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3D ultrasound is a medical ultrasound technique, often used in obstetric ultrasonography (during
pregnancy), providing three-dimensional images of the fetus. By this technique can be showing details
such as facial features. In 3D the sound waves being sent at different angles. That means, the ultrasound
takes images from a few different angles and combines them into one three dimensional image that will
give you a size, shape, and depth. In other words, the 3D images are used to show you three dimensional
external images which may be helpful in diagnosing issues such as a cleft lip. “555 4igall (358 Cila sal)
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Now 4D images used which takes 3D to the next step by combining numerous 3D images into a real-
time movie. That is the image is continuously updated, it becomes a moving image, like a movie. 4D
ultrasounds are similar to 3D scans, with the difference associated with time: 4D allows a three
dimensional picture in real time, rather than delayed, due to the lag associated with the computer
constructed image, as in classic three dimensional ultrasound. It is worth mentioning that if the system is
used only in the obstetrics application, the ultrasound energy is limited by less than 100 mW/cm?
(specifically a maximum of 94 mW/cm?), whether scanning 2, 3 or 4 dimensionally. _ <) 23350 Y 2L
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The main prerequisite for construction of 3D ultrasound images is very fast data acquisition. The
transducer is moved by hand or mechanically perpendicular to the scanning plane over the region of
interest. The collected data are processed at high speed, so that real-time presentation on the screen is
possible. This is called the fourdimensional (4D) technique (4D = 3D + real time). The 3D image can be

displayed in various ways, such as transparent views of the entire volume of interest or images of surfaces,
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as used in obstetrics and not only for medical purposes. It is also possible to select two-dimensional images
in any plane, especially those that cannot be obtained by a 2D B-scan. (i s sall ) gea £ LY o) b )
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3D or 4D ultrasound has been developed and researched in two major ways. One is to overcome the
limitations of 2D ultrasound by providing an imaging technique that reduces the variability of the 2D
technique and allows the clinician to view the anatomy in 3D, the other is to provide better spatial
guidance for various interventional procedures, such as biopsy, focal ablative therapy or image-guided
surgery 148 o Uil od Jo¥) | Cpasy opil by ) Lol gf da¥) LU Lisall 548 Cila gall Cinyg i aT
Gl g s pball pracad y dlesS) uilld L) Gl (o STy gpucad ol 57 SIS o Sa¥) uilld 4 pucal] (598 Sy pad]
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In the field of diagnostic radiology, various 3D ultrasound techniques, such as wultrasound
cholangiography using minimum intensity projection and volume contrast imaging, have shown
excellent performance in achieving better spatial resolution and have reduced inherent noise in
comparison with conventional 2D ultrasound. As guidance for interventional procedures, 3D ultrasound
was proved to be useful in improving the depiction and understanding of the geometric relationships of
needles and probes to tumors and other nearby structures, so as to optimize delivery of the needle or
ablative agent. Furthermore, 4D ultrasound, which is a dynamic 3D ultrasound, provides real-time feature
of volume datasets instead of “static” 3D ultrasound images, and so enables more intuitive recognition
of the 3D spatial relationship between the needle and the target lesion and allows easy alteration in the
orientation of the needle under real-time monitoring. (35 Sl sall SLEE & gl duaddnl) dadY) Jlaa b
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The advantages of 3D ultrasound are primarily derived from the fundamental properties of 2D ultrasound.
Ultrasound has many advantages over computed tomography and magnetic resonance imaging, including
real-time imaging with vessel visualization, decreased procedure time and cost, portability, and lack of
ionizing radiation. With continuing technological improvements including computer technology and
visualization techniques, 3D ultrasound imaging is beginning to migrate from the research laboratory to
the examination room. Therefore, radiologists or sonographers should be ready to accept the paradigm
shift of viewing 3D images on a computer monitor ¢ J¥) aliall 2 alai) 45505 4 gual) (358 il gall L) Ja i
ahiall  gaailly 45 e Ll jall (1 Bty A5 gual) (398 iy gl piali  slag¥) Al 4 guaal) (358 il gall Lpaaa) ailiadl)
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Harmonic Imaging (8 53l gal)

