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• frequency 2-15 MHz
• velocity of propagation

– air: 330 m.s-1

– bone:  1080 m.s-1

– soft tissues: approx 1540 m.s-1

• fat: 1450 m.s-1

• muscle: 1580 m.s-1

• deepness of boundary: from velocity of US and interval  
between sending and return of a pulse

• different environment differs by their physical density
• velocity of propagation x environment density = acoustic 

impedance
– the more different acoustic impedance of two neighboring 

environments is, the higher amount of ultrasound wave is 
reflected and the more distinct (bright) the boundary is shown

• „big“ boundaries (diaphragm, bigger vessels, wall of 
urinary bladder) reflect practically all waves

• smaller boundaries organs parenchyma are diffuse, and 
that is why they are less intensive



Artifacts

• part of not reflected waves goes through the 
boundary and changes its direction in the same 
ratio as the ratio between propagation velocities 
in the environments in question 

• consequence: deeper boundaries are depicted 
in incorrect distance or direction

• refraction is lowest in the direction of wave 
propagation which is perpendicular to the 
boundary



Attenuation

• a consequence of reflection, scattering 
and absorption is an attenuation
– in air 12 dB/cm/Hz
– in fat 0,63 dB/cm/Hz
– in blood 0,18 dB/cm/Hz
– in water 0 dB/cm/Hz

• modern devices are equipped by 
programs for compensation of attenuation 
(time gain compensation)



Grey levels

• adjusting of high range of received 
intensities (up to 1000) to the possibilities 
of displaying in the grey level scale 

• most of devices show 256 grey levels



Image formation

• an image of examinated plane is created 
by

– information about time between sound 
impulse and reflected waves return

– amplitude
– frequency



– the impulse is generated in a transducer which 
contains one or more piezoelectric crystals

– sending a pulse takes only a small amount of time, in 
the most of time the transducer acts as a receiver of 
reflected ultrasound waves

– the received waves incur reverse piezoelectric 
phenomenon

– formed electric currents are registered as amplitudes 
which are proportional to the intensity of received 
ultrasound waves



A-mode

A-image shows the trajectory of sent ultrasound beam (static and 1D) 

the beginnings of clinically usable ultrasound – e.g. the differentiation 
between cysts and solid findings (tumors) 



M-mode

Representation of received signals as points with different intensities in the 
vertical axis (i.e., rotation by 90 degrees) allows to continuously monitor A-
image. So that M-mode is created. It is still used especially in 
echocardiography for depiction of movement of heart valves and other heart 
structures



B-mode
• two-dimensional image in real time 
• ultrasound waves are sent in a thin plane with frequency 

15-60 Hz synchronized by a larger amount of crystals:
– in transducer placed beside each other (linear transducer)
– in convex shape (convex and sector transducers)

• reflected and received waves are analyzed, processed 
and are shown in the monitor as points with different 
intensities, their position corresponds to the distance 
from the transducer

• rapid frequency of images forms fluent sequence of 
moving structures



Doppler techniques
• flowing blood is anechogenic in A and B-mode
• blood cells are sound reflectors
• with red blood cell approaching or moving away from 

transducer, the wave length of reflected waves changes
• continuous Doppler

– does not allow to recognize the deepness from which analyzed 
signals originate (it is used only at the bedside for examination of 
superficially located bigger vessels)

• pulse Doppler 
– it allows, by choosing the time period between sending wave and 

returning its reflection, to aim to certain place in 2D grey-scale 
image (duplex Doppler)



color flow Doppler imaging
• most often used
• a combination of B-image in real time with image 

representation of blood flow with assigned color scale 
(from bright red to bright blue)

power mode Doppler
• brightness of used color depicts an amplitude of Doppler 

signals
• less noise and more sensitive in imaging of small blood 

vessels (it does not inform about the velocity and the 
direction of flow)



Application of echocontrast agents

• to increase the outcome of Doppler examination
• invasive
• e.g., microparticules of galactose with a small 

amount of palmitic acid, encompassing 
microbubbles of air

• substantially improves possibilities of imaging of 
very small vessels with slow blood flow

• e.g., detection of neovascularization in tumors



Benefits and drawbacks of US
• non-invasive method
• high resolution (< 1 mm)
• imaging in a broad grey 

scale (usually 256 grey 
levels)

• possibility of examination 
of perfusion (Doppler 
methods, echocontrast
substances)

• real time imaging

• examination quality 
depends on the position 
of the organ or tissue and 
on the (actual) status of 
the patient

• subjective evaluation
• structure of the tissue is 

shown in the text by 
indirect way

• identical US image for 
different histological 
changes











- harmonic imaging
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