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Fabrikas dan Pencirian Fantom Payudara Antropomor fik
Berasaskan Agar

ABSTRAK

Suatu fantom payudara antropomorfik berasaskan teganasuklah TM tisu
kelenjar tak adipos, TM lemak dan sista TM telafalalikasikan. Pencirian telah
dilakukan terhadap fantom yang difabrikasi dan kgietungannya kepada
komposisi berat, suhu, frekuensi dan masa dikaglajian bunyi dan pekali
pengecilan telah diukur dengan menggunakan tekeikggantian penghantaran
dengan tiga transduser jalur lebar yang berpusat2afi, 5 dan 10MHz. Impedans
akustik, pekali pantulan dan modulus pukal fantoamgy difabrikasi juga dibuat
penilaian.

Kelajuan bunyi, di dalam fantom payudara berasaskmr yang difabrikasi,
sebagai fungsi peningkatan komposisi berat agah teleningkat pada seluruh julat
1487 m& hingga 1540 m¥ pekali pengecilan telah meningkat dari 0.66 hin@0
dB cmi* MHz™ untuk 2.25 MHz, 0.66 hingga 1.71 dB ¢iHz™ untuk 5 MHz dan
1.10 hingga 2.46 dB cmMHz™* untuk 10 MHz. Impedans akustik, pekali pantulan
dan modulus pukal juga meningkat dengan peningkitgekatan agar. Kelajuan
bunyi dalam fantom terfabrikasi meningkat denganimgkatan komposisi berat
alkohol, merentasi julat 1483 hingga 1510 mpekali pengecilan meningkat dari
0.10 kepada 0.23 dB ¢hMHz™ untuk 2.25 MHz, 0.34 hingga 0.59 dB ¢miHz™
untuk 5 MHz dan 0.85 hingga 0.92 dB ¢mHz™* untuk 10 MHz. Impedans akustik,
pekali pantulan dan modulus pukal juga meningkatgdae peningkatan peratusan
alkohol. Peningkatan komposisi berat minyak anisenyebabkan berkurang

kelajuan bunyi dalam julat 1501 thiingga 1517 m% pekali pengecilan meningkat

XiX



dari 0.15 hingga 1.02 dB ¢mMHz* untuk 2.25 MHz, 0.47 hingga 1.89
dBcmi*MHz ! untuk 5 MHz dan 0.87 hingga 2.76 dB tiiHz™ untuk 10 MHz.
Impedans akustik, pekali pantulan dan modulus poieiurun dengan peningkatan
peratusan minyak anise. Kelajuan bunyi menunjukikan kenaikan dengan suhu
merentasi julat 1466 hingga 1602 pekali pengecilan didapati menurun dengan
peningkatan suhu dengan kadar 0.003 dB' &tz * °C . Impedans akustik,
pekali pantulan dan modulus pukal meningkat dengahu. Sebagai fungsi
frekuensi, kelajuan bunyi, impedans akustik, pekantulan dan modulus pukal
semuanya kekal hampir malar dengan peningkatandrek tetapi pekali pengecilan
meningkat dengan ketara dengan frekuensi yangksemeeningkat.

Fantom payudara yang difabrikasi adalah sesuaikulatiihan pengimejan
ultrasound dan prosedur biopsi, memandangkan idinya yang hampir dengan
badan manusia. Tambahan pula, fantom yang difadirike adalah tidak mahal,

tahan lama dan terbiodegradasikan.

XX



Fabrication and Characterization of Agar Based Anthropomor phic
Ultrasound Breast Phantom

ABSTRACT

An anthropomorphic agar based breast phantom imguiissue mimicking
(TM) non adipose glandular tissue, TM fat and TMtcywas been fabricated. The
fabricated phantom was characterized and the weaightposition, temperature,
frequency and time dependencies of the phantom meestigated. The sound speed
and attenuation coefficient were measured by u#iiregtransmission substitution
technique with three broadband transducers with,52and 10 MHz frequencies.
Acoustic impedance, reflection coefficient and buatiodulus of fabricated breast

phantom were also assessed.

