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This section is about imaging systems:  cassettes, intensifying screens, and film.  Although filmless imaging systems are being installed in large institutions at an expanding rate, it will be some time before these systems will be available to the vast majority of limited radiographers.  When this time comes, there will e technological advances in these systems that will make any detailed discussion in the writing obsolete.  For these reasons, this handout focuses on imaging systems that involve the use of film.

Proper care and handling of cassettes and film are essential to radiographic quality and are skills needed by radiographers on a continuing basis.  An understanding of the image receptor system will aid in the formation of good work habits for the production of quality radiographic images.

CASSETTES

Cassettes serve three important functions:

1. They protect the film from exposure to light during use.

2. Their rigid structure protects the delicate film from bending and scratching during use.

3. They contain intensifying screens, keeping them in close contact with the film during exposure.

The exposure side of the cassette is considered to be its “front.”  A label on the front indicates the position of an area on the film that is protected from exposure.  This area is often called the “ID blocker” because radiation is blocked from exposing the film in this location.  The ID blocker reserves this area for the printing of patient identification at the time of processing.  Cassettes may be purchased with the ID blocker at any corner and on either margin.

The cassette “back” is the access side of the cassette.  When you are unloading and reloading the cassette, this side faces up.  Note that this position usually places the ID blocker in the upper left corner.

The front structure of the cassette is made of radiolucent material, that is, a substance that is easily penetrated by the x-ray beam.  It may be a very lightweight metal alloy or a plastic material made of a durable resin.  Mounted to the inside of the cassette front is the front intensifying screen.

The back of the cassette may also be made of metal or plastic.  Inside the back is a layer of lead foil.  The purpose of this layer is to prevent backscatter.  Backscatter is radiation from the cassette back and the cassette tray that is directed back toward the film.  Backscatter would cause fog on the film if not absorbed by the lead foil layer.

Inside the foil layer is a layer of padding, usually a plastic foam.  The purpose of this layer is to keep the intensifying screens pressed tightly against the film when the cassette is closed, so as to maintain good film/screen contact.  The importance of good film/screen contact is discussed later in this section.

The back intensifying screen is mounted on the padding layer.  The intensifying screens cover the inside surfaces of the cassette.  When the film is placed in the cassette, it is sandwiched between the intensifying screens.

Special cassettes are used with phototiming systems.  These cassettes must allow remnant radiation to pass readily through the cassette back to the detector.  For this reason, they have a radiolucent back and no lead foil layer.  Each is usually clearly marked “phototiming cassette” and should be used only for this purpose.

INTENSIFYING SCREENS

An intensifying screen is a flat surface coated with fluorescent crystals called phosphors.  These phosphors glow, or fluoresce, giving off light when exposed to x-rays.  The phosphors absorb x-ray energy and emit the energy in the form of light.  While x-rays expose the film to some degree, by far the greatest amount of exposure on radiographs is from the light of the intensifying screens.

The purpose of intensifying screens is to reduce the amount of exposure required to produce an image.  They enhance the efficiency of the exposure process.  Direct x-ray exposures would require 25 to 400 times more exposure than the same images produced with intensifying screens.  The use of intensifying screens greatly reduces both exposure time and patient dose.  Screen use also reduces the generator size and x-ray tube capacity required for radiography.  

Screen Construction

The structure of an intensifying screen consists of a plastic base, or support layer, with an adhesive coat that holds the phosphors in a thin, smooth layer.  A clear protective coating helps to prevent stains and wear to the crystal layer.

Screen Speed

The efficiency of a screen in converting x-rays to light is called screen speed.  A screen with greater efficiency requires less exposure, so the screen is said to be “faster”.  The response of a standard screen has been designated as a speed class of 100.  This is a standard against which the speeds of screens are measured.  A screen with a speed class of 200 would be twice as fast as a 100-speed screen and would require only half as much exposure.  Typical speed classes are 50, 100, 200, 400, 600, and 800.

Screen Speed vs. Image Resolution

Intensifying screen crystals glow on an “all-or-none” basis.  When a phosphor absorbs sufficient energy, the entire crystal will glow, not just the portion that was exposed.  This results in an area of exposure on the film that is greater in size than the original area of exposure to the crystal.  For this reason, the use of intensifying screens produces images with less definition than images produced by direct exposure to x-rays.

