3 sections 2 written and 1 lab section

60-75% of the final is a pony. Stuff from before midterm is gong to be on this

   1. Radiographic quality

   2. Special systems

   2. Radiation

Radiographic quality and quality control:

3 components of radiographic noise

   1. graininess

   2. structural mottle

   3. quantum mottle

(Page 29 in ACTION NOTES)

H&D Curve

    * Toe is the bottom, shoulder is the top

    * The middle part is the important part. It is the latitude. It is the range in which a particular type of film can make a diagnostic film. It is measured in optic density.

    * H&D is also known as the characteristic curve.

    * Optic density is measured on a logarithmic scale.

    * 0 – 4 is scale for optic density

    * 0 is completely white

    * 4 is completely black

* (chart in ACTION NOTES is incorrect!)

Kodak H film is 2x faster than G

    * H is 1200 speed

* G film is 600 Speed.

    * If using a moving grid time must be greater than .1 seconds

    * If person is breathing you want it greater than 1 second

* If you want to see soft tissue, lower the kVp and raise the MAS. The purpose is to reduce the scatter.

Collimation

    * Required by law to have 3 sides of collimation

    * kVp must be accurate within +/- 5% to be legal

    * Collimation light must be within +/- 2% to be legal

    * Safelight cannot be any greater than 15 watts (always a test question). It can never be any closer than 4 feet to any unexposed film

    * It should never go above .05 optic density

    * Most important safety feature for a patient is filtration.

    * All x-rays must be filtered by a minimum of 2mm of aluminum or its filtrating equivalent.

* Accuracy for the radiation must be within 5% by law. If x amount of intensity is said to be coming out it must be within 5%

PROCESSING:

    * Know chemicals because a few of the 15 will be on the exam.

    * When testing the temperature of your chemicals always use an alcohol thermometer, NEVER a mercury thermometer.

    * Chemicals should be changed every thirty days.

    * When you change the chemical, prior to having any films run through it you have to add a solution to Bromide Ions. If you don’t your films will all turn out jet black until you get enough bromide in the solution through developing films.

    * To replace chemicals, the FIRST thing to be replaced is the FIXER CHEMICAL. The DEVELOPER is SECOND.

    * The hotter the chemicals, the faster it is going to develop

    * Automatic processor between 880 – 950

* Hand processing is approximately 680

SPECIAL SYSTEMS:

Basic facts:

    * Mammography

    * is always done at less than 30 kVp. Your accuracy must be within 1 kVp. Artifacts are things on the film that are not supposed to be there

    * Exposure:

    * Handling:

    * Processing:

    * Guide shoe artifact: Artifact is running parallel to the travel of the processor

* Pie lines are caused by the roller and run perpendicular to the line of travel

Fluoroscopy:

    * Has the highest patient dose of all of the other systems.

    * Purpose is to physically see movement of internal structures.

    * Invented by Thomas Edison

    * Measured in LAMBERTS

    * Input phosphor

    * where the x-rays strike. This converts the x-rays into light photons For every x-ray you get about 50 – 75 photons. This amplification is called the FLUX GAIN.

* VIGNETTING: because these objects are moving you have a reduction in brightness on the edge of the thing that is moving. This process is called VIGNETTING.

CT:

    * A CT slice thickness has a tolerance of ½ mm.

    * CT or tomography is much like radiography. The film and the tube both move or are capable of moving. In X-Ray the tube is the only thing moving or capable of moving

    * The tomography angle determines the thickness of the cut. (TEST QUESTION)

    * The larger the angle the thinner the cut. (TEST QUESTION)

    * Invented by Houndsfield.

* Will refer to CT, CAT, on exam

    * 3 major portions of CT system

    * Computer

    * Console

* Gantry: Big doughnut shaped thing people slide into and out of. Has a heat unit rating of 500,000 heat units.

    * Two types of collimation

    * Pre patient: reduces patient dose

* Post Patient: reduces scatter on the film.

