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RADIOLOGY

1. INTRODUCTION

Radiology (Roentgenology): Radiology is that branch of medical science which deals with the diagnostic and therapeutic application of radiant energy. 
Radiography is an art and science acquired by study and practice in the use of x-rays to produce images. 
The art is in the use of x-ray equipment and accessories including positioning of anatomic parts in such a way as to demonstrate specific features of the animal anatomy. 

Science in the practice of radiography requires that a veterinary radiologist be able to understand the characteristics of x-radiation, how x-rays are produced, and how x-rays are used in producing images of animal body. 
With the skills of an artist and the knowledge of a scientist, veterinarians produce radiographs, providing maximum patient care and safety for patient and technical personnel with the smallest amount of radiation dose to the patient. The images of animal body produced, serve to assist veterinarians in the diagnosis of diseases and disorders.
General Terminology

Radiant energy for the purpose includes x-rays, and beta and gamma radiations. It is used in diagnosis, monitoring, treatment of diseases and in research programs.

Veterinary Radiology: Veterinary radiology is a branch of science which uses radiant energy principally for the diagnostic and therapeutic purposes in domestic, zoo and laboratory animals.

Radiologist: Radiologist is a person qualified in medical or veterinary sciences and radiological physics to use radiant energy in the diagnostic, therapeutic and research fields of medicine.

Radiographer: Radiographer is a technically trained professional responsible for producing quality radiographs for the use of radiologist.

X-Ray is a special type of electromagnetic radiation which has high energy, extremely short wavelength, no mass or charge and travels at the speed of light.

Medical X-Rays: The x-rays that are generated within a vacuum tube consisting of a source of electron and a target. The electrons are accelerated in the tube, to travel through the tube, at a tremendous speed to strike at the target. The electron- target interaction generates medical x-rays.

Radiograph: The photographic record of the extent of penetrability of x-rays through the exposed tissue is called Radiograph or Roentgenograph or skiogram or simply x-ray picture.

Photons: X-rays are often called photons; it is a Greek word which means “a bundle of energy”. 

X-ray photons are invisible to the human eye.
Historical Backgrounds of X-Ray 

On 8th November 1895 Wilhelm Conrad Roentgen a German physicist discovered x-rays.
The x-ray was an accidental discovery while working on Crooks-type tubes. Due to the nature and importance of the discovery, rapid progress took place in the production and uses of x-rays, in medical sciences. Veterinarians also made significant contributions in this field. 
1896 – Trowbridge – First oil immersed tube developed.

1896 – Pupin          - Made the first intensifying screen.

1896 – Wright         - First photographic paper developed to record x-ray image.

1896 – Paton&Duncan – First veterinary radiograph of an equine foot.

1897 – Becquerel   - Discovered radioactivity of uranium.

1898 – Cannon      - Used contrast studies to investigate the physiology of GI tract.

1901 – Roentgen   - Received first Nobel Prize in physics for the discovery of x-rays.

1903 – Becquerel  - Received Nobel Prize for discovery of radio active uranium.

1903 – Marie Curie&Pierre Curie –Nobel for discovery of radioactivity of Radium and Polonium.

1913 – Gustave Bucky – Invented grid to remove scatter radiation.

1920 – Dr.Holis Potter – Invented moving grid.

1928 - International recommendations on radiation safety were published.

1950 – Gray Schenell- Wrote first American book on Veterinary Radiology.

1954 -- Medical application of Ultrasound started.
1960 -- American Board of Veterinary Radiologist (ABVR) formed.

1960 – G.H.Hansfield – Developed Computerized Axial Tomography in England.

1972 – In India, first 500mA x-ray machine was installed at the college of Veterinary Science-Hissar.

Scope and Development of Radiology
Veterinary Radiology continues to be a part of the department of Veterinary Surgery. Latest x-ray facilities and x-ray film libraries have to be introduced in all teaching institutions. .X-ray machines should also be introduced in the polyclinics and major Veterinary Hospitals in the field. Human x-ray facilitates can be used for small animal patients in major cities. In veterinary practice, it is not possible to depend upon all the developed technology of radiology. High cost of CT-imaging, ultrasound etc, has limited the scope of these machines in veterinary practice. Moreover, the emphasis in veterinary practice is different from that of medical practice. Radiology in veterinary practice may not always be used to arrive at the final diagnosis.

Radiology remains good aid in diagnosis. Judicious use of conventional machines, proper positioning of the part to be examined, careful interpretation of the radiograph and ingenuity of the radiologist, all help to arrive at a reasonable radiographic diagnosis. In practice, radiography should be used only when it is expected to provide more significant information.

The concept of effective animal health coverage cannot be successfully implemented without the support of diagnostic services. Such services must include facilities for diagnostic radiology. More powerful x-ray machine (500mA) and ultrasound scans, with highly specialized personnel may be stationed in veterinary institutions so that students may have a good exposure of the imaging diagnostic aids.

The next level animal health care units like the district head quarters Veterinary Hospitals and Polyclinics can be, equipped with basic radiological systems. This will be useful for basic radiological examinations of head, neck, thorax, abdomen of small animals and extremities in both small and large animals. Such a system needs suitable x-ray machine installation with dark room facilities. The practicing veterinarians may be given special courses in diagnostic radiology lasting for 8to10 weeks, with a practical manual, should equip the trainees to handle basic radiological systems. A few of the Animal Health Assistants may be trained as Veterinary Radiographers for veterinary institutions to help and maintain the radiology section.

Experts may be engaged for training and demonstration of common radiographic abnormalities in both small and large animals in that area, since conditions of frequent occurrences in one geographical area may be rare in another.

Primary decision-making in many ailments in animals does not always include an immediate radiographical examination. But in most of the trauma and acute cases for clinical assessment actual damage and to confirm the diagnosis, to institute effective treatment, x-ray examination is required. It will also help to evaluate the effectiveness of treatment in chronic and referred cases.
2. PROPERTIES OF X-RAY

X-rays are electromagnetic radiations of high energy and low wavelength produced by the conversion of kinetic energy of electrons. 
The important properties of x-ray are;

· X-rays behave as waves and have short wave length and high frequency.

· X-rays can penetrate materials which readily absorb and reflect visible light.

· X-rays travel in straight line with the speed of light and cannot be focused by lens.

· X-rays interact with matter, are absorbed or scattered and liberate minute heat on passing.

· X-rays affect photographic film, similar to that by visible light.

· X-rays produce fluorescence in certain crystalline material e.g. calcium tungstate.

Uses of Radiography
· A diagnostic aid.

· To select methods of treatment e.g. for fracture repair
· To detect previously unrecognized lesions
· To monitor efficacy of treatment schedule

· As a teaching aid in the subject of Anatomy

· To determine the age of the animals

· To select normal animals for morphological evaluation in selective breeding.

· To examine archeological specimens of animal origin safely.

· In veterinary science research e.g. Osteomedullography to evaluate bone healing.
· To examine post-mortem materials
Basic Interaction of X-ray with Matter

For an x-ray examination the part to be examined is kept between the x-ray source and the x-ray film. The x-ray beam emitted by the machine will traverse through the part to be examined to reach the film carrying useful information which will be recorded as an image on the film. 
The outcome of the x-ray beam that passes through the patient:

· Some x-rays are differentially transmitted through the patient carrying useful information.

