Radiology :
Radiology :((Roentgenology )):

Science deal with the use of radiation energy ( X-ray , radium , radioisotopes )for diagnosis and treatment .

  or/ science deal with the study of the diagnostic and therapeutic uses of ionizing radiation.( interpretation of radiographs ).

Radiograph: (shadowgraph)(skiagram ) :visible photographic  records of X-ray = radiographic film.

Radiography: art and science of taking radiographs .

Radiologist : a man who working in radiology .

Radiographer: a man who taking radiographs. 

X-ray : is an electromagnetic radiation of high energy ( 103-1010 ev ) , and low wave length ( 10-8-10-16  meter) =(0.2-0.3 An ) , its invisible , have ability of penetration of the bodies and tissues , travel in straight lines in the same light speed 186000 mile/ second, and penetrate the lenses without refraction. Its found after the ultraviolet in the electromagnetic spectrum. Television and radio waves → Microwaves → Infrared→ Visible light → Ultraviolet → X-rays  and gamma rays .

History of X-ray : its discovered in 1895 by the physicist Wilhelm Conrad Roentgen while doing experiments with electron flow in vacuum tubes, even he making a radiograph of his wife hand. After one month of its discovery published the first paper of its medical use , and after one year 39 books and 1044 paper on X-ray were published. W.C. Roentgen get the first Nobel prize in physics ( 1901) for his discovery of X-ray . 

Properties of X-ray : the X-ray photons like the visible light , travel in straight lines , have the same speed of visible light , and found under the same laws of visible light , but it have the following characters.

1-invisible.                2-travel in straight  lines.

3- have penetration power, the degree of penetration depended upon :

    a- atomic number of the matter ( the high atomic number like lead (82) is the more radiopaque , and the 

     less atomic number matter like air is the more radiolucent)..

    b- wave length ( the shorter wave length , have more penetration) .

 c- density of the matter. increase the density ↑ the power of absorption  ( density of air less than the                                        density of  fluid )     

    d-thickness of the subject ( or tissue )↑increase the thickness decrease the penetration.

4- fluoroscopy : X-ray when strike some material give fluorescence light like calcium tungstate which found in intensifying screen, and zinc cadmium sulfate, which used in fluoro-screen.

5- photographic effect-which can be registered on the radiographic film. As a visible photograph. 

6- biological effect-the X-ray produce somatic and genetic changes .

7-ionization of cells.

Composition of the X-ray machine: it consist from: 

1-the X-ray tube; which its glass tube , highly evacuated from air , have two electrodes ( anode and cathode ) , responsible for production of X-ray , and have many accessory equipment like cone, diaphragm , filter-----etc. 

2-the transformers: which responsible to convert the normal current supply into suitable form for the operation of an X-ray tune. It include 1- the autotransformer(correct the input voltage)

                                                         2-step-dowen ( filament transformer ).

                                                         3-the high tension transformer to produce high voltage ).

3- the tube stand : which holding the tube .

4- the control panel-contain the meters , switches like on/off switch, the voltmeter, kilovoltage selector, the milliameters and milliamperage selector , the timer and the exposure button, fluoroscopy control.

Types of X-ray machine: 

1-Portable –X-ray machine 70-90 KV x 15-30 ma.

2- Mobile –X-ray machine 90KV    x 40-60 ma
3-Fixed –X-ray machine 120-200 KV x 300-1000 ma.

The X-ray tube : 

 Highly evacuated glass tube have two electrodes .

1-the Cathode ( − ): which consist from an spiral tungsten filament set in a shallow cup to prevent outside movement of electrons, its responsible for production of cloud of electrons around the filament. The cathode have two functions: 

   a-act as negative electrode for the high tension circuit.

   b-supply the electrons to carry the high tension current across the vacuum in the tube.

2-the Anode ( + ): have the target or the focus ( focal spot ) which made from tungsten set in 22.5ْdegree from the vertical on a solid bar of copper in alignment with the cathode to receive the bombardment of electrons.

