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Use of the penetrometer (“Doughnut” on film to help calibrate the TCF for the machine)


Expose the penetrometer to 60 kVp and 3.3 mAs at each mA station for high frequency generators


100 mA @ 0.033 seconds


200 mA @ 0.015 seconds


300 mA @ 0.012 seconds

Four exposures are made (one coin added per film to be able to determine which mA station so you can properly compare) Without leading the rest of the film fog from scatter and off-focus radiation.  Ideally, all 4 doughnuts should be the same darkness (if not, there is a calibration problem).  You can also have “unique” correction factors for particular mA stations.

You can tell that no lead was used outside the primary beam by the shadows.  If you use a 14 x 17 and do this on all 4 corners, you should be far enough away that scatter and off-focus doesn’t happen.

Then you match the doughnut to the master sheet of doughnuts, which then gives you your correction factor.  This is a “best guess” – after a month of x-rays then examine them – determine if they are too light (move up the correction factor, i.e. –4 to –3, if they are too dark, make it more, -4 to –5).

He used 3.4 mAs except for the HCMI – 3.0, and 3.6 mAs were used – it wouldn’t allow him to use 3.4.  When you have some above and below, then average your TCF – you are just getting a rough idea of where to start with this correction factor.

60 kVp .75 mAs foot phantom, black border cassette, 600 speed Lanex Fast

60 kVp 4.5 mAs foot phantom, gray border cassette, 100 speed Lanex Fine

If you use the gray border numbers on the Supertech, but grab a black cassette, you lose the points because the film will be black.  (6 x the radiation – if you go with black number and gray cassette, you need to use 1/6 the radiation – has to do with film speed – film will be lighter, i.e. it requires 10 and only gets 5 it will be lighter, if it requires 5 and gets 10 it will be black)

He could put this on the final – in which case you would use the information on the side of the film for the speed of the film, cassette, etc. to make the determination.

Extremities kVp – 50 doesn’t work well with rare earth screens, they need at least 60 kVp

K edge absorption – as kVp gets higher, light production increases from the screen above 60 kVp – below that the light production falls off – screens are why this happens.

INTENSIFYING SCREENS

K-edge absorption


All rare earth materials have atomic numbers <tungsten

Therefore all K shell EBF are less than tungsten

This is why rare earth phosphors absorb more photon energy than Calcium tungstate

Use kVp values that exceed the K shell EBF for your screens, usually over 60 kVP

Quantum Mottle 

Definition – the random distribution of a small number of photons over the surface of the intensifying screen and film


Paint analogy – dose reduction is good but it becomes grainy


AKA – Noise or graininess

How it’s created: very fast film/screen combinations and high frequency generators

How to find it – look on a full spine radiograph of a thin patient in the region of the liver

Screen care – 


Number each cassette outside and date of installation


Place same number on screen inside with a magic marker – near patient identification area


Clean with recommended screen cleaner – lint-free cloth and water


As needed – hair, “bees”, blood, etc. – clean it!!!!


On a regular basis – once a month


Film screen contact

The normal life of a screen pair is approximately 7-10 years.

Dye from the film to prevent crossover (see the book) leaches out of the film on to the screen which discolors the screen – this causes the radiation to be increased – eventually it has to be replaced.

To determine if the screen is to be replaced – compare a film in the old ones to a film in the new ones – if you can see a difference in the density it is time to replace it.

If you are a low-volume office don’t load the cassettes until you need them.  Helps preserve the life of the screens by keeping the dye off of them.

Resolution – use a 6 power magnifying glass to see how far down the tester until they are o longer distinguishable

Line pairs per millimeter – 5 for black, 10 for gray – this is good resolution – he showed us a slide on this – at 10 you are essentially see something 1/10 of a millimeter in size – that’s good for diagnosis.

Dupont has a margin on the side of the flash – Kodak doesn’t have.  This makes a difference when you are flashing them in the ID printer – make sure you have the flash area lined up appropriately with the area for the light from the ID flasher.

Screen identification – Kodak Lanex Fast for example – tells you the manufacturer and the speed of the film.

PROCEESING

Radiographic Processing


Step



Manual


Automatic


Wetting


15 seconds



Liquid penetrates the film – inherent in the automatic

Development


5 min @ 68 degrees F
22 sec @

92-96 degrees F


Time and temperature dependent – basic solution

Stop bath 


30 seconds

(pH change – acid solution – this oxidizes exposed silver – turns it dark)

Fixing 



10 min


22 seconds


(gets rid of unexposed silver – faster in automatic due to catalyzed reaction done with heat)

Washing


20 min


20 seconds


(gets rid of the bad chemicals, washes off the rest of the silver)

Drying



30 min


26 seconds


(depends on humidity)

Hand processing is the best way to get the best detail but it takes a lot of attention of the Dr./technician.  $500 compared to $5000 for the automatic.  The automatic is much faster.

Primary beam leak, focal spot blooming and small focal spot – pay attention to this on the videos tomorrow – THIS WILL BE TEST MATERIAL

The other video will be on the computed radiography for imaging - electronic images.  Window and level settings – same as “brightness and contrast” on old black and white TVs.  No film processor, no film, dose reduction to patient, lots of advantages but VERY expensive.

Development

Production of a manifest image from the latent image (from x-ray exposure to development – the image is there but we can’t see it)


pH is basic


No buffers – resists pH changes

Source of electrons – to take ionized silver and turn it into elemental silver – got ionized in the first place on the film (silver halides) where the crystals are broken up.  A few silver atoms = gray, lots of silver atoms = black.  

Phenidone (gray) and hydroquinon (black) – chemicals responsible for turning film gray or black – READ in the book regarding which one is fast and which one is slow.  Glutaraldehyde – controls the emulsion swelling – films get “too fat” and won’t go through the rollers of the processor.  

GURNEY MOTT THEORY (Frenchman in the 1880s)


Silver is + and Bromide is (-)

Electrons are free to migrate within the crystal (due to x-ray exposure that fractures the crystals)

Sensitivity speck (silver sulfite) is used to attract free electrons – a center of positivity to attract (-) electrons

Photoelectric and Compton interactions free electrons – x-rays and light undergo these interactions to produce these free electrons


Loss of electrons from the halides disrupts crystalline structure


Electrons are attracted to the sensitivity speck


Silver ions are then attracted to the negatively charged sensitivity speck


Silver is reduced to elemental silver – darkening of film results

STOP BATH – a separate step in manual processing – happens automatically in the automatic system.


