RADIOLOGY

I. HISTORY
   - discovered by Wilhelm Conrad Roentgen 1895

   - Gamma radiation has identical energy to diagnostic x-rays

II. PRODUCTION
    - electrons originate at the cathode by heating a tungsten filament

    - X-rays are produced when fast moving electrons are suddenly decelerated in 

      the tungsten target  (anode) thus loosing much of their energy.

    - electric field between the cathode and anode cause the electrons to accelerate    

      towards the anode

    - < 1% of the energy formed at the anode is in the form of x-rays. Rest  produces 

      heat .

    - energy of electrons hitting the target varies because the voltage across the x-

      ray tube continually varies - the highest energy across the tube = peak kilovolt 

     (kVp)

   - tube current (mA) controls the NUMBER of electrons produced at the cathode 

   - filters block low energy photons from leaving the tube resulting in fewer x-rays 

     leaving the tube but those that do have higher average energy

  On striking the tungsten atoms, the electrons produce x-rays in two processes.

     1. Characteristic radiation - where an electron is removed from the K shell and an 

         electron drops down from the L shell emitting exactly a 59 keV photon. This 

         amount of energy emitted is characteristic for tungsten.

     2. Bremsstrahlung radiation - or general radiation - where an electron passes near 

         the positively charged nucleus and is deflected losing some of its energy. Here 

         the energy of the photon emitted depends on many factors; such as original 

         energy of the electron and how close it came to the nucleus of a tungsten atom. 

         Here the energy is not discrete like characteristic radiation but a whole series of 

         energy levels. Some low energy radiation such as heat is absorbed by the target. 

         Other low energy, long wavelength radiation is removed by filters in the x-ray 

         tube.

Intensity of the x-ray beam

     1. Intensity = number of x-ray photons X energy of each photon

     2. Depends on kilovoltage, tube current, target material, and filtration.

         a. Kilovoltage (kVp) controls the energy field across the tube from cathode to 

             anode - thus, how much energy the electrons have when they strike the 

             anode.

         b. Tube current (mA) controls the number of electron produced at the 

             cathode and thus the number available to strike the anode target.

         c. Target material (tungsten) determines how much radiation will be produced 

             at a given kVp. High atomic number targets like tungsten are more efficient 

             in producing x-rays. The target determines the quality of x-rays produced 

               and the energy of the characteristic radiation produced.

         d. Filters block low energy photons from leaving the x-ray tube resulting in 

             fewer x-rays leaving but those that do have a higher average energy level.

         e. X-rays are produced by characteristic and bremsstrahlung effects and 

             have a continuous as well as a discrete component.

III. TERMINOLOGY
     - quantity of exposure = Coulomb/kg (roentgen is old term) 

C/kg = 3.88 x 103 roentgens

     - absorbed dose = Gray (rad is old term, radiation absorbed dose) 

           1 Gray = 100 rads, 1 rad = 1 cGy

     - dose equivalent = Sievert (rem is old term, radiation equivalent mammal)

           1 Sv = 100rem, 1 rem = 1 cSv

     - activity = Becqueral (Curie is old term)

     - 1 rad = 1 rem

     - 1 Sv = 1 Gray

     - Quality of dose equivalent = equivalent effect of ionizing radiation on a biologic 

       system

     - Different types of ionizing radiation are given a quality factor (QF). The QF for 

       x-ray, gamma rays and electrons is 1. The QF for alpha particles and protons 

       is 10. The QF for high energy alpha particles is 20.

     - Old unit = radiation equivalent mammal (rem) = rad x QF

     - Advantage of rem is that 100 rem of any type of ionizing radiation produces the 

       same biologic effect.

     - Relative biologic effect (RBE) functions the same as QF but is used for the 

       study of specific biologic processes.

