 

6 

5 

4 3 

2 

1 

1 = filament                  5 = vacuum 

2 = focusing cup          6 = leaded glass 

3 = target 

4 = copper sleeve        7 = beryllium window 



Parts of X Ray Tube head 



(tungsten) 

Cathode 

Molybdenum  

Focusing  

     cup 

Filament 

Side, crosscut view Front view 



 Filament 
 Tungsten – 2mm Dia, 

1Cm lth 

 focusing cup -
molybdenum 

 Electric current 
applied (mA) 
 e- boiled off 
 e- cloud created 

 Negatively charge 
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Cathode 

e- = electron 

http://www.orau.org/ptp/collection/xraytubescoolidge/Ttube.htm


x-section 

      of 

filament 

    hot 

filament 

The hotter the filament gets (increased 

current), the greater the number of electrons 

produced.  

electrons 

   Thermionic Emission 
Release of electrons from hot filament 

when current flows after depressing 

exposure switch 



Anode 
 
 Target where x-rays 

produced 
 Tungsten 

 Voltage applied 
(kVp) 
 Positively charged 
 Attracts e-  

 Energy of x-rays 
produced depends 
on energy of e- 
striking anode 
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Anode 

Dental x-ray machines have stationary anode 

Copper stem 

 Tungsten Target 

side view front view 

 Tungsten Target 
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Stationary anode 

Rotating anode 

Transmitting anode 

Types of anode 

http://www.orau.org/ptp/collection/xraytubescoolidge/rotatinganode1.htm
http://www.orau.org/ptp/collection/xraytubescoolidge/WestinghouseWL395.htm


Medical Radiography 

Electron beam strikes 

target in this area only 

Anode (blue 

edge is 

tungsten) 

Filament/ 

Focusing Cup 

Front view Side view 



Stationary anode 
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Rotating anode 
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Insulates the electrical components  

Cools the anode  

Filters the x-ray beam 

oil 

Step-up 
  Trans 

Step-down 
    Trans 

Oil in the X-ray Tubehead: 



Tungsten 

• High atomic number (Target) 

• Transfers heat readily (Target) 

• High melting point (Target, Filament) 

• Can be drawn into fine wire (Filament) 

(Filament and Target) 



Focal spot 

 
 Focal spot is the area on the target to which the focusing 

cup directs the electrons from the filament  

 

 The sharpness of the radiographic image increases as the 
size of the focal spot decreases.  

 

 To take advantage of a small focal spot while distributing 
the electrons over a larger area of the target, the target is 
placed at an angle . 
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 Typically the target is 
inclined about 20 
degrees to the central 
ray of the x –ray beam 

 This causes the 
effective focal spot to 
be almost 1x1( Effective 
Focal Spot) mm as 
opposed to 1x3mm 
(Actual Focal Spot). 
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The smaller the focal spot (target), 

the sharper the image (teeth) will be. 

 

However, due to the heat generated 

during x-ray production, a target that 

is too small may overheat and burn 

up. 

Line Focus Principle 



Decrease focal spot size, increase sharpness 



Line Focus Principle 

Apparent (effective) 

focal spot size 

Actual focal 

spot size 

Target 

Cathode 

     (-) 

Anode 

   (+) 

PID 



Line Focus Principle 

Apparent (effective) focal 

spot size (looking at target 

surface through PID) 

Actual focal spot size 

(looking perpendicular 

to the target surface) 

PID 



X-ray Production 



X-ray Tube 

Cathode (1, 2) Anode (3,4) 

9 8 

7 

6 

5 

4 3 

2 

1 

1 = filament                  6 = vacuum 

2 = focusing cup          7 = leaded glass 

3 = target                      8 = x-rays 

4 = copper sleeve        9 = beryllium window 

5 = electron flow  



X-ray Production 

Bremmstrahlung 

  Characteristic 



X-rays produced when high-speed 

electrons from the filament are slowed 

down as they pass close to, or strike, 

the nuclei of the target atoms 

Bremsstrahlung Radiation  

(Braking radiation, general radiation) 