· Some photons are absorbed and cease to exist.

· Some are deflected from the course as scatter radiation which carries no useful information and rather decreases the quality of a radiograph by causing fog on the film. 

Ionizing Radiation: Any type of energy or matter-energy combination, capable of removing one or more orbital electrons from the atom, after interaction is known as ionizing radiation. The process is called ionization. The ionizing radiation caused by x-rays and gamma rays is potentially harmful and can cause serious injury to the living beings, if used indiscriminately.

3. PRODUCTION OF X-RAY

The production of x-rays occurs as a result of a sequence of events. The evacuated x-ray tube is a device for producing free electrons from heated tungsten filament; the process is called thermionic emission. The electrons remain in a constant agitated motion and their number increases as the temperature of the filament increased. Now, the filament or the cathode is given a very high negative electric potential and the target or the anode is given an equally high positive electric potential. The resulting strong electrical field causes the cloud of electrons near the filament to rush up at a high speed through the vacuum tube and bombard the target at the focal spot. This results in several types of interactions with the target material in the x-ray tube. More than 99% of the kinetic energy of electrons is converted into thermal energy. Approximately less than 1% of the remaining kinetic energy is irradiated as X-RAYS.

When the exposure is terminated, x-rays are no longer present in the room or in the patient since, the x-rays travel at the speed of light. X-rays produced are traveling in all directions. The lead housing surrounding the x-ray tube will absorb most of the x-radiation. The useful x-rays are those x-rays that pass through the tube window and help to produce the radiograph. The useful x-rays that leave the tube housing are called the ‘primary x-ray beam’.

Factors Influencing Production of Radiograph
1. Kilovoltage (kVp) is the force that accelerates the electrons from the cathode to the anode. . kVp means the kilovoltage peak or the crest of waveform representing x-ray photon energy.

The kVp is the force behind the stream of electrons that determines the speed at which the electrons ‘slam’ or ‘bombard’ into the focal spot. It is the most significant factor in the production of x-rays and radiographs. The stream of electrons is called the Tube current or Cathode rays.
‘Kilo’ means one thousand. So, a kV setting of 80 means - 80,000 volts will be produced to push the electrons across the x-ray tube at the time of exposure. The energy of the x-ray beam is determined by the kilovoltage selection. 
Increase in kVp increases the radiographic density

2. Milliampere (mA) is defined as the current that flow through the cathode filament at the time of exposure. It is the second important technical factor. 
An increase in milliampere will increase the number of x-ray photons in the x-ray beam. A doubling of the milliampere will double the amount of blackening in the film. 
“Milliampere” is the important ‘factor of choice’ to control the blackening of the film.

3. Exposure time(S) is the technical factor that controls the time of exposure. It is also a quantitative factor (s), when combined with milliampere (mA) it determines the exposure rate (mAs).    

Milliampere x Time = Milliamperesecond, i.e. mA x s      = mAs.


An increase in the mAs increases the x-ray photons exposing the film. 
The mA and time relationship is inversely proportional and hence an increase in mA requires a decrease in the exposure time.

4. Focal Spot

The focal spot on the target surface of the anode is the area which is bombarded, by the electrons from the cathode during an exposure. The rotating target produces a focal track that runs the circumference of the rotating disk. Umbra is the true object recorded on the film. Penumbra is the thin blurred area around the umbra. Penumbra is unsharpness.

5. Focal – Film Distance (FFD) is measured from the focal spot to the recording medium (x-ray film in the cassette). In veterinary radiography, 90-100cm FFD is considered a good compromise between the distance and exposure factors. 
Increase in FFD decreases the total number of x-rays available to expose the film.

4. RADIOGRAPHIC QUALITY

Radiographic quality refers to the accuracy with which anatomical structures of the part being radiographed are represented on a radiograph. In other words, if visibility and sharpens of the structures are good, the radiograph is of good quality. 
Three main visual requirements of a good quality radiograph are:

· Excellent Detail

· Correct Density

· Proper scale of Contrast

The factors affecting the main visual requirements of good quality radiograph are detailed below.

1. Detail (Definition)
Detail or definition describes the clarity and sharpness of the image on the radiograph. 
The following factors influence the detail:

· Geometric factors

· Intensifying screens

· Motion of the patient

· X-ray tube

· Differential absorption of x-rays 

· Double emulsion of the film

· Radiographic mottle

· Exposure factors used

· Film processing

· Scatter radiation

2. Radiographic Density is the measure of the degree of blackness on a processed film and is directly related to the number of x-rays reaching the film. 
More the number of x-rays that are reached the film, higher the radiographic density and blacker the film. Those objects which allow x-rays to readily pass through them appear blacker on the film and are radiolucent, while those which inhibit most x-rays appear white and are radiopaque. 
Main densities that can be appreciated on the radiograph are; i) metal: ii) mineral, and bone iii) fluid and soft tissue iv) fat and v) gas.

Factors affecting the radiographic density are;
· Milliamperage

· Exposure time

· Kilovoltage

· Focal- film distance

· Speed of the film  
· Intensifying screens

· Developing time & temperature

· Grid ratio

3. Radiographic Contrast: Difference in various densities of adjacent areas on a radiograph is radiographic contrast. Density must be present in order to visualize contrast.

Factors that affect contrast are:

· Thickness of the part

· Density of the part

· Effective atomic number of tissue

· Kilovoltage 

· Fog and scatter radiation.

SCATTER RADIATION
Scatter radiation refers to radiation which deviates from the primary beam both in direction and wavelength after interacting with a medium or a patient being exposed  to x-rays. 
If no device is used to check, the scatter radiation 50% blackening of a processed film may be entirely due to scatter radiation. Apart from affecting the quality of a radiograph, it is also hazardous to personnel working in radiology section.

The relative intensity of scatter radiation is directly proportional to the following factors 

· Kilovoltage 

· Body part thickness

· Field size.

The main scatter deviation control devices are grid, beam collimators, and filters.
5. X-RAY MACHINES AND PARTS

Some details about the X-ray machine and its various parts and other related equipments must be known clearly to understand how the x-ray is produced.
I. Types of X-Ray Machines

X-ray machines can be grouped into three main categories:

A. Portable X-ray Machines

B. Mobile X-ray Machines

C. Fixed X-ray Machines

A. Portable X-Ray Machines

These machines are commonly used in veterinary practice because of they are convenient for transportation. They are equipped with small sized low weight transformers and small control panel. The maximum output varies from70 to 110 kV and 15 – 35 mA. They are relatively cheap and require little maintenance. These are of limited value because anatomical structures above the carpus and tarsus in large animals cannot be examined.

 B. Mobile X-Ray Machines

These machines have higher out put than portable machines and are mounted on wheels. Usually these machines have rotating anode with output of 90 to 125 kV and 40 to 300 mA. Most machines are movable on smooth surface within the radiology section and operation theatre.

C. Fixed or Stationary X-Ray Machines

These machines are usually installed in a room specially constructed for the purpose. Their larger transformers are capable of greater output and have high tension cables. The output of these machines may vary from 120 – 200 kV and 300-1000 mA. These are suitable for all types of radiological examinations in cases of small and larger animals but because of their higher kV output there may be more scatter radiations.

