	Concept Group
	Presenter Name
	Key Take Home Points
	Answers to Quiz Questions

	Module 1
	
	
	

	1. Describe how ultrasound travels through tissue and the properties of an ultrasound wave (compression, rarefaction, Amplitude, frequency, period, wavelength, velocity, c = fλ)
	
	Learned about properties of ultrasound wave
	1. d
2. false
3. true
4. a
5. true

	2. Describe in detail the interactions of ultrasound with tissue; reflection, refraction, absorption. Include Snell's law, but you do not need to cover how to calculate % reflection. 
	
	Learned about snells law
	1. true
2. refraction
3. b
4. c
5. false

	3. Describe in detail the interactions of ultrasound with tissue; scattering and divergence. 
	
	Learned about ultrasound interaction with tissue
	1. d
2. a
3. b
4. b
5. a

	4.Describe in detail the process of % reflection and how it depends on acoustic impedance. 
	
	Learned about reflection and acoustic impedance
	1. b
2. b
3. A bigger mismatch in acoustic impedance will result in more reflection.
4. true
5. d

	5. Describe the relationship between intensity and amplitude. Also describe Huygen's Principle. 
	
	Learned about Huygen’s principle along with intensity and amplitude
	1. b
2. a (Decreases amplitude and thus decreases intensity)
3. c
4. Huygen’s principle. Diffraction happens when a wave changes in direction as it passes through an opening or around a barrier in its path.

5. Within the ultrasound probe there are quartz crystals which are also called piezoelectric (pressure electric) crystals. 
The crystals change shape rapidly or vibrate when an electric current is applied to them.
This vibration produces soundwaves travelling outward. 
The crystals also emit electrical current when they are hit by sounds or pressure waves so they can send and receive soundwaves.


	6. Describe attenuation of ultrasound focussing on dB loss and echo ranging. 
	
	Learned about attenuation and how to calculate distance to a reflector
	1. Absorption, reflection, scattering and divergence.
2. a
3. Decibels
4. Absorption
5. d

	Module 2
	
	
	

	1. Discuss frame rate, spatial pulse length, pulse duration, pulse repetition frequency, and pulse repetition period including calculation of max frame rate
	
	Learned about frame rate, pulse duration, pulse repetition, frequency and PRP
	1. The number of images per second
2. Hertz (Hz)
3. Improved axial resolution
4. At least twice
5. Hertz (Hz)

	2.  Discuss axial resolution, lateral resolution, contrast resolution and temporal resolution
	
	Learned about axial resolution, lateral resolution, contrast resolution and temporal resolution
	1. c

2. (a) Increasing frequency will SHORTEN THE wavelength.
(b) Increasing frequency, will cause decrease in PENETRATION due to attenuation INCREASE. 

3. Short wavelength, high frequency, large aperture and grating lobes
4. Ability to differentiate echo textures of the soft tissues 
5. AR (mm)= SPL (mm)/2

	3.  Discuss the different types of transducers linear, curved, phased, matrix
	
	Learned about different types of transducers
	1. a
2. true
3. b
4. true
5. Real time adjustment of beam focus to adjust phase of beam, beam steering

	4. Discuss focussing of the ultrasound beam
	
	Learned about focussing of ultrasound beam
	1. b
2. a
3. c
4. b
5. Superposition is when multiple waves arrive simultaneously to join together.


	5. Discuss beamwidth and slice thickness including beamwidth at focus and sidelobes
	
	Learned about beamwidth at focus, sidelobes and slice thickness
	1. a
2. b
3. false
4. c
5. true

	6. Explain A-mode, B-mode and M-mode and their applications and also discuss the various layers of an ultrasound transducer
	
	Learned about different modes in ultrasound and various layers of transducer
	1. a
2. b
3. c
4. d
5. d

	








Module 3
	
	
	

	1. Discuss 1. Amplification. 2. the different types of storage devices eg PACS
	
	Learned about amplification and DICOM
	1. Ultrasound amplification refers to conversion of small voltages received from the transducer to larger ones which allows further processing and storage. These signals can then be amplified to help minimise excess electronic noise.