  Why select tungsten ?, because it have high melting point 3380 Cْ , but its bad heat conductor, for that it connect with the copper bar , which conduct the heat from target to the outside of the tube.

  After bombardment of electrons with the target , less than 1% of its energy converted to X-ray and 99% of its energy converted to production of large amount of heat, and for distribution of heat over larger area , Rotating anode is builder in modern X-ray machines. The focus should be very small ( ideally should be a point source ) within a range of 0.6-1.5 mm2.

Production of X-ray : 
The X-ray produced when the accelerated electrons from the cathode strike the anode , the electron  energy is converted to an X-ray energy and a large quantity of heat. There are two types for producing the X-ray :

 1-Bremsstrahlung , which produce 70-90 % of the useful X-ray photons, by stopping or significantly slowing high-energy electrons, when the high energy electron penetrates orbital shell of an atom and passes into vicinity of nucleus , resulting in the conversion of their kinetic energy to X-ray . 

2-characteristic radiation : when the bombarding electron with sufficient energy strikes an orbital electro, orbital vacancy is produced , resulting in emission of X-ray a specific energy level.

There are two types of X-ray :

1-soft X-ray –have long wave length and low penetration power.

2-hard X-ray –have short wave length and high penetration power.

Radiographic accessories : for getting the radiographs

1-cassettes.     2-intensitying screen                 3-films     

4- dark room-     composition of dark room:

    a-dry bench –use for keeping the films and cassettes. The loading and unloading of film occur on the 

     surface of this bench.

     b-wet bench –consist from low sink to holding processing tanks ( developer , fixer, rinses , and washing)

     c-sink                d-viewer               e-safe light             f-dryer             g-hangers.
Processing of the X-ray film : 
  X-ray film is polyester plastic base coated on both sides with thin layers of emulsion consist from silver halide ( silver bromide ) , which is sensitive to X-ray and light .

    After exposing the film to the X-ray , a latent image will produced , and this can be visible only after processing  the film in the dark room. In the dark room the processing tanks consist from , developer , rinses, fixer, and washing tank, and after passing the film through these processing solution, the image will appear and the film should be dried.

    The developer consist from a–metol or hydroquinone –reducing agent., b-sodium carbonate –as alkali ( accelerator ), c-sodium sulfate –buffer prevent oxidation., d-potassium bromide-restrainer.

  The an exposed film bears an invisible image ( latent ) of exposed silver ions, the developer solution convert these ions into minute grains of metallic silver( take the black color )(Ag+ →Ag ) .

    The developing time take 3-5minutes ( depending on the type of solutions ).

The fixer : consist from :

-sodium thiosulfate (hypo )—fixing agent .

-sodium sulfate                  ---preservative

-aluminum chloride            ---hardener

-sodium acetate                  --to maintain acidity 

-glacial acetic acid               --for neutralize developer.

  The fixer dissolve the unexposed halide and harden the gelatin .

   Fixing time =10minutes.       Washing –for at least 15 minute then drying the film.

Properties of radiograph :

   Good quality radiograph depends on accurate positioning , correct exposure factor and good dark room technique.

  Rule : in good quality radiograph =when insert the fingers between the radiograph and the viewer should be visible clearly.

  The factors which affect the quality of radiograph .

1- density : the degree of blackening on the radiographs ( degree of blackness).

There are five (5) radiographic densities  can be seen on radiographs :

     a- mineral density ( take white color )    b-bone density    c-fluid and soft tissue density      d-fat density      

     e-gas ( air ) density ( which take black color ).

*The density affected with the following factors: 

   a- the KV ==↑KV= increase the density   ( over exposure) 

                        ↓KV=decrease the density ( low exposure )

   b-the ma=↑ma =increase the density   ( over exposure )

                    ↓ma= Decrease the density =( low exposure )

  c- the F.F.D. ( Focal film distance ) =the quantity of ray vary inversely with the square of the distance ( the inverse square law)

d-using of intensifying screen.

e-↑ the developing time .

f- ↑the temperature of the solutions. 