II. PARTS OF X-RAY MACHINE

1. Transformer Assembly
A transformer is an electromagnetic device used for increasing or decreasing the voltage of incoming electrical energy to an appropriate level, without appreciable loss of energy. This assembly is enclosed in a metal box filled with a special type of oil which serves as an insulator.

2. Control Panel
It is a separate unit connected electrically to the x-ray machine. It contains the following meters and switches:

· On-off switch 

· Voltmeter and Voltage compensator control

· Kilo voltage selector

· Milliammeter and milliampearage control

· Timer exposure button

· Fluoroscopy control 

· Tube current indictor

· LED display of mAs

· Pilot light indicator 

· Exposure release switch

3. Cable
Cable conducts high voltage current from the rectifier to the x-ray tube. This is designed to eliminate the danger of shock.

4. Tube Stand

Tube stand supports the tube to hold it in a stationary position during an exposure. 

The stand should;

· Permit the tube to more vertically.

· Allow the tube to be rotated for horizontal exposure.

· Permit angulations of the tube.

A ceiling mounted stand is another version, and is ideal, as there is maximum degree of tube movement within a limited space. It also permits a radiographer to make exposures from a protected area.

5. X-Ray tube   

X-ray tube is also referred to as a diode tube, meaning it has two electrodes. It is also called as Coolidge tube or hot filament x-ray tubes. Vacuum allows unobstructed path for the electron stream and prevents oxidation and burning out of the filament.

X-Ray Tube is the largest thermionic diode type electronic vacuum tube that consists essentially of a glass tube, containing a cathode and a stationary or rotating anode placed 1-3 cm apart. The primary function of an x-ray tube is to convert electrical energy into x-rays.

The essential components of the x-ray tube include;

· A tungsten filament – Cathode, the negative side of the x-ray tube.

· A tungsten target – Anode, the positive side of the x-ray tube. 

· An evacuated glass envelop

· Two Circuits – To heat the filament and to drive electrons to the anode.

6. Tube Housing: It is a lead lined protective housing to prevent ‘leaking’ of x-ray. It contains sealed oil, serves as an electrical insulator and also helps in heat dissipation.

7. Collimator

The collimator is a box- like structure attached to the port of the x-ray tube, for the purpose of restricting the x-ray beam with adjustable lead shutter. It is also known as ‘variable aperture collimator’. The main advantages include;

· The x-ray beam can be adjusted to a variety of rectangular shapes and sizes.

· Exposure field can be illuminated to permit visualization.

· Penumbra is greatly reduced.

· The rectangular beam exposes only the area of interest, thus reducing the patient dose of X-ray.
8. Filters 

The filters are devices in the x-ray tube which remove the less energetic x-rays from the x-ray primary beam. The filters in the x-ray tube are of 2 types, namely the inherent filters and the added filters.

a) Inherent filters are;

· Glass envelope of the x-ray tube

· Insulating oil surround the tube

· The bakelite window in the tube housing

b) Added filters are the metal filters fixed in the path of the heterogenous x-ray. Copper in combination with aluminum is considered better for high energy producing units. 
9. Safety Devices
Certain safety devices are incorporated in the x-ray equipment to overcome electrical hazards and they are;

·  Switches

· Fuses and circuit breakers

· Grounding or earth

· Shock proofing – insulation

· Interlocking control circuit.

6. ACCESSORY RADIOGRAPHIC EQUIPMENTS

1. X-Ray Table

A variety of x-ray table are available for use in diagnostic radiology. Most tables are used in small animal radiography, measure 196x61cm with a height of 82cm from the floor. Most tables are used with a floor mounted tube stand. The multiposition x-ray table can move at right angle to the floor. 

The x-ray tables usually have a provision for bucky tray beneath its surface which will hold the grid and the film cassette.

2. Grid

Grid is a flat plate containing a series of alternating strips of radiodense (lead) and radiolucent (interspcer) encased in a protective covering of thin aluminium. The radiographic grid is an accessory used solely for the purpose of improving the radiographic quality of the radiograph. Grids are designed to absorb scatter radiation, before it reaches the recording medium. The first grid was designed by Gustav Bucky in1913. It was improved by Potter in 1920. 

Grid is used when the thickness of the part to be radiographed, measure more than 10cm.Grid is placed between the part to be examined and cassette, so as to absorb the scatter radiation falling on the film. As the scatter radiation strikes the grid from an angle, it is absorbed by the grid.

The use of grid requires an increase in exposure factor (mAs) to maintain adequate density, so more exposure is required for the patient and is a disadvantage.

Moving grids are those that move during exposure. Movement of the grid during exposure eliminates the grid lines on the radiograph.
3. X-ray Film


An x-ray film is a photographic film, used to decode the useful information from an x-ray image and it provides a permanent record of the information. The composition of the film is similar to that of photographic film. X-ray film characteristics are speed, latitude and contrast.

As regards to the type, there are two types of films namely screen films and non-screen films. Screen films are used with intensifying screens and non-screen films are designated for use directly without intensifying screens (Direct exposure film).


Film sizes: The following sizes of screen x-ray films are available.

Film size in inches                                          Cm equivalent

5 x 7                                                          12.7 x 17.7


6 x 12                                                        16.5 x 21.6      


6 x 15                                                        15.3 x 38.1


8 x 10                                                        20.3 x 25.4


10 x 12                                                      25.4 x 30.5


11 x 14                                                      27.9 x 35.6


12 x 12                                                      30.5 x 30.5


12 x 15                                                      30.5 x 38.1


14 x 14                                                      35.6 x 35.6


14 x 17                                                      35.6 x 43.2

Care of x-ray films
Caution must be exercised in the use of and storage of x-ray film as shown below.

A. Handling
· Hands must be clean and dry.

· Film should not be bent, buckled or pinched.

· Film should not be laid on cabinet or benches

· Film should not be dropped or slid across a surface.

· Film should be taken out only in a dark room, using recommended safe light system.

B.    Storage
· Store the film in a cool and dry place.
· Store away from radiation area or use protective barriers.
· Store upright and not in stacks.
4. Cassettes (Film Holders)

Cassettes are basically light proof boxes designed to hold films and screens for making an x-ray exposure. They maintain good film-screen contact and protect screens and films from physical damage. They have a metal frame with a thermostatic bakelite or magnesium front.
5. Intensifying Screens 

The intensifying screens are cardboard or plastic base structures, usually found in pairs inside the cassette. The x-ray film is placed in between them in the cassette. They interact with x-ray beam and intensify the action of the x-ray by converting most of the radiant energy (95%) into visible light. Thus they allow reduction in exposure factors. They must be carefully handled without abrasions or scratches and free of marks, dust and stains.
6. Cassette holders

Cassette holders are devices used by the assistants to hold the cassette during exposure, to be away from the primary x-ray beam. It also reduces the chances of possible injury to the personnel from the animals.
7. Lead blockers

A lead blocker is a sheet of lead placed over the part of the cassette, not desired to be exposed. The lead blocker allows more than one radiographic exposure of the same film. It is important from economy point of view especially, when extremities are to be radiographed.
8. Lead aprons and gloves

The individuals handling the animals for x-ray should wear protective gloves having lead lining of 0.5mm thickness and lead aprons having a minimum of 0.25mm of lead lining.
9. Lead markers 

Lead markers are used for identification of the place, case number, radiographic view and date. Film identification is necessary to maintain proper records.
10. Film hangers

Film hangers or holders are used to for holding the exposed film during processing and drying. Three types of hangers are available: channel type tension type and clip type.
11. Film drier
The film dryer or drying cabinet with heating provision is used to dry the films quickly after processing.
12. View Box or Viewing Illuminator

The view box is a wall mounted or portable device with florescent light bulbs that is covered with white transparent material. The transparent cover causes the light to be diffused evenly across the viewing surface. For proper radiographic interpretation, radiograph should be viewed on an illuminator. Illuminators are available in various sizes to accommodate single film or two or more films.
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7. RADIOGRAPHY TECHNIQUES

I. Preparation, Restraint and Position
Meticulous preparation, Correct position and proper restraint during radiographic procedures are essential in veterinary practice for;
· To obtain accurate radiographic details of the part being examined.