2. d
3. TGC equalizes the different reflection depths and differences in received echo amplitudes to compensate for differences in attenuation

4. Digital Imaging and Communications in Medicine or DICOM is the universally accepted standard for transmitting, storing, retrieving, printing, processing, and displaying medical imaging information and is aimed at ensuring compatibility for medical imaging. 

5. c 

	2.  Discuss the primary components of an ultrasound machine using a block diagram to demonstrate
	
	Learned about PRF and PRP relationship and TGC compensation
	1. a
2. Inversely proportional
3. Pulse repetition period increases
4. b
5.b	

	3.  Define the terms gain and power and the effect on an image of changing each
	
	Learned about gain, power and effect on image
	1. liver
2. false
3. Power in ultrasound relates to the energy emitted by the transducer.
4. d
5. Upper limit of TI is < 1.5 and MI is < 1.9

	4. Discuss TGC, how it works and what happens to an image when you change it
	
	Learned about TGC sliders and how best to use them
	1. a
2. Sliders can be adjusted to adjust the gain at different levels with top sliders controlling the superficial structures and bottom sliders controlling the deeper structures. 

3. Increasing the gain brightens the image and decreasing the gain darkens the image.

4. true 
5. b

	


5. Discuss dynamic range and the effect it has on your images. Also discuss what applications a high and low dynamic range is useful
	
	



Learned about effect on images dynamic range has
	

1. TGC can be used to reduce dynamic range decibels to approximately 60-86 decibels
2. (b) liver
3. 30 Decibels
4. Decibels
5. (a) Increase, reduce

	6. Describe pre and post processing techniques including read zoom and write zoom. 
	
	Learned about pre and post processing techniques and write and read zoom
	1. Grey scale mapping is different to Dynamic Range in preprocessing where the number of shades of grey are adjusted overall.
	
2. Read zoom, distance calculations, edge enhancement, grey-scale mapping, smoothing, and contrast enhancement

3. Gain/power, selective enhancement, pixel interpolation, dynamic range, write zoom, time gain compensation, and persistence.

4. Write Zoom is a preprocessing technique that maintains pixel density by zooming the image live thus producing a better spatial resolution while read zoom is a postprocessing technique relying on stored images to then enlarge the pixel density in that region.

5. Time Gain Compensation (TGC) compensates for the effects of attenuation by adjusting gain at specific levels along the ultrasound field while gain control regulates the overall gain. 

	Module 4
	
	
	

	 1. Describe the interrelationship between frame rate, line density, sector angle 
	
	Learned about frame rate and beam width
	1. Frame rate is measure in Hertz (Hz) and refers to the number of the ultrasound images displayed per second. 

2. d
3. true
4. c
5. a

	2. Introduce harmonic imaging. Demonstrate the advantages and disadvantages of harmonic imaging
	
	Learned about tissue harmonic imaging
	1. c
2. a
3. b
4. c
5. b

	3. Discuss contrast imaging in ultrasound.
	
	Learned about contrast imaging and CEUS technique
	1. a
2. b
3. c
4. b
5. false

	4.Describe and demonstrate elastography in ultrasound 
	
	Learned about tissue stiffness, strain, ARFI
	1. c
2. a
3. b
4. c
5. d

	5. Demonstrate extended field of view imaging and 3D/4D imaging and their uses
	
	Learned about 3D and EFOV
	1. Achieved when the sonographer moves the transducer over the skin of the patient over the area of concern with uniformity.

2. Re-slicing of image data, volume rendering and orthogonal plane viewing of the volume of data

3. Frame correlation

4. EFOV is useful in scanning areas such as the neck, scrotum and musculoskeletal imaging

5. Poor slice thickness of conventional array transducers

	6. Describe speckle tracking, synthetic aperture imaging and briefly, Artificial intelligence in ultrasound
	
	Learned about speckle tracking and synthetic aperture
	1. Speckle tracking can measure tissue velocity without being affected by the angle of ultrasound beam.
However, a limitation of speckle tracking is in tracking fast or short-lasting myocardial motion events. 

