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Medical ultrasound basics

Acoustic waves, frequency 2 ~ 50 MHz

Measure the time and intensity of the echo

Harmless

Stopped by air and dense tissues (bone)



Introduction

Ultrasound Principle

— .__._..._....__.._._._.._.},

TR A




Introduction Ultrasound acoustics Medical ultrasound Genek¥toeay détacton

Ultrasound acoustics
Waves
Wave equation
Reflection and refraction
Interface reflection
Attenuation



Introduction Ultrasound acoustics Medical ultrasound GeneWaves d¥vecton

Propagation

Rarefaction Compression

Pressurea
maximun

ZEero
AmMplitudse = o - . - - . . B S S S . e e .

Prassure
minimum

Wavelength




Introduction Ultrasound acoustics Medical ultrasound GeneWaves déection

Fyzikalni zaklady — rozsahy velicin

Rozsah obvyklych hodnot
Mérena velicina Symbol Jednotka (rozmér) mérené veli€iny v klinické
praxi

Rychlost @ ms’ 1540 m.s™ (mékka tkan)
Vinova délka N mm 0,6 az 0,15 mm (mékka tkan)
Kmitocet f hertz 2,5az 10 MHz
Modul pruznosti [E pascal 25 GPa (kost)
Akusticka impedance z kg.m>.s” 1,63.10° kg.m™>.s™"
Hustota o kg.m? 1000 kg.m™ (voda)
Intenzita I W.cm’ typicky 1 az 10 mW. cm”
Tlak p pascal nebo bar 0,6 baru nebo 0,06 MPa
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Elementary volume
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Speed u, pressure p, density o, area A, mass m.
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Newton's law

Motion along z:

b 0 (D0 D002\ o
TmAEM G T\ 6t Tozar) T Mor
force F = pA:
du
(p(2) = p(z + Bz)) A= m—2
for Az <« z:
op ~Ou
as m= pAAz
op ou
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Conservation of mass law

Difference of entering and exiting mass, density change:

A(u(z + Az)p(z+ Az) — u(z)p(z)) =-A Azg':
for Az < z:
Opu __9p
dz Ot
density p = po + p1, po = const, p1 <K po:
du  0pp
i i ot Y
"5z " o

Compressibility (stlacitelnost) Z—; =Kp, K=1/E:

ou K@p B

5, TKg =0
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1D wave equation

ou Op .
Pt + e 0 derive by z
ou op .
- LA t
97 + K@t 0 derive by
u  0%p
Potoz " o220
0%u 9?p
K=2 =0
ozt " ot
subtract
82p 82p
92 P =0
similarly
2 2
0°u 0°u 0
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Wave equation solution

Harmonic wave:
p = p4 cos(wt — kz)

where k is the wave number (vinové ¢islo) [rad/m]. It is a solution

if:
k? = poKw?
Wave speed (phase velocity):

c=w/k =M



Speed of Sound in Tissue

» The speed of sound
in a human tissue
depends on the
average density p
(kg-m3) and the
compressibility A
(m2-N-1) of the
tissue.




Introduction Ultrasound acoustics Medical ultrasound Genekativey d¥Waveequation

Other wave equation solution

p = p— cos(wt + kz)

Any forward or backward wave (by linearity and harmonic
decomposition).

Forward and backward wave combination:
p=rp (cos(wt — kz) + cos(wt + kz))
Standing wave:

p = 2p’ cos(wt) cos(kz)



Tissue Characteristics

« Engineers and
scientists working in
ultrasound have
found that a
convenient way of
expressing relevant
tissue properties is
to use characteristic
(or acoustic)
impedance Z(kg-m-
)
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Acoustic impedance

p (pressure)

= Pa - 3
20 = " (flow) T s/m]
“acoustic Ohm".
For an infinite tube:
poc
Zy="—
S

Z = poc is a specific acoustic impedance.