Harmonic Imaging differs from conventional ultrasound imaging. With conventional imaging, the
ultrasound system transmits and receives a sound pulse of a specific frequency (Figure 31). In this figure,
simple compare between conventional imaging (Figure 31A) and Harmonic Imaging (Figure 31B). «alis:
Jla by A gual) (398 il gall AU o gy (g 2Ly guail) g Aigaal) (358 Sl gally GIEH y guall) (o B8 g3y gacal
Rgailly (31 JSadl) Gl guatl) (p Aapesy 458 (JOE 138 (B (31 JSA) Crra 235 <D A gaa Diayi JLi g
(b gl

In the conventional imaging, the transducer transmits "a" and receives "b" sound waves of a given
frequency. The received signal is lower in intensity because it is attenuated by the tissue. In the harmonic
imaging, the returning signal "c" is actually a combination of frequencies. It contains not only the
Jfundamental signal that was originally transmitted

"a", but also the harmonic signal "b", which is twice a’s frequency. The ultrasound system processes
these signals separately. GsSi (e 335 @I Afigea il ga "1 Sl g """ ABUD) Jgaa JBL (galBIl y guall)
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Figure 8.36: (A) conventional imaging. (B) Harmonic Imaging.

The difference between the transmitted and returned signal is that the returned signal is less intense,
losing strength as it passes through tissue. With Harmonic Imaging, on the other hand, the signal

returned by the tissue includes not only the transmitted
“fundamental” frequency, but also signals of other frequencies — most notably, the

“harmonic” frequency, which is twice the fundamental frequency (Figure 8.36B). Once this combined
Jfundamental/harmonic signal is received, the ultrasound system separates out the two components and
then processes the harmonic signal alone. “3US (8] a3 jal) 5 LAY () g daad jall g dbes pal) 5 LAY G (380
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B-flow s

B-Flow is a new imaging technique which utilizes Digitally Encoded Ultrasound technology to provide
direct visualization of blood echoes to image blood flow and tissue simultaneously. 1t is a special B-scan
technique for blood flow imaging that can be used to show movement without relying upon the Doppler
Effect. This technique is effective in showing exceptional clarity and speed in the display of blood flow
and vessel walls, but, unlike Doppler methods, it provides no information about flow velocity (Figure
8.37). Therefore this technique is promise to expand clinical applications of ultrasound and improve early
detection of peripheral vascular diseases. B-flow technology has convex array and sector transducers
suitable for abdominal examination. The echoes from moving scatterers (particularly blood cells in

blood vessels) are separated from stationary scatterers by electronic comparison of echoes from
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successive pulses (autocorrelation). These very weak echoes are amplified and depicted as moving dots
on the screen. B-Flow s _u 51l iad ) 5 jdcdial] L pucal)  § 8 Cilis pal) 4ol adiiead 5pitn y pucad ullli 0 b §11) -
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images are formed by using:s) 335l ) gal) S50 o

1) Coded Excitation to improve blood echo sensitivityal) e dsulua Gawail 5 adial) 3 5Y)
2) Tissue equalization to reduce the relative brightness of tissue such that both tissue and blood can
be simultaneously visualized. 4awi¥) e JS 435, (Say dung A ) £ ghacal) Sl Aad) Adslaa (1
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Figure 8.37: B-flow image of an aorta with arteriosclerosis. This technique
gives a clear delineation of the inner surface of the vessel (+...+ measures
the outer diameter of the aorta)

Doppler Effect & 92 5l

The Doppler Effect was discovered by Christian Andreas Doppler (1803 - 1853), and shows how the

frequency of an emitted wave changes with the velocity of the emitter or observer. The theory was
presented in the royal Bohemian society of Science in 25th of May 1842 (5 listeners at the occasion!), and
published in 1843. 4agall 235 iy (S jgdi g (1853 — 1803) g2 (b il (lfiony 58 Aad g3 Lo 93 il LIS
& Craina 5) 1842 siba 25 (2 aslall Auslal) dpasn gal) dmand) (B 4y i) 4l a1 )yl g Sl AS puu pa Analal)
1843 ple (2 iy (1Apulial
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Basic Principles dswbay) galal)