IV. PROPERTIES
     - they are electromagnetic radiations of short wavelength high frequency and 

       high energy

     - X-rays travel in straight lines in a vacuum

     - X-rays propagate through space at the speed of light

     - X-rays have no mass and no charge, only energy

     - X-rays are capable of exposing photographic film

     - electrons originate at tungsten element of cathode and accelerate towards anode,

       x-rays are produced when the electrons are rapidly decelerated in the target

     - most of the energy produced at the anode is in the form of heat

     - less radiation to the patient if energy penetrates through the patient

V. INTENSITY
    Intensity of the x-ray beam

    1. Intensity = number of x-ray photons X energy of each photon

    2. Depends on kilovoltage, tube current, target material, and filtration.

        a. Kilovoltage (kVp) controls the energy field across the tube from cathode to 

            anode – thus, how much energy the electrons have when they strike the 

            anode.

        b. Tube current (mA) controls the number of electron produced at the 

            cathode and thus the number available to strike the anode target.

        c. Target material (tungsten) determines how much radiation will be produced 

            at a given kVp.  High atomic number targets like tungsten are more efficient 

            in producing x-rays.  The target determines the quality of x-rays produced 

            and the energy of the characteristic radiation produced.

        d. Filters block low energy photons from leaving the x-ray tube resulting in 

            fewer x-rays leaving but those that do have a higher average energy level.

        e. X-rays are produced by characteristic and bremsstrahlung effects and have a 

            continuous as well as a discrete component.

        f.  Nearly all the scatter that fogs diagnostic x-rays is the result of the Compton 

            effect 

QUALITY
EXPOSURE
ABSORBED DOSE
DOSE EQUIVALENT
ACTIVITY

Radiation type
only x-rays or gamma rays
all ionizing radiation
all ionizing radiation
all

Media
only in air
any
biological systems
all

Observed unit
ionization
energy deposition
biologic effect
nuclear transformation

Old unit
Roentgen (R)
rad
rem

rem=rad x

OF
Curie (Ci)

New unit
Coulomb/kg (C/kg)
Gray (Gy)
Sievert (Sv)
Becquerel (Bq)

Equivalencies of units
1 C/kg=3.88 x 103R
1 Gray=100 rads
1 Sievert = 100 rem
1 Bequerel = 3.7 x 10-10



1 rad=1 cGy
1 rem=1 cSv


Compton effect 

   - More likely with higher energy incident x-ray photons

   - Only part of its energy is transmitted to outer electron but still causing 

      ionization

   - The resultant x-ray photon (scatter photon) has less energy and different 

      direction than the incident photon.

   - The ejected electron (Compton electron) produces secondary ionization

   - This type of interaction is common at intermediate diagnostic x-ray levels and 

      intermediate to low-weight absorbers

   - Nearly all the scatter radiation that fogs diagnostic x-rays is the result of        

     the Compton effect

   - The little x-ray energy that is absorbed by soft tissue is primarily Compton 

      effect. This is why the images of soft tissues are usually more blurry than      

      dense objects.

Attenuation

   - Is the reduction in intensity of the x-ray beam as it traverses matter by either 

     absorption (photoelectric effect) or deflection (Compton effect) of photons    

     in the beam

   - Degree of attenuation depends on several factors:

     1) Energy of incoming beam = > energy > degree of penetration

     2) Thickness of object = > thickness > x-ray photons absorbed

     3) Atomic number of the object = > # >z-ray photons absorbed

     4) Density of the object = > compact of material > x-ray photons absorbed

VI. BACKGROUND RADIATION
     - average American exposure to environmental radiation is 3.0 mSv/yr

     - average equivalent dose for 21 film series 0.019-0.184 mSv (equals 16 

       days environmental exposure)

     - average equivalent dose for a panoramic radiograph 0.008-0.024 mSv 

       (equals 1 week of environmental exposure)

     - average equivalent dose for a four bitewing series 0.004-0.033 mSv 

       (equals 3 days of environmental exposure)  

     - average bone marrow dose from dental x-rays is 0.014 mSv/yr.

     - from Sun/Cosmic is 0.28 mSv/yr (whole body dose)

     - from soil, rocks and buildings is .26mSv/yr (whole body dose)

     - Differences in radiation exposure between different types of dental 

       radiographs are very small. Clinical need rather than patient dose is the 

       determining factor in which radiographs to select.

