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Columbus State Community College
                                           Allied Health
Medical Imaging: Radiography Technology


COURSE: IMAG 1118 Radiographic Exposure and Procedures				
INSTRUCTOR: 		Contact: 
OFFICE HOURS: Mon 7-8 & 9:30-noon; Tues 9-11 and 2-3; Wed 9-11
CREDITS:  2.0
CLASS HOURS PER WEEK:  Lecture: 1.0  Lab 3.0		
PREREQUISITES:  IMAG 1113 and BIO 2301

DESCRIPTION OF COURSE 
This course consists of a study of radiographic image formation and technical factor manipulation.  Digital image receptors are discussed. Image properties are evaluated to ensure production of an acceptable quality radiographic image.  Technical conversions necessary to maintain proper image receptor exposure while minimizing patient dose are discussed.  Methods are presented to reduce image artifacts and equipment malfunction.

INSTITUTIONAL LEARNING GOALS
Columbus State Community College's Institutional Learning Goals are an integral part of the curriculum and central to the mission of the college. For this course (IMAG 1118), students are expected to demonstrate the skills associated with the Institutional Learning Goals identified below:
1. Critical Thinking 
2. Quantitative Skills
3. Technological Competence

Students are assessed in class on their achievement of these outcomes. Names will not be used when reporting results. Outcomes-based assessment is used to improve instructional planning and design and the quality of student learning throughout the college.

STUDENT LEARNING OUTCOMES:
Upon successful completion of the course, the student should be able to do the following with at least 76% accuracy:
Course Learning Outcome 1. Manipulate prime and influencing exposure variables to provide sufficient image receptor exposure with minimal patient radiation dose.  ILG – Technical Competence
Course Learning Outcome 2. Manipulate exposure variables to provide a high-quality image exhibiting sufficient contrast and spatial resolution with minimal distortion.   ILG – Technical Competence
Course Learning Outcome 3. Use imaging principles to adapt x-ray exposure parameters to variations in exposure conditions.    ILG – Critical Thinking

Course Learning Outcome 4. Demonstrate understanding of the equipment, image processing methodology, and quality control measures used in various image receptor systems to include computed radiography and digital radiography.     ILG – Technological competence
Course Learning Outcome 5. Demonstrate understanding of the appropriate use of specialized radiographic equipment and procedures to include Mobile Radiography, Tomography, Digital Tomosynthesis, Pantomography, and Fluoroscopy. ILG – Technological competence

COURSE MATERIALS REQUIRED
Radiation monitor, Internet access

TEXTBOOK, MANUALS, REFERENCES, AND OTHER READINGS
Principles of Radiographic Imaging: An Art and A Science 6th ed., by Richard A. Carlton and Arlene Adler; 
ARRT Exam Content Specifications 2022

GENERAL INSTRUCTIONAL METHODS
Lecture with audiovisual material
Textbook Reading Assignments
Online Supplemental and Review Exercises
Lab Assignments and Reports

STANDARDS AND METHODS FOR EVALUATION
Exams   Exam and Quiz questions may be Multiple Choice, Multiple Answer, Matching, True/False, Math Computation, or Short Answer.  

Makeup Exams taken within 7 days after the class session in which they are scheduled are subject to a 5% reduction in score, and the exam content may vary from the original exam. Exams taken 8-14 days late will be subject to a 15% score reduction. After 14 days, the exam will be scored 0.   

	Quiz:  Short quizzes will be given.

Students arriving later than the quiz start time will not be permitted to start the quiz until after class is over. Quizzes taken late will be subject to a 5% score reduction. 
  
	Note: Only calculators distributed by the instructor may be used during exams or quizzes.  

	Homework  
	Each chapter has corresponding review exercises or online assignments. 

	To obtain full credit, the assignment must be completed by the assigned deadline. If homework is turned in within 24 hours after the deadline, a 10% reduction in grade will be given. After 24 hours, a zero will be given for the assignment.

Lab 
Students must attend their assigned lab unless prior permission is granted.  Each laboratory report is due by the next scheduled lab time. Lab reports turned in late will receive a 2-point deduction from the 20 points for the lab. A zero will be given 24 hours after the due date.