The sound speed, in fabricated agar based breastqgrh, as a function of
increasing weight composition of agar was increasedoss the range from
1487 ms to 1540 ms. Attenuation coefficient was increased from 0.660t90
dB cmi* MHz ™ for 2.25 MHz, 0.66 to 1.71 dB ¢hiMHz™ for 5 MHz and 1.10 to
2.46 dB cmt MHz* for 10 MHz. Acoustic impedance, reflection coeféiat and bulk
modulus also increased with increasing concentratibagar. The sound speed of
fabricated breast phantom increased by increabimgveight composition of alcohol,
across the range from 1483 to 1510'mA&ttenuation coefficient increased from 0.10
to 0.23 dB crit MHz™ for 2.25 MHz, 0.34 to 0.59 dB ¢hMHz™ for 5 MHz and
0.85 to 0.92 dB cmiMHz™ for 10 MHz. Acoustic impedance, reflection codéfitt
and bulk modulus also increased with the increagmegcentage of alcohol.
Increasing the weight composition of anise oil ealshe reduction in the sound
speed in the range of 1517 frte 1501 m&. Attenuation coefficient increased from

0.15 to 1.02 dB cihMHz* for 2.25 MHz, 0.47 to 1.89 dB ¢chiMHz* for 5 MHz

XXI



and 0.87 to 2.76 dB cmMMHz™* for 10 MHz. Acoustic impedance, reflection
coefficient and bulk modulus decreased with theeasing percentage of anise oil.
The sound speed showed an increment trend withestpe across the range of
1466 to 1602 m& Attenuation coefficient was found to decreasdruyeasing the
temperature by a rate of 0.003 dB'tMHz*°C™. Acoustic impedance, reflection
coefficient and bulk modulus increased with tempem As a function of
frequency, sound speed, acoustic impedance, lietecpefficient and bulk modulus
all remained almost constant with increasing fremye but the attenuation

coefficient increased significantly by increasimgdguency.

The fabricated breast phantom is suitable for sittuad imaging and biopsy
procedure training, as its characteristics are @pprate to that of the human body.

Furthermore, this fabricated phantom was inexpensiurable and biodegradable.

XXii



CHAPTER ONE

INTRODUCTION

1.1 Background

Ultrasonography is the application of ultrasoundptoduce an image from a
small part of the inner organs like prostate, tidyrand breast. Ultrasound wave is
transmitted to the human body by a transducer tbatverts electrical energy into
mechanical energy and the echoes were digitallggased to form an ultrasound image.
Ultrasonography is relatively inexpensive, non-mmjg, non-invasive and able to
produce images in real time. This imaging techniguapplied in several medical fields

such as gynecology, obstetric, thyroid, prostatefamale breast study.

The ultrasonography on breast presents valuablernmation about tissue
structure of the breast. Ultrasonography can disish the malignant or benign solid
tumor, cysts and the palpable breast lesions (Atsian et al., 2010). The
ultrasonography and physical tests enable the plays to identify more than 90% of
malignant lesions over 1cm. According to the fremnized radiation of the
ultrasonography, it is a safe examination on thedmu body and may be performed
several times on the human organs in all agesf({fBsf 1978). Furthermore, one of the
applications of ultrasonography is in the awareredsreast screening among women

for an early preventive response against breastecan



Moreover, ultrasonography is applied for breaspbjowhere the organs tissue
of interest is removed by using a needle for latmoyaexaminations. The biopsy has to
be done properly and guided by using ultrasonographring the biopsy procedure, the
movement of the needle approaching the solid massbe seen from an ultrasound

image acquired.