     - The panoramic radiograph results in an average patient dose of the bone   

        marrow approximate equivalent to that received from four bitewing films. This 

        low dose results largely from the use of intensifying screens. The patient 

        dose is relatively high in the region of the centers of rotation

     - Your responsibility is to keep radiation doses As Low As Reasonably   

        Achievable (ALARA concept), despite the relative safety of dental x-rays. 

        There is NO ABSOLUTELY SAFE level of x-radiation. All ionizing radiation may 

        cause some damage.

Biologic effects of ionizing radiation
- The lethal dose for 50% of humans in 30 days (LD50/30) is approx 450 rads or 4.5 

  Grays total body dose

- Cells that divide rapidly and cells that are relatively undifferentiated are most        

   radiation sensitive = Law of Bergonie and Tribondeau

- Biologic effect of radiation are 1) somatic, effects on any of the cells of the 

   individual himself, or 2) genetic, mutations which are not evident in the 

   individual but which are effects on the germ plasma that are passed on to 

   future generations.

- A listing of cells from the most radiosensitive to the least radiosensitive might 

  include: 1) lymphoid cells, 2) gonads, 3) proliferating cells of the bone 

  marrow, 4) epithelial cells of the bowel, 5) epidermis, 6) hepatic cells, 7) 

  epithelium of the lung alveoli and biliary  passages, 8) kidney epithelial cells, 9) 

  endothelial cells (pleura and peritoneum), 10) nerve tissue, 11) bone cells, 12) 

  muscle and connective tissue. Generally, the more rapid the turnover of the 

  cell, the greater the radiation sensitivity.

- Low doses would effect = radiosensitive cells (platelets, WBC of lymph and 

  bone marrow). You see fever, infection, hemorrhage = Hematopoietic Syndrome

- Doses over 600 rads (6 gy) = Gastrointestinal Syndrome (fluid loss, diarrhea, 

   and GI infection)

- Doses > 10,000 rads (100 gy) = Cerebral Syndrome (Rapid disorientation  and 

   shock in addition to symptoms of the other syndromes)

- A total dose that would be lethal if given in a short time, such as a few days, 

  may result in no detectable effect if given in small daily increments over a 

  period of several years. This is due to the ability of living tissue to repair some 

  of the damage done to it

Oral effects of radiation
- Fibrosis of salivary glands leads to xerostomia and increased candidiasis  and 

  caries (tx nystatin, clotrimazole, or ketoconazole (if resistant)

- Teeth are affected only secondary to the xerostomia

- Osteoradionecrosis - one of the most serious side effects of head and neck 

   radiotherapy

   a. Radiation of the bone results in damage to the microvasculature causing the 

        altered bone to become hypoxic, hypovascular, and hypocellular

   b. Infection is not necessarily present

   c. Results of non-healing, necrotic bone. It is considered a problem of wound 

        healing rather than infection.

   d. Radiation dose is the main factor associated with bone necrosis

   e. Clinical features include pain and evidence of exposed bone of more than 

        three months duration without healing.

    f. Never gets better as far as risk is concerned, only worse.

- Acute inflammation of the oral mucosa (mucositis) starting the second week of 

   radiation (topicals like benedryl or lido)

- Impairment or loss of taste starting the third week of radiation and recovery 

   usually in six months (zinc sulfate pills with meals)

- Trismus due to fibrosis of the muscles of mastication
VII. DENSITY
     - is the degree of "blackness" of the film

     - mA is the most important factor controlling density

     - the density varies directly with mA and time

     - mA and exposure time are interchangeable and considered as a single 

       factor (mAs)

     - increasing mAs increases the number of x-rays

     - increased kVp also increases the density

     - distance is also a factor in density ( if you 2x the distance, you must 4x the 

       time )

VIII. CONTRAST
     - High contrast from low kVp (short scale)

     - Low contrast from high kVp (long scale)

     - High kVp techniques allow a wider range of mA settings but result in less 

       contrast than low kVp techniques

Remember: 

kVp influences subject contrast (exposure differences) and exposure latitude; mA controls film blackening (density)