Bremsstrahlung X-ray Production 

+ High-speed 

electron from 

filament enters 

tungsten atom 

Electron slowed 

down by positive 

charge of 

nucelus; energy 

released in form 

of x-ray 

Electron continues on to 

other atoms until all of its 

energy is lost 



Bremsstrahlung X-ray Production 

            Maximum energy 

High-speed electron 

from filament enters 

tungsten atom and 

strikes nucleus, 

losing all its energy 

and disappearing 
The x-ray produced has energy 

equal to the energy of the 

high-speed electron; this is the 

maximum energy possible 

+ 



Continuous spectrum 



The energy of the high-speed electron from 

the filament must be higher than the 

binding energy of the target electron with 

which it interacts in order to eject the 

target electron 

X-rays have energies characteristic of the 

target material (energy = difference 

between binding energies of target 

electrons involved, e.g., K & L, K & M, etc.) 

Characteristic Radiation  



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 



Characteristic X-ray Production 

K L 
M 

Outer-shell electron 

drops into vacant spot 

X-ray with 59 

keV of energy 

produced. 70 

(binding energy 

of K-shell 

electron) minus 

11 (binding 

energy of L-

shell electron) = 

59. 



X-ray energy (keV) 

characteristic 
      x-rays 

   (59 & 67 keV) 

  # of  

x-rays 

X-ray Spectrum 
(variable x-ray energies) 

Bremsstrahlung  

        x-rays 

average energy of 

x-ray beam 



X-ray Spectrum results from: 

Varying electron/nucleus 

distances 

Multiple electron 

interactions 

Varying voltage (AC) 



+ 110 or 220 

- 110 or  220 

positive 

negative 

0 

60-cycle Alternating Current 

Electrical Connection – 110/220 volts 

(60 cycles per second) 



Constant Potential (Direct Current) 

+ 110 or 220 

- 110 or  220 

positive 

negative 

0 

Less patient exposure! 

60-cycle AC converted to DC  



Control Panel Components 

Timer (all machines) 

mA control (some machines) 

kVp control (some machines) 

Autotransformer (some machines) 

Exposure switch (all machines) 

    Either on, or connected to, the  

    control panel 



Number of Impulses 

60 
= Seconds 

30 impulses/60 = 0.5   second 

15 impulses/60 = 0.25 second 

1/60 

60 impulses/60 = 1.0   second 

Normal exposure time: 10-30 impulses. 

(Varies with kVp, mA, and film type) 

Dr. Otto Walkhoff took first dental 

radiograph; 25-minute exposure 



milliAmpere (mA) control 

mA setting 

Tube (Filament ) current 



mA control 

110 volts 

100 volts 80 volts 

resistor 

To step-down 

transformer 



Step-Down Transformer 

Primary 

Secondary 

80-100  

volts 

c
u

rre
n

t flo
w

 

8-10 volts 

c
u

rre
n

t flo
w

 



kiloVolt peak (kVp) control 

kVp control 

kVp readout 

Controls voltage (Tube Voltage) 

across x-ray tube. 



kVp = kiloVolt peak 

A C Constant Potential 



Autotransformer 

Determines voltage across 

x-ray tube.  

Regulated by kVp control 

(Similar to a rheostat) 



110 V 

65 V 

c
u

rre
n

t flo
w

 

Autotransformer 

80 V 



Step-Up (High-voltage) Transformer 

Primary 

Secondary 

65-90 volts 

c
u

rre
n

t flo
w

 

65,000 to 90,000 volts 

(65 kVp to 90 kVp) 

c
u

rre
n

t flo
w

 



You cannot overexpose by holding  

the exposure switch down too long! 

Allows current to flow to heat filament 

and complete exposure. 

Exposure Switch 

Indicator light on control panel and 

audible signal 



exposure  

  button 

filter 

filament 

barrier 

PID 
110 

220 

timer 

collimator 

Control panel Tubehead 



filament 

110 volts 

8-10 volts 

65,000 to 

90,000 volts 

65-90 volts 

<110 volts 

kVp/Auto Step-up 

  Exp. 

