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Ultrasound 

4.1 New Technologies in Ultrasound 

4.1.1 2D Array 

 

 

 

 

 

 

 

 

4.1.2 Speed of Sound variations in tissue: Degradation of the focal point 

- Degradation of focus due to sound speed variations in different tissue layers 

4.1.3 Correction of Sound Speed Variations with 2D Array 

- Delays have to be adjusted such that the sum signal is maximized (adaptive process) 

- Difference in tissues can be compensated by a 2D Array  important for correct summation of the 

signals 

 

 

 

 

 

Linear Array: 128 Transducer elements 2D Array: 3000 Transducer elements 



4.1.4 Linear/ non-linear Acoustics 

- The linear wave equation (Summary 1 on Ultrasound) is valid at low sound pressures only!! 

- Linear backscattering from tissue results in two signals which differ in phase by 180° in the two 

scans, and so addition of the two scans results in signal cancellation. 

- For nonlinear scattering, the signals do not completely cancel out, with the residual signal being 

proportional to the degree of nonlinearity. 

 

4.1.5 2nd Harmonic Imaging 

 

 

- Non-linear wave propagation produces harmonics 

- 2nd Harmonics are weaker signals -> can be processed for the image to get a better lateral 

resolution 
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4.1.5.1 2nd Harmonic Imaging 

- Sound pressure is highest in the 

middle of the beam 

- 2nd Harmonics are concentrated in 

the beam center 

 

 

 

A broadband transducer is needed to convert transmitter 

and receiver frequency 

 

 

 

 

- With 2nd harmonic imaging sharper images can be generated 

 

4.1.6 Pulse Inversion Imaging 

- Pros: large bandwidth 

- Cons: movement artifacts 

 

 

 

- End result: 360° phase shift 

 enforcement of signal and 

fundamental frequency disappears 

 

 

 

 

 



4.1.7 Compound Imaging 

- Scanning from different positions reduces shadows and speckles 

- Smoothing of Speckles in Compound Imaging 

- The superposition of several images, 

recorded from slightly different directions, 

reduces speckles. 

 

 

 

 

 

 

 

 

4.1.8 Speckles due to Coherent Illumination 

- Coherent waves: two waves which have a constant phase difference and the same frequency 

- Coherent Ultrasound pulses create speckles 

4.2.1 Applications of diagnostic Ultrasound 

- Gynaecology/Obstetrics 

- Cardiology 

- Cardiovascular system 

- Urology 

- Musculoskeletal 

- Neonatology 

- Neurology 

- Ophthalmology 

- Gastroenterology 

- Emergency Medicine 

 



4.2.2 Applications explained 

- Gynaecology: examination of female pelvic organs 

- Uterus, ovaries, Fallopian tubes, bladder through transdermal transducers and transvaginal 

probes 

- Obstetrics: examination of the development of the fetus 

- Cardiology:  function of heart ventricles, valves, coronary flow; image septal defects 

  3D view of the heart to observe the function of the valves 

- Ultrasound in Emergency Medicine:  Small, portable ultrasound devices are available; 

     US pocket device fits in emergency bag 

- Musculoskeletal:  tendons, ligaments, muscles 

- Gastroenterology:  Abdominal organs like pancreas, liver, gall bladder, bile ductus, kidneys, 

spleen; large vessels like abdominal aorta and inferior vena cava ; imaging is 

sometimes difficult due to gas in the intestine 

- Neonatology:  The skull of neonates can be penetrated by ultrasound up to the age of about 

1 year; imaging of intracerebral structures, ventricles of the brain, diagnosis 

of hydrocephalus, bleeding 

- Neurology:  Assessment of blood flow in carotid arteries; detection of stenosis (often 

present at carotid bifurcation) 

- Neurology (Transcranial Doppler (TCD)): Assessment of blood flow in the skull; stroke diagnosis 

4.2.3 Future of Diagnostic Ultrasound 

- Ultimate 2D array: capacitive, micro-machined, very high bandwidth 

- 10000 elements, integrated electronic frontend 

- Extremely powerful beam former corrects for sound speed variations 

- Small, handheld devices for emergency market 

- Even lower cost  

- Combination with other modalities will become more important 

- New applications 

4.2.4 Therapeutic Ultrasound 

Applications:  

- Physical therapy:  Stimulation of healing process in case of inflammation (i.e. bursitis), over-

stretched muscles and tendons, pain relieve 



- Phonophoresis:  Improved drug penetration through skin or the blood-brain-barrier by 

ultrasound 

- Lithotripsy:  Desintegration of kidney stones with high intensity pulsed ultrasound due to 

cavitation effects 

- Ablation of tumors and other tissue by thermal effects  MRI guided High Intensity Focused 

Ultrasound (HIFU) 

4.2.5 Physical Therapy 

Applications:  

- Bursitis (inflamed bursa on shoulder, elbow, knee etc.) 

- Calcified tendons 

- Overstretched tendons and muscles 

- Healing effects: warming of tissue  increased blood perfusion, mechanical effects are unclear 

- Frequency range: 0.8 – 3MHz, pulsed and cw 

- Power: 1-2 W/cm2 

- Benefit still unclear (some studies say it’s a placebo effect only) 

4.2.6 Phonophoresis 

Applications:  

- Increased drug penetration through the skin 

- Disruption of blood-brain barrier 

 Lower frequencies are more effective (50 kHz – 1MHz, lower frequency -> higher particle 

amplitude for a given intensity) 

 Effect at low power is questionable 

- Often used in combination with therapeutic ultrasound 

- Transport through skin seems to be improved, but in deeper tissue (i.e. muscle) the effect is 

questionable 

 

4.2.7 HIFU for treatment of prostate cancer (High intensity focused ultrasound) 

- Prostate cancer: most frequent tumor in male patient over 60 

- Transrectal application of ultrasonic probe 

- Real-time imaging of prostate tissue with 7.5 MHz ultrasound 



- Tissue heating with high intensity focused ultrasound to >65° 

- Treatment takes 2-3 hours 

- Less-invasive treatment instead of surgery 

4.2.8 Functional Neuro Surgery in the Deep Brain 

- MRI guided ablation in the deep brain by Ultrasound 

4.2.9 Focusing with Phased-Array Transducers 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

4.2.10 Patient Interface 

 Transducer 

 

 

 

Spherical Array 

1024 Transducers 

Pressure Distribution 
Temperature Distribution 
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4.2.11 Future of Therapeutic Ultrasound 

- Slowly developing technology 

- New applications thanks to combination with other technologies, i.e. MRI 

- Increasing commercial interest of “big players” 

- Expensive and time-consuming treatment 

 


