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Lecture 1


X-rays

X-ray Films
Objectives: Following the lecture, the student will have the information necessary to:

1.
Evaluate the relationship between the particles and forces acting within an atom.

2.
List the characteristics of x-rays.

3.
Identify the names and functions of the components of an x-ray machine and the x-ray tube.

4.
Describe what happens in an x-ray machine when the exposure switch is activated.

5.
Describe how x-rays are produced in the target of an x-ray tube.

6.
Identify the various x-ray beam modifiers.

7.
Identify the following variables relating to x-ray film:

a.
Uses

b.
Types

c.
Sizes

d.
Composition

e.
Speed

8.
Identify the components of a film packet

9.
List the proper ways to store film
X-ray: A form of electromagnetic radiation with a short wavelength that can cause ionization and can penetrate through solids.
Electromagnetic Radiation: Movement of energy through space as combination of electric and magnetic fields; travels at the speed of light.

Includes x-rays, gamma rays, visible light, microwaves, radio waves, etc..

Wavelength: Distance between crests.

Frequency: Number of waves passing a point per unit of time. 

Wavelength X Frequency = Speed of light

Energy: The ability of x-rays to penetrate matter. Energy increases as wavelength decreases. (Shorter wavelength, higher energy; higher frequency, higher energy).

Characteristics of X-rays
High energy waves (short wavelength).

No mass

No charge (neutral)

Travel at speed of light
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Invisible

Travel in straight lines

Cannot be focused to a point (beam diverges)

Differentially absorbed by matter

Cause fluorescence

           Harmful to living tissue

X-ray Machine Components

Support arms: Allow extension and movement of tubehead 

Electrical connection: Line voltage = 110 or 220-volt.




60-cycle Alternating Current: voltage fluctuates, 0 to 110/220; positive and negative cycle. 


Constant Potential: In newer machines,there are special rectifiers that convert the alternating current into a more direct current. Constant  potential = more x-rays, higher average energy, less patient exposure

     
Tubehead: X-ray tube, electrical connections, step-up and step-down


transformers, oil, PID (PID = Position Indicating Device). 



X-ray tube components: 1. Filament; 2. Focusing cup; 3. Target; 4. Copper sleeve; 5. Electron flow; 6. Vacuum; 7. Leaded glass; 8. X-rays; 9. Beryllium window
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Control panel: May include timer, mA control, kVp control, autotransformer, exposure switch
Timer: determines amount of time during which x-rays will be produced. 60 impulses = 1 second.


Cathode: 
Filament (tungsten) 

Focusing cup (molybdenum)
Thermionic Emission: Release of electrons from filament when it 

becomes heated by current. More current = more heat = more electrons.


mA control: determines amount of current flowing through filament; 

           regulates voltage going through Step-down transformer (reduces voltage 
                      from mA control to 8-10 volts; this is the voltage that passes through the 

           filament).
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Low voltage circuit: mA control, step-down transformer, filament in cathode

          Anode (Stationary):


Target (Focal Spot, Focus, Source): Where x-rays are produced.


Made of tungsten.



Copper stem: Helps reduce heat buildup.         
          kVp control: determines the maximum voltage across the x-ray

tube; higher voltage results in electrons traveling faster (with more energy) across x-ray tube. 
          Auto-transformer: Regulated by kVp control; reduces voltage to correspond to setting of kVp control; determines voltage that will pass through Step-up transformer. (Increases voltage 1000 times).

          High-voltage circuit: kVp control/autotransformer, step-up transformer, x-ray tube (voltage between cathode and anode) 

          Exposure Switch: Allows current to flow to complete high and low voltage circuits. All machines have an audio and visual signal to indicate the end of the exposure. You cannot overexpose by holding the exposure button down too long!
Atomic Structure/Forces







Nucleus
Protons: Positive charge

Neutrons: No charge (neutral)


Electrons: Negative charge; travel in orbits or shells around nucleus. (Shells designated K, L, M, N, O, P, Q; K-shell closest to nucleus; Q-shell farthest from nucleus). Electrons kept in orbits by interaction of electrostatic and centrifugal forces.


Atomic Number (Z): Number of protons.


Electrostatic Force: Attraction between protons and electrons.


Centrifugal Force: Exerts pressure on electrons to force them away from nucleus.


Binding Energy: Represents amount of energy needed to overcome electrostatic force and release electron from its orbit.

Bremsstrahlung Radiation (Braking radiation): When an electron from the filament is slowed down by attraction to protons in the nucleus of a target atom, energy is given off in the form of an x-ray. The closer the electron passes to the nucleus, the more energetic the x-ray produced. The maximum energy x-ray is produced when the electron strikes the nucleus.