    * PIXEL

    * : A cell of information. It is numerical information and in each pixel there is a CT number rating. Measured in Houndsfield units.

    * Numerically rated from –1000 (air) to a +1000 which is bone. These are pixel CT number Ratings.

    * VOXEL

: A tissue volume. It is a pixel size times the thickness of the CT slice. With the Voxel, you have a three dimensional unit

    * Set up a CT through a Window

    * Soft tissue window

      : Bone is solid white almost. There is no break with cortical bone and trabecular bone. Can see soft tissue very well. Can even see veins and such.

          o Soft tissue span may be +400 to –100. This is a soft tissue window with a smaller span.

    o Span will always be smaller in the soft tissue window.

    * Bone window

      : Is larger than the soft tissue window. Bone is very well defined with cortical bone and trabecular bone.

          o + 1000 for straight bone. You may set CT level for a range of +1000 to –100

    o Span will always be larger in the bone window.

Differentiate between CT or MRI

    * 99/100 a CT will be an axial shot and MRI will be a full anatomy type shot.

    * Can have full anatomy shot with CT but it must be computer generated

* CT LEGEND: Will give you the thickness. It will tell you the tilt of the angle of the tube.

ULTRASOUND:

    * Invented by the Curry brother in the 1870’s

    * SPL: Spatial Pulse Length. This is the number of cycles x (times) the wavelength.

    * Has there ever been any reported malignancies reported by Ultrasound. NO it is non-ionizing and has never caused any damage when used diagnostically if done correctly and properly.

    * V=FxWavelength

    * Velocity is not totally dependant upon frequency.

    * The higher the frequency, the better the resolution. However, the price you pay is shallower penetration. (ALWAYS A TEST QUESTION)

    * Resonant frequency runs between 2.5 – 10 MHz. The average system runs at 7 MHz

    * Must run at constant frequency to get good image

    * Piezoelectric crystal

    * is used to get constant frequency (maintains frequency) Has a resonant frequency inherent to the size of the crystal

    * They physically change their size to maintain resonant frequency even

    * What type of return do you get when bone absorbs. NONE, anything absorbed is not reflected.

    * REFLECTIVITY

    * Refraction or refractory angle: Comes in at and angle and it comes back at a different angle. The difference is called the refactory angle

    * Critical angle: Comes back directly so it can be read

* THESE TWO ANGLES ARE OPERATOR DEPENDANT. Shitty operator, shitty ultrasound

    * Attenuation: A decrease in intensity

    * Formula for an attenuation coefficient. Don’t have to do a problem but know the formula

    * DB/CM/MHz = Attenuation coefficient. DB = Decibels

* Transducer converts electrical energy into mechanical energy into ultrasound energy

    * Resolution

    * Axial: resolution which is parallel

* Lateral: resolution, which is perpendicular.

DOPPLER

    * Principle: With moving objects, getting closer or further away the frequency is going to change.

* Getting closer frequency will increase. Moving further away, frequency will decrease.

MRI:

* You have hydrogen in your body and they cause dipoles when they interact. Since you have so many of them they cancel each other out. Don’t worry about any of that

    * Magnetic Moment: Have dipoles but everything is cancelled our. You are NOT magnetic

* If you put a strong external magnet on the body, all the hydrogens will line up. They will all be pulled in one direction

    * MRI works in the RF or the radio frequency band

* Once external force is removed, hydrogens go back into original position. This is termed RELAXATION TIME.

    * Lamar frequency

* : if the RF energy applied is the same as the resonant frequency as the hydrogen in your body. It is only at this frequency you Hydrogens will line up Spin density: The concentration of hydrogen in your body

T1 VS T2

    * T1: AKA longitudinal or Spin Lattice Relaxation Time.

    * These hydrogens will return to equilibrium on the z-axis.

    * Free water is seen as dark.

