X-Ray Equipment 

Types of X-ray Equipment

· Two types

· Diagnostic and therapeutic

· Diagnostic ranges

· 10-1200 mA

· 0.001 to 10 seconds

· 25-150 kVp

Tables

· Uniform radiolucent surface

· Must be: 

· Easy to clean

· Free of crevices that could collect contrast media

· Difficult to scratch

· Bucky tray

Tables

· Fixed and tilting models

· 90 – 15 tilt

· Footboard

· Shoulder supports and handgrips

· Compression bands

Tube Supports

· Numerous configurations

· Overhead

· Floor to ceiling

· Floor

· Mobile

· C-arm

Upright Units

· Numerous uses

· Chest

· Abdomen

· AC joints

· Cervical spine

Other Specialized Diagnostic Equipment

· Mammography

· Tomography

· Head units

· Dental/panoramic

Other Specialized Diagnostic Equipment

· CT

· Radiation therapy simulators

· Urologic

Power for X-Ray Generation

· Incoming line current

· Single-phase power

· Three-phase power

Incoming Line Current

· 60 Hz alternating current

· rms 200-240 volts

· Nearly all x-ray equipment operates on 210-220V

Single-Phase Power

Three Phase Power Cycle

· In a three-phase system, three circuit conductors carry three alternating currents (of the same frequency) which reach their instantaneous peak values at different times. Taking one conductor as the reference, the other two currents are delayed in time by one-third and two-thirds of one cycle of the electrical current. This delay between "phases" has the effect of giving constant power transfer over each cycle of the current, and also makes it possible to produce a rotating magnetic field in an electric motor.

Three-Phase Power

A Basic X-Ray Circuit

· Main x-ray circuit

· Exposure switch

· Timer circuit

· Filament circuit

The Exposure Switch

· Deadman switch

· Depress to maximize tube life

· Mobile equipment requires 6 foot cord

The Timer Circuit

· Electronic timers

· mAs timers

· AEC timers

Generators

· Single-phase 

· Three-phase 

· High frequency 

· Capacitor discharge mobile units

· Battery-operated mobile units

· Falling load

Single-Phase Generators

· Full-wave rectified

· 2 pulses per Hz

· 120 pulses per second

· Voltage ripple 100%

Three-Phase Generators

· Full-wave rectified

· 6 pulses per Hz

· 360 pulses per second

· Voltage ripple 13-25%

Three-Phase Generators

· Full-wave rectified with 12 diodes

· 12 pulses per Hz

· 720 pulses per second

· Voltage ripple 4-10%

Power Rating

· The greatest load the generator can apply to the tube

· Calculated by the formula: V x A = W

High Frequency Generators

· AC and DC power converters and inverters

· Full-wave rectified unit can produce 12-13 kHz waveform

· Voltage ripple of 3-4%

Capacitor Discharge Mobile Units

Battery-Operated Mobile Units

· Supply nonpulsating direct current

· Similar to 3-phase 12 pulse unit

Falling Load Generators

· Start at high amperage and allow it to fall during exposure

· Maximize use of tube limits

· Shorten exposure times

Automatic Exposure Controls

· Phototimers

· Ionization chambers

· Minimum reaction time

· Backup time

Phototimers

· Thyratron

· Located behind cassette

· Fluorescent screen emits light photons

· Light photons strike photomultiplier tube

· PM tube releases electrons to capacitor

· Capacitor accumulates need charge

· Exposure is terminated

Ionization Chambers

· Located in front of cassette

· 5mm parallel plate chamber

Minimum Reaction Time

· Minimum amount of time required to terminate exposure in AEC

· Modern minimum reaction time

· 0.001 seconds

Backup Time

· Equipment often allows technologist to set a backup

· Should be set at 150% of anticipated manual technique

· Maximum exposure per U.S. Public Law

· 600 mAs

Filtration

· The process of eliminating undesirable low-energy x-ray photons by the insertion of absorbing materials into the primary beam