2-contrast : the difference in density between different parts of the radiograph. ((the difference between two densities ))

factors affect contrast :
a-the organ ( radiopaque or radiolucent ).

b-ma=the quantity of X-ray = ↑ma = ( over exposure ) 

                                               ↓ma= ( low exposure )

c-KV=the quality of X-ray

d-scattered radiation , make blueness →lead to homogenous of density and affect on contrast.

3- Details : = sharpness of the radiographic image ( details is related to contrast  and blur ). ((degree of sharpness ))

Factors effecting on details :

a-focal spot area –small focal spot area give good details.

b-magnification / or the distance between the body and the film . increase the distance between the body and the film will increase the magnification and loss the details for that (place the part to be radio graphed as near to the film as possible )).

c-F.F.D .(focal film distance )decrease the focal film distance will increase the magnification and vice verse for that we need to increase the F.F.D up to 180cm when the natural distance between the part of the body need to radio graphed  and the film is too far (like the vertebral column in horse (the distance –the thickness between vertebrae and film is 30 cm .

d-intensifying screen.    

e- movement of the animal.

f-processing in the dark room.

g-illuminator (viewer )and the light in viewer .

h-proper exposure factors.

i- the organ need to be radio graphed should be parallel to the film .

4-Distortion –blurness of the film .  
Scattered radiation :

 The primary beam are the X-ray producing in the tube and emerge in the form of a beam through an aperture in the tube , and pass through the patient to the film. The primary beam when pass through the patient , either penetrate the tissue to the film and produce image , or completely absorbed , and the third effect is the producing of scattered radiation (is deviated X-ray for different directions and if fall on the film make blurness ). These ray are un useful , it have longer wave length than that of primary beam, directed in all directions, make blur to the radiographic film, and increased the hazard radiation to the patient and the person who restrain the animal.

 Restriction of the scattered radiation can be :
1- use of cone           

2- use of collimation, use of aluminum-will absorbed the longer wave ray . use of diaphragm for restrict or minimize the area of exposure.
3-use of grid.                          4-use of pressure bandage.

Factors of X-ray :
1-KV=quality of the X-ray (penetration power ).

2-mA =quantity of X-ray .

3- F.F.D =focal film distance (30-36 inch)=1 meter .

4- Time =time of exposure (which always related to the mA and written as mAs= mil Ampere per second.)
KV=(Kilovoltage )=are the high tension across the X-ray tube which accelerated the electron from cathode to anode , or the pressure which forcing the electron to move in its course and give the penetration power to the produced X-ray.

KV=give short –wave length and penetration power of X-ray. The KV=responsible for the quality of X-ray . 

 It is best to write as  kVp = kilovoltage potential
ma= (millamperage) =the  amount of electron travels across the X-ray tube during an exposure , which responsible on the amount of X-ray produced , and related to the time of exposure (length of exposure ) for that best record as mAs. 

mAs= responsible for the quantity of X-ray.

Radiation hazard and prevention : (dangerous of X-ray ).

     The X-ray have two effect.

1-somatic effect                            2-genetic effect.

Somatic effect : the X-ray ionized the tissue and make injury to the tissue , not all the body tissue in the same sensitivity to the X-ray , the most sensitive is the multiplying cells , such as the blood forming organs (bone marrow, lymphoid tissue, and spleen ), the gonads, embryo---etc. 

  The nervous system , the bone , are relatively radio-resistance. Mothers and boys below 16 years not allow to help in X-ray.

Genetic effect : the X-ray increase the incidence of mutations when the genital organs are irradiated (increase the number of abnormal births )

  The excessive irradiation cause cancer, opacity of the lens and infertility.

Prevention: 

1- all the persons involved should be away from the source of X-ray (stand as far away from the primary beam ) , and the workers wear the apron have 0.5 mm  lead, and protective gloves have 0.33 mm lead.