· To avoid formation of undesirable shadows on the radiograph.

· To ensure radiation safety to all the personal involved.

· To avoid motion of the part being examined during exposure. 

· To avoid repeated exposures and wastage of film and other materials.

1. Preparation: The main objective of preparation is to avoid confusion in radiographic interpretation. Undesirable shadows are produced on a radiograph by the density of sand, mud, feces, any iodinated medicament etc. Every effort should therefore, be made to clean and dry the hair coat of the part to be radiogrphically examined. The foot should be critically examined and mud, grit, stones etc. should be removed.

2. Restraint: Proper restraints of nervous and vicious animals require some form of physical and chemical restraint. Light sedation is usually sufficient for bovines. Dogs may need deep sedation or general anesthesia.

3. Position: In a well-positioned radiograph, the x-ray beam is perpendicular to the cassette to avoid image distortion. The principles of positioning procedures, irrespective of the species of animal should be followed as for as possible.

II. Directional Terms

These terms are based on the principle that each view should be able to indicate the direction, that the central rays of the primary beam of x-rays penetrate the body part being examined i.e. from the point of entrance to the point of exit. A system of standard nomenclature has been recommended by the nomenclature committee of the American college of veterinary radiologists.
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In a view, when only two directional terms are used, standard listing is done e.g., ventrodorsal, dorsopalmar etc. In ventrodorsal term, it is clear that the central ray enters from the ventral side to exit through the dorsal side; and so on.

 In case of oblique views, a hyphen is added to indicate the point of entrance and exit of central ray, e.g. dorsolateral- palmaromedial oblique. In special position e.g. dorsopalmar view of the fixed carpal joint would be written as dorsopalmar (fixed). For most oblique views combination of basic directional terms would be required.

· ‘Right’ and ‘Left’ should precede other terms e.g. right cranioventral

·  ‘Medial’ and ‘Lateral’ should be subservient when used in combination with other terms,     e.g.     dorsomedial, ventrolateral etc.

· On head, neck, and tail, the terms ‘Rostral’, ‘Cranial’ and ‘Caudal’ should take precedence when used in combination with other terms, e.g. dorsoproximal, palmarodorsal etc.

· On the limbs, the terms ‘Dorsal’, ‘Palmar’ ‘Cranial’ and ‘Caudal’ should take precedence when used in combination with other terms e.g. dorsoproximal, palmarodistal etc.

III. Radiographic Views – Hard structures (Bovines)

In general, the number of views for a particular part varies. It is important to obtain an adequate number of views to ensure that no lesion is missed; an attempt to compromise with fewer views is a false economy. The use of ‘special’ views e.g. obliques and skylines of suspected lesions can be remarkably rewarding.

The important views for radiography of hard structures of the body, namely, the bones and joints are as follows. Main emphasis is given to bovines.

1. Shoulder Joint
View: Mediolateral (ML): Either standing or lateral recumbency, the limb to be examined pulled as far cranially as possible.X-ray beam is directed from the medial side, parallel to the ground and centered on the shoulder joint.

2. Humerus
View: Mediolateral view (ML)

Position: In lateral recumbency with the limb to be radiographed kept lower most and drawn cranially, cassette placed beneath the humeral region. The upper limb drawn cranially.X-ray beam directed vertically.

3. Carpal joint

View I:  Dorsopalmar.       Position: Normal standing.


View II: Lateromedial.       Position: Normal standing.


X-ray beam directed parallel to the ground.


View III: Fixed Lateromedial (LM-Flexed Knee)

Position: Standing. The limb to be radiographed is lifted and the carpal joint flexed. Cassette positioned against the medial aspect of the flexed joint.
4. Fetlock joint
Fetlock joint includes the metacarpal / metatarsal-phalangeal area and the proximal sesamoids.


View I: Dorsopalmar / Dorsoplantar (DPa / Dpi)

Position: Standing with the foot rested on a wooden block. Cassette placed against palmar / plantar aspect of the fetlock.X-ray beam directed horizontally against the cassette.


View II: Lateromedial (LM)

Position: standing with the foot rested on a wooden block. Cassette held against the medial aspect of the fetlock joint.X-ray beam directed parallel to the ground and at right angles to the ground.

5. Femur

View: Mediolateral (ML)

Position: Lateral recumbency with the limb to be radiographed lowermost. The upper limb is drawn away from the beam. The cassette placed beneath the femoral region.X-ray beam is directed vertically and centered at the mid femoral region.

6. Stifle joint

View I: Craniocaudal (CdCr)

Position: Normal standing. Cassette positioned on the cranial aspect of the stifle joint and the x-ray tube caudal to the joint.X-ray beam is directed in a mid-sagital plane of the limb in a caudocranial direction parallel to the ground. 


View II: Lateromedial (LM)

Position: Normal standing. Cassette is placed medial to the stifle joint and pushed as far high enough as possible.The x-ray beam is directed towards the cassette at right angle, the central beam being parallel to the ground.

7. Tarsal joint

View: Dorsoplanter (DPI)

Position: Normal standing. The cassette holder positioned against the plantar aspect of the tarsal joint.The beam is directed in a sagital plane parallel to the ground.


View II: Lateromedial (LM)

Position: Animal standing. Cassette holder placed against the medial aspect of the tarsal joint. The beam is directed in a sagital plane parallel to the ground.

IV. Radiographic views – Soft Organs (Bovines)
1. Esophagus
 
View: Lateral

Position: I. Normal standing, with its left side next to the cassette.


View II. Left lateral recumbency.

Barium paste can be used in conscious recurrent animals for contrast radiography. It is easier to swallow and less likely to be aspirated than barium suspension.

2. Thorax
In young calf, it may be possible to obtain the entire lateral view of thorax on a single large sized film but in adult bovines 3 to 4 over lapping radiographs may be necessary.

a) Lungs 
View- lateral
Position: Normal standing. The cassette is positioned against the area of interest.Beam directed horizontally from opposite side of the animal and centered at the area of interest
b) Heart area: view- lateral

Position: Lateral recumbency with the thoracic limb extended forward. Cassette poisoned beneath the animal in the cardiac region.
3. Abdomen
Radiographic examination of the bovine abdomen is mainly for the diagnosis of the disorders of the reticulum. Therefore, only the cranioventral abdomen is radiographed.
View – Lateral

Position: Standing. Cassette is positioned on the left side of the animal.