Termination of development and removal of excess developer from the emulsion


pH is acid – acetic acid

FIXER


Removal of unexposed silver from the emulsion


pH is acid


Buffers – helps maintain constant pH needed for the development

Main chemical – ammonium thiosulfate (aka hypo) – removes undeveloped silver.

WASHING

The temperature of the wash water should be about 5 degrees F below the developer temperature


Removal of excess developer and fixer stuck in the “jello” of the film.  It’s usually fixer that gets washed out – this causes old x-rays to appear “brown” after several years – destroys film

DRYING


Removal of water – let’s us handle film without damaging it


Prepares film for viewing

MANUAL VS AUTOMATIC PROCESSING

Stainless steel tanks -$500 (can be a “heat sink”) – so you need a refrigerated tank

Refrigerated stainless steel tanks - $3000 – for just a little more $$ you can get an automatic processor


Table top automatic processor - $3500-$5000

He went through the picture in the book regarding the path of the film through the automatic processor.
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Processing – reviewed the automatic processor –


“Guide shoe” turns the film to actually get in to the processor, goes through the developer, fixer, washer and film drying.  At the end of each of these portions there is another guide shoe to move it into the next portion.

These are more expensive (needs once-a-month service, is more expensive outlay) than the manual processor but the manual processor still has the best control of detail – most DCs don’t want to spend the time to do it properly.

REPLACEMENT CHEMISTRY

Every 30 days unless you perform regular sensitometry – would have to be done daily – this can tell you when you have to change the chemistry but this is expensive also – some states require this!!  Check it out.

Think of processing chemicals like a gallon of milk



Take a sip or drink ½ of the gallon



Heat it to 95 degrees every day



Do you want to drink it 45 days later

In his book – film processing chapter – Table 6-2, page 109, replenishment rates

High volume versus low volume – less film volume requires more chemistry due to oxidation.  It takes more fixer developer for the same size film regardless of usage – why? – because you bring the solution into the tank and need to maintain the pH in the tank so it needs to be replenished more.

Page 123 – Figure 7.7 – picture regarding being able to see through the film – has something to do with replenishing the chemicals.  

We can service the processor ourselves:

Add replacement fixer into machine first (after machine is cleaned)

Add replacement developer second (do it this way because if you splash fixer into the developer it can ruin the developer – if you do it properly and splash you can wipe out the developer tank before you add the developer – if you do the servicing, wear old clothes and protect the floor – leaves bad brown stains that don’t wash out.  It costs about $60/month for someone else to come and do it for you)

Add starter solution – this is super concentrated chemistry.  If you put it straight into the processor it will be too strong.  (Films will be black – fine one day and not the next)

Bromine ions in solution to attenuate the strength of the replenishment developer - weakens to an acceptable level the strength of the replacement chemistry


Added to developer solution in processor when chemicals are changed

If forgotten, properly exposed films will be totally overprocessed and completely black.

(How hot do you process films in an automatic processor?  92-94 degrees, sometimes the automatic processor will lose the control board for the temperature – One day the films are fine – the next day they aren’t).  

Some states require the temperature be controlled within a +/- ½ degree.  Most processors take 10-15 minutes to get up to temperature (will speed up the oxidation – another reason to have it serviced every 30 days).  Properly exposed film run through cold chemistry will come out very light and undiagnostic.

OPTIMAL PROCESSING TEMPERATURE

Most companies set the temperature too low when they set the machine.  When you undercook the film, you have to overexpose the patient.  NOT GOOD


Determined by the dry-to-drop time


Usually between 88 degrees and 96 degrees F for automatic processing

Usually 68 degrees for manual processing  (if it gets too high you have to overexpose the patient, the surface layer of the silver is all that gets developed)

OPTIMAL PROCESSING

CHEMISTRY – use chemicals recommended by the film manufacturer.  (Can require more mAs to produce the same type/quality of film – more radiation to the patient)

PROCESSING TEMPERATURE

Use developer temperature recommended by film manufacturer (88-96 degrees for automatic processors)

Perform your own test – 

You will need



Sensitometer and densitometer



Thermometer



Ability to adjust developer temperature, 88-100 degrees



(take films at varying temperatures – mark the film)


Plot mid-density (#11 step) – usually goes straight up; density difference (contrast) – goes up from 88-94, beyond 94 contrast falls off; and  base + fog – general trend is up but it should never be above .25, 88-92 is below .2, 92-96 is .2-.25, 96-100 is above .25.  Optimal temperature then would be 94 degrees.


Track it for at least one month

(Figure 6.3, Page 108 – READ IT)


Conclusion #1 – 

Maximum contrast (density difference) occurs at 94 degrees and base +fog is still below 0.25 O. D. (Optical density)


Conclusion #2 –

If, after 30 days, the daily sensitometry show you are still within limits for mid-density, density difference, and base + fog, 94 degrees is your optimal temperature – this means your replenishment rates are OK

If you fall out of limits in less than 30 days you will have to decrease the temperature or change replenishment rates or both.

(If films aren’t good and it’s not the kVp, mAs or machine failure, then it has to be in the darkroom) – Dr. G had a client that had a processor that didn’t have any replenishment in it – therefore his films fell below limits in 15 days.  

PROCESSING ARTIFACTS

Pi lines (3.14 – circular rollers in processor – dried chemistry between the top 2 rollers – clean it each morning – different sponge for each portion of the processor – since the process it pressure sensitive, the dried chemistry adds more dimension and causes a darkening – perpendicular to the path of the film going through) – dark lines

Emulsion pickoff – a series of dots that are due to a buildup of chemicals in one spot – scrapes emulsion off the film – white line

Guide shoe marks – parallel to path of film through the processor – scratches the film as it goes past, usually it is the bottom one because when people clean it they let the set of rollers on the bottom one – white lines.  If it is only slightly out of alignment, it will darken the film by sensitizing the crystals – appears like gray lines.

MOSTLY REVIEW


RADIOGRAPHIC TECHNIQUE

Select a kVp value that will penetrate the part under study – Supertech recommendations are best

Select a kVp value that will result in optimal contrast – (optimal is in the mind of the beholder – Supertech recommendations are best)

Use the 15% rule as needed – when changing the contrast will help you make a diagnostic decision – i.e. cracked rib or kidney stone (decrease kVp)

Using the 15% rule and assuming a “normal” technique of 80 kVp and 10 mAs look at patient dose (Table 3-1, Page 49) – decreased kVp increases patient dose of mR.