2. a
3. a
4. Synthetic aperture imaging can produce better lateral resolution and deeper penetration

5. true

	Module 5
	
	
	

	1.  Describe the basic assumptions of an ultrasound machine and what they mean
	
	Learned about artifacts and their causes, assumption
	1. Artifacts form
2. b
3. Attenuation is the loss of energy as the ultrasound beam travels through different tissue. Often caused by reflection, heat absorption, refraction and scattering
4. a 
5. The ultrasound beam is assumed to be infinitely THIN, as it creates a/an 2D image from a/an 3D space. However, this is not the case due to BEAM WIDTH.  

	2. Describe and discuss artefact avoidance strategies
	
	Learned about angle of approach technique and minimising reverberation artifact
	1. true
2. By tilting the transducer in the scan plane.
3. true 
4. a
5. a

	3. Describe acoustic speckle, focal zone banding, beam width, slice thickness and sidelobe artifacts
	
	Learned about TGC, slice thickness and elevation plane
	1. false
2. TGC (Time gain compensation)
3. 1.51 mm
4. The elevation plane
5. A strong reflector that is perpendicular to the main beam.	

	4. Describe Acoustic enhancement, acoustic shadow, dirty shadow, dropout, venetian blind shadow, partial shadow, edge effect shadow and anisotropy artifacts
	
	Learned about acoustic shadowing, edge effect shadowing and partial shadowing
	1. b
2. c
3. b
4. c
5. b

	5.  Describe refraction artifact, ghost artifact, reverberation artifact, comet tail, ringdown, mirror image and reflection artifacts. 
	
	Learned about types of artifacts
	1. false
2. b
3. false
4. true
5. Slide the transducer laterally so that it is not resting over both rectus abdominis muscles or by scanning from different angles.

	6.Describe range ambiguity, propagation speed, motion, acoustic window, angle of approach and mechanical artifacts. 
	
	Learned about range ambiguity and propagation of speed artifacts
	1. c
2. a
3. true
4. false
5. d

	Module 6
	
	
	

	1. Discuss doppler artefact – for pulsed & colour

	
	Learned about doppler velocity and spectral broadening
	1. true
2. b and c
3. true
4. Increase the pulsed (or colour) doppler velocity scale, use high PRF mode and reduce the ultrasound frequency. 
5. false 

	2. Describe the effect of a stenosis on arterial flow patterns on intracardiac flow patterns

	
	Learned about stenoses and effect on arterial flow
	1. c
2. a
3. b
4. d
5. c

	3. Turbulence: Pathogenesis and assessment

	
	Learned about turbulence and its indications
	1. b
2. true
3. false
4. b

	4. Demonstrate a clear understanding of aliasing, including what it is, how it is caused and how it can be avoided.

	
	Learned about aliasing and what information it can reveal
	1. d
2. a
3. false
4. c
5. true

	5. PI & RI: Pulsatility index & resistive index

	
	Learned about pulsatility and resistive index
	1. d
2. d
3. Resistive index and Pulsatility index are calculated as ratios and the cos θ term is cancelled out. These indices are independent of the Doppler angle and can be used regardless of doppler angle correction use.
4. true 
5. false

	6. Doppler ultrasound in deep vein thrombosis (dvt) assessment

	
	Learned about DVT and doppler shift
	1. The Doppler effect is a phenomenon where echoes from moving blood or tissues have a different frequency than the frequency which is being transmitted from the probe.

2. fD = 2fv cosθ /c
The Doppler shift measures the difference between the frequency of the transmitted beam from the ultrasound and the echoes it receives.
fD = Doppler shift 
f = ultrasound frequency                      v = speed of movement of the tissue or blood                                                   θ = Doppler angle                                   c = propagation speed 
3. true
4. true
5. a) Endothelial injury
b) Blood flow turbulence (Stasis of blood flow)
c) Hypercoagulability 

	Module 7
	
	
	

	1.  Describe the intensity descriptors SPTA, SPTP, SATP, SATA
	
	Learned about SPTA, SPTP, SATP and SATA
	1. Highest intensity is SPTP followed by SPTA, SATP and the lowest intensity is SATA

2. c
3. Beam Uniformity Ratio (BUR) describes the spread of the beam in space

4. b
5. Intensity specifies the amount of energy passing through a unit area per second. Intensity increases when the beam power increases or when the beam area decreases.


