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APPH 226 – Apparatus and Image Management
Lab 10 - Detail and Distortion – ANSWER KEY

Purpose

Objective: 5.6 Discuss the effect that geometric factors have on diagnostic quality.
Demonstrate how distortion is influenced by alignment.
Discuss the effects of focal spot size on spatial resolution.

Instructions 
*For exposures 1-5: Use 55kVp @ 1.6mAs with a 110cm SID. Collimate to the edges of the anatomy. Label each exposure with a marker*
Exposure #1
1. Position the phantom (upper extremity/lower extremity) lengthwise on the tabletop.
2. Center the crosshairs over the middle of the bone.
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Measure and record the size of the body part on the image: ___________
Exposure #2
1. Maintain the position of the phantom.
2. Angle the tube 450 cephalad.
3. Align the tube and IR, and ensure the bone is centered in the crosshairs.
4. Ensure everyone is out of the room and the door is closed. 
5. Obtain verbal confirmation with direct supervision from an instructor.
6. Take the exposure.
7. Measure and record the size of the body part on the image: ___________
Exposure #3
1. Maintain the position of the phantom.  
2. Angle the tube 300 caudad (in the opposite direction as exposure #2).
3. Align the tube and IR, and ensure the bone is centered in the crosshairs.
4. Ensure everyone is out of the room and the door is closed. 
5. Obtain verbal confirmation with direct supervision from an instructor.
6. Take the exposure.
7. Measure and record the size of the body part on the image: ___________
Exposure #4
1. Tape the bone on a 450 sponge, so that one end is up higher from the tabletop.  
2. Align the tube (no angle) and IR, center the bone in the crosshairs.
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure. 
6. Measure and record the size of the body part on the image: ___________

Exposure #5 
1. Increase OID by stacking several positioning sponges, but ensure the surface is level. Place the bone on top of the sponges.
2. Measure and record the amount of OID used ___________
3. Center the bone in the crosshairs.
4. Ensure everyone is out of the room & the door is closed. 
5. Obtain verbal confirmation with direct supervision from an instructor.
6. Take the exposure
7. Measure and record the size of the body part on the image: ___________
Exposure #6 
1. Maintain the same setup as Exposure #5.
2. Decrease SID to 80cm.
3. Adjust collimation to include entire bone.
4. Ensure everyone is out of the room & the door is closed. 
5. Obtain verbal confirmation with direct supervision from an instructor.
6. Take the exposure
7. Measure and record the size of the body part on the image: ___________
Exposure #7 
1. Maintain the same setup as Exposure #5.
2. Maximize the SID (~142 cm).
3. Adjust collimation to include the entire bone.
4. Ensure everyone is out of the room & the door is closed. 
5. Obtain verbal confirmation with direct supervision from an instructor.
6. Take the exposure
7. Measure and record the size of the body part on the image: ___________



Results:
Object size ____________ mm
	Image
	Image size(mm)
	Distortion type

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	


Image Evaluation Questions:
1. Compare images 1-7. How are the different types of distortion visualized? Record observations in the table.

2. How can shape distortion caused by improper positioning contribute to size distortion? Is this demonstrated in any of the exposures?
Observations on how different types of distortion are visualized should be recorded in the table for each image.
Improper positioning causing shape distortion, either elongation or foreshortening, can contribute to size distortion if the anatomy is not perpendicular to the central ray. 
Elongation = anatomy looks longer on the image
Foreshortening = anatomy looks shorter on the image
X-ray tube, Image receptor and anatomy must be in alignment.
Step 1: Tube must be perpendicular and centered to the body part (important for getting through joint spaces – remember the beam in divergent and the central ray is perpendicular)
Step 2: Tube must be centered to the receptor
Step 3: Body part must be parallel to the receptor with as little OID as possible. If the anatomy is not parallel then foreshortening occurs. Example is inverting the toes for a pelvis x-ray to bring the neck of the femur parallel to the image receptor to avoid foreshortening.
Elongation is when the x-ray tube is angled, or the receptor is angled. The x-ray tube may be  perpendicular to the anatomy but is not perpendicular to the receptor. Or the anatomy may be parallel to the receptor, but the tube is angled.