- when the kVp is increased, the mAs must be decreased in order to keep the 

  same radiographic image

IX. LIGHT RADIOGRAPHS 
Under exposure:
- too short of an exposure

- too long of a film distance

- kVp too low

- mA too low

- reversed film packet

- drop in the line voltage

Under development:
- developing time too short

- low temp

- contaminated/exhausted solutions

- old film

X. DARK RADIOGRAPHS
Over exposure:
- time too long

- distance too short

- kVp too high

- mA too high

Over development:
- too long

- temp too high

- solution too strong

High contrast film (darks too dark and lights too light) = Low penetration (kVp too low), or over development, too long exposure

Low contrast (all gray tones) = excessive penetration (kVp too high), under development, excessive scatter fog, under exposure

XI. GEOMETRIC FACTORS
     - the source of the radiation should be as small as possible

     - distance from the source of the radiation to the object should be as long 

       as possible

     - the distance from the object to the recording surface should be as short 

        as possible

     - object and film should be parallel

     - beam should strike object and film at right angle

NOTE: Please refer to NDS/Oral Radiology Course handout "Common 

Radiographic Errors" for an excellent summary of errors in radiographic

technique and processing. Some of these include:

- Projection and technique errors

- Exposure and processing errors

- Panoramic technical errors

- Panoramic positional errors

XII. EXTRAORAL RADIOGRAPHS
     - Mid-face series: - trauma to maxilla or midface or a lesion in maxillary sinus or 

        maxilla

         1. Water’s view (posterior-anterior oblique view)

         2. Posterior-anterior view

         3. Submental vertex view (Jughandle view)

        4. True lateral view (Cephalometric or straight lateral)

     - For trauma or lesions in the mandible, you should order one or more of the 

       following: Lower Face Series: - trauma to mandible

     1. Posterior-Anterior view

     2. Lateral Oblique

     3. Modified Townes View (ramus and neck of condyle)

     4. Mandibular Occlusal View

     - TMJ Films:

- Transcranial View (Lindblom view)

- Transpharyngeal View (McQueen view)


- Transorbital View (Zimmer view)

TRUE LATERAL VIEW (CEPHALOMETRIC)
- Aside from orthodontic needs, this projection has very limited value in dentistry 

  due to superimposition of the right and left sides which may mask unilateral 

  lesions

- Diagnostic for the following:

   1. Orthodontic evaluation

   2. Fracture of the maxilla with posterior displacement

   3. Fracture of the cervical spine

   4. Fracture of the maxillary sinuses

   5. Foreign bodies

   6. Sella turcica enlargement due to pituitary adenoma or a craniopharyngioma

LATERAL OBLIQUE VIEW

- An excellent lateral view of mandible

- can see condyles, ascending ramus, anterior nasal spine, hyoid bone, coronoid 

  process, angle of the mandible

- Diagnostic for the following:

  1. Fractures of the condyles, coronoid process, ramus, body of the mandible, 

       and alveolar bone

  2. Foreign body

MODIFIED TOWNE’S VIEW

- Can see sphenoid sinus, condylar process, nasal septum and vomer, ramus and 

   styloid process

- Diagnostic for the following:

  1. Nasal septum

  2. condylar neck

POSTERIOR ANTERIOR VIEW

- Designed to define bony structure of the lower 1/3 of the face

- Can see frontal and maxillary sinuses, the nasal septum, and the floor of the 

  nasal cavity

- Major portion of the middle 1/3 of the face is obstructed by the petrous portion 

  of the temporal bone and the mastoid process

- The spinal column tends to obstruct a clear view of the anterior mandible

- Diagnostic for the following:

  1. General survey of the mandible

  2. Lateral wall of the maxillary sinus

  3. Nasal septum

  4. Supra and infraorbital ridges

WATER’S VIEW (POSTERIOR-ANTERIOR OBLIQUE VIEW)
- Tipping of the face results in the petrous portion of the temporal bone and the 

   mastoid process being displaced inferiorly. This allows a clear view of the 

   upper 2/3 of the facial bones.

