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COURSE DESCRIPTION:
This course will provide the student with knowledge of the principles of sound and imaging instrumentation as applied to sonography. The physical nature of sound waves and how those waves interact with mediums and how they can be successfully utilized in diagnostic imaging will be studied. Upon completion the student will be able to produce sonographic images.  This is a CORE course.
CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

3 hour
Lab Credit Hours



0 hour 
Clinical Credit Hours


0 hours


Total Credit Hours 



3 hours
Total Contact Hours



3 hours
NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Programs may schedule practical lab hours as 3:1 or 2:1 contact to credit ratio; Clinical hours are 3:1 contact to credit ratio; and Preceptorships may be scheduled as 3:1 or 5:1 (Ref Board Policy 705.01).

PREREQUISITE COURSES 
As required by program.
CO-REQUISITE COURSES 
As required by program.
PROFESSIONAL COMPETENCIES
· Evaluate scenarios and apply sonographic principles and instrumentation.
· Comprehend how sound waves interact with various media.
· Comprehend the interaction of ultrasound with tissue for image optimization, acquisition, and interpretation.
· Comprehend the principles of pulse echo imaging.
· Apply the use of various components of sonographic instrumentation.
· Recognize artifacts and identify their various causes and how to eliminate or utilize them in order to enhance images.
· Comprehend the principles of hemodynamics and Doppler imaging.
· Employ quality assurance measures to ensure compliance with standards of sonographic imaging.
· Comprehend established safety standards for sonographic practice.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend foundational knowledge of history of sonography and of sonographic patient care techniques.
· Psychomotor – Apply foundational knowledge of patient care.
· Affective – Develop an appreciation for the creation of sonographic imaging and the importance of providing quality patient care.
STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Competencies specified for each module is suggested by Sonographic profession certifying agencies, health care facilities, locally developed lab/clinical assignments, or any combination of these factors.  This course is based on the National Education Curriculum for Diagnostic Medical Sonography programs (2008).
INSTRUCTOR NOTE:  

· Performance objectives for this course are measured in DMS 217 - Sonographic Principles and Instrumentation Lab.

· Modules G, H and I are optional for this course.  If they are not taught in this course they must be taught in DMS 217.
STUDENT LEARNING OUTCOMES
	MODULE A – SONOGRAPHIC PRINCIPLES AND INSTRUMENTATION

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA Indicators

	 A1.0
Evaluate scenarios and apply sonographic principles and instrumentation.
	A1.1
Solve a variety of equations related to acoustic properties and variables.
	4


	LEARNING OBJECTIVES 

	A1.1.1
Define terms associated with sonographic principles.

A1.1.2
Solve equations using scientific notation.

A1.1.3
Use metric units to convert measurements.

A1.1.4
Use common units of measurement to solve equations. 

A1.1.5
Use common measures of dimensions to solve equations.

A1.1.6
Describe how sound is defined in terms of wave classification and wave anatomy.
A1.1.7
Classify frequencies by acoustic spectrum.
A1.1.8
Describe how sound waves interact.

A1.1.9
Identify acoustic wave types. 

A1.1.10
Correlate the relationship between various acoustic wave properties and characteristics.

A1.1.11
Use common units of wave characteristics to solve equations.

A1.1.12
Convert values to decibel notations.

A1.1.13
Analyze acoustic variables and how they impact sound travel.
	1
3

3

3

3

2

3

2

1

4

3

3

4

	MODULE A OUTLINE
· General Principles

· Scientific notation

· Metric notation

· Common units

· Time – sec

· Power – watts

· Work – joule

· Acoustic impedance – rayls

· Measurement dimensions

· Distance

· Area

· Volume

· Nature of Sound

· Definition of sound

· Wave classifications

· Wave anatomy

· Acoustic spectrum

· Infrasound

· Audible sound

· Ultrasound


	Module A Outline (continued)