Labs and lab reports will be a group effort and be evaluated on completeness, accuracy, and conciseness. Lab reports should be written in APA format. Each lab is worth 20 points. Please refer to Blackboard for the lab report example, format, and rubric.

	






Midterm Exam	20%
Comprehensive Final Exam      	30%
Quizzes      	20%
Lab Reports	20%
Assignments   	10%
                                                                                    100%

GRADING SCALE
A = 91.5-100%    B = 84.5-91.4%    C = 79.5-84.4%    D = 74.5-79.4%	E = Below 70%

ATTENDANCE POLICY
The following policy applies regardless of the reason for absence, i.e., illness, hospitalization, death in the family, or other.
 
Students are expected to be punctual and attend all class sessions. Any student accruing two(2) or more absences will accrue a 5 percent point reduction in the final grade for each absence. The student may not successfully pass the course if absences exceed 10% or 3 class periods. Excessive tardiness will be addressed and may lead to a reduction in points.

Students who anticipate missing an exam or quiz may be allowed to take it early without penalty.   

Students who miss a class are responsible for contacting the instructor as soon as possible to receive hand-outs or course information that was missed.   

Labs are offered only on the specified date. There are no make-up quizzes or labs.

STUDENT RELIGIOUS ACCOMMODATIONS 
Students must submit written notice with specific dates within fourteen days after the first day of instruction. Students are responsible for scheduling a date and time with the instructor to make up any missed quizzes or exams. For additional information, please contact the Executive Assistant for the Office of Academic Affairs.

SPECIAL COURSE REQUIREMENTS
All students participating in the Laboratory component of this course must abide by the Radiation Safety Policies below.

[bookmark: _Toc360096901][bookmark: _Toc396146384]Energized Lab/Clinical Radiography
[bookmark: h.1mrcu09][bookmark: _Toc360096902][bookmark: _Toc396146385]Safe Operating Procedures

1.	Presence of Restricted Area
	The Energized Lab is a restricted area. This room is adjacent to the faculty offices and is identified with a sign stating "CAUTION: X-RADIATION." Students and faculty must wear a personal radiation monitor during any lab in which X-ray exposures are made.
2.	Occurrence of Radiation Sources
	This room's radiation source consists of the energized X-ray tube head. In addition, scatter x-radiation emitted from the phantom and x-ray table are potential sources of x-radiation exposure to the operator.
3.	Safety Problems Associated with Exposure to X-radiation
	The potential biological effects of x-radiation exposure include genetic alteration (chromosome damage) and a slightly increased risk of cancers, particularly leukemia.  X-radiation exposure to the unborn embryo/fetus represents greater sensitivity to x-radiation than the adult.
4.	Procedures to Minimize Exposure 
a.	Unsupervised use of the energized lab will result in dismissal from the course.
The energized lab will only be used under the supervision of a faculty member or registered technologist (radiographer) or when the energized generator is ‘keyed’ to the off position.  X radiation exposure will only be made in the presence of a faculty member or other designated registered technologist (radiographer).  The room is to be secured and locked when not in use. 
b.	All persons using the energized lab during an x-ray exposure will be positioned such that the radiation barrier wall is between the x-ray tube and the individual.
c.	The door to the energized lab will be closed during any x-ray exposure. 
d.	X-ray exposure will be minimized by proper maintenance of the x-ray-generating equipment.  A technique chart for the phantom exposures will be consulted.
e	X-ray exposures will be made only for reasons consistent with a class assignment, i.e. positioning of the phantom or quality control testing.  Assignments will be limited to the number of radiographs necessary to fulfill the educational objective.
f..	Under no circumstances will human tissue be intentionally exposed to ionizing x-radiation in the energized lab.
g.	Following any laboratory activity, the radiation emitting equipment shall be turned off on the control panel, the radiographic table cleaned, and accessory equipment put away.
h.	The safe operating procedures are posted in the energized lab.


STUDENT CODE OF CONDUCT
As an enrolled student at Columbus State Community College, you have agreed to abide by the Student Code of Conduct as outlined in the Student Handbook.  You should familiarize yourself with the student code.  The Columbus State Community College expects you to exhibit high standards of academic integrity, respect and responsibility.  Any confirmed incidence of misconduct, including plagiarism and other forms of cheating, will be treated seriously and in accordance with College Policy and Procedure.