Large crystals and a thick crystal layer produce more film exposure from a given amount of x-ray exposure (greater speed) but also provide less radiographic resolution.  Loss of resolution due to crystal size, crystal layer thickness, and/or uneven crystal distribution is called structural mottle.  Structural mottle is one of the factors that influences radiographic definition.  Larger crystals produced a larger image of a “point” of exposure.  Light rays diverge from within the screen until they reach the film, creating an exposure area on the film that is larger than the crystal size.  When the crystal layer is thick, there is more light divergence from deep within the screen, enlarging the film area exposed and decreasing image sharpness.

Screen speeds for routine work range from 200 to 800; 400 or 600 is typical.  Screens in these classes may be called “rapid” or “regular” screens.  They may be used either on the tabletop or in the bucky.  Some fast screens also have a reflective layer between the base and the phosphors.  This layer increases the efficiency of the screen by reflecting the screen light, directing it toward the film.

Fine crystals in a thin layer provide greater radiographic definition but require more exposure.  Speed classes of 50 or 100 are slower than regular screens and provide high-detail images for small anatomical parts.  They may be referred to as “extremity” or “detail” screens and are usually used only on the tabletop.  Detail screens may have a dye added to the matrix, the substance that holds the phosphors together.  This dye absorbs light that is not directed at the film, further enhancing resolution.

It is common for most x-ray departments to have some of both types of cassettes:  rapid and extremity classes.  Below is a list of screen design characteristics that enhance either speed or detail.


Regular (Rapid)



Detail (Extremity)


Rare earth phosphors



Rare earth phosphors


Moderate crystal size



Small crystal size


Medium layer thickness


Thin crystal layer with


     tabular (flat) crystal grains


     tabular (flat) crystal grains


Reflective layer



No reflective layer


No dye in screen matrix


Dye in screen matrix


High crystal concentration


High crystal concentration


Speed class:  200-800



Speed class:  50-100

Extremely fast screens in the 1000- to 1200-speed class are available, but these screens do not provide sufficient image quality for general work and are used only when very high speed is required.  Hospitals may have extra-fast cassettes for very large patients or for special applications.

Parallax

This term is introduced as one of the phenomena that cause a decrease in radiographic definition.  Parallax refers to slight differences in the image on the two sides of the film.  This difference occurs as a result of the x-ray beam passing at an angle through the image receptor system.  The image is the same on both sides of the film when the x-ray beam is perpendicular to the film.  The degree of parallax depends on the thickness of the screen/film combination and the angulation of the x-ray beam.  For this reason, parallax is most pronounced at the margins of the film, where the divergent x-ray beam comes in at an angle, and when the x-ray tube is angled for specific procedures.  Parallax is another reason why thicker screens produce less sharp images.

To reduce parallax for high-detail procedures such as mammography, single-screen cassettes are used with single-emulsion film.  Because screen pairs are used with double-emulsion film for routine radiography, parallax is an important factor to consider for best image detail.  To reduce the effect of parallax the area of clinical interest is placed in the center of the film and tube angulation is minimized as much as possible.  

Screen Phosphors

X-rays have the ability to cause certain substances (phosphors) to fluoresce – that is, to emit light and ultraviolet radiation.  Depending on the phosphor selected and its treatment during manufacture, light of almost any desired color may be obtained.  

For several decades, the “conventional” screen phosphor was calcium tungstate, which is now obsolete.  During the 1970’s, new screen technology was introduced using rare earth phosphors.  These are crystals containing one of the rare earth elements – gadolinium, lanthanum, or yttrium.  Screens using rare earth phosphors are about four times more efficient than the old calcium tungstate screens, reducing exposure to approximately one fourth of the amount previously required, with no negative consequences in terms of film quality.  Some of the advantages offered by this reduction in exposure are:

1. Shorter exposure times, thereby decreasing image blurring from patient motion.

2. Reduced dosage to patients and personnel.

3. Increased x-ray tube life.

4. Increased flexibility in choice of kilovoltage, which permits adjustment of subject contrast.

5. Decreased focal-spot size to minimize geometric blurring and to permit direct x-ray enlargement studies.

Spectral emission refers to the color of light emitted by a phosphor.  Typical colors of light emitted by rare earth phosphors are green or yellow-green and blue or blue-violet.

Screen Care and Cleaning

Intensifying screens tend to build up a static electrical charge.  The static charge on the screens attracts dust and dirt.  A discharge of this static electricity may expose the film, creating black static artifacts (unwanted marks or images) on the radiograph.