· Allows the radiographer to shape the emission spectrum

Filtration

Filtration

· “Hardening” of the beam

· Removes low energy “soft” photons

· Increases average beam energy

· Soft tissue penetration requires around 30-40 keV photons

Filtration

· Low energy photons cannot penetrate the part

· Only contribute to patient dose

Measurement

· Aluminum is standard filtering material

· Filtration expressed as aluminum equivalency (Al/Eq)

· Half-Value Layer (HVL)

· Filtration needed to reduce the beam to one half of its original intensity

Types of Filtration

· Inherent filtration

· Added filtration

· Compound filtration

· Compensating filtration

· Total filtration

Inherent Filtration

· Glass envelope

· Dielectric oil bath

· Glass window of the housing

Inherent Filtration

· Tube aging increases inherent filtration

· Vaporized tungsten coats the tube window

· HVL testing important

Added Filtration

· Any filtration outside the tube and housing

· Collimator

· Typically provides 1mm Al/Eq, due to silver on collimator mirror

· Other

· Additional added aluminum, etc.

Compound Filtration

· K-edge filters

· Two or more materials

· Each layer absorbs the characteristic photons created in the previous layer 

· Each layer absorbs the characteristic photons created in the previous layer 

Compound Filtration

· e.g. copper and aluminum

· The characteristic photons produced by aluminum are 1.5 keV

· These are absorbed by the air between the filter and the patient

Compensation Filtration

· Evens radiographic density with parts that have uneven tissue thickness or densities

· Ex. Wedge for foot or T-spine

· Trough for CXR

Compensation Filtration

Total Filtration

· Total filtration = inherent + added

· Does not take into account any compound or compensating filtration

Effect on Tube Output

· Ideally filtration would only remove the low energy photons

· Some high energy photons are removed

· Results in a decrease in radiographic density that must be compensated for with an increase in technique

Beam Restriction


Factors Contributing to
Compton Scatter

· kVp

· Volume of irradiated material

· Field size

· Patient thickness

Kilovoltage (kVp)

· Affects penetrability of the beam 

Increase kVp

· Affect on Interactions

· Increased transmission

· Decreased photoelectric absorption

· Increased Compton scatter 

Increase kVp

· Affect on Patient Dose

· Decreased dose

· Decreased photoelectric absorption

· Additionally, an increase in kVp is typically accompanied by a reduction in mAs

· Affect on Image Quality

· Longer scale of contrast

Decrease kVp

·  Affect on Interactions

· Decreased transmission

· Increased photoelectric absorption

· Decreased Compton scatter

Decrease kVp

· Affect on Patient Dose

· Increased dose

· Increased photoelectric absorption

· Decrease in kVp is usually accompanied by increase in mAs which increases pt dose even more

Decrease kVp

· Affect on Image Quality

· Shorter scale of contrast

Volume of Irradiated Material

· Field Size

· Patient Thickness

Field Size (FS)

· Increased field size increases volume of tissue irradiated

· Results in increased scatter

Field Size (FS)

· Decreased field size decreases beam quantity 

· Decreases scatter

· Shortens scale of contrast in image

The Trade Off

· By decreasing field size fewer photons reach image receptor

· Image receptor exposure is decreased

· Increase in mAs must accompany a significant reduction in field size to maintain image receptor exposure

Patient Thickness

· Thicker body parts produce more scatter

· Denser body parts produce more scatter

· Both of these increase the number of interactions the x-ray beam undergoes as it passes through the body

Patient Thickness

·  Denser body parts produce more scatter

· Higher electron density e- present in thicker/denser tissues

· The likelihood of an interaction occurring is increased

Decreasing Part Thickness

· Compression devices are used to improve spatial resolution and contrast

· Decreases patient thickness

· Results in lower patient dose

· Brings tissue closer to film

· Utilized in mammography

Control of Scatter Using
Beam Restricting Devices

· Ideally beam restrictors decrease field size to anatomy of interest

· Unnecessary tissue exposure decreases

· Scatter decreases

· Scale of contrast shortens

· Visibility of detail increases

·  All good things!!