· Sound wave interaction/interference

· Huygen's principle

· Constructive

· Destructive

· Beat frequency

· Types of waves

· Continuous wave

· Pulse wave characteristics, units, and ranges

· Wave Characteristics

· Definition of terms

· Propagation speed

· Frequency

·  Wavelength

· Acoustic impedance

· Relationship between terms

· Common units of terms

· Acoustic variable

· Density

· Pressure

· Particle motion

· Properties of Acoustic Waves

· Amplitude

· Pressure

· Power

· Intensity

· Decibels

· Definition

· Related to intensity

· Related to amplitude
· Examples corresponding to half value layers


	MODULE B - PROPAGATION OF SOUND WAVES THROUGH TISSUES

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA Indicators

	B1.0
Comprehend how sound waves interact with various media.
	B1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 

	B1.1.1
Describe the average speed of sound in tissues.

B1.1.2
Explain how propagation speeds are affected by various media.

B1.1.3
Explain the properties of various media.

B1.1.4
Differentiate between reflection, refraction and transmission.

B1.1.5
Describe how attenuation affects the strength of the sound wave.

B1.1.6
Differentiate between tissue harmonics and contrast harmonics.

B1.1.7
Describe the various conditions and interactions that produce different harmonic frequencies.
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	MODULE B OUTLINE

· Speed of Sound

· Average speed in tissues

· Range of propagation speeds in the body

· Air

· Water

· Muscle

· Fat

· Various parenchyma

· Bone

· Average for soft tissue

· Media properties

· Elasticity

· Density

· Compressibility/bulk modulus

· Relationship between properties

· Reflection

· Definition of reflection

· Specular reflector and highlights

· Interface size and contour

· Dependence on angle

· Dependence on acoustic impedance mismatch

· Scatterer

· Definition of scattering

· Frequency dependence

· Interface contour

· Contrast media

· Refraction

· Definition of refraction

· Snell’s law


	MODULE B OUTLINE (continued)

·  Attenuation

· Definition of attenuation

· Sources of attenuation

· Reflection/Scattering

· Refraction

· Interference

· Diffusion

· Absorption

· Dependence on frequency

· Typical values in soft tissue

· Relationship between coefficient, depth, frequency

· Effects on images

· Frequency versus spatial resolution

· Penetration versus spatial resolution

· Harmonics

· Tissue harmonics versus contrast harmonics

· Generation of odd or even multiples of original frequency wave

· Effect of high pressure area on sound wave

· System requirements

· Wide dynamic range

· Transmitter

· Bandwidth/passband limitations

· Advantages and limitations
· Clinical applications


	MODULE C - SONOGRAPHIC TRANSDUCERS AND SOUND BEAMS

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA Indicators

	C1.0
Comprehend the interaction of ultrasound with tissue for image optimization, acquisition, and interpretation.
	C1.1
Evaluate scenarios and apply sonographic principles and instrumentation.
	4

	LEARNING OBJECTIVES 

	C1.1.1
Define terms associated with sonographic transducers and sound beams.
C1.1.2
Explain piezoelectric principles.

C1.1.3
Identify transducer components and state their purpose.

C1.1.4
Describe characteristics of sound beams.

C1.1.5
Describe spatial resolution (axial, lateral, and elevational) as related to sound beam characteristics and image detail.

C1.1.6
Differentiate between the different types of transducers and their uses.
C1.1.7
Describe the operation of various types of transducers.

C1.1.8
Describe the routine care and maintenance of various types of transducers.
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	MODULE C OUTLINE (continued)