	
2. Describe Thermal Index, the different types of thermal index and how to reduce TI
	
	
Learned about thermal index on the body
	

1. c
2. Thermal index for soft tissue (TIS), thermal index for bone (TIB) and thermal index for cranium (TIC) 

3. Ultrasound intensity, ultrasound frequency, duration of exposure and type of ultrasound waves 

4. (a) bone 
5. 0.7

	3. Describe Mechanical Index; including transient and stable cavitation and how to reduce MI
	
	Learned about mechanical index and peak rarefaction pressure
	1. false
2. b
3. d
4. c
5. c

	4. Provide a summary of the ultrasound safety statements and the ALARA principle
	
	Learned about ALARA and safety in scanning
	1. ALARA stands for As Low As Reasonably Achievable and is a fundamental approach to the safe use of diagnostic ultrasound advising sonographers to use the lowest output power and the shortest scan time necessary.

2. The thermal bioeffect relates to heating of tissues and the mechanical bioeffect relates to cavitation.

3. An ultrasound of a fetus should be performed in line with the ALARA principle which is efficiently and only when required to minimise fetal exposure and keeping acoustic output levels As Low As Reasonably Achievable (ALARA).

4. Absorption properties of the tissues

5. MI values below 0.7

	














5. Discuss dose, duty factor, dwell time, pulse average intensity and beam uniformity ratio. 
	
	













Learned about dwell time, frame rate and duty factor
	















1. A perfectly uniform beam BUR = 1

2. Dwell time is inversely related to frame rate. When dwell time increases, frame rate decreases
3. Longer dwell time is useful for more accurate doppler measurements and has greater sensitivity to slow flow

4. Pulse ultrasound: 0.1% and Continuous ultrasound: 1%

5. Pulse average intensity is a measure of the intensity averaged over the duration of a single pulse           


	6.Describe a summary of work done to date sonographers’ awareness of bioeffects and the bioeffects that can be caused by ultrasound.
	
	Learned about bioeffects of ultrasound
	1. Ultrasound bioeffects are caused by ultrasound energy exposure to tissue and are categorized as mechanical, thermal or chemical changes

2. TI = W / Wdeg
Thermal index (TI) is equal to the ratio of the acoustic power (W), to the power required to raise the temperature of tissue by 1 degree, denoted by Wdeg

3. false
4. Figure 3A shows the ALARA principle and how to minimize risk 
5. The fetus and directly surrounding abdominal tissue, neonates and patients experiencing high core temperatures or fevers 

	Module 8 
	
	
	

	1. Describe and demonstrate axial resolution
	
	Learned about axial resolution
	1. b
2. b
3. c
4. c
5. d

	2. Describe and demonstrate lateral resolution
	
	Learned about near zone, focal zone and higher frequency transducers
	1. true
2. a
3. true
4. false
5. false

	3. Describe and demonstrate contrast resolution
	
	
	1. 
2. 
3. 
4. 

	4. Describe and demonstrate temporal resolution
	Chun Yun Wey
	Learned about depth of penetration and PRF
	1. false
2. true
3. true
4. 2405.3 pulses transmitted per second
5. 2.13CM

	5.  Discuss tissue mimicking phantoms for quality control
	Seren Ling

	Learned about tissue mimicking phantoms and lateral and axial resolution
	1. Tissue mimicking phantoms
2. To make appropriate adjustments to the ultrasound machine, detect discrepancies, assess performance and maintains accuracy
3. Lateral and axial resolution
4. Lateral and axial resolution are important for creating a clear image both on the lateral and axial plane to ensure accurate diagnosis and an effective ultrasound scan 

5. This equation ensures ultrasound wavelength in phantom matches actual human tissues

	6.Describe the quality control program of an ultrasound department
	Caren White
	Learned about doing ultrasound equipment check in my lab
	1. Check the greyscale bar is displayed fully daily
2. 15 minutes or less

3. Failure of the transducer lens

4. By using a paperclip
 
5. Daily

	
	
	
	