2-restrict the primary beam only on the examined area.

3-use of filter.

4-anesthetize the animal.

5-care should be exercised to not repeat the film.

6-covered the examination table by lead for protection of feet.

7-use of special badges for measuring the amount of body exposure. 

Contrast radiography : 

  Contrast radiography ; are using the contrast media in radiography. Contrast media ; are media used in contrast radiography to enhance (increase )visualization of soft tissue , which are radiolucent and difficult to visualize in plane radiographs, such as positive contrast media like barium sulfate , and iodine compound , and negative contrast media like air.

Types of contrast media:
1-substances used in examination of alimentary tract .Insoluble substances such as barium sulfate as in barium meal and barium enema.
2-water soluble agent. Such as organic iodine preparations, used in blood vessels, urinary system , brain –etc. like conray, urografin, hypaque, diaginol. etc.

3-agents excreted through the biliary system. Its also organic iodine preparations which after absorption from the GIT or following I/V  injections are excreted by the liver and visualize the biliary system. Like biligrafine , cholecystopaques.

4-viscous and oily agents. Such as those used in bronchial tree and uterus , around the spinal cord such as Dionosil (oily and aqueous )—for lung , Neo-hydriol fluid.

5-gaseous agent. Like gas, O2, Co2, NO2---etc.

Diagnostic and special procedures in radiology:

Techniques of contrast media.

1-Digestive system    -a-Esophagography—by using barium paste. 

                                  b-Gastrography – for examination of stomach .

                                  c-upper gastrointestinal series ( UGI ) for small intestine -by barium meal.

                                  d-lower gastrointestinal examination –by barium enema (BE).

                                  e-sialiography—for salivary glands.

2- Urinary system :

  *Pyelography—I/V  injection of water soluble iodine preparation for visualization of kidney , ureters , and 

   urinary bladder. By drip infusion/or bolus injection.

  *Cystography—for urinary bladder, using negative contrast (pneumocystogram), positive contrast (cystogram) or both (double contrast cystogram). 
    Urethrography – for urethra .   

3-Cholecystography—for gall bladder.

4-Bronchography—for lung and bronchial tree.

5-Fasciography—injection of air for visualization of muscle, tendon, and soft tissue.

6-Angiography—cardiac , cerebral , peripheral.

7-Myelography –for spinal cord.

8-Arthrography –for the joint .

9- Peritoneography ( celiography ) –for peritoneal cavity 

10-Pleurography – for pleural surfaces .
11-Fistulography – for visualize of fistulous tract .

12-Vaginography – for vagina , cervix ,and urethra .  
13-Discography – for intravertebral disc .
14-Epidurography – for epidural space .

*Radiographic interpretation :

 Radiograph is a picture of the number of X-rays passing through something such as an animals body , not all of the X-ray pas through, but some will absorb by parts of body the bone is the greatest then the muscle, fluid , fat , air which is the lowest.

 Number of important steps must be competed before interpreting .

1-case history                2-physical examinations           3- correct radiographic procedures.

 Case history :  as in any phase of diagnosis a complete and detailed knowledge of the animals medical history must be known for proper radiographic evaluation. 

Physical examinations: radiographic examination is ordered only after a clinical opinion has obtained. Generally the purpose of radiography is to confirm a clinical diagnosis or impression, not to make the diagnosis. Detailed   and complete physical examination is necessary to establish a reason for radiography and to determine the part of the animal to examined radiographicaly. A good physical examination is often the most neglected step of the basic requirements.

Correct radiographic procedures: 

1-to view 90 degree to each other and other angular view as necessary , this is important for locating pathological lesions , standard  positioning like RL,LL,VD,DV,AP,L ---etc.

2-good radiographic technique is the basic factor in interpretation.

3-special radiographic techniques such as the of contrast media, non –routine positioning . 