· Pressure profiles

· Identify axial, transverse, and polar pressure profiles

· Relationship between bandwidth and each profile

· Axial profile labeling

· Transverse profile labeling

· Polar profile labeling
· Spatial Resolution

· Axial 

· Dependence on spatial pulse length/pulse duration, damping, bandwidth

· Relationship to transducer frequency

· Numerical example

· Lateral 

· Dependence on beam width, transducer frequency, transducer size, focal

· characteristics

· Relationship from transducer face

· Slice Thickness or Elevational 

· Dependence on beam width, focal characteristics, and frequency

· Relationship to lateral and axial resolution

· Transducer Types

· Mechanical construction/operation

· Contact

· Liquid-path

· Multiple element construction

· Linear array

· Curved array

· Annular array

· Multi-dimensional array


	Module C Outline (continued)
· Electronic operation

· Sequenced

· Phased/simultaneous

· Annular/hybrid

· Multi-dimensional

· Beam steering

· Beam focusing

· Firing variations

· Emerging technologies

· Transducer Care and Maintenance

· Effects of alcohol, autoclave, and physical damage
· Proper cleansing routine


	MODULE D -  PRINCIPLES OF PULSE ECHO IMAGING

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA Indicators

	D1.0
Comprehend the principles of pulse echo imaging.
	D1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 

	D1.1.1
Describe the appearance and properties of various display modes.
D1.1.2
Define range equation.

D1.1.3
Describe the relationship between various components that affect scanning speeds.

D1.1.4
Describe the purpose of various system controls and how they affect image production.
	2
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	MODULE D OUTLINE
· Display modes

· A-mode

· Information displayed on image

· Advantages and disadvantages

· Clinical applications

· M-mode

· Information displayed on image

· Advantages and disadvantages

· Clinical applications

· B-mode

· Information displayed on image

· Advantages and disadvantages

· Clinical applications

· Volumetric Scanning Modes

· Definition of voxel

· Information displayed on image

· Orthogonal planes

· Advantages and disadvantages

· Clinical applications

· Scanning Speed Limitations

· Definition of range equation

· Real-time systems-relationships between

· Pulse repetition frequency

· Frame rate

· Number of lines per frame

· Number of focal regions

· Field of view or sector angle

· Image depth/penetration

· Spatial resolution

· Temporal resolution




	MODULE D OUTLINE (continued)

· System Controls

· Purpose and definition

· Freeze

· Print

· Depth/field of view (FOV)

· Focus

· Overall gain

· Time gain compensation (TGC)

· Transducer frequency selection

· Calipers

· Power/Mechanical Index (MI)/Thermal Indices (TI)

· Cine loop

· Harmonics

· Compound imaging

· Extended field of view

· Scan modes
· Emerging technologies


	MODULE E -  SONOGRAPHIC INSTRUMENTATION

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA Indicators

	E1.0
Apply the use of various components of sonographic instrumentation.
	E1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 

	E1.1.1
Identify the basic components of a sonographic imaging system.
E1.1.2
Identify individual components of a sonographic imaging system and their use.

E1.1.3
Describe receiver functions and the sequence of occurrence.

E1.1.4
Describe image storage devices.

E1.1.5
Describe image processing and storage.

E1.1.6
Solve problems using decimal and binary numbers.

E1.1.7
Analyze the relationship between various elements and their affect on scanning speeds.

E1.1.8
Identify various types of display devices.

E1.1.9
Describe various recording and archiving devices and their advantages and disadvantages.
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	MODULE E OUTLINE

· System Components

· Beam former

· Signal processor

· Image processor

· Timer

· Transmitter/Pulse Generator

· Receiver

· Amplification

· Controlled by overall gain knob

· Effect on returning signal and image

· Compensation

· Depth attenuation

· Controlled by TGC

· Effect on return signal and image

· Compression

· Demodulation

· Rectification

· Smoothing/enveloping

· Rejection

· Signal to noise ratio

· System control for rejection

· Image Storage Devices

· Role of scan converter

· Image storage

· Scan Conversion
· Digital Devices

· Binary system

· Steps in processing echo information


	MODULE E - OUTLINE (continued)