Beam Restrictors

·  Aperture diaphragm

·  Cone or cylinders

·  Collimators

·  Ancillary devices

Aperture Diaphragm

· Very simple

· Lead lined or lead plate attached to the x-ray tube

Aperture Diaphragm

· Designed for use in fixed applications with a fixed image receptor and fixed SID

· Dedicated chest or head units

· Trauma units

· Dental equipment

Aperture Diaphragm

· Designed in fixed applications with a  fixed image receptor and fixed SID

· Dedicated chest or head units

· Trauma units

· Dental equipment

Aperture Diaphragm Disadvantages

· Penumbra

· Due to proximity to tube port

· Decreases the closer the beam restrictor is to the object being imaged

Aperture Diaphragm Disadvantages

· Increased off-focus radiation

· Due to distance from focal spot

Aperture Diaphragm

· Allows field to cover area just smaller  than image receptor

· Films will have visible border on all sides

· Must be careful to place them in tube in the same orientation as image receptor to prevent aperture cutoff

Aperture Diaphragm

· Allows field to cover area just smaller than image receptor

· Can be supplemented with cones and cylinders

Determining Field Size

· Image size = SID x diaphragm diameter


distance from F.S. to diaphragm

· Example:  A diaphragm with an opening of 1.44 inches  x  1.78 inches is 8 inches from the focal spot. 

· What is resulting field size at a SID of 72 inches?

Extensions Cones and Cylinders

· Considered a variation of the aperture diaphragm

· Cylinder is same size all the way down

Extensions Cones and Cylinders

· Cone flares out and allows divergence

· Both yield circular area of exposure

· Must center carefully to avoid cone-cut

Determining Field Size

· Image size = SID x lower diameter of cone



   dist. from F.S. to bottom of cone

Cones and Cylinders

· Used for greater detail in small area

· Reduction in scatter make images appear sharper

Applications of 
Cones and Cylinders

·  Head work - sinuses or skulls

·  Spine work - spot films

·  Cross - table hip

Collimator

· Modern equipment

· Light localizing

· First stage, entrance shutters to help remove off focus radiation

· Second set is the one the technologist adjusts

· Length and width of the field are independently controlled
Collimator

· Second set is the one the technologist  adjusts

· Length and width of field are  independently controlled
The Light Field

· Uses a light reflected off a mirror to  project coverage of the x-ray beam

· Proper adjustment of mirror is necessary to accurately display location of exposure field

The Light Field

· Light field/x-ray beam coincidence testing should be part of QC program

· Needs to be accurate within +/- 2% of the SID

Features of Collimator Housing

· Central ray must be marked

· Some units project location of  phototimer sensors in light field

· An alignment light helps to center beam with the image receptor

Ancillary Devices

· Lead blockers 

· Shields

· Lead masks

· Attach to collimator

Grids


Purpose of the Grid

· Improves radiographic contrast in the image

· Absorbs scattered radiation before it reaches the image receptor

Creating the Image

· Transmission

· Responsible for dark areas

· Absorption

· Responsible for light areas

Creating the Image

· Scatter

· Creates fog

· Lowers contrast

Scatter

· Increases as 

· kV increases

· Field size increases

· Thickness of part increases

· Z# decreases

Indications for Grid Use

· Part thickness > 10 cm

· kVp > 60

Basic Grid Construction

· Radiopaque lead strips

· Separated by radiolucent interspace material

· Typically aluminum

Grids

· Created by radiologist, Dr. Gustav Bucky in 1913

· Crosshatched design

Grids

· Allow primary radiation to reach the image receptor (IR)