Some equipment ties focal spot size and mA stations



-100 mA or less = small focal spot



-greater than 100 mA = large focal spot

(Choose the small focal spot whenever possible – large patient in the lumbar region, this may not be possible – we can take a lot more at 72” this way also)

Choose the shortest practical time (lower mA – same heat, more time, saves anode)

With moving grids use times longer than 0.1 second – stationary grids are better, cheaper, lower exposure times can be used - 

With breathing techniques use times longer than 1 second – inspiration, expiration (blurs ribs – decrease mA to get the longer time – moving jaw technique but to do this you have to have head clamps – blurs the mandible)

Distance does not affect kVp – kVp is affected by body part size


The inverse square law does affect mAs 

to increase from 40-60 inches – double the mAs

to increase from 40-72 inches – 3.3 times the mAs

Longer distances decrease magnification

Longer distances reduce patient exposure ***** -more mAs increases patient’s dose but the increased distance produces the same darkening affect, the beam divergence has an affect here also – the affect is minor but it does reduce the patient exposure – take as many as possible at 72 inches.  APOM is probably the only one he would recommend not changing the distance on for more clarity

Longer distances lengthen the time of exposure – gives patient more time for motion so this isn’t the best idea

Use grids for parts larger than 12 cm

When using stationary grids use any time of exposure

Be sure to remain within the focused range of the grid (we want those focused from 40-72 inches) – outside this range creates grid cutoff

Projectional distortion – central ray through L3, downward divergence toward pelvis – the projection of the lateral film show the pelvis is unlevel because the ilium is not at the level of the central ray.  

Technique charts – usually handwritten and post it notes – this will produce inconsistent films.  They are incomplete.  Supertech is the most desirable because it covers everything

Variable kVp – 2 x the cm thickness + a constant = kVp – this is an old method of calculating the technique.  

Fixed (optimal) kVp – mAs varied based on body part measurement, otherwise use the Supertech


Supertech – keeps things constant

Phototiming – he’ll go over this tomorrow in the lab.  Sensors measure the radiation coming through the patient, they sense the density and automatically shuts off the time when enough radiation has come through.  He thinks this is great but you have to be a good positioner – the body part has to be over the sensors – good design with 3 chambers side-by-side (Summit).  If you are going to get this as an option do it up front, the add-ons aren’t very good.  It helps prevent repeat x-rays.  It can be over-ridden which would be good for scoliotic patients.

SECTIONAL FILTRATION

Nolan filters (clear filters) – attenuating the beam.  Photons run into the filter and are absorbed photoeletrically – gives a more even exposure (great for body part size difference).  Have to expose the biggest part that is in the beam, so we don’t want to over - expose the smaller parts.

QUALITY CONROL, BETTER FILMS, LOWER DOSE


Quality control

Acceptance testing – did you get what you paid for?  An x-ray physicist is who needs to check this out for you.

Routine performance evaluation – if something changes over time you catch it by doing these tests (i.e. set 80 kVp – came out at 68 kVp) – check the standards of the manufacturer – some have a 20% +/- tolerance factor.  Check state laws – Missouri is very slack (as long as it is installed according to manufacturers specs it is OK – regardless of after the fact.  In Missouri they can’t do anything about it – in Ohio you can’t use the machine if it is more than the 5% +/- tolerance of the federal guidelines)

Error correction – have a physicist come in and calibrate regularly


Introduction



Tests you will learn to improve quality

mAs linearity

x-ray beam/light beam agreement

darkroom fog

processor monitoring

Why Quality Control now?

Mammographic Quality Standards Act of 1992

New York, Texas, Florida and Minnesota laws (California)

American College of Radiology – created a voluntary program to assure quality – no one responded – Blue Cross in PA in 1990 decided you had to have ACR certification to get paid for the mammograms.  Then the Federal Government got involved and made the ARC guidelines a federal law.  ****They took the ACR program, made some changes – outlawed Single Phase generators for mammographies.  Cost is $70,000 plus. ***** KNOW THIS***

This could eventually be applied to general daiography – so having a Single Phase generator isn’t a good idea.

www.accr.org – American Chiropractic College of Radiology, X-ray Accreditation Program – Check it out for guidelines and specifics.  Has different parts – Part 1 can be done by the Dr. but may need help from someone like Dr. G; part 2 requires a physicist.
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Photo-timing – change the focal film distance – 72”, all things the same and then move the tube to an odd distance – 55”” – it didn’t make any difference – the autotime shut it off when it was done – it presented an even better film than the one at 72” where we had to calculate everything.

Distortion – AP lumbar – you don’t see thru the L5 disc plane due to the tube angle and the lordotic curve, the anatomy overlaps.  Ferguson’s view is tilted to get the disc plane.  (Wider at the top , narrower at the bottom = cephalic tube tilt).  However the vertebra above become distorted – this is why we collimate to a smaller size when we are looking for a specific spot.  If you take a lateral view first, you can determine exactly what angle you need to get through the L5 disc space.

Ring stand distortion – rings are in the same plane (horizontal) – but the central ray is divergent so the one the central ray isn’t focused on will be distorted.  It will appear elliptical.  

Lumbar phantom as part of the Full Spine compared to a pelvic x-ray only – shows the relationship of the disc spaces with a change in the point of the central ray.

Rings – again – however, beam was parallel (rather than perpendicular).  Larger ring was further away from the film (increased magnification) – edge on larger one has more penumbra – both caused by increased on object film distance (OFD)

ROOM DESIGN PROJECT INFORMATION

Scale drawing – we designate the scale (probably ¼” scale – ¼” = 1 foot).  He wants us to use inches not metric measurements.  We need an x-ray room, darkroom, equipment (to scale), and price list for the equipment.  

How big is the building?  If you get to the strip mall first, you can design it the way you want (except for the floor, for drainage).  Building from scratch will save money in the long run.

We are going to talk about a room 30 x 50.  Where will you put the x-ray room?  You need to take into consideration where the junction box (electricity) comes into the building.  You need a breaker that only serves your x-ray machine – NOTHING ELSE!!!!  If the line isn’t dedicated to your x-ray machine, older equipment will show a line drop (kVp want project as you have it dialed in) if someone/something else is using electricity during the exposure.

Capacitance problem – bigger fatter wire over long distances is needed, so you want to have it close to the junction box so you can use smaller wire.  (Within 50 feet you can use one size, above that uses a different size).

Where is the wire?

Where is the drain?

Drain is needed for processor.  This will probably be in the back of the office.  Most developers will put the plumbing near the back due to expense.

How big is the room?  Depends on what you put inside.  Are you going to take full spine films?  Floating table?  Rolling table?  Stationary table?

Floating top table takes more room.  Don’t put obstacles in the way (i.e. a junction box on the way, surface-mounted).