Unit [kg/s -m?]=1 Rayl.
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Reflection and refraction

Fyzikalni zaklady - veliciny

Rychlost zvuku | Hustota | Akusticka impedance | Koeficient absorpce
Material c p V4 o
m.s™ kg.m> kg.m>s™” (x 10°) dB.cm™”.MHz"

Vzduch 330 1,3 0,00043
Tuk 1470 970 1,42 0,6
Ricinovy olej 1500 933 1,40
Voda 1492 1000 1,48
VECERLEN 1500 <1000 ~1,45 1,0
Mozek 1530 1020 1,56 0,85
Krev 1570 1020 1,60 0,18
Ledviny 1561 1030 1,61
Jatra 1549 1060 1,64 0,9
Sval 1568 1040 1,63
Sval (podélna vlakna) 1,2 1,65
Sval (pfi¢na vlakna) 3,3 1,65
O¢ni Eocky 1620 1130 1,83 2,0
Kost 4080 1700 6,12 6,1
Plast 3,2 2,0




Specular Reflection

» The first, specular echoes, originate
from relatively large, strongly reflective,
regularly shaped objects with smooth
surfaces. These reflections are angle
dependent, and are described by
reflectivity equation . This type of
reflection is called specular reflection.
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Primarni parametrické pole a
modulace ultrazvukového signalu

- utlum UZV energie,

- odraz a lom UZV vin,




Reflectivity

ZZ Zl
p, _ cost,  coso,
Pi Z, 4 Z
cos6, cosO,
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Z,-7,

At normal incidence, 0, =0, =0 and P&
Zy+Z,




Ultrasound acoustics

Reflection and refraction

Reflectivity for Various Tissues fr

Materials at Interface
Brain-skull bone
Fat-muscle
Fat-kidney
Muscle-blood

Soft tissue-water

Soft tissue-air

Reflectivity
0.66

0.10

0.08

0.03

0.05
0.9995




Scattered Reflection

* The second type of echoes are scattered that
originate from small, weakly reflective,
irregularly shaped objects, and are less
angle-dependent and less intense. The
mathematical treatment of non-specular
reflection (sometimes called “speckle”)
involves the Rayleigh probability density
function. This type of reflection, however,
sometimes dominates medical images, as you
will see in the laboratory demonstrations.
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SPECULAR ECHOES
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SCATTERED ECHOES
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Ultrasound acoustics




Ultrasound acoustics Interfac

Echoes from Internal Organ

f

Amplitude

Time
{depth)




Attenuation f

« Most engineers and scientists working
in the ultrasound characterize
attenuation as the “half-value layer,” or
the “half-power distance.” These terms
refer to the distance that ultrasound will
travel in a particular tissue before its
amplitude or energy is attenuated to
half its original value.




Attenuation

Divergence of the wavefront
Elastic reflection of wave energy
Elastic scattering of wave energy

Absorption of wave energy
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Ultrasound Attenuation

Material

Water

Blood

Soft tissue
except muscle

Bone

Air

Lung

Half-power distance (cm)
380

15

5tol

1t00.6

0.7t0 0.2

0.08

0.05




Attenuation f

 As a general rule, the attenuation
coefficient is doubled when the
frequency is doubled.

1,,=1exp{—2az}
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Fyzikalni zaklady - veliciny

Rychlost zvuku | Hustota | Akusticka impedance | Koeficient absorpce
Material c p V4 o
m.s™ kg.m> kg.m>s™” (x 10°) dB.cm™”.MHz"

Vzduch 330 1,3 0,00043
Tuk 1470 970 1,42 0,6
Ricinovy olej 1500 933 1,40
Voda 1492 1000 1,48
VECERLEN 1500 <1000 ~1,45 1,0
Mozek 1530 1020 1,56 0,85
Krev 1570 1020 1,60 0,18
Ledviny 1561 1030 1,61
Jatra 1549 1060 1,64 0,9
Sval 1568 1040 1,63
Sval (podélna vlakna) 1,2 1,65
Sval (pfi¢na vlakna) 3,3 1,65
O¢ni Eocky 1620 1130 1,83 2,0
Kost 4080 1700 6,12 6,1
Plast 3,2 2,0
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Medical ultrasound devices
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Medical ultrasound devices
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Medical ultrasound devices
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Medical applications of ultrasound imaging

e Cardiology (heart)

e Gynecology: breast, fetus (pregnancy)

e Internal organs: liver, kidney, thyroid gland
e Intravascular ultrasound

e Therapeutic ultrasound: shock wave (kidney stone), thermal
effects (rehabilitation)
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Imaging modes

A osciloscopic, intensity/time
B 2D in the probe plane
C 2D perpendicular
TM 1D+time
Q Doppler (speed)
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Conventional Cardiac 2D Ultrasound

Parasternal
approach
Long-axis
plane
:
|

Short-axis

L
""ia_,

Subcostal
approach
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Heart
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Heart
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Heart




