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ULTRASOUND PHYSICS AND KNOBOLOGY
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Introduction :

Witrasound (US) is vital 40 the practice of 06,

* Always used as first-iine investigation for decision making,

* @ased on real-time interpretation

* Interpretation based on the skills of the person performing the scan.
Hencei’cismpoﬁmﬂosmn’chehmuﬂedgemdskﬂlsh—linewithstardnrdslaid

down for the same,
USG physies 00:01:45
US& principle
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Distance =———»
* Sound which is beyond the range what an ear can hear is ultrasound,
* The physics of uS is based on SONR (Sound nawigation § ranging).
* The sound waves emitted retums as echoes afiter hitting on object :
identifying the object
Distance of object from the source.

Physics of sound :

¢ sauwdisau\edaqnicalenerw

* For fransmission of sound, a. medium is required,

* Energy gets fransmitted from one molecule to the other, thereby transmit-
) ting the sound,
: Somdcamo‘rtrwe\mroughavmm
* Hence, gel is applied between the transducer and sikin/mucosal surface.



wave\ensﬂa/cgcle :

. nssmmd{rwels{hroughamedhm—’mmesin{hewediwndon&m
forward or backward —> They get squeezed (Compressed) ond stretched
Rarified).

* Compression causes — firea. of high pressure and density,

* Rarefaction couses —> Area of low pressure and density,

Thisaltemahrgareaso?hishondlowpressureresmwmmva

* The upward areo. is o. compression and the downward oreo.of a. wove is
rarefaction.

wovelength definition ¢
* Start of the wave 1o the end of the wave.

* Oistance between two consecutive compressions of two consecutive rare-
factions is o wavelength or cycle

unvelens'ch

Frequency :

* The number of times the cucle or wavelength is repeated in i second is
colled r

The unit of frequency is herte (42).
ThesomdheardbgourearsMsa%equencShﬂwem\Seo?aonztoao
wicherte (k).

Sound of a. higher frequency is colled uftrasound (Desigrated in Mmegahertz
(vwi)).

* Frequency has o. bearing on the clarity of the US image.

Types of frequency :
e woxelengthisless,hencetherearemremmbero%gd%hmeseeond
—* Hence high frequency,
. wmleter\gkhisme,hemeﬂwerearelessmmbefohgd%honesecond
—> Henee low frequency,
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Types of frequency,
Frequency vs resolution :
Resolution = Image clarity : All details are clear and distinet.
High frequency — Better resolution — Less penetradion.
Low frequency — Less resolution —> @etter penetraion.
Helps in choosing the US transducer/probe as well as route of scan.

0
o/\/\/.\'
0
Frequency vs resolution.
Choice of frequency:
l. Resolution a. Penetration :
* Thin patient. * High emi patient.
* Imagjng superficial structures. * Large uterus/pelvic mass.
. Mear%eld&good * Image deep structures.
* For feld is dork * For field is good
3. General (Normal)

* mid-ronge frequencies .
* OPten defoult setting,
* useful in normal gynecological scars.

Working of ultrasound :
Produetion of us§ image :

. Creafing and transmitting a. sound wowe, KNown as a. pulse.

8. Receiving and analyzing the reflections of the sound ie echoes.
In e, tupical ultrasound : millions of pulses § echoes are sent § received per sec.

Creading o. sound wave :
* The sound wave is produced $rom the US transducer, also Known as probe.
* The ¥ront face of the probe contains piezoelectric erystals,



* When electric current passes —» The erystals undergo some physieal
chonges — Produce sound waves - Transmitted from the tronsducer in
the form of pulses.

Formation of echoes

. Puls%hikmolgjec&—*megbomebach*mo&herseto?mves%rmed
called echoes.

* Piezoelectric crystals — Receives echoes — Converts them into electricol
impulses —> Processed by the software in the uS machine — Displayed as
anu&'mase.

* Resolution of the imoge depends on':

o. Distance the echoes travel.
b. intensity of echo (Depends on the nature of the structure the pulse
has bounced o%9).

Transducer :

* Responsible for generoting § receiving US waves.

* Convert electrical energy into mechanical (sound) energy,

* glectric current hits piezoelectric erystals —> Formadion of pulse —> Hit an

object, goes back as an echo.