AMERICANS WITH DISABILITIES ACT (ADA) POLICY
It is Columbus State policy to provide reasonable accommodations to students with disabilities as stated in the Americans with Disabilities Act (ADA) and Section 504 of the Rehabilitation Act. If you would like to request such accommodations for access, please contact Disability Services: 101 Eibling Hall, (614) 287-2570. Email or give your instructor a copy of your accommodations letter from Disability Services as soon as possible.  Accommodations do not start until your instructor receives the letter, and accommodations are not retroactive.  
Delaware Campus students may contact an advisor in the Student Services Center on the first floor of Moeller Hall, (740) 203-8000.

AUDIO/VIDEO OR OTHER RECORDING OF CLASS 
Audio-and video-recording, transmission, or distribution of class content (e.g., lectures, discussions, demonstrations, etc.) is strictly prohibited unless the course instructor has provided written permission via the syllabus or a signed form.  Authorization to record extends solely to students in that particular course.  Transmitting, sharing, or distributing course content onto public, commercial, or social media sites is strictly prohibited.
TITLE IX
Columbus State Community College is committed to creating a learning and working environment that is free of bias, discrimination, and harassment by providing open communication and mutual respect. If you have encountered sexual harassment, sexual misconduct, sexual assault, or discrimination based on race, color, religion, age, national origin, ancestry, sex, sexual orientation, gender identity and expression, genetic information (GINA), military status or disability, please contact one of the following people:

	Renee Fambro	
Director of Equity & 
Compliance
Human Resources 
Rhodes Hall 115
rfambro@cscc.edu
Phone:  614.287.5519

	Danette Vance
Title IX  Deputy Coordinator
Human Resources
Rhodes Hall 115
dvance1@cscc.edu 
Phone: 614.287.2433 
	Joan Cook
Title IX Deputy 
Coordinator
Human Resources
Rhodes Hall 115
jcook60@cscc.edu
Phone:614.287.2636 

	Darla Van Horn
Title IX Deputy 
Coordinator
Student Life
Eibling Hall 203(D)
dvanhorn@cscc.edu
Phone:614.287.2856


For additional information about your options at Columbus State Community College or to file a complaint online, please visit our webpage at: http://www.cscc.edu/services/title-ix/

TOBACCO FREE COLUMBUS STATE 2015
As a result of a proposal by the Ohio Board of Regents in 2012, Columbus State became a tobacco-free institution, as have colleges and universities across the nation, including The Ohio State University, which made the change in 2014.  In an effort to support the health and well-being of all students, faculty, and staff, the College has adopted a tobacco free policy which prohibits the use of all tobacco-related products on College property. The primary emphasis of this approach is to focus on the elimination of tobacco use on all College property with cessation left as a choice for the individual.  The effective date for the tobacco free policy was July 1, 2015.
INCLEMENT WEATHER OR OTHER EMERGENCIES
In the event of severe weather or other emergencies that could force the college to close or to cancel classes, such information will be broadcast on radio stations and television stations.  Students who reside in areas that fall under a Level III emergency should not attempt to drive to the college even if the college remains open.

Assignments due on a day the college is closed will be due the next scheduled class period.  If an examination is scheduled for a day the campus is closed, the examination will be given on the next class day.  If a laboratory is scheduled on the day the campus is closed, it will be made up at the next scheduled laboratory class.  If necessary, laboratory make-up may be held on a Saturday.  If a clinical is missed because of weather conditions: (insert department policy).

Students who miss a class because of weather-related problems with the class is held as scheduled are responsible for reading and other assignments as indicated in the syllabus.  If a laboratory or examination is missed, contact me as soon as possible to determine how to make up the missed exam or lab.  Remember!  It is the student’s responsibility to keep up with reading and other assignments when a scheduled class does not meet, whatever the reason.

In the event the college is forced to close during Final Examination Week, exams scheduled for the first missed date will be rescheduled for the next day, in the same location at the same time scheduled.  Exams scheduled for a second missed date will be rescheduled for per instructor announcement.

