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ULTRASOUND PHYSICS AND KNOBOLOGY

Introduction :

Ultrasound (US) is vital to the practice of 084,

* Alwoys used as frst-iine investigation for decision making,

* Based on real-time interpretation

. Nerpre’catbnbasedonﬂ\eskil\so?&\epevsonper%rmhghem
Ha\cekish\poﬁant{ogohkheKmu!edgeandsKi\skﬂmuﬁhstw\dnrdshﬂ
down for the same.

USG physics 00:01:45

us& principle * .
Pr Wave
+——Wavelength ——

AL
\/ \

Distance —
. swr\duhichisbeﬂa\d&werarsewho&mearcmmsu}tmsm
. -Theptgsic:o?ussbasedonm&mdmv\go&m’imng@.
* The sound waves emitted returns as echoes after hitting an object :

Identifyjng the object.
Distance of object from the source.

| ——

Physics of sound :

* Sound & a mechanical energy,

* For transmission of sound. a. medium is required.

. msgaebkamm&edkanommm{o&eoﬁm&mebﬂkmk—
ting the sound. .

* Sound cannot travel through a. vocuum.

* Hence, gel is applied between the transducer and skin/mucosal surface.
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OBG GYN imaging

wavelens&\/egcle: :

» F\ssamd{mve!sﬂ'mushamedhm—’%ﬂiclesin{hemedhmdomtnwe
forward or baciuward —» They get squeezed (Compressed) and siretched
Rarifed).

. wmmﬂmwhghmwemdmg

. Enre#a&bneausas—»m&bwpreswreanddaﬁg.

'Thisdtemdhsmso?wshmdbwpr%surer%unsinamve.

. Theupmrdamisacompresslonmd&\edwmprdareawawmis

. rarefaction.

Wavelength definition :

* Start of the wave to the end of the wave.

. D‘etm{eebeiweenhmmr\secutwewessm«tubeommﬁwmre—

Mbr\sisaumeleng’chorcgde

uhVelerBﬂ'\

Frequency :

" Themmbero#ﬁmﬂ\ecgdeorunve!engkh'srepeo&edhlsecmdis
called frequency, : '

* The unit of frequency is herte ().

. Thesamdheardbgourearshasagrequencﬁh&\emnseo%aom&oao
Hiohertz (4H2).

* Sound of a higher frequency is called ultrasound (Designated in megahertz
(mwi2)-
. Frequencgl*nsabearinaonﬂwechrii}jo*ﬂxeusmase.

Types of frequency : .

. uhvelensthisms,hemeﬂ\erearemmmbero?cgd%hmesm
—*Hencehfah&ecpencﬂ.

» ubvelmgﬁﬂsnmre,meﬂwerearelesswmbero?cgd%honesecond
—'Heneelow?req.xencﬂ,
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Ultrasound physics and knobology - 3

WV -—
NN\

TI 0b fracpusncy
Frequency Vs resolution t
Resolution — Image clarity : Al details are clear ond distinct.
Hiah&'eq;.emg—*eeﬁa'mhﬁon—*mpene!rdm
w»%‘eq;encg-*tessr&sohﬁm—*ee&erpenemm
Helps in choosing the US transducer/probe os well s route of scan.

1. Resolution : a. Penetration *

* Thin patient * wigh M potient.

* Imogjng superficial structures. * Large uterus/pelvic mass.
* Near feld is good. * Image deep structures.
* Far field is dark * Far Reld i good

3, generol (Normal) :

* mid-range frequencies .

* OVten default setting,

* useful in normal gynecological scans.

working of utrasound :

Production of USG imoge

L Creathgandirmﬁ’dmgo.somdmve,mas o pulse.
aneeewr\ﬂandmugzk\s%\ereﬂectbr\s&hem\diee&\oe&
ho.{tpmluﬂmmwd:mi!\iorso?pds%iechoesaresen&ﬁrece’wedpersec.