Radiographic diagnosis :

Radiographic diagnosis consist of two important parts :

1- location of the lesion ( determining the presence of an abnormality or not ).

2-classification of the lesion ( make differential diagnosis ) location of the lesion.

   a--the two radiographs placed on illuminators .

   b- must be know the normal anatomy of each area .

   c-Must be know the radiographic anatomy .

   d-The radiographs should always be placed on the viewer in standard manner(R right side apposite the left 

     side of examiner , and the head of the animal to the left of examiner).

   e- radiographic signs of a disease is the changes in the size  , architecture, contour , density, position, and 

    function, should be observed.

    f-systematic examination, should be done ,like: 
osseous system ,( bone , cortex) , compare one side with the other . 

abdomen –study GIT (liver , stomach, small and large intestine ) contour, size , and position of each part.

Urinary system. Kidney , bladder, and external structures.

Genital organs.

Spleen , skull, thorax, extremities.

Note :  =don’t view the radiograph of abdomen and thorax at too close range.

            =close exam for bone , may need the use of spotlight.

Classification of lesion: 

  What pathological syndrome is present :

1-development –congenital, cleft palate, ductus arteriosus, valvulor insufficiency , stricture of ureter etc.

2- metabolic---rickets.         3-traumatic –fracture.          4-infectious –actinomycosis. 

5-neoplastic—tumor .           6-degenerative –erosion of the articular surfaces.

CT scan (computed tomography) :   is a computerized axial tomography scan. The CT scan work by taking multiple X-ray images which are generated by a computer into cross-sectional pictures of the internal organs and structures of the body ( mainly brain ). The patient put in a donut hole and the X-ray tube rotate around his body to generate hundred of images known as slices , these images are processed by a computer to allow the doctor to see soft tissue structures in great details.

MRI (magnetic resonance imaging) : is the name indicating utilizing magnetic fields ( instead of x-ray utilized in CT Scan ) to provides anatomic image of the soft tissues like brain, cartilage, tendon, muscle, ligament, etc.. The patient lies wholly within a magnetic tunnel and surrounded by a large magnet.

Ultrasound : uses of high –frequency sound wave to produce images of the internal organs and structures of the body. It is a quick method for imaging without the use of radiation. Using ultrasound, sound waves are sent through the body by a tool called transducer. A gel is applied to the surface of the skin in the area that is to be imaged , and the transducer is placed immediately over it. Internal structures reflect the sound waves emitted by the transducer and displayed on a monitor.
Fluoroscopy : is one method of image receptor system in which used of fluorescent screen instead of X-ray film, and the X-ray tube which used from the continuous radiation output type, instead of single exposure type.

    In the fluoroscopy , the X-ray tube is located under the X-ray table , and the fluorescent screen put above the animal. The fluorescent screen convert the X-ray photons to visible light viewed directly , this technique used to observe the function of the organs.

Disadvantage:
1- the image is dim and requires accommodation for dark vision.

2-should be used in dark place.

3- have poor image quality ( much poor than radiograph ).

4-have serious radiation hazards-due to the long observation time , and the continuous production of X-ray , X-ray toward the upper extremities of the examiner.

5- the cost of the X-ray tube. 

   These disadvantage make no place for fluoroscopy in vet . practice and overcome these disadvantages –now use image intensification system.

Image intensification system (IIS ) ( television monitor)

 The advantage :

 1- no need dark accommodation of the viewers eye.

 2- the examination is done in normal lighting condition.

3-image brightness is produced by electronically  multiplying the number of light photons produced.

4-the image is viewed in a mirror or seen on a television monitor.

5- the brightness is obtained electronically rather than by increasing radiation level.

6-the duration of radiation exposure is lower than with fluoroscopy.

Disadvantage :  high cost .

Alternative procedures now used.

1-computed tomography---C T Scan

2-magnitic resonance imaging –MRI.

3-ultrasound.

4-scintigraphy (nuclear medicine imaging)