The x-ray beam is directed horizontally at right angle to the face of the cassette. The beam is centered about 15cm dorsal to the seventh sternebra

V. Radiographic views –Camel

Radiography of the camel follows the same protocol as that described for bovine with slight variations in some instances. In most studies two projections are made at right angle to each other.

VI. Radiographic views – Horses & Donkeys

The horses are mostly used for draught purposes and to a limited extent in various forms of competitive and pleasure riding. Radiography of the horses in sickness as well as in health, for insurance and purchase examinations, is increasing. The radiographic positioning protocol for the horses and donkeys is almost similar for the bovine.

VII. Radiographic views – Dog
For the dog, the protocol is almost similar to that of sheep. However, some variations exist. Chemical restraint is often necessary to allow proper patient manipulation for correct patient positioning. Reversible drugs allow temporary immobilization.  
8. CONTRAST RADIOGRAPHY

Contrast radiography deliberately alters the radiodensity of the tissue itself or its surrounding structures to obtain radiography with enhanced visualization and demarcation. 

The substance used for the purpose is called contrast medium

In plain radiography no deliberate attempt is made to alter the density of the body tissues and at times, the demarcation of adjacent tissue is not clear due to lack of contrast.


The materials which increase radiodensity of structures or tissue in relation to surrounding tissues are called positive contrast media and those which relatively decrease the radiodensity are negative contrast media.  
In double contrast radiography two contrast media are used together.
The advantages of contrast radiography are;

· Structures or organs can be evaluated more effectively for their size, shape    and position.

· Valuable information can be gained regarding serosal and mucosal surfaces of hallow organs.

· In some instances some idea of the functions of the organs can be formed.
Positive contrast media

· Barium sulfate preparations e.g. barium suspension, barium meal and barium enema. 

· Water soluble iodine preparations. It forms the largest single group of contrast media. 

· Commonest conventional agents are ; sodium and meglumine salts of iothalamic, diatrizoic and metrizoic acid 

· Cholycystapaques: these are excreted through biliary system e.g. sodiumiopodate. 

· Viscous and oily preparations: e.g. propyliodine.
Negative contrast media

Most commonly used negative contrast media are; room air, carbon dioxide and oxygen. Gases are best used in double contrast studies. Indications include arthrography, fasciography, pneumoperitoniography, pneumocystography etc.

Contrast Techniques

There are many contrast techniques and the following are some of the important contrast techniques.

1. Barium Series
This procedure is indicated to evaluate the structural and functional status of the gastrointestinal tract in small animals. It should be avoided if rupture of the stomach or intestine is suspected,
Technique (Calves, Sheep & Goat)
· Keep the animal off feed for 36 hours and off water for 12 hours. 

· Administer 0.5kg. Magnesium sulphate orally 24 hours before the study.

· 100gms.of activated charcoal given orally 12 hours before, to clear the gas in GI.tract.

· Give warm soap-water enema to clear the bowel.

· Administer 70% solution of barium sulphate @ 25-30ml/kg orally.

· Obtain lateral and ventrodorsal projections at various intervals.

The entire course of intestine is not visualized at one time. Most organs upto cecum are visualized    at 4 hours, while colon gets demarcated between 6-8 hours, after administration. In case of dogs, the barium sulphate 15- 20% is used @ 6-12ml / kg. and the laxatives are not used.

2. Barium Enema

Barium enema is indicated to outline the colon and rectum to rule out intramural or extraluminal obstructions. It should not be used if perforation is suspected.

Technique
· Keep the animal off feed for 36 hours and off water off water for 12hours. 
· Give magnesium sulphate orally before 12 hours as a laxative.
· Give warm soap- water enema 2hours before.

· Sedate the animal deeply after controlling it in lateral recumbency.

· Raise the hind quarters for retention of contrast agent in the gut.

· Insert cuffed lubricated catheter into the rectum and inflate it.

· Administer micropulvarised barium sulphate 15-20% @15-20ml / kg. 

· Obtain right lateral and ventrodorsal projections.

· Evacuate the contrast materials from the gut by elevating the cranial part of the abdomen

3. Barium Swallow (Esophagography)
The technique is used to evaluate both structural and functional status of the esophagus after introduction of positive contrast agent. 
The indications are;

· Esophageal obstruction

· Esophageal stenosis

· Esophageal diverticulum 

· Esophageal perforations

· Esophageal mucosal diseases

It should not be used if rupture of the thoracic part of esophagus is suspected.

Technique 

· First obtain a survey radiograph of the area.
· Prepare barium suspension in water with the viscosity of light cream.
· Administer orally the barium swallow slowly (1-2ml / kg.).
· Make lateral radiograph of esophagus at the last swallow.
Appearance 

In the absence of obstruction, the mucosal folds appear as linear streaks. In case of obstruction, barium gets accumulated cranial to the obstruction site. Diverticulum is identified as an esophageal out pouch filled with contrast agent.

4. Reticulography

It is indicated to diagnose, reticular hernia in bovines.

Technique:

· Keep the animal off feed for 24 hours and off water for 12 hours.

· Administer orally thick barium suspension (1 – 2kg.).

· Restrain the animal in lateral recumbency.

· Take a lateral radiograph after 40minutes.

It helps to differentially diagnose diaphragmatic hernia from pleurisy and pherinic abscess.
5. Pneumoperitoneography

Pneumoperitoneography is the radiographic study of the peritoneal cavity and its contents after introduction of a negative contrast agent. If barium series and pneumoperitoneum are combined it is called double contrast peritoneography. These are indicated to visualize outline of various abdominal organs. It should not be used if diaphragmatic hernia is suspected because of the risk of pneumothorax.
6. Arthrography 

Arthrography is used to visualize structures of a diarthrodial joint after injecting a positive or negative contrast medium or a combination of both. It is indicated to diagnose various joint abnormalities.
7. Intravenous Pylography

Intravenous pylography refers to the contrast radiographic examination of the kidneys and ureters after intravenous introduction of a positive contrast agent like iothalmate. It will also give a rough index of kidney function. It is contraindicated in severely dehydrated patients.

7. Mylography

This technique refers to the contrast radiographic examination of the spinal cord and emerging spinal roots after injecting the contrast material, the metrizamide into the subarachinoid space. It is indicated for the diagnosis of intervertebral disc protrusion, intraspinal lesions and spinal cord edema.

Of late the endoscopic procedures are becoming very popular and it can be compared with the contrast radiographic procedures.