If you treat handicapped patients, you have to have doors, ramps, rails in bathroom, etc., to make it handicapped-access friendly.

EQUIPMENT LIST

Chiropractic x-ray system - For weight bearing x-rays (usually just shows vertical stuff, no table)

Radiographic table – For obese, infirm, extremities

X-ray generator and console – behind the barrier (put it somewhere between the console and the tube

Cassettes – pass-through is a nice idea but not necessary (turn-stile in the x-ray room here).  Make sure they are somewhere protected from radiation (behind the barrier is OK too) – then you can carry the x-rays to the darkroom (make it close to the x-ray room)

Sectional filters – where will they be stored?  Should be close to the bucky.

Foam wedges, lead vinyl, lead apron/gloves – where will you store them?  Don’t fold the apron in a nice neat package and put it on the shelf.  This will create cracks and then the x-rays go through the cracks.

How should the equipment be oriented?  Depends on what is outside the walls of the room.

Where should the equipment be located?  Don’t point the tube toward the darkroom (unless you leadline the room).  “Unrestricted” areas will require the maximum shielding (another business next door).  “Restricted” areas will require minimum or no shielding – restricted areas are areas that you have control over who is in that area while you are taking films.

To protect yourself, the console should be in the far corner, diagonally across the room from the bucky or wherever the person is standing.  This is to protect us from the patient who has a lot of scatter radiation.  

Vertical structure to take x-rays (how far off the wall is the bucky – 1’, 40” between the bucky and the end of the table and then a 7’ table), table, generator (all can be on one wall or the generator cabinet 2’ x 2’ can be on a different wall but keep in mind that it needs to be between the console and the tube).  Allow enough space behind the barrier for two rather large adults in the event the parent of a child you are x-raying needs to be in the room and behind the barrier with you.  

The width of the room needs to be practical – the wider it is the less scatter affect you will have on the interior hallway.  

Minimum length just to take x-rays is 9’ – that doesn’t include the generator or anything else in the room.

In the equipment list, we need to identify how many cassettes, what type and speed, grid ratio, foam wedges, etc., and then specs in the machine. (anode tile, focal spot size – 1 and 2 mm or 1.5 and .6 mm – etc.)

Will I need lead in the walls?


Depends – How large is the room?  Of what are the walls made?  Who is on the other side of the wall during an exposure?  (How much control do you have on who is on the other side of the wall?)  What is the workload?  Consult with a physicist or your state Department of Health.  Most of these departments register those that are approved – get a list and then contact them.  It’s better if they actually come to the office.

Five walls to contend with – A is where the patient stands, E is the barrier wall you stand behind.

For Missouri – Missouri Department of Health, Jefferson City, 573-751-6400.

You can also contact the local hospital to find out the name of their medical physicist.

QUALITY CONTROL


To test for linearity you need:

A radiolucent object:  i.e. stepwedge, Supertech penetrometer, apple or orange



A cassette loaded with film



2 pieces of lead vinyl

(You shoot on the top of the step wedge)

The Supertech penetrometer – this is only one “step”

Apple or orange – can’t be used for the next year’s calibration because it will be rotten.

Stepwedge – dark on step 1, light on step 11

MAs Linearity


Lay the cassette on the x-ray table or floor


Protect ¾ of the film with lead vinyl


Place the object in the unprotected area.


Choose a kVp and mAs that will barely penetrate the object



Approximately 50 kVp, 1-10 mAs


Expose the object at each mA station



Vary the time so the mAs is always the same


The result should be a uniform gray image for each mA station

If this is done, then all exposures should gave the same grayness.

Allowable variation is +/- 10% - this can’t be seen without a densitometer.

Light/Beam Agreement


To test for you need:



An 8 x 10 cassette loaded with film



8 pennies (preferred) or paper clips



Tape – if all you have is a vertical structure



Load the cassette into the cassette tray

Make a minor exposure of the entire film, approximately 50 kVp, 1-10 mAs (you want a light shade of gray)



Collimate to 4” x 4” 



Tape the coins (clips) into the corners of the light field



Repeat the same expose (the film ends up getting x-rayed twice)

If the light beam accurately represents the x-ray beam the coins (clips) will be exactly in the corners (or inside and outside the collimation) of the 4 x 4 exposure on the processed film – it’s a good idea to check this both vertically and horizontally.  (the light shines off a mirror so the mirror has to be aligned to bring it into the x-ray beam).  Allowable is +/- 2% so at 40”, that is .8” (about the size of a penny)

We will check the tube angle (vertical) with the plastic tube, BBs and the brass plate in the next couple of weeks.  It serves the same purpose as the 8 penny test also.  Collimation test tool, and perpendicularity test tool.

DARKROOM FOG


To test for darkroom fog you need:



An  8 x 10 cassette loaded with film



A piece of cardboard, opaque to light



Make a minor exposure of the entire film

At Logan it is approximately 60 kVp, 0.1 – 0.2 mAs for high frequency @ 600 speed



Need an optical density 0.8 – 2.0



Go into the darkroom, safelight turned on



Remove the film from the cassette



Cover the entire film with cardboard



Uncover ¼ of the film, count to 15 seconds



Uncover another ¼ of the film, count to 15 seconds



Uncover another ¼ of the film, count to 15 seconds

Now process the film  (DO NOT USE YOUR INDIGLO WATCH) (part that was uncovered last goes into the processor first)

If there is no darkroom fog source the film will be uniformly gray

If there is a significant fog source, the sensitized film will show it.

(If you change screens and films from blue to green, you may have to change the filter in your darkroom)  The darkroom fog can come from the ceiling, door cracks, light source, light filter, etc.

Spin top – know what it looks like – checks the accuracy of the timer but only works on single phase.  The dots on the film – each represents 1/120 of a second – 4 dots = 4/120 seconds (1/30 second) – 1/15 second should be 8 dots.

SENSITOMETRY/DENSITOMETRY

About 20 states require this be done


Required in New York, Texas, Main, Minnesota


To prove the processing conditions are nearly constant.


Each piece is about $800 and has to be done on a daily basis, it needs to be plotted daily.  The state of New York requires this be done by the Dr. office.  In Texas, it can be done by an outside source.  Take this type of information into consideration when deciding where you want to practice and how you want to do it.