· Absorb most scattered radiation

· Primary disadvantage of grid use 

· Grid lines on film

Potter-Bucky Diaphragm

· Dr. Hollis Potter made improvements to the use of grids 

· Realigned lead strips to run in one direction

· Moved grid during exposure to make lines invisible on image

Grid Dimensions

· h = the height of the radiopaque strips

· D = the distance between the strips 

· the thickness of the interspace material

Grid Ratio

· Height of lead strips divided by thickness of interspacing material

·  Grid ratio = h/D

Grid Ratio

· Higher grid ratio

· More efficient in removing scatter

· Typical grid ratio range is 5:1 to 16:1

Grid Frequency

· The number of lead strips per inch or cm

· Frequency range

· 60-200 lines/in

· 25-80 lines/cm

Grid Frequency

· Typically higher frequency grids have thinner lead strips

Digital Imaging Systems

· Very high-frequency grids

· 103-200 lines/in 

· 41-80 lines/cm

· Recommended for use with digital systems

· Minimizes grid line appearance

Lead Content of Grid

· Lead content 

· Most important factor in grid’s efficiency

· Measured in mass per unit area

· g/cm2

· High ratio, low frequency grids

· Tend to have highest lead content

In General…

· Lead content is greater in a grid with a high ratio and low frequency

· As lead content increases, removal of scatter increases and therefore contrast increases

Grid Patterns

· Criss-cross or cross-hatched

· Linear

· Parallel

· Focused

Criss-Cross or Cross-Hatched

· Has horizontal lead strips

· Has vertical lead strips

· Primary beam must be centered perpendicular to grid

· Grid must remain flat

Linear Grid

· Lead strips run the length of cassette

· Allows primary beam to be angled along the long axis of grid without obtaining “cut-off”

Grid Types

· Two types of linear grids

· Focused

· Parallel

Focused Linear Grids

· Lead strips are angled to match divergence of beam

· Primary beam will align with interspace material

· Scatter absorbed by lead strips

Focused Linear Grids

· Convergence line

· Narrow positioning latitude

· Improper centering results in peripheral cut-off

· Only useful at preset SID distance

· Higher ratio grids require careful alignment with tube

Parallel Linear Grids

· All lead strips are parallel to one another 

· Absorb a large amount of primary beam

· Resulting in some cut-off

Grid Use

· Stationary grids

· Grids that can be attached to a cassette for use

· Grid cassettes

Grid Use

· Potter-Bucky diaphragm

· The Bucky

· Mounts a 17” x 19” grid above cassette

· Moves the grid during exposure

Grid Movement

· Reciprocating

· Motor drives grid back and forth during exposure

· Oscillating

· Electromagnet pulls grid to one side

· Releases it during exposure

Grids and Exposure Factors

· Whenever a grid is placed in beam to remove scatter

· Density of radiograph will go down

· Exposure factors must be increased to compensate for lack of density

Selectivity

· Describes grid’s ability to allow primary radiation to reach image receptor and prevent scatter 

· Grids are designed to absorb scatter

· Sometimes they do absorb primary radiation

Selectivity

· Highly selective grids are better at removing scattered radiation

· High lead content grids are more selective

Contrast Improvement Ability

· The “K” factor

· Compares radiographic contrast of an image with a grid to radiographic contrast of an image without a grid

· Typically ranges between 1.5 – 3.5

Grid Errors

· Proper alignment between x-ray tube and grid

· Very important

· Improper alignment will result in cut-off

Grid Errors

· Off-level

· Off-center

· Off-focus

· Upside-down

· Moire effect

Moire Effect

· Digital systems

· When grid lines are parallel to scan lines

· High frequency grids can prevent this phenomenon

Air-Gap Technique

· An alternative to grid use

· 10” air gap has similar clean-up of 15:1 grid

Special Imaging Systems


Fluoroscopy


Fluoroscopic Imaging Chain

· Specialized x-ray tube

· Image receptor

· Fluoroscopic screen

· Mirrors

· Image intensification

· Video camera and monitor

Fluoroscopic Uses

· Functional studies

· GI tract studies

· Angiograms

Fluoroscopic Positioning Previewing

· Radiographers are trained in positioning

· Unnecessary radiation exposure to patient is unethical

· Fluoroscopic equipment should not be used to preview patient’s position

Types of Equipment

· C-arm

· Under table/over table units

Types of Equipment

· Raise and lower  image receptor for accuracy 

· Can vary beam geometry and image resolution

· Full beam intercept

Fluoroscopic X-Ray Tubes

· mA range:  0.5 – 5.0 mA

· 15” minimum SOD in fixed fluoroscopic equipment

· Foot switch

Early Fluoroscopic Screens

· Very dim

· Required dark adapted viewing

· Low visual acuity

· Uses scotopic vision (rods)