Medical ultrasound Cardiologic US

B-mode Image of Heart
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Traditional Ultrasound Images
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Medical ultrasound Cardiologic US
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Medical ultrasound Intravascular US

Progression of Vascular Disease

wtimal Thickening

Imimal Lipid Accumulation

Medial Fibrosis

=== Medal == Wntimal or
Muscle Fibers “% Thrombus Medial Fitvosis

d Cholasterol Crystals sl Medial Calciticati cC’) Lipid Deposit




IVUS Catheter

1 - Rotating shaft
2 - Acoustic window
3 - Ultrasound crystal

4 - Rotating beveled acoustic
mirror




Medical ultrasound Intravascular US

Slightly Diseased Artery in Cross-section

i

4




Medical ultrasound Intravascular US

An array of Images




Medical ultrasound Intravascular US

3D IVUS
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Other ultrasound examples

TOSHIBA
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Other ultrasound examples

2ND TRI.

_MI 1.4
TIB 1.0
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Other ultrasound examples

5/ 82
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Geometricka distorze UZV zobrazeni

- zménou rychlosti Sifeni UZV viny,
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zokrazend
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Geometricka distorze UZV zobrazeni

- skladbou tkani,

{_ ZOBRAZOVANA
7T
1) Torce
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Geometricka distorze UZV zobrazeni

- nasobnou reflexi,

sniméni’ 20krazeni’

— :‘ém,téne’




Introduction Ultrasound acoustics Medical ultrasound Genefationydsetaation Artefacts

Geometricka distorze UZV zobrazeni

- vlivem koneéné Sirky UZV svazku,

20krazeni’
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Geometricka distorze UZV zobrazeni

- pohybem tkanovych struktur,

uzv tonde
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Generace a detekce UZV signalu

- pozadavky na konstrukci systému,
- generace UZV impulsu 10 az 100 mW/cm?2,
- vysoky dosazeny odstup S/S,
- mala akusticka vazba mezi jednotlivymi méni¢i,
- kratky generovany impuls ~ 2s,
- vysoka ucinnost prenosu energie mezi meénici,
- tlumeni zpétné akustické viny,
- dosazeni Sirokého uhlového kryti snimaného pole,
- potlaceni vibraci,
- lehka, snadno manipulovatelna konstrukce,

- princip vstupni jednotky digitalniho sonografu,
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Zdroje ultrazvukového vinéni

- zdrojem UZV vinéni UZV méni¢ v sondé,
- pfimy a nepfimy piezoelektricky jev,

- charakteristickym parametrem sondy je rezonanéni
frekvence, urc¢ena tl. ménice,

- co nejkratsi impuls pfi vysilani x velka citlivost,



Genefatiomitetection

Pressure Generation fr

* Piezoelectric crystal

* ‘piezo’ means pressure, so piezoelectric
means
— pressure generated when electric field is
applied
— electric energy generated when pressure is
applied




Genefatiomitetection

Charged Piezoelectric Molecules

00000000

Atoms
l Strain

Highly simplified effect of E field




Genefatiomitetection

Piezoelectric Effect
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Zpracovani UZV signalu

- prizpusobeni akustickych impedanci

MINNN

AN

¢ vmstva
uzv sonde

®
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Genefatiomitetection

Transducer

ELECTRODES

PIEZOELECTRIC
ELEMENT




Pressure Radiated by Sharp Pulse
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Zdroje ultrazvukového vinéni

- ultrazvukové pole,

- blizké pole (blizka Fresnelova oblast),

- vzdalené pole (vzdalena Fraunhoferova oblast),
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Zdroje ultrazvukového vinéni

- vyzarovaci diagram sondy,

- Fraunhoferova formule,

sin & = 1,22i
D

a— —xlem] 0 +xlom) —=

sin % =—
b

. . - . D
- vyznamnou ulohu sehrava pomér T

- postranni laloky - tlumeni x akusticka vazba,
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Zpracovani UZV signalu

- vychylovani UZV svazku - pozi€ni jednotka

- mech. systémy s linearnim snimanim,

- mech. systémy se sektorovym snimanim,
- rotacni systém,
- systém s kyvajici sondou,
- elektronické systémy s linearnim snimanim,