Switch 

Timer 

mA Step-down 



Electron interactions with target atoms: 

  1 % produce x-rays 

99 % produce heat 

The excess heat is controlled by high melting point 

of tungsten, conductive properties of copper sleeve, 

line-focus principle, and cooling from oil 

surrounding x-ray tube. 



X-ray Beam Modifiers 



Exposure Factors 
 

• Tube Voltage- kVp 

•  Tube Current- mA 

•  Exposure time- m sec 

•  Filtration 

•  Collimation 

•  Inverse Square Law 



Incorrect exposure factors 

(too many x-rays or too 

much energy; film too 

dark) 

Correct exposure factors 

Incorrect exposure factors 

(not enough x-rays or 

energy too low; film too 

light) 



kVp (kiloVolt peak) 

X-ray Energy (keV) 

N
u

m
b

e
r 

o
f 

X
-r

a
y
s
 

70 85 

85 kVp 

70 kVp 

maximum energy 

average energy 



• Higher average energy of x-rays  

 

• Greater maximum energy x-rays 

   (Maximum energy = kVp setting) 

• More x-rays 

 

Increasing kVp results in: 



mA (milliamperes) 

X-ray Energy (keV) 

N
u

m
b

e
r 

o
f 

X
-r

a
y
s
 

70 

10 mA 

5 mA 

maximum energy 

average energy 

(no change) 

(no change) 



Exposure time 

X-ray Energy (keV) 

N
u

m
b

e
r 

o
f 

X
-r

a
y
s
 

70 

10 impulses 

5 impulses 

maximum energy 

average energy 

(no change) 

(no change) 



Increasing mA or Exposure 

Time results in: 

 
• An increase in the number of               

  x-rays produced 

 

• No change in the energy of the   

  x-ray beam 



         mAs or Exposure 

milliamperes (mA) x seconds (s) 

10 mA x .5   seconds = 5 mAs 

20 mA x .25 seconds = 5 mAs 

            



                  Constant patient size 

 

1. Proper kVp, mA, exposure time (e.t.) 

2. Increase mA; no change in kVp, e.t. 

3. Decrease e.t.; no change in kVp, mA 

4. Increase kVp; no change in mA, e.t. 

5. Double mA, halve e.t.; no change in kVp 

A C B 

B 

A 

C 

A 

B 



Filtration 

The process of removing low-energy 

x-rays from the x-ray beam 

 

low energy photons contribute to 

patient exposure but do not have 

enough energy to reach the film 

 



 Total filtration = Inherent filtration + 
added external filtration 

 

 Inherent filtration – consists of 
materials that x-ray photons encounter 
as they travel from the focal spot on the 
target to form the useful beam outside 
the tube enclosure  



 

 These materials include the glass wall 

of the x-ray tube, the insulating oil, 

and the barrier material. 

 

 

 The inherent filtration ranges from the 

equivalent of 0.5 to 2mm of 

aluminum. 



 External or Added filtration – 

 is supplied in the form of aluminum discs 

placed over the port in the head of the x-

ray machine.  



filter 

PID 

The aluminum filter 

is usually located 

in the end of the 

PID which attaches 

to the tubehead. 



Inherent 

Glass window of 

x-ray tube  

Added 
(Aluminum filter) 

Total 

Total Filtration 

Oil/Metal  

barrier  

oil 

70 kVp and above 

     2.5 mm aluminum equivalent 

Below 70 kVp 

     1.5 mm aluminum equivalent 

+ = 
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Collimation 

 A collimator is a metallic barrier with an 

aperture in the middle to reduce the size of 

the x-ray beam and therefore the volume of 

irradiated tissue within the patient 

 Dental x-ray beams are usually collimated 

to a circle 2 ¾ inches or 7cm in diameter. 

 Made of Lead 

 Types, Circular, Rectangular and Slit 

collimators Diaphragm and Slit 



Collimation: Regulates the size 

and/or shape of the x-ray beam. 

filter 

Collimator 

PID 



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. 