To test for processing consistency you need:

Dedicated box of film (Logan uses 5 x 7 because they don’t have any cassettes of that size so it can’t get mixed up)



Sensitometer (blue or green sensitive)

Densitometer – can be manual ($800) or automatic (generates graphs for you - $3000)



Thermometer (digital or alcohol)

Not a mercury thermometer  (If you use a mercury thermometer, you can break it in the processor – you can’t clean this out – you end up having to buy a new processor)

In the darkroom, expose a piece of the dedicated film on both edges to the sensitometer



Process the film
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CAEC – Chiropractic automatic exposure control – aka photo-timing (won’t stop motion of patient)


We can lie to the console and over-ride the controls.  The primary beam leak can cause scatter – the machine can’t tell the differences between scatter and off-focus – the machine adjusts thinking it is off-focus.   Even with poor collimation and poor centering (causing the scatter) we can still get a good picture. 

Behind the patient is 3 chambers – the machine senses the one with the slowest rate of exposure – this causes the kVp to adjust as needed.

Grid/Non-grid – one of the grids out of the holder, laid it on top of the film and shot a lumbar phantom; next one we flipped the grid over – BAD picture on the 2nd one.  This was a focused grid – the lead strips are oriented in line with the CR – on the bad one the lead strips are oriented away from the CR.  This can happen even if the grid is in just a little crooked.

Grids should be parallel to the long axis of the table.

For Ferguson’s – 25-30 degrees tube tilt – rotate grid 90 degrees with everything the same = no image.  This caused EXTREME cutoff.

Thoracic – same thing – film on table, grid on film, phantom on top – 80 kVp, 15 mAsetc.  Then without the grid it dropped to 3.5 mAs – not a good film – no contrast – the primary function of the grid is to improve image contrast.  We could lower the kVp 15% and double the mAs (68 kVp, 7 mAs) – it improved the picture somewhat, but not a great picture.  With body parts over 12 cm you need a grid.

QUALITY CONTROL – SENSITOMETRY/DENSITOMETRY

Currently required by 22 states – more are requiring it.

In the darkroom, expose a piece of the dedicated film on both edges to the sensitometer


Process the film


Read the film in the densitometer


Record the date for:



mid density (speed)



density difference (contrast)



base + fog

(21 steps are read - #1 step is no exposure – it is base + fog; #11 step is mid-density [speed step]; #13 or #15 – take it’s optical density and subtract density of #11 = contrast step.  This has to be done every day the office is open regardless of whether you take films or not)

Graph – establish a baseline – should be near 1.0 optical density after base + fog has been subtracted out.  (Base + fog needs to be subtracted from subsequent measurements also).  Actual densitometer reading will include the base + fog.  Temperature and concentration of the chemicals will vary somewhat over the month.  Accepted variance is 15% (1.15 to .85 if the OD was 1.0) – check California – they were trying to make it 10%.  When it reaches the limit (either end) you need to figure out what’s happening.  Temperature board could be bad, run out of chemicals, replenishment could be off.

Dr. Pirtle says 3 days in a row constitutes a trend.  

If the data for speed or contrast exceeds baseline values by +/- 15% you need to find the problem and fix it.

If the date for base + fog exceeds baseline values by +/- 5% you need to find the problem and fix it.

We reviewed slides of mistakes – no notes.

Base + fog should never be over .25

If you get a good looking flash and a bad image then the problem is technique.  If you they are both bad then the problem is processing.
Different screen types (green or blue) and using the same film will cause bad images too.

Static electricity – tree, crown and smudge are the three types of static electricity artifacts on film – looked real cool!!!

Back scatter – bars that hold the lid down on a full spine cassette – cassette could be put in backwards or kVp could be the problem (goes through the cassette, interacts with the material behind and back scatters to the film with an additional layer of film fog)

Shoot into the concave side of the curve – this gives you a better view of the disc spaces.  

When the spine lists, use a tube tilt – get the CR lined  up to the main area of interest.  Take the AP first and develop it.  Then you can tell what kind of  tube tilt you need to have.  
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Fog added by unsafe exposure – fog in the darkroom.  The sensitized film is more affected by the fog than the side that wasn’t exposed.  The safe light in the darkroom isn’t safe at all – it has a time restriction (in this case it was 10 minutes) and can’t be too close to the film as you work with it.  

Longer exposure has an additional darkening affect – the film we have has a third area darkened – this was an accident – the film was bumped.

When there is no gradiations of color on a sensitized film – safe work environment – this was done in 15 second intervals.  The one that was done in one minute showed gradiations – safe working time in that darkroom is 45 seconds – 1 minute creates fog.  

Brass plate – collimation alignment with the beam.  This checks to see if what you think you have in the light is actually what is in the light.  The beam (in this case) was a little inside the light on the top.  They are reasonably congruent (the light beam and the xray beam)  2%+/- at 40 inches (0.8 inches) is the allowable standard for variation.

Alignment error – evidence of “human error” – lining up the 2 BBs – they should be perfectly on top of each other – this is distortion at the central ray.  This judges the perpendicularity of the central beam.  In the inner circle, error is <1.5 degrees; outside the small inner circle but inside the outer circle, error is <3 degrees.

Does the middle of the light actually represent the middle of the central ray – it would if the pattern of the BBs being off was the same direction all the time – otherwise it is human error.  The top of the table may not be perfectly level either.  

SLIDES

Diagnostic Ultrasound

Piezoelectric effect 


Concept goes back to the 1870’s; Jacques and Pierre Curie

The change in electric charge distribution of certain crystalline materials following mechanical stress (quartz crystal – does this in MHz – million hertz).  It expands and contracts – at a higher frequency that we can hear – we hear at 20 KHz – dogs can’t even hear this.  It creates sounds waves anyway.  This developed in the 1960 out of SONAR – (sound navigation and ranging – the sound bounces off an object and is returned).

Sound travels about 700 miles per hour in air.  Can’t hear in space because there is no conducting medium.  Ultrasound also needs a conducting medium – that’s the “jelly” they put on you.  It is the coupling agent that allows the sound to be transmitted from the transducer and then received by the receiver in return.  Since we know the speed, we can compute the distance knowing the speed and the time.  (Tissue interface – computer is used to create the image – distance/time = rate)  “Red” pixels have a speed; “Blue” has a different speed, etc.

SONAR – Sound Navigation and Ranging; first used in WW II; first practical use of ultrasound.

Indication for use – no radiation or tissue damage when done correctly – DCs can’t do this but we can refer it out


Assessment of soft tissue masses


Abdominal aortic aneurysms

Thyroid, liver, gallstones, kidneys – tracheal air shadow can be thyroid or parathyroid, is it a cyst or a tumor, malignant or benign


Fetal aging, placental localization


Breast lesions


Pelvic masses


Testicular masses


Congenital hip dysplasia – in kids

Advantages of Ultrasound


Low cost


Non-invasive


Easily conducted examination


Provides immediate feedback, “real-time”

Disadvantages of Ultrasound


Large amount of training is necessary to interpret and perform – 2 years of training, national certification, entry level position, 1000 case studies.