- elektronické systémy se sektorovym snimanim,

- fokuzace UZV svazku



GenerationjdetecGorering/Beamforming

UZV sonda s mech. rozkladem - Siemens
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UZV sonda s mech. rozkladem - Siemens

o, &
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El. systémy s linearnim snimanim
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El. systémy se sektorovym snimanim

smer hlavniko
svazku

uzeni mdnitl linedrni Fada ménitl




Introduction Ultrasound acoustics Medical ultrasound Genefationjdetectiorering/Beamforming Focusing Processing |

Introduction

Ultrasound acoustics

Medical ultrasound

Generation/detection

Focusing



Introduction Ultrasound acoustics Medical ultrasound Genefationjdetection Focusing

Fokuzace svazku UZV signalu - typy

- fokuzace UZV ¢ockou,

- fokuzace zrcadly,

- elektronicka fokuzace,

- staticka,
- s linearni radou ménicu,

- v rezimu vysilani,
- V rezimu pfijmu,
- velikosti apertury,

- elektronicko-opticka,
- s anularni sondou,

- dynamicka,
- v rezimu vysilani, >
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Fokuzace ¢cockou

SOUND INTENSITY PROFILE

ITransducer
Elemeant

— rr—

Focusing

Lens

—— -
—— -

MNEAR FIELD FOCAL Z0ONE FAR FIELD

Increase depth
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Fokuzace ¢cockou
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El. fok. stat. s lin. rad. mén. v r.

redun vedim vysildni
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Focusing
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El. fok. stat. s lin. fad. mén. v r. pfijmu
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Generationidetection Focusing

Phased Linear Array

Variable Shifted
phase shifters transmit
(time delays) pulses

Wavefronts

~
~
~
~

~
~0] Steered beam + ~
~angle
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Generationjdetection Focusing

Beam Direction

Focal zone
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El.-opticka fok. stat. s lin. rad. mén.

elekironickd

Tokusace o~
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Zpracovani elektrického sign. - B moéd
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Amplitudové rizené zesilovace
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DOPPLEROVSKA
ULTRASONOGRAFIE

(principy pfristroji CW, PW, CDI)

Ing. Jifi Hozman

A i B
ATARY

i ﬂ'rr w rﬁﬂj

r

37ZSL2 Zobrazovaci systémy v lékafstvi 2 1.3.2001
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Christian Andreas Doppler

(rakousky fyzik a matematik)

* 29.11.1803 Salzburg, Austria
1t 17.3.1853 Venice, Italy

1835 - pocatek pobytu v Praze
1842 - formulace Dopplerova principu

1845 - experimentalni ovéreni

1847 - konec pobytu v Praze

37ZSL2 Zobrazovaci systémy v lékafstvi 2 1.3.2001
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1. Stacionarni zdroj a pohybuijici se pfijimac¢

Vysilaé Pfijimac¢

. T
T [ ] - v,
N
C IWWWWWWWWE ] == v,
Dopplerova frekvence

v

ﬁ=ﬁ+%=ﬁ+fiﬁ fo=| =1,
i c c

37ZSL2 Zobrazovaci systémy v lékafstvi 2 1.3.2001
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2. Stacionarni prijimac¢ a pohybujici se zdroj

Vysila¢ A, Prijimac¢

C
ﬂs - A —dL
1. v, — T
A, +dL
v, —_ WAL ]

dL=v| L irzgs_dL:i_ﬁzi

. VAR

37ZSL2 Zobrazovaci systémy v lékafstvi 2 1.3.2001
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c 1

fro=———f=—

c—V 1-Ys
C
Pouzitim rozvoje do Taylorovy rady

X2
=l4+x+—+...
2

1—x

v v

Vsechny ¢leny s x2 a vy$§i mocninou zanedbame a
protoze v/c << 1 mlGzZeme psat

v, Dopplerova (v
S = 1+? A frekvence Io= ?S e

37ZSL2 Zobrazovaci systémy v lékafstvi 2 1.3.2001
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Blood flow speed measurement

Doppler effect: Frequence changes if the source moves with
respect to the receiver.