Dirt on screens prevents the screen light from reaching the film, causing unexposed (white) areas on the film image.  To prevent these artifacts, intensifying screens must be kept clean.  The frequency of cleaning is determined by the frequency of use and by the amount of dust in the environment.  All screens should be inspected and cleaned at least every 3 months.  Screens may be marked in one corner so that an identifying number or letter is evident on all the films exposed in the cassette.  The outside of the cassette carries the same identifying mark.  When a film exhibits evidence of screen dirt, it is easy to locate the offending cassette for cleaning without inspecting all cassettes of that size.

Dust and dry dirt may be removed with a soft brush (camel hair or sable) or with a spray of pressurized air from an aerosol can.  Pressurized air and suitable brushes are available at camera supply stores.  If screen dirt is not removed with a soft brush or pressurized air, a liquid cleaner is needed.  In the past, soap and water or grain alcohol was used for cleaning screens.  Since modern rare earth screens may be damaged by these products, a commercial screen cleaner recommended by the screen manufacturer should be used.  Commercial screen cleaners have an additional advantage in that they contain an antistatic ingredient.  This reduces the static charge build-up on the screen, minimizing the accumulation of screen dirt and helping to prevent artifacts on the film from either screen dirt or static.

When cleaning screens with a liquid cleaner, use a soft, lint-free applicator.  Pressed cotton squares or nonwoven gauze sponges work well.  Never pour liquid directly on the screen, since the liquid will be absorbed in the foam pad layer of the cassette and/or the support layer of the screen.  This may damage the padding or warp the screen.  Moisten the applicator sparingly and use a light touch to wipe the screen clean.  Do not pick, scratch, or scrape at screen dirt; this practice damages the screen and worsens the problem.

White or light-colored “dirt” may be difficult to detect on screens in ordinary light, but it can be easily seen when the screen is illuminated with an ultraviolet light in a darkened room.  Scanning with an ultraviolet light will also reveal areas where the screen crystals have been worn away or lost due to damage.  Loss of screen crystals will produce artifacts similar to those caused by specks of dirt.

When the screens are clean, stand the cassette on edge to dry completely before reloading it with film.

Cassettes and screens are expensive and easily damaged.  Proper care and cleaning are essential to ensure that they provide good service for a reasonable period (3 to 5 years).  Develop the habit of keeping your hands clean and dry.  Remove film from the cassette without completely opening it.  Never leave the cassette lying open on the loading bench, since it is easy to drop or scrape something on the screens when working in the dark.  Additionally, this practice increases wear on the hinges of the cassette.  Take care that the cassettes are not dropped or bumped, since damage to the cassette frame may cause the screens to fit improperly, leading to poor film/screen contact.  Keeping the loading bench clean will reduce screen dirt, minimizing the need to clean the screens.

Film/Screen Contact

Poor film/screen contact is a condition that exists when the two screens are not in firm contact with both surfaces of the film.  The usual causes are warping of the cassette frame or the screens, dents in screens, deterioration of the padding layer, damaged hinges, or damaged latches.  Poor film/screen contact results in poor image quality because of the light rays diverge in the space between the film and the screen, creating a film image that differs from the precise screen image, appearing blurred.

Film/screen contact is tested using a special tool called a screen contact test mesh.  This coarse wire mesh is laminated in plastic to keep it flat.  It is placed on top of the cassette and an exposure is made.  A suggested exposure will be provided with the tool.  If none is available, try approximately 5 mAs and 50 kVp when using a 400-speed cassette.  At a viewing distance of 9 feet, the radiograph should show a consistent image of the mesh.  Dark, unsharp areas on the test film indicates areas of poor film/screen contact.

If your facility does not have a test mesh, it may be possible to borrow one from your x-ray supply dealer or technical representative of the company that sold the cassettes.  If no test tool is available, the test can be performed using paper clips.  Use a new box of paper clips and spread them evenly and close together over the surface of the cassette.  Expose and evaluate as with the test tool.

This test should be performed quarterly on all cassettes and on the offending cassette when unsharp areas are noted on a radiograph.

RADIOGRAPHIC FILM

A processed x-ray film is similar to a photographic negative.  The exposed areas appear dark and the unexposed areas are light.  Film for general use differs from photographic film, however, in that it is “duplicized,” that is, it has a photographic emulsion on both sides.  Because x-rays can penetrate film and because each side is in contact with an intensifying screen, the exposure to the film is doubled, decreasing the exposure time and patient dose by half.

Film Contruction

The film base is made of a polyester plastic.  It must be optically clear, strong, and of consistent thickness.  It is tinted a pale blue or blue-gray color.  This tint reduces eye strain for the physician when reading the films.  The photographic emulsion is coated on both sides of the base.  A thin, soluble “overcoat” on both sides protects the emulsion to some degree during film handling.

