Fun Dx. Tutoring – 11/30/07
CT

CT is similar to some components of X-ray, particularly the use of X-rays to generate the image.  CT does use radiation (ionizing radiation).  CT is also based on differential absorption of photons.  Differential absorption depends on the type of tissue hit by a photon.  The CT is essentially a big X-ray tube.  On the outside of the tube, you have detectors (scintillation detectors).  The X-ray tube and beam moves while the patient and detectors are stationary.  The beam travels in a fan shape.  Two places of collimation occur: 1). Prepatient 2). Postpatient.  The image is sent to the computer following detection and the computer generates an image.

Hounsfield System

The Hounsfield system of #’s is used.  This is a range from -1000 to + 1000.  -1000 is black and + 1000 is white.  The zero point by definition is water.  -1000 is air.  +1000 is bone/metal.    Fat is slightly negative because it is less dense than water.  
Bone vs. Soft Tissue Windows
A bone window is meant to look at bone.  You can differentiate cortical from trabecular bone in a bone window.  In a bone window, soft tissue appears dark.  

In a soft tissue window, soft tissue appears gray and bone appears bright white.  You cannot differentiate trabecular from cortical bone in a soft tissue window.

Pixel – Voxel

The computer divides the picture into grids.  Each square gets a number and gets assigned a color.  Each square is a pixel (picture-element).  The more pixels you have, the clearer or sharper the image.  The voxel or volume element is the pixel x slice thickness = voxel.  The more the slices you have, the greater the diagnostic capability of the image
Transaxial Slice

A particular type of slice taken through the long axis of the body.  CT scans use transaxial slices to make images.  

CT and Spatial Resolution

 The best soft tissue resolution is MRI.  MRI has soft tissue resolution that is 100x better than CT and 1000x better than X-ray.  CT soft tissue resolution is thus a power of 10 better than X-ray.  

Best-----------------------Worst Soft Tissue Resolution

1. MRI 2.CT 3. X-ray

Spatial Resolution (Best-Worst): 1) Plain Film (10 line pairs per mm) 2). CT scan (20 line pairs per cm) 3).MRI
Contraindications

Contraindications are the same as for X-ray.  There is more radiation with a CT scan.  More radiation is due to more pictures taken to produce the image.
Hints
*** First you need to know how to differentiate CT vs. MRI.  Cortical bone is white on CT (always), regardless of the window you look through.  Cortical bone is black on MRI (for both T1 and T2). ***

*** Know how to differentiate a soft tissue window and bone window ***

*** Look at the outside portions of the vertebrae to determine MRI vs. CT (checking for cortical bone, which is black on MRI and white on CT)…In an MRI T1 image, water from the canal and discs appears black, so no white = T1…In a T2 image, water appears white in the discs and the canal vs. cortical bone appears black ***

Events to Determine MRI vs. CT
1). Look at cortical bone to determine MRI or CT 


a). If cortical bone is White = CT (cortical bone is always white on CT, no matter which window you look through)


b). If cortical bone is black = MRI (both T1 and T2 images)

2). Then look for water color 


a). Water appears Black = T1 image

b). Water appears white = T2 image

MRI

Response of polar atoms to discreet radiofrequencies under an electromagnetic field.  Hydrogen is a polar atom used with MRI because it is abundant in the body.   Hydrogen has unpaired electrons, making it polar.  All hydrogen atoms are randomly aligned in the body.  A magnetic field induces hydrogen atoms to line up in rows.  A radiofrequency wave (Larmor Frequency) is induced into the rows of hydrogen that allows the atoms to spin in phase.  The radiofrequency wave increases the energy.  When the wave is removed, a radio wave is released.  The radio wave is picked up by a receiver.  The receiver sends the wave to the computer which gives the image.
Process

1). Starts with magnetic field that aligns polar hydrogen atoms in rows

2). Induces a radio wave into the rows of hydrogen atoms, causing the atoms to spin

3). Radio wave is terminated

4). Release of energy in a radio wave (caused from the spinning atoms to dissipate energy of motion)
5). Receiver picks up the released radio wave
6). The wave and information from the wave is sent to a computer

7). An image is made from the computer

Protons
Hydrogen is the atom used.  It is used because it is polar and abundant in the body.

Radio waves
2 Radio waves occur in this process.  The first wave induces spinning.  The second wave is sent when the spinning stops and is captured by the receiver coil.

Larmor Frequency

A radiofrequency wave (Larmor Frequency) is induced into the rows of hydrogen that allows the atoms to spin in phase.  The radiofrequency wave increases the energy.  The Larmor Frequency depends on 2 things:  1). Strength of magnetic field (specific to the system magnet) 2). Gyromagnetic Ratio:  Inherent in the material used to make the image (hydrogen is mostly used)

Free Induction decay
Free induction decay comes from the signal released.  Free induction decay is analogous to springing a coil.  The coil moves up and down and releases a wave based on movement up and down.  The receiver coil moves due to signal released by the decay.
Receiver coil (see above)
Time-echo/repetition

TE = Time to echo…Time to echo is from when you stop the signal till the time the computer reads the radio wave.