* Damoage to these erystals by improper handiing will result in dropout areas
winich will come in the way of obtaining o good image.
A good picture starts with a. well cared $or tronsducer.

Damage to the crgskals leading to
dropout areas.

cason
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™ Stages in formation of adiaanosﬁc ultrasound image !
D Ulunstund puliet . Echoss ars réturned
el e WRERD
—_ > N tissuee rabene’
Echots a8
ampiude electrical
$ignals in the
tranecucsr
e produce data for me;‘n?ummm
image formation ication 0 . l
dholyedon  *T angsiorageinthe ¥ monipulated and
witrasound system displayed
memary
Frame rofe :
[ ) Frame:image

* Frame rate : Number of times the image is produced in a. second.

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

* More lines per frame —> More line density —> Better resolution

Echa

Production of sound waves :

Attenuation ¢

* As sound waves pass through a. medium —> Loss of energy —> Intensity di-
minishes — Loss of some echoes (Attenuation).

B M&emaﬁoncanalsoresult?rom{hesow\dmvesgeﬂhgscaﬁeredorab-
sorbed in the medium.

QbsorpﬁmW)hensmaepulsesweabsorbedinaﬁswe{houshwhich%passes,
ts intensity reduces and structures beyond it appear dark,

Seoftering : Sound being reflected in directions other than its original direction
oF propagoion.



echoaenicﬂg :
* The ability of a structure o form echoes when o. sound wave or puise his it.
* Pulses hit o soPt issue — some are reflected back (echoes), some poss
through the structure — Reflected back but there is a.loss of energy o
* Ditflerence hh’censﬂgo\‘vkheechoes%m’rherespec’cwe areas noted,

Vo\rio.ﬁonhechogen‘\citg:

’ EcMyniuTheedwoes?romthesoﬂﬁssuewi\\begood(ﬂdeqw&),md
hencedisp‘oﬂedwel\.

. ngoecmicWheechoesretuminS?rom&heshuctwebegondwi\\bemsas
there are less pulses reaching thot region.

¢ Hyperechoic : When pulses hit o dense tissue (Bone) oll pulses are eitner re-
flected or seottered —> more returning echoes — Displayed as very bright.

* fcoustic (sound) shadows : Dense tissue — No pulses going beyond i — No
retumning echoes from that area. beyond — Appears dark.

* Anechoic : When pulses hit Suid — Passes freely —> No returning echoes
$rom thok area. — Appears black on USE,

* Posterior enhancement : Al the pulses go to the area. beyond the fuid
(rostly soft tissue) — Plenty of echoes return from this region —> Appears

o
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us§ terminologles :
* Anechoic : No ethoes, structure appears black,
* Hypoechoic ¢ Less echoes, appears as varying shades ot dark gray,
* Hyperechoic ! Lots of echoes, appears as varying shades of light groy,
* isoechoic : &c\'\ogenicilg similor %o nelshboumg structures,

b8l [soechoic

_ Hypoechoi

il

Anechoic {82

Hyperechoic  Bas-

Note :

Liver has normal echosenicﬂg, hence used for comporing,
Sc&mir\g/sueeping * Way of directing pulses hrough the tissues is termed,
Noise (Specidies) : Seattered pulses interfering with the returning echoes.

Resolution :
&00d resolution implies :
* Structures seen clearig.
* fble o differentiate feotures within a structure,

Types :
. Temporal : Important $or moving structure over time, as in fetal scans.
a. Controst Distinguishing between different shades of gray in an image.
% Spatial : Distinguishing between ditferent features in an image

| Ciparly se structyres along the axis of
==  [theUSbeamieonesbovecther
Clearly see structures p&pm&lcuiofto"J

=l B3 the US beam ¢ side by side

Contrast resolution



Modes of USG 00:33:30

us& informodion may be processed and displawed in several wos.
In routine use are :

. Two dimensionol \mcxs\ns : ab.

a.motion Mode (M-mode).

3. Three dimensionol imaging * 30,

4. Doppler Imaging,

* Image is displayed in two dimensions(Height and width.

* apis also referred o as &-mode (& for brightness).