For the past few decades, there is a growing fatsiog ultrasound in medical
imaging as well as ultrasound phantoms for differearts of the human body are
increasingly developed. Phantoms are used to ndifferent parts of human organ such
as breast, thyroid, liver and foetus. The ultrasbphantoms for each type of human
organs are widely used as a realistic and life-likedel for practical ultrasound

applications.

Ultrasound phantoms are structures that contam @nmore materials that
simulate the tissue in its interaction with ultrasd. The phantom can be a
homogeneous slab of tissue mimicking material ortaio some embedded target with

known size, shape and position.

Tissue-mimicking phantoms operate as an essenstiument for checking the
performance in ultrasonography systems and meglogdics training aims. Therefore,
the optimal phantom materials represent the phlysitaracteristics similar to human
body organs (Zelkt al., 2007). The phantoms can be used for differerpigees such as
training, education, quality assurance, as well rasearch and development of

ultrasonographic equipment.



1.2 Statement of problems

For clinical testing of an ultrasonography systeerf@rmance, the tissue
mimicking material (TMM) for phantom must have thame range of sound speeds,
attenuation coefficients and backscatter, as tlgarothey aim to mimic. At present,
commercially available phantoms are not fitted fiois purpose, due to the acoustic
properties of the TMMs used in their productioneTHMMs are homogeneous and have
a uniform speed of sound of 1540 msence, the artifacts introduced in a clinical
situation would not exist neither the performedde®uld not be compared to clinically
reported findings. In general, the ideals mentiofe@dphantoms are not satisfactorily

achievable with commercially available phantoms(faneet al., 2004).

In addition, commercially available phantoms atesihilar in design, consisting
in general of nylon filaments and tissue mimickiagiindrical objects (representing
anechoic and contrast structures) embedded in aodmeous tissue mimicking

background material (Browret al., 2004; Browneet al., 2005).

Similarly, there is a simple commercial breast pbanat the Medical Physics
laboratory, Universiti Sains Malaysia that is notluded of any target and also is not
much fitting for using in ultrasonography imagingdabiopsy training. Thus, it is crucial
to fabricate a phantom included of simulated fat ayst that can be suitable for biopsy

training and needle visualization.



1.3 Objectives of Research

The objectives of this research are as follows:
1. To design and fabricate an anthropomorphic brdaastbiom including tissue
mimicking (TM) glandular tissue, TM fat and TM cyst
2. To characterize weight compositions, frequency, perature and time
variations of properties of fabricated breast pbiamt
3. To acquire ultrasound images on fabricated anthmmpphic breast phantom

in order to visualize the TM fat, TM cyst and bigpedle insertion.

1.4 Scope of Research

The scope of research is fabricating the agar bhssakt phantom that can be
utilized in ultrasound imaging and biopsy trainifigne study focuses on measuring the
acoustical properties of fabricated breast phardgndhalso visualization of the simulated
fat and cyst in ultrasonography procedure. The dbrphantom, to be fabricated, will
match human breast characteristic such as the sspaetl and attenuation coefficient.

The materials to be used are consumer productg;ladte material and non toxic.

1.5 Outline of thethesis

This thesis presents a description on a fabrichtedst phantom to be used for
training and biopsy ultrasonography. In chapteth®, background for the ultrasound

breast phantom, statement of problems, objective$s scope of the thesis were



described. Chapter 2 reviews the theory of ultradaand a brief literature review of the
previous studies and fabrication of ultrasound pivas. Chapter 3 presents the
methodology of the research, including the materaald methods for fabricating the
breast phantom, the set-up of experiment and |atmeth measurements. Chapter 4 is
devoted to results and discussions on charactenzat the properties of the fabricated
breast phantom and evaluation of the weight conipasi, frequency, temperature and
time dependencies of properties of the fabricatexhdi phantom. Chapter 5 presents
results and discussions of ultrasound imaging a@n fétbricated breast phantom and
interpretation of ultrasound images. Finally, cleapd covers the conclusions of the

study and the recommendations for further research.