· Imaging Processing

· Preprocessing functions

· Time gain compensation

· Logarithmic compression curves

· Write magnification

· Panning

· Other

· Postprocessing functions

· Freeze frame

· Black/white inversion

· Read magnification

· Contrast variation curves

· B-color

· Other

· Manufacturer dependent functions

· Persistence

· Frame averaging

· Edge enhancement

· Smoothing

· Interpolation

· Emerging technologies

· Other

· Scanning Speed Limitations

· Range equation

· Real-time system relationships

· Pulse repetition frequency

· Frame rate

· Number of lines per frame

· Number of focal regions

· Field of view or sector angle

· Image depth/penetration

· Spatial resolution

· Temporal resolution

· Display Devices

· Recording and Archiving Devices

· Analog format

· Display

· Single, multi-image, or laser cameras

· Recorders

· Printer

· Digital format

· Digital media

· Picture archiving and communication systems (PACS)

· Digital imaging and communications in medicine (DICOM)

· Emerging technologies
· Advantages and disadvantages


	MODULE F - ARTIFACTS

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA Indicators

	F1.0
Recognize artifacts and identify their various causes and how to eliminate or utilize them in order to enhance images.
	F1.1
This competency is measured cognitively.
	4

	LEARNING OBJECTIVES 

	F1.1.1
Describe considerations for making assumptions inherent to the production of sound. 
F1.1.2
Describe the appearance of different types of artifacts as they relate to the display. 

F1.1.3
Differentiate between artifacts that aid in diagnoses and those that should be eliminated or compensated for.
	3
3
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	MODULE F OUTLINE

· Definition

· Assumptions of sonographic beams and instruments

· Performance and Interpretation recognition

· Appearance on display

· Display of non-structural echo signals

· Missing real structural echo signals

· Displacement of echo signals on display

· Distortion of echo signal

· Definition of each artifact

· Mechanisms of production

· Resolution and Propagation Association

· Axial resolution

· Lateral resolution

· Slice thickness/beam width artifact

· Acoustic speckle

· Temporal resolution

· Propagation

· Reverberation

· Comet-tail

· Ring-down

· Mirror image

· Duplication

· Side lobes or grating lobes

· Velocity error

· Refraction

· Edge shadowing

· Range ambiguity

· Multipath


	MODULE F - OUTLINE (continued)
· Attenuation

· Shadowing

· Enhancement

· Focal enhancement or focal banding
· Miscellaneous

· Dead zone/near field artifact/main bang

· Excessive gain or TGC

· Excessive reject

· Electrical noise

· Doppler and Color Flow

· Aliasing

· Mirror imaging or ghosting

· Color registration

· Ghosting or flash

· Bleed

· Noise

· Incident beam angle

· Clutter

· Slice thickness

· Reverberation
· Volumetric Imaging


	MODULE G - HEMODYNAMICS AND DOPPLER IMAGING

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA Indicators

	G1.0
Comprehend the principles of hemodynamics and Doppler imaging.
	G1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 

	G1.1.1
Describe factors that influence blood flow.

G1.1.2
Explain pressure gradient.

G1.1.3
Explain causes of hemodynamic resistance.

G1.1.4
Recognize Poiseuille’s law and Bernoulli’s equation.

G1.1.5
Differentiate between normal and pathological flow patterns.

G1.1.6
Explain what causes pressure differences in venous system blood flow.

G1.1.7
Explain the Doppler effect and factors that influence it.

G1.1.8
Identify the Doppler equation.

G1.1.9
Describe the type of function of various Doppler instruments.

G1.1.10
Describe how to manipulate various Doppler instruments to enhance an image.

G1.1.11
Explain the advantages and disadvantages of using pulse wave and color Doppler instruments.

G1.1.12
Describe color flow imaging and how various sampling situations affect it.

G1.1.13
Differentiate between various color maps.

G1.1.14
Describe color power mode and its uses.

G1.1.15
Describe the properties that influence color power Doppler. 