Ultrasound is useful as a diagnostic tool because of acoustic reflection at tissue interfaces. – aka Echogram

The basic concept:

1. Sound waves are created by a transducer

2. These sound waves travel through the tissues

3. These sound waves then reflect off the tissues and return an echo to the transducer

4. This is then converted into an electrical signal and displayed on a monitor

The Soundwave


As soundwaves travel through matter they cause particles to compress, collide an disperse


Soundwaves need matter to travel through (unlike x-rays)

Frequency


Ultrasound transducer frequency = 1-20 MHz (KNOW THIS)


Increasing the frequency of ultrasound

1. Improves resolution of small objects

2. Produces shallow penetrability of the beam (opposite of x-ray – as frequency goes up, the ultrasound penetrates less – can see the lens of the eye and other superficial structures – less frequency can go deeper)

3. Collimates and directs the beam

Increased frequency is used for smaller more superficial body parts.

“Piezoelectric” is the magic word – the rapid expansion and contraction of the crystal.

The crystal = a piezoelectric material, crystal or ceramic in nature


The thickness is the critical factor in allowing proper vibrational frequency


Most common material used is PZT (lead zirconate titanate)

Operational Display Modes


5 Modes – Static

A mode = amplitude, height of blip is equal to intensity of echo (sonar)

*****B mode = brightness, brightness of blip is equal in intensity of echo

Compound B mode -> a summation image 

Most commonly used

M mode = motion, A mode is converted to B mode so the vertical axis is time driven

Real time – dynamic, to observe structures in motion

*****Doppler – to make depth and flow measurements

Doppler Ultrasound*****


Only mode that uses Continuous Wave (all others use pulse-echo imaging)


Doppler Effect – described by Austrian physicist Christian Doppler in 1842

The effect is an apparent change in the frequency of a wave if there is relative motion between the wave source and the observe

Biological Effects – all are exacerbated with therapeutic ultrasound; negligible with diagnostic ultrasound


Thermal effects



Molecules vibrate causing attenuation of the ultrasound beam

Increased tissue temperature, especially at the bone/soft tissue interfaces


Cavitation – due to microbubbles created with violent molecular agitation

Microstreaming – due to the viscous stresses on the tissues, this can disrupt cell membranes (don’t worry about this)


Free radical – ion formed from water

No manifest or late effect has ever occurred in humans – Bushong – referring to diagnostic ultrasound

Can be a problem if done incorrectly and with therapeutic ultrasound.

ON the practical final – we will need to identify the technique used on a film – ie. Ultrasound, xray, MRI, etc.


kVp and mAs is a tip off that it is an xray – CT scan


TR - magnetic resonance


MHz – ultrasound

Computed Tomography – CT

The internal structure of an object can be reconstructed from multiple projections of the object.

Proved by J. Radon, 1917 – theory was developed at this time, didn’t have the mechanics or the computers necessary to do the technological part

Invented by Sir Goffrey Hounsfield – Noble Prize in the 1970s – engineer at RMI, Ltd., (Apple Records)

April 1972

Aka – CAT – computerized axial tomography) axial plane anatomically is transverse/horizontal

CT – computed tomography

Basic Concept of Operation

1. A thin cross-section of the head (tomographic slice) is examined from multiple angles, originally with a pencil-like x-ray beam(determines the thickness of the anatomy slice)

2. The transmitted radiation (remnant) is counted by a scintillation detector (Compton, scatter, similar kVp settings, mAs, etc.)

3. This information is fed into a computer for mathematical analysis

4. The computer reconstructs the tomographic image.

Current fourth generation scanners


Detectors remain stationary


Tube moves 360 degrees around the patient


Uses a fan beam

Spiral CT aka Helical CT – the tube keeps moving around the patient as the patient goes through the tube)

Slip-ring technology allows continuous rotation of the tube (1 revolution per second around the patient)


Allows simultaneous translation and data acquisition

Continuous data acquisition can be achieved in a single breath hold (360 rotation in 1 second – 1 revolution/second)

Dramatic increase in speed and throughput (20-40 seconds for HCT scan vs. 4-6 minutes with conventional CT) (HCT = helical CT)

Outside ring is a ring of detectors – lots and lots of them – to catch small bits of information to catch small amounts of anatomy.  Body part is in the middle.  The x-ray tube projects a fan-like beam – the thickness of the beam on its side determines slice thickness.

Conventional x-ray tubes – these are the differences


Fractional focal spots


Air cooled


High heat capacity (millions of heat units)


Tube moves around the patient during scan

Principle of operation


Based on differential absorption of x-ray photons, like plain file


No image receptor (no film – done after the fact if desired)

Collimation


At the tube – prepatient collimation


At the detector – postpatient collimation


Each collimator regulates voxel length (1-13 mm) – voxel = Volume Element


Beam width equal to slice thickness – not the 8X10 perspective but the thickness of the film


Grid – volume elements (voxel – has height, width and depth) – depth is determined by the prepatient collimation.  Matrix on computer monitor is usually 512 x 512 pixels – what we see.  (can be 1024 x 1024) – this determines resolution.  We can see things that are 1 mm in size with this technology.  Although the slice represents a 3 D image – we see the pixel – the 2 dimensions.
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CT dose related to helical CT imaging – 

Comparable images and radiation doses

a. Radiation dose decreased slightly because of decreased repeats due to motion artifacts

b. Dose is approximately 10-40 mGy per slice (milligrays)

Pediatric techniques – manufacturers are helping to lower their dose – used to be the same as adults.

Image matrix – KNOW THIS

1. A CT scan image consists of many cells (voxels), each assigned a number and displayed as a brightness level on the video monitor

2. Each cell is called a pixel

3. The numerical information stored in each pixel is a CT number or Hounsfield unit (HU) (Not HEAT UNITS)

4. The pixel is a 2 dimensional representation of a corresponding tissue volume.

5. The tissue volume is called a voxel and is determined by the pixel size X the slice thickness (1-10 mm)*******FOR FINAL*****
Brightness and contrast are window and level settings in CT language.