In ultrasound imaging, Echoes from most tissues will be at the same frequency as the transmitted beam.
However, if the echoes received are from tissue or blood cells that move, send and receive frequencies
will not be the same. This “shifted” frequency can be used to determine the relative speed and direction
of moving these tissues. This principle is known as the Doppler Effect. Basically, the greater the
frequency shift, the higher the speed of the moving object. Based on Doppler principle, the movement
of blood cells or tissue towards the transducer is the receiving frequency higher, and vice versa,
movement away from the transducer is receiving frequency less. Doppler is the apparent change in
wavelength (or frequency) of an acoustic wave when there is relative movement between the transmitter
(or frequency source) and the receiver. Doppler shift is especially important for examining blood flow. .
0 Aalicaal) £ )aal) ciilS 13) clld aay Al yall A jad) 2o 5 iy Aaai¥) alina ool ¢ 585 A guall (558 il gally o gacall)
Baail " gatall" a8 il 13 aladia) oSy Lgdi A JLBILY) g Jla ) Clad g 0 eSi ol o Al AN aall LA g daud)
Ao o a3l s 305 LalS couladd) (B, sligd il sy Tl 138 Gigmd Aad¥) o At Cpandl) slaiY) g As )
oSl g ¢ Ao Lgud JLiia) 23 55 ¢ 58 AUl ) gaa slanily daaad) of pal) LA AS ja (8 ¢ 4l 93 faa () Talilial 5 & jaial) aesa)
Ao gall (33 l) asall Johall B pdal gl il ga Hlaga |81 LedLiad a8 55 68 AUl J o 8 Ty AS Al ) (iaa
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The basis for the Doppler Effect is that the propagation velocity of the waves in a medium_is constant, so

the waves propagate with the same velocity in all directions, and thus there is no addition of the velocity
of the waves and the velocity of the source. Thus, as the source moves in the direction of the propagation
of the waves, this does not increase the propagation velocity of the waves, but instead increases the
frequency. e b As pal) udly Sl gal) HEAT Ml g AL Janagl) (B i gal) LSS A8 pa O g2 L9 il (sl
O ccila gal) LA olad) B jiaal) & jady Ladie (Millg | jiaal) A g Gl gall de s A8 Al Y Al g ccilalady)
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» In ultrasound imaging, if echoes received are from tissues or blood cells that are moving, the
transmitted and received frequencies will not be the same. This “shifted” frequency can be used to
determine the relative velocity and the direction of these moving tissues. This effect is known as the
Doppler Effect C1555 O (A8 jaia pd ULMA o) Aol (1a dalinsal) glaal) cuils 13) (A0 gual) (358 o gally  gacil) (2
Ay on olail g Apedl) Ao ) pyanil 1S gatiall?t 28l 138 aladia (Sar gl A Addiiall g Al yall culaa il
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Doppler principle can be summarized generally as follows: 3 533l e Lagas Jliga o (adli ¢Sy
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If the blood moves toward a probe (antegrade), sound bouncing off that increases in frequency. The Source
of these sound waves is the probe itself, because it emits waves and detects them. The blood that if moves
away from the probe (retrograde), the frequency decreases. So the Doppler shift can be used to detect
blood flow and velocity. 4gisall il gall 038 jlaay 03358 30333 X jall & guall G ¢(padlill) jlasal) gad aal) & a5 13)
aladia ¢Say A oaa 3 J&y (W) sie) Jlsall 8 1amy & jad 1) oA adl) Waua pg il gall jouay A0 cAdl jlaadl 52
AT g pal) (3B (e AASY L 93 da) )