CHAPTER TWO

THEORY AND LITERATURE REVIEW

2.1 Ultrasound

Ultrasound is a sound wave with frequency gredtan t20 kHz. In ultrasound
diagnostic, frequencies in the range of 2 MHz taVl#8z are used. Ultrasound imaging
is a type of medical imaging, which uses high fesgty to detect and perform image

processing of inner organs or blood flow.

Ultrasound transducer which is in contact with @atfis body via water based
gel, convert electrical pulse to ultrasound pulséncanother word the electrical pulse
causes the transducer crystal to vibrate. Ultradowave is propagated through the
human body and is partly reflected by the tissueniaries and detected by the

transducer which is called the ultrasound echo.

Echoes are produced by surfaces or boundariesebetiwo different types of
tissues and give informations about the locatiemedsion and orientation of the organ
which was scanned. Echoes that are received byréinsducer converted back into
electrical pulses and form an ultrasound image (denand Ritenour, 2002;

Sprawls, 1993). The basic ultrasound imaging mecillustrated in Figure 2.1.



Ultrasound Imaging

Electrical Pulse Electrical Signal Image
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Figure 2.1. Ultrasound wave is transmitted to tbdybby the transducer and is
reflected from the surface and produce the echalwiorm the ultrasound image
(Sprawls, 1993).

2.1.1 Characteristic of ultrasound wave

Ultrasound waves have a number of acoustical gpatidns that are important
to consider for adjusting the scanning procedure fepecific diagnostic
purposes. Ultrasound pulses are characterizedayftequency, velocity, wavelength,

and amplitude.

2.1.1.1 Frequency of ultrasound wave

Frequency is the number of fluctuations of a paléic particle in per unit of
time. In Sl unit, the unit for the wave frequensyhiertz (Hz). Frequency is stated cycles

per unit of time as given by equation 2.1.

Cycl
Frequency (H2) = Yee (2.2)

Time (second)



Selecting the ultrasound wave frequency is impaortanorder to generate an
appropriate balance between scan specifications paretration depth. Generally,
ultrasound waves with higher frequency create agerwith better resolution, but these
pulses cannot penetrate through the deeper orgdeadée and Ritenour, 2002;

Sprawls, 1993).

2.1.1.2 Veocity of ultrasound wave

Wave velocity introduces as speed of sound wavenvitheropagates through a
media and refers to the distance that is traveyed $ound wave per unit of time. Wave
velocity implies both speed and direction. In gahesound velocity is determined by
the characteristics of the medium, and it doeshave dependency on the characteristic
of the sound wave. The velocity of the ultrasoumndse in a liquid type medium like

human tissues is obtained by using equation 2.2.

wave velocity = \/§ (2.2)

where p is the density of media and is a parameter which is called bulk
modulus and is related to the elastic propertiestitiness of the medium. Bulk modulus
is defined as a ratio of the change in pressutbdaate of volume variation due to the
change in pressure. Bulk modul§ €an also be expressed in term of density variatio
as given by equation 2.3. (Kothandaraman and Runlvetimy, 2007; Bhargava, 2002).

-0 (2) = (4 e



wheredp is the change in the pressure causing a changalumedV when the

original volume wa¥. It is known tha(dV/V) = - (dp/p)

The bulk modulus in a fluid can be calculated aditay to the Newton-Laplace

formula as given in equation 2.4. The SI unit & Hulk modulus is N/for Pa.

K= pv? (2.4)
where,p determines the density andhe speed of sound.
For instance, the velocities of sound wave throughous human organs are

presented in Table 2.1.

Table 2.1. Approximate velocity of sound wave iffedient parts of the human body
(Hendee and Ritenour, 2002).