    * Fat or adipose is seen as bright white

    * T2: AKA Spin Spin or Transverse Relaxation Time

    * These return to equilibrium on the X Y axis

    * Free water is bright white

* Fat is also bright but not as bright as it is on the T1

    * Spin lattice or T1 looses energy to their surroundings

* T2 loose energy by bumping into other protons and then loose it to their surroundings as heat

* Outer container around magnets that is filled with liquid nitrogen to keep magnets cool and at a constant temperature. This is called a DEWAR.

* MRI work on the RF frequency, so when designing your facility you must have something to protect is from any and all other RF (radio stations) This device is called a FARADAY SHIELD

T1 Vs T2

    * Look for water at the disk to see if it is T1 or T2 shot

    * T1 – Dark at the water (disk)

* MRI Legend has TR (time to response) TE (time to echo). These are exclusive MRI terms dealing with relaxation times.

RADIOBIOLOGY:

    * T/F All x-rays are harmful (TRUE)

    * If the radiation stops before the cell is dead the cell will make some form of recovery

    * 3 main systems affected by X-Rays are GI, Blood and CFS.

    * X-Rays react at the atomic level

    * Bergonie & Tribandeau (Law of B&T):

    * The greater the metabolic rate of the cell, the greater the effect of radiation. LET:

    * Linear Energy Transfer. The measure of the rate which energy is transferred form ionizing radiation to soft tissue. As LET increases, the ability to damage the cell increases. RBE:

    * Relative Biological Effectiveness: The dose of standard radiation necessary to produce a given effect Divided by the dose of test radiation necessary to produce the same effect. Protracted :

    * If the dose is delivered continuously but at a lower rate. It is said to be protracted Fractionation

    * : If it is broken up and the celll has time to repair itself inbetween Oer:

Oxygen enhancement rate. Tissue that is more oxygenated is more prone to radiation

    * Humans are most susceptible to radiation damage in the fetus stage

    * A little less damage is incurred as children

    * Damage diminishes as you become an adult because metabolism decreases

    * Damage increases again as you become elderly

    * Males are more susceptible to radiation damage than females.

    * Humans are affected by radiation in a linear non-threshold pattern.

    * Know graph for linear non-threshold

    * LINEAR: The more you get the worse it is going to get

    * NON-THRESHOLD: there is not an absolute threshold point where there is going to be damage

* DNA is the most sensitive macromolecule

Poisson Distribution:

    * All hits of radiation on a cell in excess if 1 represents a waste of radiation. Some cells are going to be hit not at all and some more than once.

    * 63% will be hit with radiation. More than one x-ray.

* 37% will not be hit with radiation

* Cells in mitosis are always the most sensitive

* Prodromal symptoms of radiation sickness are nausea, vomiting, and diarrhea

    * LD 50/30: Lethal dose means that 50% of the people radiated will be dead in 30 days.

* If you get hit with 1000 RADS, nearly 100% of the people will develop cataracts

3 Cardinal rules of radiation protection

    * Time: Keep time of exposure as short as possible

    * Distance: Maintain largest distance between source and exposed person

* Shielding: Maintain shielding between source and person being exposed.

5(N-18)

    * N = Age of technician in years

* Minimum age must be 18 years of age. Should have no radiation exposure before 18 years old.

MPE: Maximum Permissible Exposure

* 1.25 RAD’S Per quarter for occupation worker

Pregnant technician: Fetus is only allowed 500 Millirankins for entire pregnancy

5 RADS per year maximum for someone or something (oops I miss it)

Purpose of the Star Test:

* Check the accuracy of your focal spot.

Screen Test:

* 4 corner test or coin test is used to see if your cassette is old and worn out. If it is worn out you will not get as much illumination.

BB Test

* put beam over 2 BB’s to see if line was matched up.

Know Ripple Last tri he had 5 matching question on exam

Know Compton photo electric stuff

LAB

Must know 15% rule

Must know inverse square law very quickly

Going to have more supertech question this time.

Use non-bucky hole on supertech for hand and wrist shots.

LAB

    * Round Smudge is a glow in the dark watch

    * Twig looking thing is static electricity.

    * Handling artifact found in the corner

    * Strange writing or label. Light turned on in the dark room and film was not protected.