* US image is made of bright specks, but specks aren't uniform in brightness.
Resulting in shades of grey, black and white in the image).

* The specks are the echoes which retum to the transducer and are then
processed to creote an image.

. ﬂweaoimogeiSusml\gdisplaﬂedhshadesﬁgreﬂ.

. There'sanopﬁono&‘-d‘sp\wjingaoimaaehw!or.

3D Mode US Imaging :

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

* The dota. processed by the retuming echoes is in the Sorm of a. volume.

* 3D images moy be obtained by a. separate probe for transabdominal scans.
For transvagjinal scans a single probe has the option of obtaining a 3b and a
30 imoge

m-mode :
* This mode displays movement of structures.
* His usually used to disploy the cardiae activity in early pregnancy scans,
as the use of doppler is not recommended ok this stoge.

Sofety of sk
us hos an excellent soﬁe*g profiie as some thermal and mechanical etects on
tissues ore almost neg\'gibie.
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ALARA (s Low As Reasonably Achievable) !
Mﬂ
o

M mode

USG machine 00:38:10

Parts of usE machine :
L Dsplaﬁ monitor.
a.Central processing unit (CPU).
2. US tronsducer or probe.
4, Console/contro! Panel

ois;:lagmonitor:

* Sereen 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 difSicult to interpret.

Central processing unit (CPW) :

* The CPU processes the echoes which leads to US image display,

* W provides electric impulses 4o the probe and receives the same $or pro-
cessing of echoes.

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

Transducers :
* Regponsible ?orgenem&hgﬁ receiving US waves
* Frogie § expensive

8 Meedhobedeaneda?tereverg seon,

* Dono’capplggeldirecﬂgon{hetrmsdmer.

tlean ofter use.
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Ports ¢
* Foot print of the probe
* Probe marker/orientation notch
* Peizoelectric cr}jstals

Convex probe Endocavitary probe
(Transabdominal) (Transavaginal)
I r

2 N |

Transduces

Connector device

Connecting cable

Footprint ot the probe :
* Outermost portion of the probe head that is in contact with the patient.
* whichever structure is in contact with the probe is displayed just below

the Sootprint,

Footprirt of the probe
Probe marker/orientation noteh/position marker :
* This is a well defined area. on the side of the probe head, 1t is present as
aridgeoramtch
* The probe marker aids in he correct orientation of the probe with rela-
Yion 4o the anodomical plane on the screen.

Connecting cable :

The cable connects the transducer 10 the connector device.




Types of tranducers :
Transcutaneous (Used on the skin) :

* Lineor.

* Convex/curvilinear/curved arroy,

endocantty (nside a. co.\mg) :
. Trmsmsiml.
* Transrectal.

* Oesophageol

Convex 35 - S MHz Fetal § &ynae

3

Lineor b-BMHz | rimester scan

“Tronsvaginal ~ S-lamHz I 4rim § &yn

Difference in:
* Shape § size.

¢ Frequency,
* Field of view (FOV).

Field OF View (FOV) :

in linear probe :
* Scan lines are paraliel.
* uniform width between scan lines from near 1o far feld,
* useful in low emi potients.
* useful for imaging superficial structures (Uterus),

In convex probe :

* Sconlines are closer in the near field,

* The width between the scan lines increase towards the far feld,

* Convex probe has o. wider scanning fleld as compared to the transvaginal
probe.

11



Consote/control panel :
I. ¥nobs.
a. Flip switches.
3, Buttons,
4, Trackball,

Trackball :
* A¥A Scon mouse.
* moves cursor (arrow).
* Moves measuring points.
* moves text,
Cine loop : useful for retrieving optimal frames ofter the
image has been $rozen by pressing the freeze button.

abd wnob:
* Inttiate 2D scon.
* nd}stgajn&&heusimge.

Goin ¢

. Adjusksoveral\brgﬁnesso‘?ﬂwehuse.

. ncgpstsin’censitg/wnpl'rtudeo‘?’d'\eremrnm echoes.
i (:ompensotes?oraﬂenuaﬁon.

method

* Setin preset.

* Customise : Rotate the gain Knob.

’ clocH»ise’coincreasesain.