GRAY SCALE

1. CT numbers range from –1000 to +1000 HU for each pixel

a. Water is defined as 0 HU

b. –1000 corresponds to air (appears as black on the film) while +1000 HU corresponds to dense bone (appears as white on the film)

c. Soft tissues range from 0 to +100 HU

d. Fat is –100 HU

Monitor can’t display 2000 shades and we can only determine about 64 shades.  We can choose to display any range (i.e. –200 to +400, anything below –200 would appear as black, anything above +400 would appear white; +100 would be the middle and soft tissue contrast would be good – this is called a soft tissue window)  A broader window (-1000 to +1000) would be a bone window, joint and bone contrast will look good but the soft tissue will be generally gray)  THIS WILL BE ON THE FINAL – THE PICTURES ARE IN THE BOOK – we need to be able to tell what technique the film was taken with.

Enormous waste of information


Actual range of image is w2000 HUs or shades of gray


A video screen can only display 256 shades of gray

Image Display


1.  Windowing

a. The technologist or radiologist selects a CT number that is about the average CT number of the body tissue being examined.

b. The computer is then instructed to assign 1 shade of gray to each of the 128 CT numbers below and each of the 128 CT numbers above.

c. The center CT number is called the window level

d. The range of CT numbers above and below the windows level is called the window width


(This is not kVp driven – high kVp low mAs per slice)

2. A bone window would have a window level of about +200

3. A soft tissue window would be between +20 and +40

4. The window width may be set at any level with a maximum of 2000

Artifacts – posterior cerebellum – beam hardening artifact created by the dense concentration of Ca++ - causes lines in the cerebellum area on a brain CT – for example.  This can happen in the pelvis or any place where there is prosthesis (any metal in the body)

“No C’ = means no contrast has been given to the patient in any way shape or form (orally, aournd the spinal cord, anally, etc.)  If it is “+ C” – you get to find the light stuff and figure out how is was administered.  This indication will not be on the individual slides – just at the beginning.

Window of 1500, level at +300 – this means that the range is from –450 to  +1050.  You can just look at it and know that is it a bone window – we can see the joints and bones very clear (cortex and medullary area of the bone).  In the soft tissue window we can see the disc herniation and other soft tissue stuff – the joint spaces aren’t clear, but they didn’t go away.  Pay attention to the numbers and the image for the test.  Check these slides out in the book.

Soft tissue contrast is 10 x better on CT compared to plain x-rays.***FOR THE TEST****
MRI and Ionizing effects of radiation to be covered the day before break.

On the CT – if we want sagittal views, we can stack the axial slices and then cut them and look at a sagittal section.  We lose a lot in the contrast when we do this.  MRIs are much better for this type of stuff because it can e imaged in any place of he body.

Endplate herniation – Schmorl’s node (??) 

White outline is cortical bone – it takes time to form – when this appears around a lesion it is a pretty good sign that the lesions is benign. *****

Infeces – attachment of ligament or tendon to bone. – when it ossifies this is called DISH – diffuse idiopathic skeletal hyperostosis
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MRI Fundamentals


The response of polar atoms to discrete radiation frequencies under the influence of a strong magnetic fields.


Polar atoms have unpaired protons or neutrons (i.e. H – most abundant polar atom in the body).  When we do an MRI, what we see are the H atoms.


Not a new technology


Used for chemical analysis since the 1940’s


Felix Bloch and Edward Purcell awarded Nobel prizes in NMR (nuclear Magnetic resonance) in 1952 - NO RADIATION INVOLVED!!!!



1971 Raymond Damadian – Nobel Prize, applying to human diagnostics


1973 Paul Lauterbur – also Nobel Prize, applying to human diagnostics


First human images in 1978

First private magnet in Houston in 1985 – before that they were in Universities, etc.

Advantages of MRI over other modalities

Best low contrast resolution – 100X better than CT, which was 10X better than plain film, so this is 1000X better than plain film – can find the paraventricular plaques of MS 6 months before any other diagnostic tests/equipment


No ioninzing radiation

Direct multiplanar imaging – we aren’t stuck in the axial mode any longer, any plain is achievable

No bone or air artifacts – outside of bones are black on MRIs (***CT it is white*****)

Direct flow measurements – doesn’t involve iodine (like myleograms do), many people are allergic to iodine (shellfish).  

Mostly noninvasive – Contrast medium is similar to Geritol – they call it gadalidium (Spelling??)

Each H proton in our body spins like a bar magnetic.  They are spinning different directions and thereby pointing different directions.

1.5 T (Tesla) – 1 Tesla = 26 times the magnetic pull of the earth.

The magnet of the MRI aligns the protons either parallel or antiparallel.  The proton rotates around it’s axis and also rotates around the axis of the magnet.  The motion of a spinning top (going around and wobbling) – this is called precessing.  They point different directions until they are placed in the magnet and this aligns the poles to go in one direction.

Larmor equation – see the book


f = Larmor frequency


2 pi fraction = gyromagnetic ratio (gamma/2 pi)


B = Magnetic field in Tesla

This creates a radio frequency to make the protons sing – this is how we see them.

Omega is frequency of radiation sent into patient to excite nuclei and is the frequency to which receiver coils must be tuned to receive signals coming from patient.

Gamma/2 pi = is gyromagnetic ratio and is different for different atoms.  H = 42.6 MHz/T, C-13 = 10.7 MHz/T

@ 1 T – H precesses at 42.6 MHz

@1.5T , H precesses at 63.9 MHz

Patient in the magnet – the N point H protons respond when the frequency is applied – turns the H protons 90 degrees.  When we turn off the frequency, the protons return to their normal positioning.  All the randomly precessing protons start precessing all at one time like a giant bar magnet.  This is called putting them “in phase”.  When we turn off the frequency, they start to randomly precess again.  When this process happens, this is when we get the image.

When the radiowave is turned off, the excess energy stored in the protons is given back in the form of another radiowave.

This results in a free induction decay (FID) – what happens when the “spring” is let go – it ounces back and forth before it returns to their normal position.

A graph will show is going way up then way down, then eventually it isn’t bouncing anymore.

In any single slice through the body, we get many types of tissues evident - Billions of H protons.  How do we determine the difference?  The stuff around it will influence it – this is called the matrix.  The H protons bounce into the matrix – this is called T1 aka spin-lattice (matrix and lattice are the same) and T2 spin-spin (H protons precessing into other H protons)

Three things control the final image

1. Spin density – how many H protons are there?

2. T1 characteristics

3. T2 characteristics

If the magnetic strength is the same in all aspects, the H protons will give of an identical FID – this would be hard to distinguish the tissue.  To avoid this we vary the field strength a very small amount – the H portons are DIRECTLY affected (Larmor equation) – their response is slightly different frequencies which give us slightly different FID.  It’s like an orchestra – each instrument plays something a little different but we hear a beautiful song.

We need a computer to solve the mathematical overload – this is called fourier transform.  This separates the signal to its components.