Cren&’nso.somdunve:
. Thesomdunveisgochmed?mnﬂ\eus{rmsducer,alsohmmasmbe.
* The $ront face of the probe contains piezoelectric erystols.
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OBG GYN imaging

" when electric current passes — The crystols undergo some physical
changes — Produce sound waves —» Transmitted from the iransducer in
the form of pulses.

Formation of echoes :

* Pulses hit an object — They bounce back — Another set of waves formed
called echoes.

* Piezoelectric crystals — Receives echoes — Converts them into electrical
hpdses—*ﬁowssedbgﬂneso%meh&\eusmchine—»bisphﬂedas
anlﬁ'wmge.

. Qesolu{'iono\‘vﬂ'\eirngedepe'\dsm=

a. Distance the echoes travel. ;
b. Intensity of echo (Depends on the nature of the structure the pulse
has bounced of%).

Transducer :

* E&cponsb!e#orgenemﬁgi receiving US waves.

. Cmvedeleckricalener%momec}nnical(sw\d)enersg.

* Electric current hits piezoelectric erystals — Formation of pulse — Hit on
object, goes back as an echo.

. Wmmwbgm«wwwinrwhmmm
uhichwﬂ\caneh&\ewaﬂo?ob&ain’r\sasoodw

* A good picture starts with o. well cared $or transducer.

OBSGYN Residency Programme » v1.0 » Mdmow « 2023

4



Ultrasound physics and knobology - 5

S&na%in?omnhon&adhamsﬂcul\msumdmoget

Jre— - . " f
3

! f f Echons ar retumed |
into patient from ;  Ulinsound beam !
| “vemomce b ects'wih | —p | W00 raradico ;.____}
‘ 8sues ¢ i 3
S i g g | tecene’ ~
transmssion’ i ! I8 { i =
converted info small
l amplituda electrical '
g 2 o signalsinthe |
Muliple processes { i } transducer 1
ey | produce data for E E E&onlm:.u i | 255 ;
{ mm 1 “wh“ é it WN
| Grnsowdopsem | | dapiond |
Frame rate :
* Frame = image.

Frmnem&wmmber&ﬁnmﬁmeh\ageismmwdhasecmd.

Frame rate depends on the scan area. (depth and width)  scan line density,
Number of scan lines per frame : Line density,

more lines per frame —> More line density —> getter resolution

Production of sound waves :
fttenuation :
. nssamduw&spass&rwshamedbm—’wss&enersg-ﬂntensﬁgd\—

minishes — Loss of some echoes (Attenuation.
Ntemm&bncanatoresut%nthesourdmvesseﬂhssmﬂeredorabr
sorbed in the medium.

Rbsorption : when some puises are absorbed in a Hssue though which # passes,
&shm&gre&cesmdshuc’mr%begmd&appeardam

Scattering : Sound being reflected in directions other than its orisiml direction

o propagplion,
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OBG GYN imaging

eck N .

. Theabﬂkﬂo?asimdure&o?ormmuhenasw{\dmveorpmsehﬁsit

. P\Mhﬁasoﬂi&&ue*’somearereﬂecte@bam(wn%),sompass
hu;sh&\es{rudwe—*ﬂeﬂec&edbadsbut&\ereisabss&mwor
'nr\'ersi{-&

. D%mhmgw&em%m&\erespeckweareasmked

var‘nhonhechosenicig:

. wnsenmﬂem%mﬂ\eso%ﬁsmwmbesood@deqme),md
hencedispoﬂedwen. .
H}foe&nicﬂheedwrehmhs%n&es{mctwebegorduﬁl\bebssas
H’\erearel%spdsareamrg&n&resm

Hyperechoic : when pulses hit a. dense tissue (@one) all pulses are either re-
Sected or scattered — merehmi\sm-*oﬁplagedosvegbﬁshh
Acoustic(sour\d)shadmxsmense&‘swe—*nbpubessohgbegmdit—'m
re&uminse&woes?rom&\o&areabeaond—*ﬂppearsdam
ﬂnecmmwwenpdsesht&id—*mses&eeg—’mre{umkxsem
from that area. — Appears black on use,
Pos&erbrenhamemznhﬂwewlsessofo&\eareabegondﬁe&nd
Gmsﬂgsoﬂﬁssue)-*ﬁaﬂao?edwoesrem&mthisresbn—*ﬂppears
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Ultrasound physics and knobology

us§ terminologies :