* fAnti clockwise 1o decrease gain.
oPtmsaimamnatwhichthebestcon&msHs
obtoined between tissues.

Real time/post processing (after freeze).

Personalized butions :
* These can be used for :
* Storing a0 images.
* Shoring 3D volumes.
Storing o. short clip a8 in real-time scan.
* For printing images/report via. o thermal printer.




Freeze ! —
* Once an optimal image is obtained press the Freeze ( (@
button.
* Reol time scomning is paused.
* The image is reviewed for taking measurements, study of morphology, and
annotote the findings.
* Orce the above is done, press the freeze button again. Real-time scanning

maﬂber&sumed.

it

Focus @

* Indicates depth ok which there is highest resolution.Focus affects lakeral
resoution ie ability 1o ditterentiote objects lying side by side in the image.

" TghtensupiheUSbewn#ora.speei%cimogezone.

* Focal 20ne should be of or just lower than the region of interest (ROD.

* knob moved up/down.

* Recommended not to have FOCUS ot level of gestational sac in early preg-

rmcgscan.

* Single sereen : One plane, one image.
. Morsp!ftscreenﬂwopbneso?sameinngeoﬁocomporemm%es
* 4 quadrant sereen : Four images. Useful in Folliculor study,

Co ‘c( |Nm H
Ditferent caleulations can be done by pressing the specific options.

Focus button § v‘;aﬁon Caleulagions button { its options

13



* HWnob: Qo’co&org Knob.
* Types: High definition or pan 200m.
* used for more detailed definition oF structures without loss in resolution.

* Frame rofe increases and therefore, resolution increases.
* HD: Choose RO, press Knob, adjust 200m box to envelope RO
* Pon : Tum clockwise to increase magnification of entire field,
Advantages :
* 2asy positioning ot calipers.
* Better definition of morphology,
* Real fime/post processing (ofter Sreeze)

Archive/Store :
* Search through the information stored in the system.
* Double-clicking o. stored image in the thumbnaill area ot the
bottom of the screen retrieves the image { displays it.
* Inthe retrieved exom screen, you can perform measurements or enter
text, bodymarkers or indicators.

14



Angle sector/width : 15

* Changed by using the knob.

* Determines how mony degrees through which an ultrasound bearm is swept.
* Narrow angle increases frame-rate > Improves quality of image.

* Adjusted according to the field required.

Change in angle sector
Patient doto. :

* Canbe useful in follow up.

* To review past history § findings.

* Best to use number for identification.

museorienkaﬁon:
Re%rse%ﬁanmhei’rle@torright
lnverse2=mnm<ei{'upm'doum

lmage orientotion

Time gain compensation (TeC) :
* S-lo slide controls grouped together.
* Adjust goin in specific areas of image.
* Upper sliders : Nearfield
* middle sliders : midfield,
* Lower sliders : Forfield,

used for . ‘?
* Selective amplification of ueaker signal returning from| | i {* .

v
A N

’}ar%eldmore*chansgmls returning from neor field, “
* Creafes uniformity of brightness of echoes. 2
method o
* Push slider controls o right or left. Time gain compensation

* Towoards right * Increases brightness,
* Towoards lett : Decreoses brightness.



Slider pos‘rl-ions.

Depth
¥inob : 8y Qipsuwiteh.
used for :
* Distance over which & mode onodomy is displayed.
* Allows us to image entire fleld/RO.
method :
¢ Start of scan : Maximal depth’cose’mnoveMewo‘%
structures.
* Once target structure i locolized, decrease depth to
display full sereen of that image § minimize display of
wrelevant deeper structures.

Tint maps :
¢ Conventional B-mode image displays aSb levels of gray and the sensitivity
o?—'t\'\eegeisliwi’(ed’cobe’cweenﬁﬁllalevelso?‘gmﬁ.
* The eye con perceive 30,000 times more colors than
shades of gray,
Advanatges of color maps :
* enhonces visual perception of the ditterence be-
‘ween normaol § abnormal tissues.
* Increases obility of the human eye to distinguish subtle differences in tis-
sue echogenicity, compared to gray scale map.
* Lesseye S}a&g;.e using color map compared 1o gray-scale imaging.
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