Image Intensification

· Introduced in 1948

· Higher visual acuity

· Uses photopic vision (cones)

Image Intensification Tube Components

· Input screen and photocathode

· Electrostatic lenses

· Magnification tubes

Image Intensification Tube Components

· Anode and output screen

· Total brightness gain

· Minification gain x flux gain

Input Screen and Photocathode

· Input screen

· 0.1 – 0.2 mm layer of sodium activated CsI (cesium iodide)

· Converts intercepted x-ray beam to light

· Photocathode

· Emits electrons when struck by light emitted by input screen

Electrostatic Lenses

· Accelerate and focus electron pattern across tube to anode

· Primary source of brightness gain

Magnification Tubes

· Greater voltage to electrostatic lenses

· Increases acceleration of electrons

· Shifts focal point away from anode toward input screen

· Increase voltage focuses the electrons at a point closer to the input screen and causes the image to be magnified when it reaches the output screen

· Dual focus

· 23/15

· 9” (23cm) during normal operation

· 6” (15cm) during magnification 

Magnification Tubes

Magnification

· Input screen diameter

· Diameter used during exam

Anode and Output Screen

· Anode

· Positively charged

· 25 kVp

· Hole in center allows electrons to pass through to output screen

Anode and Output Screen

· Output screen

· Glass fluorescent screen

· Zinc-cadmium sulfide

· Emits light when struck by electrons

Total Brightness Gain

· Minification gain x flux gain

Minification Gain

Minification gain =

Input screen diameter2 

output screen diamter2

Flux Gain

· Measurement of conversion efficiency of output screen

· 1 electron strikes output screen

· 50 light photons are emitted

· Flux gain = 50

Fluoroscopic Generators

· Same as those used for static radiography

Brightness Control

· Automatic brightness control

· Automatic dose control

Brightness Control

· Automatic brightness stabilization

· Automatic adjustments made to exposure factors by equipment

· Automatic gain control

· Amplifies video signal rather than adjusting exposure factors

Quantum Mottle

· Blotchy, grainy appearance

· Caused by too little exposure

· Most commonly remedied by increasing mA

Viewing Systems

· Video viewing system

· Video camera tubes

· Cathode

· Anode

Viewing Systems

· Video camera charge-coupled device (CCD)

· Video monitor

· Digital

Video Viewing System

· Closed circuit television

· Video camera coupled to output screen and monitor

· Video cameras

· Vidicon or Plumbicon tube

· CCD 

Video Camera Tubes

· Plumbicon and vidicon tubes similar

· Different target materials

· Plumbicon has faster response time than vidicon

Digital

Latent Image Production

· Electron pattern is stored in active layer of exposed IP

· Fluorohalides absorb beam through photoelectric interactions

· Energy transferred to photoelectrons

· Several photoelectrons liberated

· More electrons freed by photoelectrons

Latent Image Production

· Liberated electrons have extra energy

· Fluoresce - or- get trapped by fluorohalide to create holes

Hole Formation

· Fluorohalide crystals trap half of the liberated electrons

· Europium sites contain electron holes

· This is the actual latent image

Important Note!

· The latent image will lose about 25 percent of its energy in 8 hours, so it is important to process the cassette shortly after exposure

Image Acquisition

· IP cassettes

· Also know as filmless cassettes

· Can be used tabletop or with a grid

· Rules of positioning remain the same

· Wider latitude when compared to film/screen radiography

Radiographic Technical Factor Selection

“It is the responsibility of the radiographer to select proper technique; chronic overexposure should be avoided.”

· Ethical principles

· ALARA concept

Reading Digital Radiography Data

· Trapped electrons are freed

· IP is scanned by finely focused neon-helium laser beam in a raster pattern

· Electrons return to lower energy state

· Emit blue-purple light

· Light captured by Photomultiplier (PM) tubes

Reading Digital Radiography Data

· PM tubes convert light to analog electronic signal

· Analog electronic signal sent to analog to digital converter (ADC)

· ADC sends digital data to computer for additional processing

· IP erased via exposure to intense light

Reading Digital Radiography Data

The end