* fAnechoic ! No echoes, structure appears black

g ngoedwoiumse&\o%,nppearwsvwgmsmmso?damya&

. ngeredwomw\so?ecm%,oppearsuwgmswes&ﬁgﬂsm&

Seanning/sweeping : Way of directing pulses through the tissues is termed.
Noise (Speckles) : Scattered pulses interfering with the retuming echoes.

Resolution :
&o0d resolution implies :
* Structures seen cleon&
* fble to differentiote features within a structure.

Types :
I Temporal : Important for moving structure over time, os in tetol scans.
a. Contrast : Distinguishing between different shades 6¥ graij W 4 inage
&Spo&inhoisthsuishhgbehueendjﬁerem%ahu%inanumsa

o s t: rf: | Clearly see structures along the axis of
oo olilicuey the US beam I.e one above other
I U TCEady see structures perpendicular to
, o ~ g e the US beam e side by side
~ S et
Goud Pocs sl
Contrast resoludi Spakial resolution

OBSGYN Residency Programme » vi.0 - Marrow - 2023

7



.....

OBG GYN imaging

Modes of USG it 00:33:30

uS&h’?onno&iontbepmcessedanddisplagedinsmdmﬁs.
In routine use are :

L n»odemlms‘na:ao.

a.motion Mode (M-mode).

3. Three dimensional imaging : 30.

4. Doppler Imagjng

ad mode US imaging :

® Image is displayed in two dimensions(Height and widthy.

* 3D is also referred to as 8-mode (& for brightness).

* USimage is made of bright speeks, but specks aren't uniform in brightness.
(Resulting in shades of grey, black and ushite in the image).

* The specks are the echoes which return to the transducer and are then
processed fo create an image.

: T\'\eaDh\o.seisM\adjsgagedhshad%o?sre&

’ T‘nereiso.nopﬁmo?d‘sphﬁirgabimosehcolon

SDMOdeUSlmnsins:

* The image is displayed in 3 dimensions (uidth, height and depth.

. Thedmkaprocessedb&jﬁ\eremrnhsed\oesish{he%rmo?avdm

* 3D images may be obtained by a. separate probe for transabdominal scans.
For{mnsvaa'mlsconsasigeprobel—\os’d-\eopﬁon&obmmkgaaoonda
3D‘ma5e

m-mode :

= Thsn‘odedisplaasnwemen’c&sﬁumes.

. &Suswngused{odisphﬂ&\ewdhcacﬁvﬂgheaﬁapreammgm
ashewseo#dopplwisnotreeomndedaﬂhisstase.

Sofe!go?w&ﬁ:

LtS?usmexcei\entsa#et&pro%leassomeﬂwemn}mdmecMnicaleﬂecism
’dswesarealmostneahs‘\ble.
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Ultrasound physics and knobology 9

USG machine ' 00:38:10

Parts of USE machine :
\ D\splagmondor
a.Central processing unit (CPU.
3. US transducer or probe.
4. Console/control Panel

Disp\aamon'rbor:

* Screen which shows the US image.

* working menu present below or on the sides.

* Direct light facing or just above display monitor
will cause poor Visual perception of image and
proper contrast will be ditficult to interpret.

Central processing unit (CPW) :

o mwwmmmmmm%msedwa&

% &prwweiectﬁcmdseskoﬂneprobemdrecewesﬂxesmne%pro—
cessing of echoes.

* The CPU can also store the processed data and/or image.

Transducers :
* Responsible for generating § receiving US waves
* Fragile § expensive

* Need %o be cleaned after every scon.

N Dono&oppbjgeldi(ectgonhe'«msducer.

Clean ofter use.
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