G1.1.16
Explain the advantages and disadvantages of using color Doppler versus power Doppler.
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	MODULE G OUTLINE

· Hemodynamics

· Factors that influence blood flow

· Cardiac function

· Compliance

· Muscle tone

· Vessel branching patterns and dimensions

· Luminal vessel diameter

· Pressure gradient

· Relationship between heart stroke volume, heart rate, blood volume

· Dependence on flow and resistance

· Effect of peripheral resistance

· Sources of resistance

· Hemodynamic resistance

· Blood viscosity

· Friction

· Inertia

· Poiseuille’s Law

· Relationship between pressure, flow volume, and resistance

· Effect of vessel radius to velocity and flow volume

· Effects of temperature, exercise, and pharmacologics

· Bernoulli’s equation



	· Doppler Instruments

· Definition of continuous wave

· Range ambiguity

· Spectral appearance

· Advantages and disadvantages

· Definition of pulsed-wave Doppler

· Range resolution

· Nyquist limit

· Advantages and disadvantages

· Duplex instruments

· Definition

· Basic principles

· Instrumentation

· Receiver

· Demodulator

· Wall filter

· Directional knobs
· Spectral analysis


	MODULE G OUTLINE (continued)
· Appearance on the spectral display

· Flow direction

· Flow velocity

· Velocity profiles
· Waveform magnitude or brightness

· Qualitative versus Quantitative evaluation

· Color Flow Imaging

· Sampling methods

· PW Doppler

· RBC sampling

· Tissue sampling

· Display of Doppler information

· Flow direction

· Average velocity

· Velocity maps

· Angle dependence

· Instrumentation

· Autocorrelation

· Relationship between color box size and frame rate

· Color maps

· Color Power/Energy Mode

· Displayed information – formats

· Flow direction

· Displayed velocity

· Velocity maps

· Angle independence
· Advantages and disadvantages


	MODULE H – QUALITY ASSURANCE/QUALITY CONTROL OF SONOGRAPHIC INSTRUMENTS

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	H1.0
Employ quality assurance measures to ensure compliance with standards of sonographic imaging.
	H1.1
Develop a quality assurance program to include supporting documentation.
	4

	LEARNING OBJECTIVES 

	H1.1.1
Explain the purpose for a quality assurance program.
H1.1.2
Explain how often quality assurance is tested.

H1.1.3
List various types of quality assurance and/or tissue equivalent phantoms and their parameters.

H1.1.4
Describe documentation requirements for a quality assurance program.

H1.1.5
Determine the proper calibration for image optimization using test objects, tissue equivalent phantoms and Doppler.
	2
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	MODULE H OUTLINE:

· Quality Assurance Program

· Purpose

· Frequency

· Documentation

· Evaluation of Instrument Performance

· Test objects

· Various tissue equivalent phantoms

· Parameters

· Test object

· Dead zone

· Axial resolution

· Lateral resolution

· Range accuracy

· Vertical depth calibration

· Horizontal calibration

· TGC characteristics

· Uniformity

· System sensitivity

· Tissue equivalent phantom

· Dead zone

· Range accuracy

· Vertical depth calibration

· Horizontal calibration

· Detail resolution

· Axial resolution

· Lateral resolution

· Slice thickness/elevational resolution

· TGC characteristics

· System sensitivity

· Contrast resolution

· Dynamic range

· Image congruency test
· Doppler phantoms


	Module H Outline (continued)
· Maximum depth

· Pulsed Doppler sample volume accuracy

· Velocity accuracy

· Color flow sensitivity
· Image congruency test


	MODULE I – BIOEFFECTS AND SAFETY

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	I1.0
Comprehend established safety standards for sonographic practice.
	I1.1
This competency is measured cognitively. 
	2

	LEARNING OBJECTIVES 

	I1.1.1
Define terms associated with sonographic bioeffects and safety.

I1.1.2
Define the ALARA principle.
I1.1.3
Describe acoustic output measures.

I1.1.4
Describe thermal indices and their effects on various types of tissue.

I1.1.5
Discuss various guidelines and regulations and their relationship to bioeffects and safety.