    * Must change MAS 30% to see a change in the film quality.

* Straight line artifact is something laying over the top of the film on bench in the dark room

15% rule:

    * Decrease kVp by 50% must double MAS

* Increase kVp by 50% must halve the MAS

* If all technique is the same and same cassette and same film, you have an object film increase. The patient held their hand away from the film. If you are magnified you held your hand further away from the film.

* When MAS is maintained, the highest kVp has less contrast or more shades of gray. (Film looks better with the higher kVp because you can see more shades of grey in the bone structures.)

* Anode Heel Effect when you see the ruler. The anode side is the lighter side of the sensitometer.

    * Timer Check. Distinguish between high frequency and low frequency. Use the Spin Top

* Low frequency: Count the number of dots and divide by 120.

* Dark CFS, Dark in the disk is a MRI T1

    * Bone window: Can see cortical border from trabeculae.

* Soft tissue window. Bone not very sharp.

* To make a change in kVp must have a 4% change to have a viable change.

* Same technique further distance is the one with more contrast and less shades of gray. The one that is all gray was shot from further distance.

* If you increase MAS or kVp, the film will get darker. Know this for comparison questions.

    * Know distance with the rings

* The bottom part of the ring is closest to the film. The half of the ring on the top is closest to the tube.

    * Solid black is exposed and processed.

    * Purple exposed and not processed.

* See through is not exposed but it is processed.

* Scatter makes the border fuzzy. Due to a kVp that was too high.

    * Isodensity and intensity

    * Double the distance, intensity is a factor of 4.

* 3.24 is the factor when you half the distance.

* Grey and black border cassette. There is a 6x difference. Grey is 100 speed, Black is 600 speed film.

Thursday July 31, 1997:

Dr. Atherton’s X-Ray Review

   1. MAS is directly proportional to density.

   2. To double density increase by 100%

   3. Rectification: Single phase is fully rectified

   4. Anode is positive

   5. Cathode is negative

   6. Self and half way is same rectification

   7. Density is just dark vs. light

   8. To half the density, half MAS by 50%

   9. Single phase timer dots.

    * Half rectified is –60

* Fully rectified is –120

   1. Anode heel effect is exacerbated when small FFD. Gets smaller with increased FFD.

   2. Grid improve contrast of film by reducing patient scatter.

   3. Film Artifacts:

    * Safety light

    * Film/screen

    * Darkroom

    * Scatter

* Same film in 2 different cassettes processing is not the problem. The problem came with the casette. One is going to be black and the other gray.

   1. 72 FFD à 40 FFD isodense. Divide MAS by 3.24

   2. 72 FFD à 40 FFD

      100 MAS 50 MAS

   3. Everything constant, kVp changes, look for darkest

   4. Density is ½ à ½ MAS (MAS directly related to density)

      40 MAS want 20 MAS

   5. 40 FFD à 72 FFD

      20 MAS à 60-70 MAS

      (20) x 3.24

   6. 80 FFD à 40 FFD

      Use Factor of 4

   7. If half rectified use 60

   8. Cathode has electron cloud.

   9. Hand: Everything constant, change MAS the most dense (darkest)

  10. TCF is –4 at 40 FFD, your TCF at 72 is +3 ½. (this is a supertech question)

  11. Anode heel affect most appropriate use is to position cathode toward thicker part and the anode toward the thinner part.

  12. 3 spines and the exposure is isodense.

  13. 68 kVp 80 kVp 92 kVp

      20 MAS 10 MAS 5 MAS

      Lower kVp has à highest contrast à Lightest compared to black.

  14. Collimator function is to decrease patient dosage by limiting the number of photons hitting patient.

  15. Grid: 

    * Absorbs scatter radiation

    * Improves contrast

    * Doesn’t decrease radiation dose

* * increase contrast of radiograph

   1. TCF –3 an 8:1 Grid: What should TCF c/a 16:1 grid. +2 (-3) = -1

   2. Anode (+) emits Photons.