Purpose of Collimation 

Decrease area covered (less      

       patient exposure) 

Decrease scatter radiation  



primary x-ray 

scattered x-ray 

Scatter Radiation 



6 cm round 

     film 
(4.5 cm long) 

entrance 

entrance 

exit 

exit 

6 cm 

7 cm 
If you switch from 7 

cm diameter round 

collimation to 6 cm 

diameter round 

collimation, the 

patient receives 25% 

less radiation. 

 

If you switch from 7 

cm diameter round 

collimation to 

rectangular 

collimation, the 

patient receives 55% 

less radiation. 

 

 

7 cm 



Collimated film holder 



Quality 

Quantity 

average energy 

number of x-rays 



(10) (20) 

   Quality  vs.  Quantity 

kVp 

mA 

Time  

Filtration 

No change 

 No change 

Collimation No change 



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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Inverse square law 

 For a given beam the intensity is 

inversely proportional to the square of 

the distance from the source. 

 I1/I2 =(D2)
2/ (D1)

2 

 Where I is the intensity and D is the 

distance. 16 16 

16 16 

4 
4 4 

4 4 

4 4 
4 4 4 

4 4 
4 4 4 4 



D 

D 

D 

1 

2 

4 
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INTERACTION OF X-RAYS WITH MATTER 

 When X-rays strike matter, such as  patient tissues, the 
photons have four possible fates. 

 1. Completely scatter with no loss of energy. 

    

 2.   Absorbed with total loss of energy.  

  

 3. Scattered with some absorption and loss of energy
  

 4. Transmitted unchanged. 



1. Simple scattering 

2. Photoelectric absorption 

3. Compton scattering 

4. Pair production 

INTERACTION OF X-RAYS AT THE 

ATOMIC LEVEL 

 3 main interactions at the atomic level 

depend on the energy of the incoming 

photons these include 



1.Unmodified / Coherent / Pure 

scatter/Thompson classical scatter 

 

  
 

• Low energy 
• Can’t remove an electron 
• Incident x-ray is deflected 
• No loss of energy 
• Material scatter X-ray 
• Without absorbing energy 
 ~5% x-rays that strike patient for 

radiograph production  
 

 * consequences  
 Film fog 
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2. Photoelectric absorption 
 Important in diagnostic radiology 

 X-ray striking patient is totally absorbed 

 No scattering 
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3. Compton Scatter/ Scatter and absorption 

 -X-ray photon collides with a loosely bound outer 
shell electron and  

- gives a part of its energy to eject the electron from the 
orbit.  

 

- The X-ray photon looses energy and continues in a 
different direction (Scatter) at lower energy levels called 
Compton scatter and  

the ejected electron is called Compton electron. 
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DOSIMETRY 
 

 Quantity of radiation exposure or dose is termed as 
dosimetry. 

 Dose is used to describe the amount of energy absorbed 
per unit mass at a site of interest. 

 Exposure is a measure of radiation based on its ability to 
produce ionization in air under standard condition of 
temperature and pressure. 

 A variety of techniques are available for such radiations 
measurements. 

 1. Ionization chambers 
 2. Film badges 
 3. Thermo luminescent dosimeters 
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UNITS OF MEASUREMENTS 
 

  

Most frequently used measuring quantity of radiation is System international 
unites. 

 Exposure – Measure of radiation quantity. 

 The capacity of radiation to ionize air – Roentgen is the traditional unit of 
radiation. 

 Roentgen applies only for X-ray and gamma rays 

Absorbed dose – is a measure of the energy impaired by any type of ionizing 
radiation to a mass of any type of matter. 

   SI unit  - Gray 

Dose equivalent – Unit of radiation production. 

 Unit of dose equivalent – rem (rad equivalent mammal) 

Radio activity – measurement of radioactivity is based on the decay rate of a 
sample of a radio active material. 

   SI – Becquerel 

 

  

 

 

 