I1.1.6
Discuss emerging technologies related to bioeffects and safety.
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	MODULE I OUTLINE:

· General Terms

· Hydrophone

· Calorimeter

· Thermocouple

· Dosimetry

· In vivo

· In vitro

· Acoustic Output Quantities

· Pressure

· Units

· MPa

· MmHg

· Peak pressures

· Power

· Units

· mW

· Methods of determining power (radiation force, hydrophone)

· Intensity

· Units

· mW/cm2

· W/cm2

· Spatial and temporal considerations

· Average and peak intensities

· Methods of determining intensity

· Intensities

· Spatial average-temporal average (SATA)

· Spatial peak-temporal average (SPTA)

· Spatial peak-pulse average (SPPA)

· Spatial peak-temporal peak (SPTP)

· Spatial average-temporal peak (SATP)

·  Intensity and power values for operating modes

· Acoustic Output Labeling Standard

· Definition of thermal index

· Thermal Index for Soft Tissue (TIS)

· Thermal Index for Bone (TIB)

· Thermal Index for Cranial Bone (TIC)

· Definition of mechanical index (MI)

· Stable cavitation

· Transient cavitation


	Module I Outline (continued)
· Acoustic Exposure

· Prudent use

·  Methods to reduce acoustic exposure

· As low as reasonably achievable (ALARA)

· Primary Mechanisms of Biologic Effect Production

· Cavitation mechanisms

· Thermal mechanisms

· Experimental Biologic Effect Studies

· Animal studies

· In vitro studies

· Epidemiologic studies

· Limitations

· Guidelines and Regulations

· Organizational statements

· Clinical safety

· Prudent use

· Bioeffects

· Epidemiology

· In vitro

· Safety in training and research

· Other

· National Electrical Manufacturers Association (NEMA)

· Food and Drug Administration (FDA)

· H. Electrical and Mechanical Hazards

· Patient susceptibility

· Operator susceptibility

· Equipment components

· Emerging Technologies


LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	
	Limited Knowledge and Proficiency
	Moderate Knowledge and Proficiency
	Advanced Knowledge and Proficiency
	Superior Knowledge and Proficiency

	
	1
	2
	3
	4

	Module A
	15%
	15%
	55%
	15%

	Module B
	0
	0
	100%
	0

	Module C
	13%
	50%
	25%
	12%

	Module D
	0
	50%
	50%
	0

	Module E
	11%
	56%
	22%
	11%

	Module F
	0
	0
	67%
	33%

	Module G
	6%
	25%
	63%
	6%

	Module H
	0
	60%
	20%
	20%

	Module I
	33%
	67%
	0
	0


	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Recognize basic information about the subject including terms and nomenclature.

· Students must demonstrate ability to recall information such as facts, terminology or rules related to information previously taught.  

· Performs simple parts of the competency.  Student requires close supervision when performing the competency.

	2
	Moderate Knowledge and Proficiency
	· Distinguish relationships between general principles and facts. Adopts prescribed methodologies and concepts.

· Students must demonstrate understanding of multiple facts and principles and their relationships, and differentiate between elements of information.  Students state ideal sequence for performing task. 

· Performs most parts of the competency with instructor assistance as appropriate.

	3
	Advanced Knowledge and Proficiency
	· Examines conditions, findings, or other relevant data to select an appropriate response.  

· The ability to determine why and when a particular response is appropriate and predict anticipated outcomes. 

· Students demonstrate their ability to seek additional information and incorporate new findings into the conclusion and justify their answers.

· Performs all parts of the competency without instructor assistance.

	4
	Superior Knowledge and Proficiency
	· Assessing conditions, findings, data, and relevant theory to formulate appropriate responses and develop procedures for situation resolution. Involves higher levels of cognitive reasoning. 
· Requires students to formulate connections between relevant ideas and observations. 

· Students apply judgments to the value of alternatives and select the most appropriate response. 

· Can instruct others how to do the competency.

· Performs competency quickly and accurately.

	A
	Affective Objective
	· Describes learning objectives that emphasize a feeling tone, an emotion, or a degree of acceptance or rejection.  
· Objectives vary from simple attention to selected phenomena to complex but internally consistent qualities of character and conscience. 
· Expressed as interests, attitudes, appreciations, values, and emotional sets or biases.
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