FINANCIAL AID ATTENDANCE REPORTING
Columbus State is required by federal law to verify the enrollment of students who participate in Federal Title IV student aid programs and/or who receive educational benefits through the Department of Veterans Affairs. It is the responsibility of the College to identify students who do not commence attendance or who stop attendance in any course for which they are registered and paid. Non-attendance is reported every semester by each instructor, and results in a student being administratively withdrawn from the class section. Please contact the Financial Aid Office for information regarding the impact of course withdrawals on financial aid eligibility.

For the purposes of financial aid reporting, a student meets the participation and attendance criteria if s/he has actively engaged in the class and demonstrated a meaningful attempt toward completion of the course. Examples of active engagement may include, but are not limited to: completing a graded course assignment (e.g., homework, quiz, essay, project, or lab); actively participating in studio or practicum sessions; making content-related contributions to an online discussion forum (including responses both to prompts and to student/instructor posts).
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Technical Factors Affecting Image Quality – Receptor Exposure and Contrast
Reading Assignment: Carlton chapters 26, 27
Objectives
At completion of the learning activities, the student should be able to do the following with at least 76% accuracy:

Briefly define each of the following radiographic image qualities and associated technical factors affecting the quality.

1. Receptor Exposure
a. 
b. mAs
c. kVp
d. SID
e. Grid
f. Beam Restriction
g. Anode heel effect
h. Pathology
2. 
3. Contrast
a. 
b. kVp
c. OID (air gap)
d. Grid
e. Tube filtration
f. Beam restriction
g. Pathology
h. Signal to Noise Ratio
4. 

Identify methods to manipulate the following Technical Factors to affect image quality characteristics:
1. 
2. mAs, mA, Exposure Time
3. kVp
4. SID
5. OID
6. Focal Spot Size
7. Grid use – Grid ratio, Grid cutoff
8. Tube Filtration
9. Beam Restriction
10. Motion
11. Anode Heel Effect
12. Patient Size
13. Patient Pathology
14. Angulation – CR, part, receptor


Technical Factors Affecting Image Quality – Spatial Resolution and Distortion
Reading Assignment: Carlton chapters 28, 29
Objectives
At completion of the learning activities, the student should be able to do the following with at least 76% accuracy:

Briefly define each of the following radiographic image qualities and associated technical factors affecting the quality.

1. Spatial Resolution
a. Geometric
i. OID
ii. SID
b. Motion
c. Image Receptor construction
d. Patient size
e. Angulation
f. Signal to Noise Ratio
2. Size Distortion (Magnification)
a. OID
b. SID
c. Patient size
3. Shape Distortion
a. Angulation

Identify methods to manipulate the following Technical Factors to affect image quality characteristics:
1. 
2. mAs, mA, Exposure Time
3. kVp
4. SID
5. OID
6. Focal Spot Size
7. Grid use – Grid ratio, Grid cutoff
8. Tube Filtration
9. Beam Restriction
10. Motion
11. Anode Heel Effect
12. Patient Size
13. Patient Pathology
14. Angulation – CR, part, receptor

Digital Image Processing and Display
Reading Assignment: Carlton chapter 20
Objectives
At completion of the learning activities, the student should be able to do the following with at least 76% accuracy:
1. Describe Raw data and image pre-processing to include
Analog to Digital Conversion (ADC)
Quantization
Data Corrections – rescaling, flatfielding, dead pixel correction, and histogram analysis
2. Describe processing of corrected data to include:
a. Grayscale
b. Edge enhancement
c. Equalization
d. Smoothing
3. Identify preparation of data for display
a. Values of interest (VOI)
b. Look Up Table (LUT)
4. Describe post processing adjustments to include:
a. Brightness
b. Contrast
c. Region of interest (ROI)
d. Electronic cropping or masking
e. Image stitching
5. Identify the important characteristics affecting image quality on display monitors
a. Viewing conditions (viewing angle, ambient lighting)
b. Spatial resolution (pixel size, pixel pitch)
c. Brightness and contrast
6. Describe the relationship between various imaging Informatics software entities to include:
a. DICOM
b. PACS
c. RIS (modality worklist)
d. HIS
e. EMR or HER

Computed Radiography/Digital Radiography
Reading Assignment: Carlton chapters 21 and 22.
Objectives
Identify and describe various types of digital radiography equipment to include computed radiography, indirect conversion digital radiography, direct conversion digital radiography and scanned projection radiography.