Characteristic Radiation: X-rays produced are characteristic of the target material (Energies of x-rays equal to difference between binding energies of target electrons involved). 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 electron.












Page 4
X-ray Spectrum: Large range of x-ray energies produced during each exposure (The average energy of the x-ray beam = 1/3 of maximum energy). This is due to:

Varying electron-nucleus distances

Interaction of a single electron with multiple target atoms

Variation of tube voltage (if alternating current used).

Tungsten is the material of choice for both the target and the filament because of the following properties: High atomic number, transfers heat readily, high melting point and can be drawn into fine wire.


99 % of electron interactions result in heat production. This excess heat in the target is controlled by four factors:

High melting point of tungsten


High conducting properties of copper sleeve


Line-focus principle


Cooling properties of oil surrounding the x-ray tube

Oil in the tubehead primarily insulates the electrical components, but also helps reduce heat buildup in the target of the x-ray tube and helps to filter the x-ray beam.


X-ray Beam Modifiers
kVp: kiloVolt peak. An increase in kVp causes the electrons to travel across the tube faster (more energy), resulting in more energetic and effective interactions with the target. Higher kVp = more x-rays, higher average energy, higher maximum energy.
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mA: milliAmpere. Controls the heating of the filament. Higher mA = more electrons at filament = more x-rays. No change in energy.

Exposure Time (seconds or impulses): Increase time = more electrons striking target = more x-rays. No change in energy.

mAs or mAi: milliAmpereseconds or milliAmpereimpulses = the product of the milliampere setting and the exposure time in seconds (mA x time (s) = mAs) or impulses (mA x time (I) = mAi). 

Filtration: Removal of low-energy x-rays from beam 

Inherent: Glass window of x-ray tube, oil, metal barrier.

Added: Aluminum disks.

Total (Inherent + Added): 1.5 mm Al equivalent below 70 kVp; 2.5 mm Al equivalent 70 kVp or above.

Collimation: Varies size and/or shape of x-ray beam. Purpose is to limit area covered and reduce scatter radiation to the patient. Maximum diameter of beam at end of PID is 2.75 inches (7 cm.). 7 cm diam. round to 6 cm. diam. round = 25 % less exposure. 7 cm diam. round to rectangular = 65 % less exposure. Longer PID requires smaller opening in collimator.
Quality (Energy) vs. Quantity (number)


Increase quality with increase in kVp or filtration

Increase quantity with increase in mA, kVp, exposure time; decrease quantity with increased filtration or with collimation

X-ray Film
Film Uses

Intraoral
Bitewing (BW): Detect interproximal caries and involvement of alveolar crest.

Periapical (PA): For viewing root apex for pathology, surrounding bone for periodontal involvement, and interproximal areas for caries detection. Also used in endo treatment.




Occlusal (Occ): Show large lesions, localize objects buccolingually, image developing dentition and patients with trismus.

Extraoral: Panoramic, skull films, cepahalometric, TMJ
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Film Composition
Emulsion 

Double emulsion: both sides of base


Silver halide crystals. Tabular (flat) crystals with F-speed (Insight), globular (rounded) crystals with D-speed (Ultraspeed).

Gelatin matrix with supercoat

Adhesive: attaches emulsion to film base

Base:
translucent plastic (polyester) with slight blue tint.

Film Types
Direct exposure film: exposed by x-rays; used intraorally

        

Screen film: exposed by light ( intensifying screens); used extraorally

Speed: Indication of how much radiation is needed to produce a radiograph of acceptable density. Faster films use larger silver halide crystals.

Intraoral
D-speed (Ultraspeed)



F-speed (InSight): 60% less exposure than D-speed.




Digital: 60% less exposure than F-speed   

Film Sizes
# 0 : Pedo PA, BW (small mouths)

# 1 : Adult anterior PA (Paralleling)
# 2 : Adult anterior PA (Bisecting); adult posterior PA, BW; pedo occlusal

# 4 : Adult Occlusal

Intraoral Film Packet
Clinasept: Protects film from contamination by saliva. Only # 2 size film. Not used in X-ray clinic.

Paper or plastic cover: Keeps out moisture and light, helps protect emulsion. Embossed or black dot identifies location of raised dot on film. Colored area on back identifies type of film, # of films in packet.

Black paper wrapper: Protects emulsion.

Film: Single or double. A raised dot is placed in one corner; this raised dot should always face the x-ray tube.
Lead foil backing: Protects film from backscattered radiation. Reduces patient exposure on opposite side. Helps strengthen packet. Pattern on foil identifies when film is placed backwards.

Film Storage
50-70 degrees F.

Opened boxes of screen film kept in light-tight area (darkroom) and kept cool.

Use film before the expiration date.



Protect film from scatter radiation (store outside x-ray room).
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