- Diagnostic for the following:

  1. Maxillary sinusitus

  2. Fractures of the maxilla, orbit, zygoma, zygomatic arch, and nasal spine

SUBMENTAL VERTEX VIEW

- Can see zygomatic arches, foreign bodies (aids in determining the medial or 

  lateral position), and the foramina at the base of the skull

- Diagnostic for the following:

  1. Fracture of the zygomatic arches

  2. Depression of the zygomatic arches

MANDIBULAR OCCLUSAL VIEW

- Can see mandibular cortical plates, genial tubercles, and occlusal view of mand 

   teeth

- Diagnostic for the following:

  1. Expansion of the cortical plates

  2. Occlusal view of mandibular lesions

  3. Position of impacted teeth

  4. Sialoliths in the submandibular duct

XIII. PANORAMIC RADIOGRAPHS
     - uses tomographic-like principles

     - x-ray source and film rotate in opposite directions

     - the relative focal spot is inside the patient's mouth

     - as tube and film move, all is blurred except for a focal plane or trough

     - "ghost images" are formed when the object is located between the x-ray 

       source and the center of rotation. Since the distance from the center of the 

       image layer is always great, ghosts always appear with significant distortion 

       magnification and unsharpness. Since the beam is projected from below, 

      ghosts always appear higher on the film.  They are real images and they appear 

      on the contralateral side of the film

    - If object is placed to far toward the rotation center the image obtained will be 

       distorted wider (too wide)

    - If object is placed to close to the film the image obtained will be distorted 

       vertically (too narrow)

XIV. SPECIAL IMAGING TECHNIQUES
- Tomography - a process whereby an image of a layer within the body is produced 

                                 while images of structures above and below that layer are made 

                                 invisible by blurring

- TMJ Arthrography - The radiographic examination of a joint following the 

                                 injection of radiopaque media into the joint space. In TMJ 

                                 arthrography, injection of the lower joint is more diagnostic.

- Sialography - radiographic visualization of the ductal  tree and parenchyma of 

                                 the major salivary glands by means of intraductal injection of a 

                    radiopaque contrast medium.

- CT Scan - Or computed tomography (also known a CAT - computed axial 

                                  tomography) produces digital data measuring the x-ray 

                                  transmission through an object in three dimensions. The digital 

                                  data can be matched to a density scale and a predetermined image 

                                  layer is displayed on a TV monitor

                      - Specific image layers can be displayed. 

           Advantages 

                      - It is more sensitive than normal x-rays in differentiating soft tissue 

                         densities.

                      -  More information is available with less radiation than normal x-rays 

                         would need for the same detail.

                      - The image can be rotated at any angle and enhanced to show specific 

                         tissues even after the patient has left.

            Disadvantages

                      - The resultant image is not as sharp as with ordinary x-rays

                      - The radiation dose is high (from 2.2 to 6.8 rads in a normal head series)

                      - Bony lesions are better visualized on normal x-rays

                      - Great difficulty in imaging metallic objects

                      - expensive

                      - According to last written board - major disadvantage is inability of 

                         the patient to remain still.

- MRI - uses the resonance of hydrogen nuclei following excitation by a 

                  radiowave to produce a computer derived picture of the tissue.  No 

                  x-rays are used.  The technique is very effective in detecting 

                  necrotic tissue, ischemia, malignancy and degenerative disease in 

                  soft tissue. But teeth and bones are not well imaged. Can be used 

                  to examine TMJ disk displacements

Remember the ALARA concept - 

keep radiation doses As Low As Reasonably Achievable

There is NO ABSOLUTELY SAFE level of x-radiation.

XV.  X-RAY PROTECTION
- Current federal and state laws are based on National Council on Radiation 

  Protection (NCRP) report #35.

- The population at large (average of whole population) - maximum permissible 

  dose (MPD) = 1.7 MSv/yr (0.17 rem/yr)

- Despite dose limits, all radiation may be damaging, so beyond meeting the MPD we 

  must reduce radiation as much as possible (ALARA)

Methods to reduce radiation exposure

- Time  = <  and you will < exposure

- Distance - intensity of the x-ray beam decreases as the square of the distance. 