	S.NO
	Endoscopy
	Contrast radiographic procedures

	1. 
	Gastrodudenoscopy-more sensitive                     
	Less sensitive

	2. 
	Offers a chance for removal of FBs
	No chance – only diagnosis

	3. 
	Can find the gastric lesions
	Cannot accurately distinguish inflammations

	4. 
	Unnecessary surgery can be avoided
	No chance

	5.  
	Biopsy can be taken
	No biopsy can be taken


Double-contrast studies using both air and a positive contrast agent (BaSo4) are more sensitive than positive contrast procedures, but are more difficult to perform. Contrast procedures are especially more useful if the foreign body absorbs or gets coated by the contrast material.  
9. FILM PROCESSING
Processing of the latent image takes place in a dark room, designed for handling and storage of film.
I. Dark Room

The radiography begins in the darkroom by loading the cassette with x-ray film and ends in the removal of the film for processing in the darkroom. The darkroom must have several wall mounted “Pass boxes” for passing cassettes in and out of the dark room, without opening the door.
The darkroom procedures include;

· Loading of the film in a cassette.
· Unloading of the exposed film.
· Processing of the film to make latent image, visible for viewing.
The errors in the dark room lead to unnecessary repeated radiographic examinations, waste of time and increased cost of clinical examinations. 
II. Safe light system: The special illumination required for a radiographic darkroom is called a safe light system with a bulb of 10 watts.
III. Processing Tanks

The tanks used are made of either plastic or stainless steel. Four tanks are required, for developing, rinsing, fixing, and washing. The developing and fixing tanks must always remain covered with lids.
IV. Processing Solutions
The processing solutions include; developer, rinser, fixer and replinisher for developer.

 a) Developer reduces exposed silver halide crystals of the film to metallic silver, which converts latent image into a visible one. Developer contains;

1.  Reducing agent—Hydroquinone or metol. It reduces silver halide into metallic silver

2.  Activator—Sodium carbonate -- To soften and swell film emulsion for the action of reducing agent.

3.  Restrainer—Potassium bromide. It controls the activity of the reducing agent. 

4.  Preservative—Sodium sulphite. It controls rapid oxidation of reducing agent.   

5.  Solvent—Water is used as a solvent for chemicals.
c) Rinser: After developing, the film is rinsed to stop over developing and to avoid developer being carried to contaminate fixer. Rinsing should be done by agitating the film for 10 to 30 seconds. Rinsing may also be done in running water.
c) Fixer: Fixer contains;

1. Fixing agent — Sodium thiosulfate or Ammonium thiosulfate. It acts to remove unexposed silver crystals.

2. Acidifier – acetic acid or sulfuric acid -- To neutralize the developer. 

3. Hardener – Ammonium chloride or Ammonium sulfide. It shrinks and hardens the film emulsion.

4. Preservative – Sodium sulfite – to maintain chemical balance of the agents used in the fixer solution.  

5. Solvent – water is used as solvent for chemicals.
V. Processing Techniques

Developing:  Developing time is usually 4 to 5 minutes at 200C or as per the recommendations of the manufacturer.
Fixing: The fixing time is usually twice the developing time. At least 10 minutes will be required for hardening the film emulsion. Films are usually kept in the fixer for 20 minutes
Washing: Film washing is done after fixing, to remove excess fixer and residual silver. It is done in a large tank with provision of running water.
Film drying: After washing, the film is drained and hung up to dry. Films should not come in contact with each other and air should freely circulate around them. Drying cabinets with heating provision can be used to quicken the process. 
10. PRNCIPLES OF RADIOGRAPHIC INTERPRETATION

Veterinary students should learn how to apply diagnostic imaging investigation and how to recognize basic radiological signs, by the time they graduate and become hospital doctors. Quality radiographs, detection knowledge and correlation of significant radiographic findings with clinical data are essential. Radiography is not an absolute diagnostic tool but only an adjunct to clinical diagnosis.

It is important to relate the changes seen to known behavior of tissues under consideration, rather than relating radiographic appearance to a clinical condition seen before. It is important to remember that each radiograph can only represent a fraction of a second in the life of a patient, and the development of disease process. The x-ray picture is a static image of a dynamic process. All the changes from the normal, should be used to build up an impression which can be related to disease process known to occur in that region.

In order to interpret a radiograph for pathological lesion, it is essential that radiographic appearance of normal structures are known. The radiograph should be interpreted without any preconceived idea. Radiography is an aid to diagnosis and not the ultimate diagnosis itself.

For a given site, adequate evaluation usually requires a minimum of two views, to be made at 90o to each other (orthogonal views). To evaluate fractures and postoperative fracture repairs radiographs of the long bones must include the joints above and below the bone of interest. Serial radiographs are necessary for correct interpretation of dynamic process e.g. fracture healing and growth of bone tumors.
Radiographic interpretation should be done when the film is dry. The emulsion swells when wet and details cannot be appreciated on wet films. It is helpful if the radiographs are always viewed using the same orientation, i.e. with the animal facing the viewer's left. Satisfactory radiographic interpretation is dependent on complete and systematic evaluation of all the information that is found on the film. Close attention should be paid to the variations in the outline and densities of the images in the film. Fine details of the radiograph should be examined minutely.

The following points must be considered for effective interpretation of radiograph.

1. Important Factors for Accurate Interpretation

· The period of time during which the clinical signs have been present.

· The age, sex and breed

· The validity of history

· Possible complicating factors.
2. Viewing Box
X-ray should be viewed only on a viewing box with subdued light. This optimizes the ability of the reader to differentiate the structures and to obtain the maximum information from the film. The darker the film, the more important is to read the film under ideal conditions. Radiograph has variable grey shades. Black areas indicate areas or structures of low density e.g. Air in Lungs. White areas indicate structures that have relatively high density e.g. Bone. 
3. Distant Evaluation of X-ray

Prior to closer view, initially the film should be evaluated from a distance of several feet, in order to get an overall impression before concentrating on details. Then start assessing the radiograph itself for;

·    Quality of the film

·    Processing artifacts and other artifacts

·    Exposure factors & penetration of the part of interest

·    Sufficient radiographic density & contrast

·    Elimination of motion during exposure

·    Approximate age of the patient

·    Soft tissue abnormalities

·    Bone outline and internal structures.

4. Asses the Identified Abnormality

· Ensure that it is real and confirm it on another view.

· Asses the possibilities due to overlapping of bones or soft tissues.

· Differentiate normal variations and real abnormalities e.g. Nutrient foramen.

· Explain the radiolucent zone - whether due to introduction of air during injection of local analgesics.

5.  Describe the radiographic lesion in radiographic terms.

· Terms like smooth, regular, well defined etc. It will lead towards a conclusion of normal, benign or long standing lesion.

· Other terms such as roughened, irregular, sharp, poorly demarcated or destructive, lead to conclusions of active disease.

· Other pathological lesions also should be considered.

6. Assessment of the Duration Of The Lesion
· Osteophite formation less than three weeks

· Incomplete fracture takes 2 weeks to become visible
· Active bone lesions have irregular margins and less opaque than parent bone
· Inactive bone changes appear generally smooth, regular and uniformly opaque
· Scars in bone, as in other tissue, do not model. 
The purpose of x-ray in facture is to asses;

· The type and severity

· The degree of displacement

· The damage to adjacent joint

· The damage to soft tissue 

· The degree of reduction achieved.

7. For Interpretation of Skeletal X-Rays 

· For detection fractures and dislocations, one x-ray is not enough
· For correct assessment of fracture at times more than one view is required
· Obtain minimum two views at right angles for all suspected fractures and dislocations
· The films must show the joint above and below any suspected fracture of the limbs
· The tendon or vascular damage cannot be seen on routine x-rays
· Fractures of the shaft of bones are easily seen when there is break in the thick cortex
· When an obvious injury is seen, continue searching, as there may be other abnormalities 
· In non-union, the fracture line persists, the broken ends of the bone appear whiter 
· For best visualization of a fracture, the x-ray beam must be parallel with the plane of fracture
· All the changes from the normal should be used to build up an impression, which can be related to disease process known to occur in that region

· Serial radiographs are necessary for correct interpretation of dynamic process e.g. fracture healing and growth of bone tumors.
A working diagnosis can then be formed, which will complement any laboratory findings and other imaging techniques and to help to confirm a clinical diagnosis.