Reflection from red blood cells

Red blood cells

e Moving receiver
e Moving source

Doppler shift
f=fitfy fam2of;

We only measure the projection along the ray.
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Demodulace Dopplerova signalu

vysilaé

_— ]k oscilator
.\

nasobic¢ DP —»

A4

pfijimaé

zesilovacé

vysilany signal pfijaty signal

Ecos(w,t) V. = Acos(w,t + D)+ Bcos(w, +w, )t

37ZSL2 Zobrazovaci systémy v lékafstvi 2 1.3.2001
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Vysledkem nasobeni v demodulatoru je

V,=AE cos(a)ct + db)cos(a)ct)+ BE cos(a)C +w, ) t cos(a)ct)

= (%)lcos@wcj +®D)

+

cos(d))

o

BE
2

J

cos(2m,t + @, t |+

cos(@,t),

Jednotlivé slozky ve vysSe uvedeném vztahu znamenaji:

cos(2a)ct + CD)

cosa t +w,t)

os(d))

o

potlaceni

dvojnasobek vysilané frekvence (DP)

potlaceni

dvojnasobek vysilané frekvence (DP)

potlaceni

stejnosmérna slozka (HP)

cos(w,t)=cos(~w,t)

Dopplerav signal, nelze uréit smér

o 37ZSL2 Zobrazovaci systémy v lékafstvi 2

1.3.2001
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Smérové demodulaéni systémy

Zakladni myslenka

Prevést smérovou informaci, danou znaménkem
frekvenéniho posuvu na jiny indikator sméru, ktery by po
demodulaci ziistal zachovan

Priklad

Pro vysilanou frekvenci 5§ MHz a frekvenci Dopplerova
signalu 5,8 kHz musime odlisit kladny smér toku krve, tj.
5,0058 MHz a zaporny smér toku krve, tj. 4,9942 MHz.

37ZSL2 Zobrazovaci systémy v lékarstvi 2 5.3.2001
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Zakladni uspofadani smérového demodulatoru

—»nasobi¢—» DP —» |/

vysilaé
E cos wt

O/ Dj: ‘ .

pfijimac

zesilovag E cos(ot + a)
A

L»nasobié¢ » DP —— 7V,

A cos(a)ct + (D)+ B cos(a)c +w,)t

37ZSL2 Zobrazovaci systémy v lékarstvi 2 5.3.2001
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Fazové zpracovani kvadraturnich signalda V, a Vg

V,= %BE cos(w,t)  V,= %BE cos(w,t— o)

fazovy posuv « = 7[/2 — sin a cos — kvadraturni signaly

Pokud zanedbame amplitudy, pak dostaneme
V,=cosw,t Vy=-sinwpyt

forward flow (dopfedny tok) - od sondy, tj. @, =—®),

reverse flow (zpétny tok) - k sondé, tj. @, = w0,

V,=coswt+cosw,t V,=sinw—sinw,t

37ZSL2 Zobrazovaci systémy v lékarstvi 2 5.3.2001
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V | fazovy
4| posuv + Z dopiedny
72./2 tok
_I_
+
+

VB fazovy
»| POsSuv zpétny
72_/2 tok
cosw f+cosw,t 0 —> COS®l+Cosw,t
7/2 - sinwt+sinw,t
sinw,f—sinw,t 0 — sino-sino,t
7/2 - —cosw,l+cosm,t

(2)+(3) =sinw ¢

1) +(4)=cosw,?

(1)
(2)
(3)
(4)

i 37ZSL2 Zobrazovaci systémy v lékarstvi 2
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Uplny systém k separaci signalové slozky odpovidajici
doprednému a zpétnému toku ve frekvencni oblasti

v, Ve
—»nasobic » DP » nasobic -
I
E coslo,t+a) D cos(@yt + )
—
Doppleruv V + ¥
signal i oscilator oscilator z
1 2
+3
zesilovaé . .
E, sm(a)ct) D, s1n(a)2t)
y v
VB Vo
“—»nasobic » DP »nasobic

37ZSL2 Zobrazovaci systémy v lékarstvi 2 5.3.2001



Doppler ultrasound US contrast agents Harmonic imaging 3D US imaging

Hlavni myslenka - posun nulové frekvence, tj. nulové
rychlosti na jinou frekvenci o,

o a [ predstavuji chybu ve fazovém rozdilu

V. =|4cos(w,t + D |+[Bcos(w, + ), )t

1

signal nosné Doppleriv signal
V,= %BEI cos(wpt—a) V= —%BEZ sin(w, 1)
V.. =(BE,D,/2)cos(w,t —a)cos(w,t + B)

V.= %BEID1 [cos(a)Dt + ot —a+ f)+cos(,t — .t — o — ﬂ)]

37ZSL2 Zobrazovaci systémy v lékarstvi 2 5.3.2001



Doppler ultrasound US contrast agents Harmonic imaging 3D US imaging

Kontinualni Dopplerovské systémy CW

- kontinualni vysilani i pfijem,

- v sondé dva piezo-elementy,

- vzorkovaci objem dan sirkou UZ svazku,

- moznost detekovat velké rychlosti pritoku,

- nerozlisi hloubku - mnozstvi spektralnich slozek.