Describe the following digital radiography terms
Scintillator
Pixel – detector element, pixel pitch, fill factor
TFT – Thin Film Transistor array

Briefly define or describe each of the following terms

Amorphous selenium
Amorphous silicon
Analog-Digital Converter (ADC)
Barium fluorohalide
Biomedical Informatics
Cesium Iodide (CsI)
Charge Coupled Device (CCD)
Computed Radiography (CR)
Detective Quantum Efficiency (DQE)
Deviation Index
Digital Imaging and Communication in Medicine (DICOM)
Direct Detector
Electronic Health-care Record (EHR)
Field of View
Flat Panel Detector (FPD)
Gadolinium Oxysulfide (GadOx)
Ghost or phantom image
Grayscale bit depth
High pass filtering
Histogram
Hospital Information  System (HIS)
Indirect Detector
Matrix
Look up table (LUT)
Low pass filtering
Picture Archiving and Communication System (PACS)
Photostimulable Phosphor imaging plate
Pixel
Pixel pitch
Radiology Information System (RIS)
Rescaling
Scintillator
Signal to Noise Ratio (SNR)
Soft copy
Spatial Resolution
Thin- Film – Transister (TFT)

Windowing

Discuss the components of a computed radiography system to include the Image Receptor and processor.
Describe the process by which a computed radiography image is formed to include latent image formation, optical readout, and IP erasure.
Describe the process by which the histogram is acquired and the look-up table (LUT) applied to the collected data.
Calculate pixel size given matrix and field of view sizes. 
Explain the function of the digital image window level and width controls.
Describe the use of Exposure Index Numbers in CR imaging and the image results from over or under exposure.
Identify exposure factor changes that can enhance Signal to Noise Ratio. 
Describe CR image artifacts and methods to reduce their occurrence. 
Differentiate between Fixed, Tethered, and Wireless DR Image Receptors. 
Compare and contrast Direct and Indirect Capture Detector systems.
Describe the factors that affect digital image quality.
Describe various post-processing techniques to include edge enhancement, image stitching, and energy subtraction.  
Describe the components of a PACS system and identify how it interfaces with RIS and HIS.

Technical Considerations in Digital Imaging
Reading Assignment: Carlton chapter 23
Objectives
At completion of the learning activities, the student should be able to do the following with at least 76% accuracy:
1. Describe Raw data and image pre-processing to include
Analog to Digital Conversion (ADC)
Quantization
Data Corrections – rescaling, flatfielding, dead pixel correction, and histogram analysis
2. Describe processing of corrected data to include:
a. Grayscale
b. Edge enhancement
c. Equalization
d. Smoothing
3. Identify preparation of data for display
a. Values of interest (VOI)
b. Look Up Table (LUT)
4. Describe post processing adjustments to include:
a. Brightness
b. Contrast
c. Region of interest (ROI)
d. Electronic cropping or masking
e. Image stitching
5. Identify the important characteristics affecting image quality on display monitors
a. Viewing conditions (viewing angle, ambient lighting)
b. Spatial resolution (pixel size, pixel pitch)
c. Brightness and contrast
6. Describe the relationship between various imaging Informatics software entities to include:
a. DICOM
b. PACS
c. RIS (modality worklist)
d. HIS
e. EMR or EHR

The imaging process
Reading Assignment: Carlton chapter 25
Objectives
At completion of the learning activities, the student should be able to do the following with at least 76% accuracy:
Briefly define or describe each of the following exposure system terms:
1. Tissue thickness caliper
2. Variable kVp exposure system
3. kV per cm rule
4. Fixed kVp exposure system
5. 4-5 cm rule
6. High kVp exposure system
7. Proportional anatomy approach
8. Automatic Exposure Control (AEC) – Ionization chamber, minimum response time, backup mAs
9. Anatomically Programmed Radiography
10. Image Identification

Use appropriate rules to build a variable kVp exposure system and fixed kVp exposure system.
Describe methods to insure proper use of Automatic Exposure Control to include detector selection, anatomic alignment, exposure adjustment, minimum response time and backup mAs.
Identify appropriate information to include in image identification.
Describe how to adjust exposure factors to compensate for pathologic conditions. 