Medium Sound Velocity (ms?)
Fat 1475
Soft tissue 1540
brain 1560
Kidney 1560
Spleen 1570
Blood 1570
Liver 1570
Muscle 1580
Lenses of eyes 1620
Skull bone 3360




Approximately, all ultrasonography systems areugeto determine positions of
the structures by using an assumed velocity ab&4® ms". It means that the presented
depths of the human organs during ultrasound ingagne not really accurate in those

tissues that include other textures such as faa(@p, 1993).

2.1.1.3 Wavelength of ultrasound wave

Wavelength of sound wavel)(is a distance that the sound wave passes during

the period of one oscillation. This parameter deiees the length of the ultrasound
pulse which affects ultrasound image resolutione Tangth characteristics of an
ultrasound pulse are shown in Figure 2.2. Ultradopnlse includes a number of
wavelengths and the quantity of wavelengths througla pulse is defined with the
damping characteristics of the transducer. The lgagth of the ultrasound beam is

determined by the velocity)and frequency{); as given by equation 2.5.

A=Y (2.5)

The wavelength of an ultrasound wave is definedrbgsducer frequency and
specification of the material which the ultrasowmale is travelling through. In order to
have high resolution in ultrasound imaging, it&@ssary to have a short pulse which is
the result of short wavelength and high frequeridye relationship between the wave

length and frequency is illustrated in Figure 2.3.
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Figure 2.2. The length characteristics of an uttuasl pulse
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Figure 2.3. Dependency of ultrasound pulse lengtivavelength and frequency.
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2.1.1.4 Amplitude of ultrasound wave

The amplitude of an ultrasound pulse refers tontlagimum pressure variation.
The wave pressure is related to the value of tigisslecation caused by the oscillation.
In addition, the amplitude of an ultrasound bearawshthe amount of energy of an
ultrasound beam. The relationship between waveggn@) and amplitude A) is

expressed in equation 2.6.

E « A (2.6)
In diagnostic ultrasound, it is essential to kndue trelative amplitude of
ultrasound beams to recognize the reduction irathplitude of an ultrasound pulse as it
travels within a depth of the body structure. Thkative amplitude of the ultrasound

beam is expressed by equation 2.7.

Relative Amplitude (dB) = 20 log (A/Ag) (2.7)

where,A is the initial amplitude.

2.1.2 Intensity of ultrasound wave

As an ultrasound pulse travels through a tissugaitsfers energy through the
texture. The rate of transferred energy is calledigr and its unit is Watt. Power per
unit of an area is expressed as intensity. In $, time unit for the wave intensity is

Wi/cn?. The relative intensity is expressed in equati@hb$ the unit of decibel.

12



Relative Intensity = 10 1og (I/ Io) (2.8)

where, |y is the reference intensity.

2.1.3 Acoustical impedance

Acoustic impedance is the characteristic of the imadhich shows the resistance
of tissue to the propagating of ultrasound wavee Righer acoustic mismatch the higher
reflection and the lesser transmission. Acoustipadance depends on the densdydf
tissue and speed of soundl &nd is expressed by equation 2.9. Acoustical dapee of

some human tissues is presented in Table 2.2.

Z= pv (2.9)

Table 2.2. Acoustic impedance of human tissues ¢elerand Ritenour, 2002).

Material Acoustic Impedance
(Kg.m?2s?h

Fat 1.38
Blood 1.61
Kidney 1.62
Soft tissue 1.63
Liver 1.65
Muscle 1.70
Lens of eye 1.85
Skull bone 6.10

13



The significances of acoustic impedance are asvist!
a. Determining the acoustic transmission and reflectibthe interfaces of two
mediums with different acoustic impedances.
b. Evaluating the absorption of ultrasound pulse enrtraterial

c. Designing ultrasound transducer (Hendee and Rite2002).

2.1.4 Interactions of ultrasound pulse with matter

As an ultrasound pulse penetrates through a medikenhuman tissues, it
interacts in several ways. A number of these iotevas are essential to obtain high
resolution ultrasound image, and others are olojeable for ultrasound image and
cause artifacts. Therefore, the capability to ebtand interpret ultrasonic images

depends on accurate knowledge of the ultrasourse® paderactions.