  Stay as far from the x-ray source as possible

- Barriers - even normal building materials are often effective barriers

                       - Lead lined walls are expensive and seldom needed with dental x-ray 

                          units

Other  methods to reduce occupational exposure

- X-ray technician should stand at least 6 feet from the x-ray tube and at an angle 

  of 90 to 135 degrees to the central beam or be behind a barrier

- The technician should never hold the film or the x-ray tube while the tube is on

- All x-ray equipment should be checked by a radiation physicist at least every 3 

  years

- Other procedures that don’t reduce occupational exposure but monitor it, such 

   as the use of personal and environmental radiation dosimeters, are of limited 

   value in facilities using low dose radiation and are no longer required in Navy 

   dentistry.

- There is no MPD for the patient

- Since the x-ray is primarily for the patient’s benefit, it is assumed that the 

   advantages of the information gained outweigh the potential risks

- No matter how much previous exposure the patient has had, if you decide that a 

   diagnostic x-ray is needed - then take it

- Diagnostic x-rays do not count against the MPD dose.

- However, do not take unnecessary z-rays

- Each x-ray should be ordered on an individual basis - no administratively 

  required x-rays are now permitted

- Generally, it is recommended that a full series be taken on the initial exam, then 

   followed up with bitewings every 24 to 36 months in an adult and every 12 to 24 

   months in children

- In patients with high caries, following bitewings are recommended every 12 to 18 

   months in adults and every 6 months in children (HHS publication FDA 88-8273 of 

   Oct 1987)

- Use of long cone technique with rectangular collimator reduces exposure up 

   to 80%

- High speed film < exposure 30 to 50%

- Always use lead apron and thyroid collar also when not taking a panoramic 

  radiograph

- Avoid need for retakes

XVI.  PHYSICAL CHARACTERISTICS OF X-RAY FILM AND FILM PROCESSING

After interaction of the x-ray beam  with the anatomic structures of the patient, the exit beam or beam of remnant x-rays consists of a pattern in which different areas have different numbers of photons corresponding to the pattern of thickness’, atomic numbers, and densities through which the beam has passed.

This information is decoded by means of a photographic film

The film may be exposed by the direct action of the x-rays as is done in intraoral radiography in dentistry, or the energy of the x-ray beam may be converted into light by intensifying screens, and this light in turn used to expose the film. This is the method used in extraoral radiography.

DENTAL INTRAORAL X-RAY FILM

- film individually wrapped in moisture resistant paper

- Within, the film is further protected by black interleaving paper

- Backed by lead foil, that protects film from radiation that may be back scattered 

  by the tissues of the oral cavity during exposure. It also contributes to the 

  rigidity of the film packet.

FILM

- X-ray film is photographic film consisting of photographically active, or 

  radiation-sensitive, emulsion which is usually coated on both sides of a 

  transparent sheet of plastic called the base.

- Firm attachment between the emulsion layer and the film base is achieved by a 

  thin layer of adhesive

- The delicate emulsion is protected from mechanical damage by a thin layer known 

   as the supercoating.

FILM BASE

- Basically provides support for the fragile emulsion

- Used to be cellulose triacetate

- Now polyester is 1st choice because it is more resistant to warping with age, it is 

  stronger and has greater dimensional stability

- Both are clear and colorless

- Blue was added in 1933 to provide easier viewing by preventing eyestrain

EMULSION

- Homogeneous mixture of gelatin and silver halide

- Gelatin is clear so that it will transmit light, but sufficiently porous for  the 

   processing chemicals to penetrate it to gain access to silver halide crystals 

   rapidly without destroying its strength or performance.

- Gelatin is made from bone

- Films have photosensitive emulsions coated on both sides of the film base for:

   1. The film would most likely “curl” if the emulsion was applied to only one side, 

        because, after application the emulsion dries and shrinks to 1/10th its original 

        volume.

   2. Light photons are absorbed only in the outer layers of the emulsion, 

        therefore, it is important to have two thin layers instead of one thick layer.

SILVER HALIDE: The light sensitive material in the emulsion

- The halide in medical x-ray film is about 90-99% silver bromide and 1-10% silver 

   iodide.