H protons lined up with the magnet, then we induce a radio frequency that turns them 90 degrees – this increases over time (x axis, this represents T1).  This also decreases in the y-axis which represents T2.

The H protons move in a 3D pattern – they spiral.

Spin-lattice - H protons in urine spring back fast (boing), in the brain they “slurp” or bounce back slowly (like coming up out of jello pudding)

Spin-spin – H protons energy go down because they run into each other. (relax)

T1 relaxation, aka spin-lattice or longitudianl magnetization, regrows with time

T1 recovery rates – H protons returning to normal state


150 to 250 msecs for fat (boing)


2-3 seconds for CSF (slurp)

T2 is much shorter than T1


10-20% of T1 values for the same tissue

T2 is independent of Bo

****Compact (cortical) bone generates low signal on all pulse sequences.

Free water is dark on T1 and bright on T2  (WWII – water is white on 2)

Fat is bright on T1 and T2

We have done the equivalent of an AP and a lateral on film, or bone and soft tissue on CT.  These are two different views – different pulsing sequences for each view (T1 is one view, T2 is the other)

Imaging parameters noted on film


TR – time to repetition


TE – time to echo


NEX – number of excitations


FOV – field of view (not unique to MRI, is used on CT also)


Slice thickness (as thin as 1 mm)

T1 displays anatomy well

T2 displays volumes of water (nucleus pulposis, CSF)

Contraindications


Cochlear implants


Pacemakers


Shrapnel


Some sheet metal workers


Some vascular clips


Tattooed eyeliner (other tattooes can have a damp cloth placed on it if it becomes uncomfortable)


Pregnancy


IVC umbrella filter, Gianturco coil (embolus coil)


Artificial heart valves


Hearing aid


More stuff in the canned notes

If the joint is prosthetically implanted it doesn’t seem to present a problem.  It doesn’t give the star artifacts that we get from the CT.  It can affect the quality of the MRI but not to the point that it would be undiagnostic.

Magnetic resonance – the response of muclei to discrete radiation frequencies and magnetic fields which satisfy the Larmor condition.

With MRI time is everything.  If you have a short TE and TR, you get a sharper picture.  A longer TE and TR (where the lines would crossover on the graph) here would be no contrast.  An even longer TE and TR time, the image reverses (what was dark on #1 is no light on #3).  You have to send a patient for an MRI when you have a diagnosis that you are working with – use it to rule out something (i.e. brain tumor)

Faraday cage – what is put around the room to keep other radio frequencies out.  Some MRIs now have headphones for radio frequency that is piped in – doesn’t interfere because they “pipe” it in through plastic (fiber optics??)  

T1 – slow thuds for noise; T2 – fast knocking noise.  Continues for the whole time the patient is in the tube – it is the turning on and off of the machine.

Exm A is preterm material – all the questions are off what we have already seen.  Exam B covers ultrasound, processing, MRI, CT, biological problems – anything after midterm (30 questions on each and 30 questions on the practical) – practical is comprehensive.  Ultrasound, CT and MRI images on the practical – we need to tell him what they are.

We get signal changes (flight) with fast flowing blood – this is why we had to come up with the contrast medium to slow this down a little bit.  (I don’t think I got this right – see the book)

Gadalidium contrast – if it is dark before, the turns bright on the contrast image, this indicates scar tissue.  Another surgery won’t help, as a DC we can help their quality of life but we can’t fix it either – it’s scar tissue. (T1)
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Dr. Patel said he would print out the slides he showed us – I don’t know when we will get them – first hour was cancelled and he didn’t show up until late in second hour.  I was late to second hour also.

We talked about biological problems due to radiation exposure.

Radiation and Pregnancy


Effect on fertility


Irradiation in utero

1st 2 wks either spontaneous abortion or no ill effect (up to 10 rads)



2-10 week – skeletal and organ abnormalities may occur



Mental retardation



Childhood malignancy

Summary


Radiation-induced genetic mutation following diagnostic x-rays are extremely low


The probability of such an effect is extremely rare


10 day rule – 10 days after menses has begun – safe to take xray


Assume an exposure up to 10 rads


If repair occurs it is rapid 


For females a delay in procreation of only a few days is called for

For males a delay in procreation up to 60 days would allow resistant cells to develop into mature spermatids

Radiation Protection Procedures

Occupational Exposure


Exposure, dose, dose equivalent



Different meanings, same numeric value


Patient does = rad, dose equivalent = rem


Rem is the unit of occupational exposure


MPD = 5(N-18) where N = operators age (maximal permitted dose)


MPD = 5000 mrem/yr, 50 mSv/yr (no clue what he said these units were)


Less is desirable


In chiropractic no exposure is usual

If personnel hold extremities or infants, extremity monitors must be provided


Lead aprons and lead gloves must be provided


Skin dose (ESE) – there are limits in some states


Gonadal dose


Bone marrow dose

He showed a slide showing the breakdown of dosage to skin. Marrow and gonad with specific shots.


Badges (+/- 5%)



Film – 10  mrem to 500 rem



TLD – 10 mrem to 500 rem


Nomogram – mr/mAs vs total Al filtration

How to limit


Protective secondary barrier


Limits retakes (do it right the first time)


Lead apron/gloves


Personnel Monitoring



Film badges


Thermoluminescent dosimeters

Cardinal Principles of Radiation Protection


Time


Distance


Shielding

Time


Concerning radioactive sources limit your time as much as possible


Regarding radiographic exposure



Is 200 mA @ 0.5 seconds better for the patient than 100 mA…

Distance


Concerning radioactive sources get as far away as possible



Use the inverse square law in our favor


Regarding radiographic exposure



Remembering the inverse square law, is an exposure at 40” FFD more or less dose than an exposure at 72” FFD (assuming both films are isodense)?



The patient dose is essentially equal ….

Shielding


Placing an effective barrier (i.e. lead) between you and a radioactive source should provide effective protection

However, a patient being x-rayed cannot by shielded from the primary beam

Limiting beam size with collimation limits unnecessary patient exposure

Sectional filters helps to minimize exposure in select areas of the primary beam



Use gonad shields and lead aprons as appropriate


The x-ray operator must be hind a protective barrier

Reduction of Patient Exposure


Limit unnecessary exams


Repeat exams


Proper radiographic technique


Rare earth film/screen combinations (600/1200)


High frequency generators


Sectional filters/gonadal shields


Ten day rule

More dangerous for a pregnant women in her first trimester – risks decrease dramatically as the pregnancy continues.

“Linda’s Notes” by Linda Hite – These notes are not guaranteed to be complete or without errors – they are meant to be a supplement to help you study.