There is no substitute for a good clinical diagnosis and examination, and radiograph should only be used as an aid to clinical diagnosis.

The Radiographic Features of a few Specific Conditions
Serial radiographs are needed for correct interpretation of dynamic process fracture healing.

1. Fracture – Evaluation of normal healing pattern
· A lucent line or lines noticed at the beginning
· Osteocalcis along the fracture line within 5 days
· Bridging calcified periosteal callous formation
· Remodeling of callus with restoration of continuity of the modularly cavity and cortex
· Reformation of the normal trebacular pattern  from one fragment to another.
2. Fracture - Non-union

· The irregular translucent fracture line present

· The broken ends of the bone appear whiter (sclerotic)

· There is often thick new bone around the fracture

· There may be movement clinically
· Obliteration of the medullary cavity.

3. Dislocation

· Malalignment and displacement of the apposing articular surfaces 
· Disruption of adjacent fascial plane
· Periarticular soft tissue swelling.
3. Septic Arthritis

· Periarticular soft tissue swelling and distension of joint capsule
· In early stages – increase in joint space due to synovial effution
· As the disease progresses – Narrowing of the joint space  due to destruction of the articular surface
· In Advanced cases – Widening of joint space due to subchondral bone aestruction.
4. Degenerative Joint Diseases

· Spurs or osteophyte formation along the articular margins of the bones (Lipping)

· Increased density of the articular ends the bones

· Narrowing or collapse of the joint space

· Intra-articular and /or Periarticular calcification may also be present.

5. Lungs – Pneumonia

· Lung markings increased in both in size and number
· Increased patchy densities with irregular and indistinct borders
· In aspiration pneumonia – Irregular poorly defined areas of increased density noticed.
6.  Pericarditis
· Cardiac shadow appears rounded and enlarged

· If traumatic in origin – Foreign body embedded in the pericardium may be visible. 

Thus to read a radiograph successfully, it is important to relate the changes seen to known behavior of tissues under consideration, rather than relating radiographic appearance to a clinical condition seen before. 
It is also important to remember that each radiograph can only represent a fraction of a second in the life of a patient, and the development of disease process. 
The x-ray picture is a static image of a dynamic process.
11. IMAGING TECHNIQUES

Diagnostic imaging is first step towards definitive diagnosis. Definitive diagnosis may require additional imaging techniques. This table gives classification and the summery of the main indications of diagnostic radiography and other alternative or complimentary imaging techniques.
The imaging techniques may be classified as shown in the table below.

	Sl.No.
	Imaging Techniques
	Main Indications

	1.
	Radiography
	Majority of investigations carried out in a radiological section.

	2.
	Fluoroscopy 
	Permits clinical evaluation of dynamics of the body such as peristalsis 

and movement of the joints.

	3.
	Endoscopy 
	Collection of biopsy materials, removal of foreign bodies, to clinically

 visualize organs for diagnostic purposes and to perform

minimally invasive surgeries (laparoscopy).

	4.
	Ultrasonography
	obstetric scanning, scanning of urinary tract, abdominal masses, liver,

 thyroid, heart and testes. 

	5.
	Computed tomography
	Intracranial scanning, scanning of chest, abdomen, staging malignant 

Tumors and monitoring treatment; early assessment of major trauma.

	6.
	Nuclear medicine
	Skeleton – infection, early trauma; urinary tract obstruction and 

function; cardiac function; lung infarcts and WBC studies.

	7.
	Magnetic resonance

 imaging
	Brain, spine, joint, cardiac and vascular disorders. 

Definite Contra indications – metallic implants, FBs, pacemakers 
etc.


1. Diagnostic radiography

Diagnostic radiography is an integral part of the diagnostic and management process in a large variety of clinical problems.
2. Fluoroscopy

Fluoroscopy is one where the image is displayed on a television screen having been ‘intensified’ from an initial image, produced on a fluorescent screen. The simplest type of fluoroscopic unit consists of an x-ray tube, a fluoroscopic table and a fluorescent screen, which resembles an intensifying screen. The provision of a closed circuit television system reduces the dose of radiation even further.

The advantages of fluoroscopy are for the immediate visualization of the radiographic image on the screen. It also saves time and expenses of exposing and developing x-ray film. The greatest contribution of fluoroscopy is that it permits clinical evaluation of the dynamics of the body such as the peristalsis and movements of the joints. It helps veterinarians to thoroughly evaluate, the esophageal obstruction or diverticulum using barium meal. It is a valuable aid in positioning of catheter in the heart and great blood vessels for the examination of the circulatory system.

The shortcomings are the radiation hazards that are greater in fluoroscopy than in conventional radiography, even after adapting all preventive measures. Permanent records of dynamic images cannot be kept. 

The fluoroscopist should never be used as a substitute for non-motion radiographic examination. The fluoroscopy and other staff must wear the film batches to monitor the x-ray exposure dose.
3. Endoscopy

Endoscopy is the use of an endoscope to visualize the interior of an organ or other area, that otherwise cannot be examined without surgery. Flexible Endoscopy uses an endoscope, which is flexible and designed to bend to look and move around corners. 

Rigid Endoscopy uses a plastic or metal scope that cannot be bent.

Flexible endoscope will have an umbilical cord to attach the scope to the light source; a handle and a flexible insertion tube to introduce into the animal. 
The endoscopes most often used in veterinary practice are;

· Gastrodudenoscopes

· Bronchoscopes 

· Colonoscopes 

Rigid endoscopes are of variable are of variable size and length that have an Obturator and light source. Various types of endoscopes are;

· Laryngoscope 

· Laparoscopes
· Throcoscopes

· Cystoscopes

· Rhinoscopes

· Arthroscopes. 

Minimally invasive surgery is increasingly becoming an accepted diagnostic and therapeutic tool in veterinary practices. The different endoscopic techniques are Gastrodudenoscopy, Colonoscopy, Bronchoscopy, Cystoscopy and Vaginoscopy according to the organs examined.
Laparoscopy is endoscopy of the peritoneal cavity and may be diagnostic or interventional (minimally invasive surgery).
Arthroscopy is the technique of endoscopy of a joint. Arthroscopes are always used through specially designed cannulas for removal of loose bodies (e.g. cartilage fragments), joint lavage for asepsis, topical management of osteoarthritis etc.

The endoscopic technique is valuable only when it eliminates the need for more invasive surgery. Endoscopy of alimentary and respiratory tract is occasionally performed for the following purposes.

· To dilate stricture (benign esophageal stricture)

· To control hemorrhage, 

· To remove part or all of an organ (ovariohysterectomy)

· To insert a tube (gastrotomy feeding tube) 

· To removal of foreign bodies.
Procedure for Endoscopic removal of foreign body 

· Each FB must be considered individually because; an ill-planned endoscopic removal may be more damaging to the patient (e.g. perforation). 

· Always radiograph the animal shortly before anesthesia since, the FB. might have passed out of reach of the scope, just before procedure. 

· Appropriate retrieval forceps may be selected for firmest grip on the FB. 

· Do not just grip the FB. and pull it immediately. Reposition or turn the FB. to obtain the best grasp. It will make it easier to pull through the sphincters. 