2.1.4.1 Reflection of ultrasound pulse

As an ultrasound pulse reaches the tissue bounplartypf the pulse is reflected
back to the transducer, and another part penetila¢esrgan. The amount of reflection
depends on the difference of acoustic impedandkeofwo mediums, and it determines
the brightness of the structure. Ultrasound imadibased on the fact that, different
organs have different densities and acoustical dapees, and this difference causes

different reflections. The reflection is expresgedquation 2.10.

14



Zr— 17y
Zy+7Z4

Reflection (dB) =20 log (2.10)

where,Z; andZ, represent the acoustic impedances of the twoesssn each

side of the interface.

The reflection coefficient shows the relative amooh intensity of reflected

wave to the incident wave and is expressed by equatll.

(2.11)

The transmission coefficient shows the relative @amboof intensity of
transmitted wave across an interface to the intidesve and is given by

equation 2.12.

47,7,

= —(Z1 12,)? (2.12)

Since the amount of reflected wave plus the trattethivave must be equal the
total amount of incident wave, the transmissiorffoi@ent plus the reflection coefficient
is equal one.

T+R=1

High acoustic impedance mismatch at an interfamases much of the energy of
an ultrasound pulse be reflected, and only a sm@mabunt of ultrasound pulse be
transmitted across the interface. For exampleasdiind pulse are reflected strongly at

air—tissue and air—water interfaces because thesticampedance of air is much less

15



than that acoustic impedance of tissue or watefte&®n of ultrasound pulse, while it

passes through tissue boundaries, is shown iné-ydr.

Incident ) Reflected
Beam i Beam
Tissue 1
Tissue 2 -
;o
' Transmitted
Beam

Figure 2.4. Reflected ultrasound beam from interfaetween two tissueg; is
the angle of incidencd, is the angle of reflection anfl; is the angle of
transmission.

2.1.4.2 Refraction of ultrasound pulse

As an ultrasound pulse crosses tissue boundarniestalthe difference in the
velocity of ultrasound in different mediums, theportion of the ultrasound beam that
is transmitted through the tissues undergoes t&racThis physical phenomenon
causes some artifacts such as the double imadacartRefraction can also be used for
developing image quality by using acoustic lenseenflee and Ritenour, 2002;
Sprawls, 1993). Refraction of ultrasound pulse #hil passes through the tissue

boundaries is illustrated in Figure 2.5.
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Figure 2.5. The passing ultrasound wave at thefade between two matters
and produce refraction and bendifg.is the angle of incidence a#fdis the
angle of refraction.

Snell's law explains the relationship between tioédent angle, reflection angle
and the velocities of the wave while passes thsud¢isboundary and is given by

equation 2.13.
sin@; _ sin6,

= 2.13
v, VL, (2.13)

1

where,V; and V|, are the longitudinal wave velocities in materialand 2,

respectivelyf; is the angle of incidence afd is the angle of reflection.

2.1.4.3 Attenuation of ultrasound pulse

The term of attenuation refers to any mechanisrhrér@aoves energy from the
ultrasound pulse. As the ultrasound pulse pasgesigh tissues its energy decreases
leading to the formation of the ultrasound imagéteAuation can be as a result of

absorption, reflection and scattering of the utitasl pulse.
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The major factor that causes attenuation is the@sion of the sound energy to
the thermal energy. The significances of absorpdi@n
a. Absorption limits the penetration’s depth of thgnsil.
b. The absorbed energy must be controlled becausdidbees do not

undergo unsafe heating (Hendee and Ritenour, ZRf¥2wls, 1993).