The art of Image Critique
Reading Assignment: Carlton chapter 30
1. Identify criteria for evaluation of Image technical factors
a. Exposure Indicator
b. Quantum noise (quantum mottle)
c. Gross exposure error (e.g. loss of contrast, saturation)
d. Contrast
e. Spatial resolution
f. Distortion (size, shape)
g. Identification markers (anatomical side, patient, date)
h. Image artifacts
i. Radiation fog
2. Describe basic Quality Control testing of Imaging Equipment and Accessories
a. Beam restriction
1. Light field to radiation field alignment
2. Central ray alignment
b. Recognition and reporting of malfunctions
c. Digital image receptor systems
1. Maintenance (detector calibration, plate reader calibration)
2. QC tests (erasure thoroughness, plate uniformity, spatial resolution)
3. Display monitor quality assurance (grayscale standard display function, luminance)
d. Shielding accessories (lead apron/glove testing)

Image processing and display
Reading Assignment Carlton Chapter 31
At completion of the learning activities, the student should be able to do the following with at least 76% accuracy:
Describe the principles of technical factor selection
Discuss the sale of deviation index values, as well as recommended actions when correcting unacceptable values
Explain how exposure factors affect digital image quality
Explain latitude differences between digital imaging systems
Analyze elements of digital imaging systems that make them prone to violation of ALARA radiation protection concepts.
Explain the causes of several digital radiography artifacts.

Informatics in Medical Imaging
Reading Assignment Carlton Chapter 24
At completion of the learning activities, the student should be able to do the following with at least 76% accuracy:
Define biomedical informatics and clinical informatics
Describe various informatics platforms and applications used in medical imaging departments
Discuss the basic standards involved in informatics
Explain the fundamental elements of computers and network architecture
Identify types of storage available for digital images
Explain the workflow of medical imaging from order to report distribution
Discuss CPOE and CDSS and their use in the workflow of medical imaging
Discuss the necessity for security in informatics. 
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All homework assignments due by 11:59 pm
Lab Reports are due at the beginning of the lab			   TENTATIVE SCHEDULE
Lab schedule is subject to change
	WEEK of
	Lecture: 
	Lab
	ASSIGNMENT DUE

	May 27
 
	Monday: Holiday
Tuesday: All must attend from 11-2
Syllabus Review for 1118 and 1903
Chapter 26 Image Receptor Exposure and Chapter 27 Contrast 
	On Tuesday, all attend class during lab time from 11-2 

	Chapter 26 and 27 homework due 5/27

	June 3
 
	Chapter 28 Spatial Resolution
Chapter 29 Distortion
	Differential Absorption
mAs
	Chapter 28 and 29 homework due 6/2
Quiz 1


	June 10
 
	Chapter 20 Digital Image Processing
	KVp

 
	Chapter 20 homework due 6/9
Quiz 2
Lab Report 1

	June 17
 
	Chapter 21 Computed Radiography
Chapter 22 Digital Radiography/Flat-Panel Detector Systems

	OID and SID

	Chapter 21 & 22 homework due 6/16
Quiz 3
Lab Report 2

	June 24
 
	Midterm 

	LUT
	Lab Report 3 

	July 1
 
	Chapter 23 Technical Considerations in Digital Imaging 
	Inverse Square Law

	Chapter 23 homework due 6/30
Lab Report 4

	July 8
 
	7. Chapter 25 The Imaging Process

	AEC Selection
	Chapter 25 homework due 7/7
Quiz 4
Lab Report 5

	July 15
 
	Chapter 30 The Art of Image Critique 

	Image Artifacts/Scatter
	Chapter 30 homework due 7/14
Quiz 5
Lab Report 6 

	July 22
 
	Chapter 31 Quality Management
	Image Critique
	Chapter 31 homework due 7/21
Quiz 6
Lab Report 7

	July 29
 
	Chapter 24 Informatics in Medical Imaging
	mAs RRL/QA 

	Chapter 24 homework due 7/28
Quiz 7
Lab Report 8

	August 5
 
	Comprehensive Final Exam from 8-9:50
	 
	Lab Report 9 due 8/5 for everyone
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