Ultrasound images of flow, whether color flow or spectral Doppler, are essentially obtained from
measurements of movement. In ultrasound scanners, a series of pulses are transmitted to defect movement
of blood. Echoes from stationary tissue are the same from pulse to pulse. Echoes from moving scatterers
exhibit slight differences in the time for the signal to be returned to the receiver (Figure 8.38A). These
differences can be measured as a direct time difference or, more usually, in terms of a phase shift from
which the "Doppler frequency" is obtained (Figure 8.38B). They are then processed to produce either a
color flow display or a Doppler sonogram. ¢ sl (85l (S £ g ¢ 38201 45 gall (368 il gal) g Ao J puand) oy
Sl ¢pa Aleades ) s A guall (358 il gally 4 gudal) i) B AS jad) Sl (a puibad JS ¢ ulal) L gl
cldSd) A jadial) cilitdall oo 5 jabal) slaal) el Adad ) Adad (e L A A5 AaudY) plaal L adl) A4S 2 oo sl
(O QBT A gl pilia e (LS CBUAY) o2 (b (Say g, 8,38 JLAN) JLdiad) Slga N B LEY) gla ) ey A dddh
Ol (38 (2 e L) LY Lgiadlea ali a1 (8.38 JSall) Lle Jguanl) aly " 5l ga 20 31 Ada iy o) shal) Jsad Eua (e
g8 sua hbda )

A .
Transducer
First pulse o S- Position
at first

Echo from
first pulse

B Transducer

Second pulse . ‘ ¥ S- Position
¢ at second

Echo from
second

Figure 8.38: Ultrasound velocity measurement. The diagram shows a
scatterer S moving at velocity v with a beam/flow angle 6. The velocity can
be calculated by the difference in transmit-to-receive time from the first
pulse to the second (t,). as the scatterer moves through the beam.
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The Doppler Equation & 53 4azs

In ultrasound, the wave is sent from a stationary transducer, the moving red blood cells is firstly moving
towards the transducer and then following the reflected wave towards the transducer as shown in figure 1,
and thus the Doppler shift is approximately twice as great. In the case of reflected ultrasound, the Doppler
shift (or change in frequency) is: pall WA & afiy i A8Ua Jgaa (0 A gall Jlua)) aly A gual) (398 cila gall A
L) S Al g ] JSa b ga sa LaS AUl J saa 9o dSaiall Ay gal) 2l of 48U J gaa g2 ¥ 5] AS jadiall ¢) andl)
sh (RN A sl ) ligd Aa ) B cAuSaial) A guall (568 il gal) Ala B Ly Ciaal) jlalay uSi g0

fo= thgcos(OC)

fi : transmitted frequency v : 244

Juusall

velocity of the moving blood 4s

& jaal

& : "insonation angle" the angle between the direction of the motion red blood cells and the beam of
ultrasound transmitted from the transducer, best when below 20° (Note that, cos 0 = 1 and cos 90 = 0). ¢
: The velocity of sound in blood is constant. §lxdy s saall adl) DA 4 ja slad) cp Ay gl 3l & Mcgual) 4y g) 3"
=903 1 =0 O Ba¥) 42,3 20 o I3 8,1 a0 A 0 055 Lasie: Juabl 05859 ABY J gaa (a J glall 45 gual (352 il sl
Ll A el B Cigal) Ao iz (0
o the echo frequency (returned frequency) is also called the "frequency shift" or "Doppler shift". Thus, in
the case of reflected ultrasound, the velocity of blood or tissue can be measured by the Doppler shift of
the reflected ultrasound: Basically, the Doppler Effect can be used to measure blood and tissue velocities
firom the Doppler shift of reflected ultrasound. As can be seen from figure 8.37A, B and equation (1)
there has to be motion in the direction of the beam; if the flow is perpendicular to the beam, there is no
relative motion from pulse to pulse. « A3 " ks da) )" gl 1"aa i) da) 31 L) (alaal) 20 3y sanal) a5 anss g
S} 5 gl 35 i gl g0 a5 (B 0 ) f ) o o (g il gl 35 i gl Al 3
Ol LaS Ausial) 45 gual) (598 cila gall 5l g2 A ) (e A g pl) e juu () Sl 93 a8l aladie) Sy ¢ pmalad (S0
Cro A AS ja 33 1 M Ao jall o Bages ghail) (S 13) cpladl) olad) 8 AS a lia 988 o)) caa (1) Aalaall g JS&) (e