Absorption depends on the density of tissue andrdgency of the ultrasound
beam. The greater the density and frequency caesgeg absorption. Figure 2.6 shows

a reduction in pulse amplitude as ultrasound tsatlglough various tissues in the human

body.
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Figure 2.6. The effect of absorption on ultrasopaotse amplitude in relation to
distance or depth in the body (Sprawls, 1993).

The value of attenuation changes directly with filegjuency of the ultrasound
pulse and the distance. The higher the frequendydistances, the more attenuation
gained. In general, a high frequency ultrasoundena\associated with high attenuation,
and it causes limitation for the penetration ofagbund pulse, whereas a low frequency

ultrasound wave is associated with low attenuadioth deep tissue penetration.
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Attenuation is evaluated in dBchof tissue and is represented by the attenuation

coefficient. Attenuation is expressed by equatid® 2
Attenuation loss (dB) = a f X (2.14)

whereaq is the attenuation coefficient (in dBénat 1 MHz),f is the ultrasound

frequency, in MHz and is the thickness of the material.

Most of the internal soft organs of the body hatteramiation coefficient values of
about 1dBcritMHz?, except for fat and muscle. In comparison to tbfé tissues in the
human’s body, bone has a relatively high attennatate. (Hendee and Ritenour, 2002;
Sprawls, 1993;). Ultrasound attenuation coefficiast a function of frequency for

various tissue samples is shown in Figure 2.7.
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Figure 2.7. Ultrasound attenuation coefficient atuaction of frequency for
various tissue samples (Wells, 1975).
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2.1.5 Acoustic properties measur ement

Application of ultrasound in medical science caugbe requirement of
measuring acoustic properties of substance ingdgltria frequencies (Zeqiet al., 2010).
The most common technique which is used to mea@recoustic properties of the
material is transmission substitution techniquesertion technique. This technique is a
comparison measurement method which employs watdhe reference to study the
transmission of ultrasonic waves at frequenciev@lioMHz through a solid, semi-solid

or liquid-like sample immersed in water (Suetyal., 2004).

2.1.5.1 Sound speed measur ement

The basic parameter to assess the ultrasound imdle velocity of ultrasound
wave in media. Velocity of sound is also called isospeed or sound speed

(Surryet al., 2004; Athanasiost al., 2010).

The sound speed is measured by transmitting a dutee a single crystal
ultrasound transducer, through a water bath, toeleived by another single crystal
transducer, which is aligned with the first oneohder to measure the sound speed, the
transit time of ultrasound pulse for distilled wasnd then with sample immersed in
distilled water is measured. By knowing the souradosity in water Cy) and the

thickness of the samplax), the sound speed can be calculated by usingieguatl5.

1 At

= (%) 1)
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where,Cy, represents sound speed in wafer, the thickness of sample andis
the measured time shift upon displacement of thiemwith the sample. It is assumed

that the sound speed in distilled water at roonpeature is 1482.3 nis

2.1.5.2 Attenuation measur ement

In order to measure the acoustic attenuation, theliude of ultrasound pulse
for distilled water and then with sample immersedistilled water is measured. The
attenuation can be calculated by using equatiof. Zlhe used attenuation coefficient

for water is 2.5 x 10 f2 (Parket al., 1996, Markhanet al., 1951).
ay = ay — —[InAs — In (Ay = 2In (1 = R)] (2.16)

where,ay, is the attenuation coefficient of wateky is the amplitude of the
received ultrasound pulse from distilled watég is the amplitude of the received
ultrasound pulse from the immersed sample in theenvAx is the thickness of the

sample andR is the acoustical reflection coefficient at theewsample interface.