· If inappropriate resistance is noted, better release the object and perform surgery.

There are both advantages and disadvantages and disadvantages in this procedure.

Advantages 

· Often much quicker than regular surgery

· Often less stressful to the patient

· Reduced tissue trauma, morbidity and recovery time.

Disadvantages 

· Cannot remove all types of objects

· Careless techniques can hurt the animal

· Requires an assortment of expensive FB retrieval forceps.

Primary use of endoscopy in veterinary medicine is to visualize and obtain tissue or cytological samples of mucosa. Rectal and gastric polyps can be removed endoscopically (polypectomy).
4. Ultrasonography
Ultrasonography means imaging with ultrasound. Diagnostic songraphy gives an image of a slice of the body by directing a narrow beam of high-energy sound waves into the body. The sound waves are reflected by tissue interfaces to produce echoes, which are inturn detected by the transducer and converted into a signal to produce images. It is an interactive process involving the sonographer, patient, tranceducer, sonographic instrument and sonologist. Transducers convert one form of energy to another. They convert electric into ultrasound energy and vice versa.

Ultrasound does not produce an image, as sharp and clear as CT, but it has four singular advantages.

· It does not employ ionizing radiation and so no biological injury is produced.

· It can be employed in transaxial plane or sagitally or at any chosen obliquity as required by the anatomic region being investigated.

· It is far less expensive than CT or MRI.

· It can even be performed portably at the bed side of very sick patients.

The organs usually scanned are liver, kidney, urinary bladder, spleen, uterus, ovaries teat and udder. In ruminants and equines, a rectal linear scan head is used for the diagnosis of ovarian and uterine disorders. In small animal and equine practice ultrasound is routinely used as a diagnostic aid. 

Real – time scanning produces, moving images e.g. heart movements in a fetus.

Sonogram – Ultrasound scan.

Sonologist – Specialist in Ultrasonography.
5. Computed Tomography (C. T. Scan)
In computed tomography (CT) the x-ray tube revolves around the patient and the emergent beam is picked by electric detectors. This information is conveyed to a computer, which makes the pictorial arrangement. “Slices” are obtained at predetermined intervals. The images produced show cross–sectional slices of the body. Another improved version in this is Computed Axial Tomography (CAT SCAN).
The differences between plain radiographs and CT are; 

· In plain radiographs superimposition shadow grams are produced and the images of all superimposed structures appear on the film.

· The computed tomography gives focused radiographic information about one cross-sectional slice of the patient only, without any confusing superimposed images.

The CT should be considered as a sophisticated study, for special problems. Contrast media may be used during CT scanning to enhance the difference in density of various structures.
6. Nuclear Medicine 
Nuclear medicine or radioneucleotide imaging is another branch of radiology, offers physiologic information of importance in modern medicine. This branch of radiology is based on the visualization of particular living organs and tissues, because an injected radioactive isotope, takes up residence there briefly

An image is obtained because; the radioactive isotope emits gamma rays for a brief period. The emitted rays are recorded by a gamma camera during the period of gamma emission. Within an acceptably short period of time, the isotope will stop emitting detectable rays, as it return to a stable state.

Isotopes chosen for tagging are those which will remain in the organ to be studied, for long enough to produce a useful image, but relatively short half-lives so as to minimize radiation to the patient’s tissues. The nuclear medicine gives, less precise anatomic information, but much more important physiological information, which will help to understand metabolic process, both normal and abnormal.
7. Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI), like ultrasound does not use ionizing radiation as diagnostic radiography and CT do. The rapid development of MRI makes it essential to have some idea of its uses in clinical medicine as well as the exquisite visualization of anatomic structures in the living patients.
The technique for imaging places the patient, within a bore of a powerful magnet and passes radio waves through the body in a particular sequence of very short pulses. Each pulse causes responding pulse of radio waves to be emitted from the patient’s tissues and is recorded by a computer which then produces a two-dimensional picture as a slice of the patient.
In addition to the transverse sections of the body, the magnetic resonance imaging can be carried out in the sagital and coronal planes as well as in various degrees of obliquity.
Tissues which emit strong MR signals appear white in MR scans, whereas those emitting little or no signal appear black. In general, air and cortical bone as well as rapidly moving fluid (blood) will appear black, whereas fat will appear white.
12. RADIATION SAFETY
Radiation exposure to man usually results from diagnostic as well as therapeutic radiation devices. Veterinary practice exposes veterinarians and their coworkers to definite risks. It is the responsibility of the veterinarian, to enforce radiation safety measures in the radiological section and to educate other personnel about the potential hazards of radiation.

I. Biological Effects of Radiation
The x-ray beam while traversing the tissue forces the electrons to be ejected from the atomic lattice. Once absorbed by the tissues, all types of radiation produce changes in the living cells. The cellular injury causes pathological and physiological changes leading to ‘radiation sickness’. After transfer of radiant energy to the atoms and molecules in the form of excitation and ionization, direct and indirect effects of radiation are produced. The direct effect appears due to absorption of energy by the molecules. Indirect effects are caused by the products of radiation decomposition (radiolysis) of water and other solutes of the body.

After radiolysis of water in the cells, there is formation of ‘free radicals’ with ‘unpaired electrons’. These free radicals and the H2 O2 formed by them are highly reactive and mutagenic. This may be one of the chief mechanism by which the damage is caused by the ionizing radiation, as 80% of the biological system is water.
Radiation sensitivity of body cells refers to the loss of reproductive capability of the proliferating cells. Since, the radiation damage is usually mitotic linked, cells regularly proliferating, such as stem cells of hemopoitic systems and cells of the gut, skin and testes are more radiosensitive. The cells which do not proliferate, such as nerve and muscle cells are relatively radioresistant.

II. Radiation Protection

X-rays are only dangerous if you are careless. Keeping in view of the magnitude of the radiation hazards, radiation safety has assumed greater significance in routine clinical practice. Sometimes radiation safety practices are neglected on the ground that too much time and effort is required. None of these excuses, however, justifies the unsafe use of radiation. X-rays can cause harm even though we do not see or feel them.

III. Radiation Precautions
· Never hold the x-ray cassette with hands during an exposure. Cassette holders or general anesthesia should be used.
· Lead aprons and gloves should be worn by the individuals assisting x-ray examinations.
· Personnel not required for assistance should leave the immediate area.
· Lead aprons and gloves should be worn by the individuals assisting x-ray examinations.
· X-ray beam should be collimated and a light beam diaphragm used to enable maximum         collimation. No part of any attending person, even if covered with protective clothing, should be placed in the primary beam.
· Primary beam filtration should be done.
· Personnel used in radiographic work should be rotated at intervals, if possible.
· Pregnant women and persons under 18 years of age should not be involved in radiographic work.
· Fast speed screens (e.g. rare earth screens) may be used to reduce exposure factors.
· Correct x-ray exposures and proper dark room techniques should be used to avoid repeated unnecessary exposures.
· All personnel working with and around x-ray machines should be monitored using film batch system (Radiation safety monitoring badge).
· A notice should be posted prominently near the x-ray unit, indicating potential hazards of radiation and need to wear protective apparels.
· Radiation survey by qualified experts should be carried out at periodic intervals to check safety precautions and possible radiation leakage from the equipments. 
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