Oblique sternum will distort anatomy, but we are able to see the joint space better and prevent superimposition of the spine.
Towns view of the skull, tube in angled 30 degrees to help see skull fractures.




Questions:
1. How does SID affect distortion?

Size difference/size distortion, a longer SID reduces magnification and size distortion, while a shorter SID increases magnification and size distortion (anatomy increases in size)


2. Can angling the beam alone cause size distortion as well as shape distortion?
Yes, angling the beam can cause both shape distortion (due to the anatomy not being perpendicular to the central ray) and size distortion (due to the increased OID from the angled beam path).


3. Calculate the magnification factor for image 1. 




4. Use the equation  to calculate the magnification factor for exposure 5. How else can the magnification factor be found? Do both methods give the same result for exposure 5? Explain why or why not.





5. Name 3 examinations in which shape and/or size distortion is used intentionally to advantage and how it is accomplished.
 
· Magnification technique for hand/wrist injuries (increased OID)
· Tightly collimated examinations for better visualization of specific anatomy (reduced SID)
· Angulated projections for visualizing specific structures (angled central ray)


Exposure #8
1. Add a foot examination.  Set 55kVp @ 2mAs, use an SID of 110cm.
2. Place a foot phantom on the tabletop, using a sponge to keep it in an AP position.
3. Center over the tarsals, collimate to include one finger width of light around the anatomy.
4. Ensure everyone is out of the room and the door is closed.
5. Obtain verbal confirmation with direct supervision from an instructor, then expose.

Exposure #9
1. Maintain the same setup as Exposure #8 but open the collimation as wide as possible.
2. Move the foot laterally to one side so the 5th metatarsal at the edge of the light field, still including the entire foot in the collimation.
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor, then expose.
Image Evaluation Question:
1. What visual differences are seen when comparing exposures 8 and 9?

Exposure 9, with wider collimation and the anatomy shifted laterally, is likely to exhibit heel effect, with one side appearing lighter/darker compared to exposure 8. Joint spaces will not be open as the anatomy is not centered to the central ray and therefore is not perpendicular to the joint spaces.


2. What caused the difference to occur? What type of radiographic information can be jeopardized with this error?
 
The heel effect is caused by the anode heel effect in the x-ray tube, where the radiation output is not uniform across the beam. This can jeopardize proper exposure and contrast across the anatomy. Off centering the anatomy will not allow the joint spaces to be visualized. The body part must be perpendicular to the beam. This alignment is critical for demonstrating anatomy as true to its shape and size as possible.

Discussion:
1. In order to limit the effects of size and shape distortion on a radiographic image, what must the technologist always ensure prior to an exposure?
 
To limit the effects of size and shape distortion, the technologist must ensure that the anatomy is properly positioned perpendicular to the central ray, with appropriate SID and minimal OID.
Improper positioning causing shape distortion, either elongation or foreshortening, can contribute to size distortion if the anatomy is not perpendicular to the central ray. 
Elongation = anatomy looks longer on the image
Foreshortening = anatomy looks shorter on the image
X-ray tube, Image receptor and anatomy must be in alignment.
Step 1: Tube must be perpendicular and centered to the body part (important for getting through joint spaces – remember the beam in divergent and the central ray is perpendicular)
Step 2: Tube must be centered to the receptor
Step 3: Body part must be parallel to the receptor with as little OID as possible. If the anatomy is not parallel then foreshortening occurs. Example is inverting the toes for a pelvis x-ray to bring the neck of the femur parallel to the image receptor to avoid foreshortening.
Elongation is when the x-ray tube is angled, or the receptor is angled. The x-ray tube may be  perpendicular to the anatomy but is not perpendicular to the receptor. Or the anatomy may be parallel to the receptor, but the tube is angled.
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