- The presence of silver iodide produces an emulsion of much higher sensitivity 

   than a pure silver bromide emulsion

- The silver halide in an emulsion is in the form of small crystals suspended in the 

   gelatin

- The crystal id formed from ions of silver, ions of bromide, and ions of iodide 

   arranged in a cubic lattice.

- The iodide atoms cause a physical distortion of the crystal lattice and makes it 

   photo sensitive

- Chemical sensitization of the crystal may be produced by adding sulfur-

  containing compound to the emulsion which reacts with the silver halide to form 

  a silver sulfide on the surface = sensitivity speck

LATENT IMAGE

- The latent image is defined as the invisible image produced in the film emulsion by 

   light or x-rays that is converted to a visible image upon developing.

- An x-ray or light photon interacts with an AgIBr crystal to allow an electron 

  to escape from a Br- or I- ion

- The Br-, or I- ion, which becomes neutral by loss of an electron, migrates from 

   the crystal and is taken up by the gelatin of the emulsion.

- The free electron is captured and temporarily held at the sensitivity speck in the 

   crystal

- The trapped electron attracts a mobile interstitial Ag+ ion to the sensitivity 

   speck, forming a neutral Ag atom.

- The repeated attraction and neutralization of interstitial silver ions builds up a 

   clump of silver atoms, called the latent image center in the crystal, which must 

   be present before the developing process will cause visual amounts of metallic 

   Ag to be deposited.

- The more silver atoms which exist at a latent image center, the greater is the 

   probability that the crystal will be developed

FILM PROCESSING

- The primary actions of the processing solutions are to convert the crystals 

  with latent images into black metallic silver grains that can be visualized and to 

  remove the unexposed silver bromide crystals.

DEVELOPMENT

- A chemical process which amplifies the latent image by a factor of 100,000,000 

  to form a visible pattern of metallic silver

- Variations of densities on the processed radiographs are caused by variation in 

  the proportion of undeveloped to developed crystals in an area

- If the developer is permitted to remain in prolonged with silver bromide crystals 

  that do not contain a latent image, it will slowly reduce them also and thereby 

  “overdevelop” the image.

- Dark film are usually the result of overexposure not overdevelopment

- The developer contains two reducing agent which work synergistically

   1. Hydroquinone - (brings out sharp contrast)

   2. Elon (metal) - brings out gray shades

- Hydroquinone is inactive at low temps (developing low contrast)

- Hydroquinone is very active at high temps (developing high contrast)

- In addition, the developer contains

  1. An activator (Alkali - usually sodium carbonate) 

      - developers are only active at high pH values >pH 11

      - Softens and swells the gelatin of the emulsion to let developer defuse into 

         emulsion

  2. A preservative (sodium sulfite) has a natural affinity for O2

          - Extends the useful life of the developer by protecting it from atmospheric 

         oxidation

      - Combines with brown, oxidized developer to produce a colorless, soluble 

         compound

  3. A Restrainer (potassium bromide) antifog agent

      - Decreases the rate of development of unexposed crystals (fog)

RINSING

- Eliminates alkali (activator) which would contaminate the fixer

- Dilutes the developer in the emulsion and stops the development process

FIXING SOLUTIONS

- Removes the underdeveloped silver halide crystals from the emulsion

- Hardens the gelatin emulsion

- Contains four components

   1. Clearing agent (Sodium or Ammonia thiosulfate)

        - Removes undeveloped silver ions from solution by forming stable, water 

          soluble complexes

   2. Acidifier (acetic acid)

        - Neutralizes developer, thereby, stops development thus reduces potential 

           for fog

       - Prevents contamination of the fixer

   3. Preservative (Sodium Sulfite)

        - Prevents oxidation of any developer which may have contaminated the fixer

        - Complexed with the colored oxidized developer and removes it from the fixer 

           before it can stain the film.

        - Inhibits the decomposition of the thiosulfate clearing agent

   4. Hardener (potassium alum)

        - Incorporates with the gelatin to become more resistant to abrasion

        - Decreases the swelling of the gelatin

FINAL RINSE (WATER)

- Eliminates “sulfurizing” of the image

- Eliminates thiosulfate from reacting with the silver to form brown silver 

  sulfide
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