Film emulsion consists of a mixture of gelatin and silver halide crystals.  Silver halides are salts of the halogen elements: fluorine, chlorine, bromine, and iodine (Class VII in the periodic table of elements).  Most x-ray film emulsions consist mainly of silver bromide (90%), with a small percentage of silver iodide (10%).  A tiny amount of sulfur, usually in the form of silver sulfide, is added to the emulsion as a catalyst to enhance the exposure and development process.  The sulfur compound forms “sensitivity specks” within the emulsion that attract electrons, providing a focus for chemical changes within the emulsion crystals.

Exposure causes the silver halide to assume an exposed state by changing its chemical arrangement, thus forming the latent image.  When the microcrystals in this sensitive emulsion absorb energy from x-rays or light, a physical change takes place in them.  This change – the formation of a latent image – cannot be detected by ordinary physical methods.  However, when the exposed film is processed in a solution called a developer, a chemical reaction takes place reducing the exposed microcrystals of silver compound to tiny masses of black metallic silver and leaving the unexposed crystals essentially unaffected.  This silver, suspended in the gelatin, is the visible image on the radiograph.  

Film Storage

Unexposed film is quite vulnerable to accidental exposure.  The unexposed crystal state is unstable and may be changed to an exposed state by exposure to light, x-rays, chemicals or chemical fumes, pressure, heat, static electricity and age.  For this reason, it is important that unexposed film be properly stored and carefully handled.  Improper storage results in a generalized exposure response, fogging the film.  Optimum storage requires a cool, dry place that is protected from x-rays and chemical fumes.  Conditions for optimum film storage are listed below.


Film Storage

· Clean, dry location

· 40 degrees to 65 degrees Fahrenheit

· Away from chemical fumes

· Safe from radiation exposure

· Standing on edge

· Expiration date clearly visible

Film boxes should be stored on edge so that the labels and expiration dates are visible.  Stacking of boxes should be avoided because fog may be caused by the pressure of the weight of the boxes.  Film stock should be rotated so that the oldest boxes are used first to avoid film becoming fogged from age.  The expiration date on new film should be at least 1 year after purchase date.  It is false economy to stock more film than can be used within a few months.

Boxes that are opened and in used are kept in a light-proof film bin in the x-ray darkroom for convenience in reloading cassettes.  The darkroom is not a good place for longer-term film storage, however, because it tends to be warm, damp, and contaminated with the fumes of processing chemicals.

Film Characteristics and Types

Film is manufactured in a variety of different types, providing different responses to exposure.  Inherent film characteristics (those “built into” the film by the manufacturer) include sensitivity (speed), contrast, and spectral sensitivity, the portion of the electromagnetic spectrum to which the film is most sensitive.

The size of the silver halide crystals and the thickness of the emulsion determine both the speed of the film and the degree of resolution in the finished radiograph.  As with intensifying screens, larger crystals and a thicker crystal layer produce a faster response.  Thinner layers of finer crystals are used to produce greater detail.  Film response is also tailored by the manufacturer to vary the amount of radiographic contrast.

The characteristics of film response may be plotted on a graph called a sensitometric curve.  This curve is sometimes also referred to and an H&D curve, after its originators, Hirter and Driffield.  This S-shaped curve demonstrates the response of a film to a full range of exposure.  The horizontal axis of the graph represents the logarithm of the exposure and the vertical axis represents the optical density (OD) of the film.  Optical density is a numerical representation of the film’s ability to transmit light.  Specifically, it is the logarithm of the percentage of light transmitted through the film  The gray tones on a film have an OD of 0.5 to 2.0.  An OD of 1.0 is a medium gray tone, out halfway between black and white.  An OD greater than 2.5 appears black.

Film has an OD of 0.15 to 0.20 when it is unexposed and then developed.  This density is called the base + fog density, or gross fog density.  It is the measure of light absorbed by the film base plus any fog exposure to the film prior to processing.  The toe of the curve is the flat portion at the lower left of the graph.  This demonstrates that film does not respond to exposure until a certain amount of exposure has been received.  The length of the toe indicates the sensitivity of the film to fog.

The body of the curve is the relatively straight, vertical portion.  The location of the body on the graph indicates film speed.  The closer the body is to the left side of the graph, the faster the film.  The slope of the curve indicates the film’s inherent contrast.  A steep, vertical curve indicates a short scale of contrast; a less vertical slope indicates a longer scale of contrast.