2.1.6 Artifactsin ultrasound images

An artifact in an ultrasonic image is any struetwvhich does not exist in the
scanned structure. Generally, the ultrasound ingagitifacts are caused by resolution,
propagation pathway and attenuation of the ultraddoeams. In addition, lateral and

axial resolution limitations are artifacts that mag reasoned for missing the details of
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the image or in some cases two neighboring organsniaged as one. Apparent
resolution near the transducer (speckle) is nactly due to structure texture but may
be as a result of boundary effects from the distiitm of scatters in the organ (Kermkau

and Taylor, 1986; Huang al., 2007; Hulsmanst al., 1995)

2.1.6.1 Reverberation artifact in ultrasound images

When an echo reaches the transducer in an ingliegbtor reflected back from a
strong reflector like metal or air, it bounces b&ckhe body. As a result, the ultrasound
beam is reflected more than one time that leadbkeaoccurrence of the reverberation
artifact. This process causes the echo to returthédransducer after the time that is
assumed for the echo to travel and it causes rarpirgtation of the echo. The reflection
between transducer and body can occur many timésdaa to the attenuation, each
reflected beam is weaker than the previous one rigleaal., 2007; Hulsmanst al.,

1995; Kirberger and Mmedvet, 1995). Reverberatitifeat is shown in Figure 2.8.

usra.ca

Figure 2.8. Reverberation artifacts (white arrowaph be seen during needle
(yellow arrows) advancement in the infraclavicukegion (USRA, 2008).
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2.1.6.2 Mirror image artifact in ultrasound images

It is assumed ithe ultrasound imaging that sound waraevels ina straight line
but scattering violas this assumption and mirror artifact is the resdlthos conflict.
Mirror artifact is a kind of reverberation artifagthich occurs at highly reflectiv
air /fluid boundaries such as the diaphragm lurtgriace and descending aorta. -
first image is displayed in the exact place while the sg:qoature is observed on tl
other side of the reflector (Huaret al., 2007; Hulsmangt al., 1995; Kirberger an

Mmedvet, 1995)Mirror image artiact is illustrated in Figure 2.9

Figure 2.9 Longitudinal US image obtained at the level of the rigipdttic lobe
shows an echogenic lesion in the right hepatic l@oesors) and a duplicat
echogenic lesion (arrow) equidistant from the dragm overlying the expecte
location of lung parenchyma (Feldn et al., 2009).

2.1.6.3 Sidelobe artifactsin ultrasound images
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It is assumed in the ultrasound imaging that therdh width of the ultrasound
beam is extremely thin but diffraction violatesstlissumption and side lobe is the result
of this conflict. While the main ultrasound beamgsnerating from transducer, side
lobes and grating lobes are also producing ancetledses also have echoes which can
be seen in the image. Side lobes artifact resubi® these echoes which is produced
outside the main beam. This artifact can be geeérmom bowel gas adjacent to cystic
structures (Huangt al., 2007; Hulsmanst al., 1995; Kirberger and Mmedvet, 1995).

Side lobe artifact is shown in Figure 2.10.

& 008 E tpervem b

Figure 2.10. Side lobe artifact is seen overlyihg fetal head (arrows). The
artifactual nature of these echoes can be confirbyedoting that these echoes
are not confined to the head but extend beyond dsnfines
(Imaging consult, 2009).

2.1.6.4 Acoustic shadowing artifact in ultrasound images
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When ultrasound pulse crosses through the tissuadamies which have high
absorption or high reflection, the most part of thédse is attenuated. Thus the echo
resulting from these phenomena is weak and it rimasel to the transducer among the
attenuating structures. So echoes from deeper ®rges so weak and there is this
possibility of not beingletected. At the edge of gall bladder this kindadgffact may
occur by small gallstone or at the edge of cysfedal body (Huanget al., 2007,
Hulsmanset al., 1995; Kirberger and Mmedvet, 1995). Acousticdslva artifact is

illustrated in Figure 2.11.

bone shadow

usra.ca

Figure 2.11. An acoustic shadow artifact (hypoecheigion = bone shadow)
deep to a hyperechoic bone outline (arrows) isrédselt of beam attenuation
when the beam encounters bone with a high attemuatoefficient
(USRA, 2008).

2.2 Phantom
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