TR = time to repetition…Time to repetition is time between radiofrequencies induced into the hydrogen.
T1 vs. T2

T1 vs. T2 images allow us to tune into different parts of the process.  This allows for different contrast in different areas of the image.  T1 vs. T2 images is a way to set parameters to change the picture.  
T2 

a). H20, CSF, and nucleus pulposus appear white.

b). T2 has a long time to echo and time to repeat.

c). T2 is known as spin-spin or transverse.

d). T2 focuses on transverse energy change.

T1

a). T1 makes fat look bright white and water appear black.

b). T1 has a short time to echo and repetition.

c). T1 is also known as spin-lattice or longitudinal.

d). T1 is focused on longitudinal energy change.  
Resolution

The resolution is better for soft tissue in an MRI than CT and X-ray.
Contraindications

 MRI does not have ionizing radiation.  There are many contraindications, but it does not harm people directly from the beam as an X-ray can.  Most contraindications involve metal (examples: shrapnel, metal workers, metal orthopedic/medical devices, etc.)
Bone Scan (Radionucleotide)

*** Bone Scan = Not an MRI, not an X-ray, not a CT scan *** There will be mostly general bone scan questions

Bone scans are also known as radionucleotide images.  The material is radioactive and injected into the body.  The material tags to osteoblasts.  Active osteoblasts will uptake the material and it will appear black.  This occurs in metabolically active areas (cancer, stress fracture, growth plates).  The process relies on gamma decay.  Sodium-iodide crystals are used because it converts gamma rays to light. The material is radioactive and there are contraindications to the dye used.  Pregnancy and breast feeding are relative contraindication because of the dye/material used.  Also, allergic reaction to the dye may occur.  Bone scan is not ionizing radiation.  The scan is not considered ionizing radiation, since it comes from a substance (dye) and is not aimed into the patient from a beam (ex. X-ray or CT).

Typically, you inject the patient with the liquid and then you wait for a period of time for the dye to uptake.  The image is then produced checking for uptake of the dye.  The receiver is similar to a Geiger counter in that it checks for radioactivity (indicating uptake into a metabolically active area).  
Osteoblasts

The dye tags to osteoblasts in metabolically active areas
Gamma Decay

This type of decay is used by the bone scan process.  Decay of the dye emits light.  The light may be evidenced as black on the scan.

Radioactive
The dye is radioactive and has some relative contraindications.

ID
A metabolically active area will appear black for uptake of the dye by osteoblasts.
Diagnostic Ultrasound

Not radiation, you use sound waves
The units are 1-20 MHz for diagnostic
Therapeutic units = W/cm squared…Diagnostic units do not use this
Piezoelectric Effect:  Inducing mechanical pressure on the crystal causes vibration and energy change which ultimately manifests as sound waves.  

This imaging process uses tissue interface and acoustic reflection at tissue interface.  The type of interface (ex. Bone vs. soft tissue) will have different reflection properties and will present differently in the image.  
Fluoroscopy

Uses .5-1.5 units???
Quality Control

mAs linearity

This checks the mAs stations of the X-ray.  Divide a film into 4 and put an object onto the film.  Pictures are taken with the objects on them.  Most notably a step-wedge is used as the object on the film.  You are using the same KvP with different mA and time in each quadrant. *** Note mAs is the same because the mA and time are used to calculate the mAs (ex. – 60 mA at 1 second is the same as 120 mA at .5 seconds)
Upper Left side of Film = 60 mA at 1 second = 60 mAs

Upper Right = 120 mA at .5 second = 60 mAs

Lower Left = 30 mA at 2 seconds = 60 mAs

Lower Right = 15 mA at 4 seconds = 60 mAs

The images should be isodense since they all have the same mAS!!!

X-ray Beam Agreement

You want the beam to line up so that what you visualize the center to be is actually the center.  You collimate the beam so that the light can tell you if it is lined up.  You place coins on the film and run the film through the processor.  The coins are placed in the 4 corners of the film.  You should be able to see the 4 coins after the film is taken and processed.  If you cannot see the coin/coins, then there is a problem with your light.
Dark Room Fog
The whole film is covered with lead.  Move the lead down little by little so that less of the film is covered by lead.  Run it through the processor.  Check to see if there are discrepancies in the image on the film with darkness vs. light.  If the image produced is not equal, that means that you have fog or leaky light in the dark room.  
Protection

Look at slides…More metabolic tissues are more sensitive to X-ray (sex organs, thyroid, bone marrow).  

3 Rules of X-ray Protection: 1).Time 2).Distance 3).Shielding
*** Make sure you have your Supertechs for the exam***