Adag ) ddag

The size of the Doppler signal is dependent on: 5 i k93 5 L) paa
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1) Blood velocity: as velocity increases, so does the Doppler frequency; «¢4s sl <) j LalS sasll ds ju (1
¢ yligal) aa 8 0

2) Ultrasound frequency: higher ultrasound frequencies give increased Doppler frequency. As in B-
mode, lower ultrasound frequencies have better penetration. < gall <123 53 1435 gaal) (38 Cila gal) 23 5
Liaddiall 45 gual) (398 il gal) Claa i b cauda gl A Jlad) g LaS | phiga 335 A BaL ) aad oY) Afiguall (35
S (3 ) Lgd

3) The choice of frequency is a compromise between better sensitivity to flow or better penetration;
(558 g B (s Al o By iy 23 1) S

4) The angle of "insonation": the Doppler frequency increases as the Doppler ultrasound beam
becomes more aligned to the flow direction (the angle 6 between the beam and the direction of
flow becomes smaller). This is of the utmost importance in the use of Doppler ultrasound. 45!}
4 90 31 st (3B oLt} aa 188 g5 JAS) Ly gal) A5 gual) (398 il gall £ lad gy Latic Hla gal) a3 55 3183 2" G 1
s i puall (398 cila gal) aladind A Apaal) Al sal 138 g (Lhual (38431 slad) g £l

The implications are illustrated schematically in Figure 8.39. (A) higher-frequency Doppler signal is

obtained if the beam is aligned more to the direction of flow. In the diagram, beam (A) is more aligned

A B Cc D
/,/// TS

and there is a negative signal. Y| gaasi o m
B o Jgand al () .8.39 Jsdll (A (Jadads JSdy
B
e SH IS A jad) B caai 13) e a3 5 cld phga e Ko |
JSS\ () &la.«ﬂ\ Oess ‘gh:\h&m (M-HJS‘ QA _dé.ﬂ\ olad) Sonogram
.@-‘:' u'k“ - i Sliga el Ll C':‘“ 5 () o 3)Mla.  Figure 8.39: Effect of the Doppler angle in the sonogram.

Aol B L) a5 pladd) (o g () 2o ) Al A 4Ly 99 8 L) a5 Ly B3 Aa 52 90 () e (haill/pladd) Ayl

than (B) and produces higher-frequency
Doppler signals. The beam/flow angle at (C) is
almost 90° and there is a very poor Doppler

signal. The flow at (D) is away from the beam

beam
direction

All types of Doppler ultrasound equipment employ filters to cut out the high amplitude, low-frequency
Doppler signals resulting from tissue movement, for instance due to vessel wall motion. Filter frequency
can usually be altered by the user, for example, to exclude frequencies below 50, 100 or 200 Hz. This filter
frequency limits the minimum flow velocities that can be measured. (is2 =\ <)) 5 34a) £) il puan a23i0s
A ja G JUal) Jann Ao a1 A4S a oo Al g i) Laddie g dad) Alle b g el L) adall e ja b 53 45 gual)
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Spectral Doppler Akl b o)
Spectral Doppler, of high value in ultrasound diagnosis, can be used for evaluation of blood flow, includes
three kinds: (el cadl) (3300 apdil (A0 guall (398 il gally Qaddll (2 Adlad) Lall) g3 o Aukal) by gal) aladid (Say

* Pulse Doppler (PW) g2 pas
* High Pulse Repetition Frequency Pulse Doppler (HPRF)22 3 A& i b g

* [ Continuous Wave Doppler (CW).5_siewal) 43 gall 53

Qe J g ada (Ao a agll

By:Mohammed Jabbar Hussein

Page 10 of 10



	Three- and Four-Dimensional Ultrasound Techniquesتقنيات الموجات فوق الصوتية ثلاثية ورباعية الأبعاد
	Harmonic Imaging التصوير التوافقي
	B-flowتدفق
	Doppler Effectتأثير دوبلر
	Basic Principles المبادئ الأساسية
	The Doppler Equation معادلة دوبلر
	Spectral Doppler الدوبلر الطيفي