37ZSL2 Zobrazovaci systémy v lékafstvi 2 12.3.2001
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Pulzni Dopplerovské systémy PW (Pulsed Wave)

- pulzni vysilani i pfijem,

- v sondé jeden piezo-element,

- vzorkovaci objem dan délkou pulzu,

- omezeni rozsahu detekovanych rychlosti pratoku,
- rozlisi hloubku - méné spektralnich slozek.

37ZSL2 Zobrazovaci systémy v lékafstvi 2 12.3.2001
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Omezeni rozsahu detekovanych rychlosti pritoku u PW

2z
O=fT — T. =22
D dl‘ fc D

2v

dl‘ c dt c d’
1 2v dano

J— — max
fDmax o 2T o C ﬂ fNqu.iSt
p

rol
fo

c 2z c?

C

— _ _ max

Z max _ETp Tp - 4 - VinaxZmax — ]
vmaxfc ¢ ](c

37ZSL2 Zobrazovaci systémy v lékafstvi 2
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Typicky priklad
f.=2MHz ¢=1500ms™" v =0,14m*s™

Ve vzdalenosti 10cm muzeme naméfit maximalni rychlost
1

max Zmax

I, 4ms~

rychlost 2 T T \ T T
mis] 181 | max. rychlost

T 1.6 v artériich
14 F

max. rychlost
ve vénach

0o 005 01 015 02 025 0,3
—> vzdalenost z [m]

37ZSL2 Zobrazovaci systémy v lékafstvi 2 12.3.2001
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Doppler US — examples
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Doppler US — examples

“fSwmeee= 11 PSV  -187 cm/second
EDV -62.3 cm/second
MDV -59.1 cm/second
}1' 0.67
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Doppler US — examples

PS 28.4 cmis|
ED 12.8 cm/s
RI 0.551
AT 0035
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US contrast agents
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Contrast agents

1968, Gramiak, saline injection
Mikrobubbles (2 ~ 5 um)

Asymetric compression /expansion

Stabilization (synthetic polymers), up to 5 — 10 min.

Injection.

Albunex, Optison, Echovist, Levovist. ..



Doppler ultrasound US contrast agents Harmonic imaging 3D US imaging
Flash Contrast Imaging

US bubble destabilization.
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Flash Contrast Imaging

US bubble destabilization.

flash, bubbles broken
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Flash Contrast Imaging
US bubble destabilization.

filling up

Myocardial perfusion evaluation.
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Harmonic imaging
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Nonlinear response

Assymetric bubble compression
amplitude

R L

time time frequency
a b. C




Doppler ultrasound US contrast agents Harmonic imaging 3D US imaging

Harmonic imaging

e Transmit fy, receive 2fy

standard US 2" harmonic
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Harmonic imaging

e Transmit fy, receive 2fy
e Bandwith limitation

standard US 2" harmonic
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Harmonic imaging

e Transmit fy, receive 2fy
e Bandwith limitation
e Bubbles not needed, tissue nonlinearity

standard US 2" harmonic
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Pulse Inversion Harmonic Imaging

e Two pulses, second inverted
e Responses summed
e Filtration not needed

Harmonic signa
enhancament
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Pulse Inversion Harmonic Imaging

e Two pulses, second inverted
e Responses summed

e Filtration not needed

standard image (liver) pulse inversion
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Pulse Inversion Harmonic Imaging

Two pulses, second inverted
e Responses summed
e Filtration not needed

e Several pulses (Power Pulse Inversion)

standard image (liver) pulse inversion
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3D US imaging



3D Reconstruction




3D US imaging

3D Ultrasound

Traditional 2D
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Real-time 3D Ultrasound




3D US imaging




Velocity of Contraction
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Conclusions

e Non-invasive, affordable and portable imaging technique

e Excellent soft tissue imaging

e Lower image quality (wrt CT or MRI) due to speckle but
improving

e Low penetration depth versus resolution

e Does not pass through air or gas

e Does not pass through bones, shadows

e Modern techniques — 3D, contract agents, Doppler
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