ULTRASOUND TECH PHYSICS

UNDERSTANDING THE ULTRASOUND TECH PHYsICS: A Deep
DivE INTO SoNIC IMAGING

ULTRASOUND TECH PHYSICS IS A FASCINATING FIELD THAT BRIDGES THE GAP BETWEEN FUNDAMENTAL SCIENTIFIC PRINCIPLES AND
CUTTING-EDGE MEDICAL TECHNOLOGY. |T’S THE UNSEEN FORCE BEHIND THE INCREDIBLY DETAILED IMAGES THAT ALLOW DOCTORS
TO PEER INSIDE THE HUMAN BODY, DIAGNOSE CONDITIONS, AND GUIDE TREATMENTS WITHOUT INVASIVE PROCEDURES. ATITS
CORE, ULTRASOUND IMAGING RELIES ON THE MANIPULATION AND INTERPRETATION OF SOUND WAVES, A CONCEPT ROOTED IN
CLASSICAL PHYSICS BUT APPLIED WITH REMARKABLE SOPHISTICATION IN MODERN HEALTHCARE. THIS ARTICLE WILL EMBARK ON A
COMPREHENSIVE EXPLORATION OF THE PHYSICS GOVERNING ULTRASOUND TECHNOLOGY, FROM THE GENERATION OF SOUND
WAVES TO THEIR INTERACTION WITH TISSUES AND THE SUBSEQUENT RECONSTRUCTION OF DIAGNOSTIC IMAGES. WE WILL DELVE
INTO THE PROPERTIES OF SOUND, WAVE PROPAGATION, ACOUSTIC IMPEDANCE, ATTENUATION, AND THE VARIOUS IMAGING
MODES THAT MAKE ULTRASOUND SUCH AN INDISPENSABLE DIAGNOSTIC TOOL.
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THe FUNDAMENTAL PRINCIPLES OF SOUND W/ AVES IN ULTRASOUND

AT ITS HEART, ULTRASOUND TECHNOLOGY IS ALL ABOUT SOUND WAVES. BUT WHAT EXACTLY ARE SOUND WAVES? THEY ARE
MECHANICAL VIBRATIONS THAT TRAVEL THROUGH A MEDIUM, SUCH AS AIR, WATER, OR HUMAN TISSUE, BY CAUSING PARTICLES
WITHIN THAT MEDIUM TO OSCILLATE BACK AND FORTH. UNLIKE ELECTROMAGNETIC WAVES, WHICH CAN TRAVEL THROUGH A
VACUUM, SOUND WAVES REQUIRE A MEDIUM TO PROPAGATE. THE SPEED AT WHICH SOUND TRAVELS THROUGH A MEDIUM IS
DETERMINED BY THE MEDIUM'S ELASTICITY AND DENSITY. IN THE CONTEXT OF MEDICAL ULTRASOUND, THE TYPICAL FREQUENCIES
USED RANGE FROM 1 TO 20 MeGAHERTZ (MHz), FAR BEYOND THE RANGE OF HUMAN HEARING, HENCE THE TERM “ULTRA" SOUND.

THESE HIGH-FREQUENCY SOUND WAVES ARE GENERATED BY A TRANSDUCER, WHICH ACTS AS BOTH A TRANSMITTER AND A
RECEIVER. THE PHYSICS OF SOUND WAVE GENERATION INVOLVES PIEZOELECTRIC CRYSTALS. W/HEN AN ELECTRIC VOLTAGE IS
APPLIED TO THESE CRYSTALS, THEY DEFORM, PRODUCING MECHANICAL VIBRATIONS THAT ARE EMITTED AS SOUND WAVES.
CONVEESELY/ WHEN RETURNING SOUND WAVES STRIKE THESE SAME CRYSTALS, THEY DEFORM IN RESPONSE, GENERATING AN
ELECTRICAL SIGNAL THAT THE ULTRASOUND MACHINE CAN PROCESS. THIS REMARKABLE RECIPROCAL RELATIONSHIP IS THE
CORNERSTONE OF ULTRASOUND IMAGING. THE EMITTED SOUND WAVES TRAVEL INTO THE BODY, AND WHEN THEY ENCOUNTER
DIFFERENT TISSUES, THEY ARE REFLECTED, REFRACTED, OR SCATTERED BACK TO THE TRANSDUCER.



THE CHARACTERISTICS OF THESE SOUND WAVES, SUCH AS THEIR FREQUENCY, WAVELENGTH, AND AMPLITUDE, ARE CRUCIAL TO
UNDERSTANDING ULTRASOUND. FREQUENCY REFERS TO THE NUMBER OF WAVE CYCLES PER SECOND, MEASURED IN HerTZ (HZ)
HIGHER FREQUENCIES OFFER BETTER IMAGE RESOLUTION BUT HAVE A SHALLOWER PENETRATION DEPTH INTO TISSUES.
WAVELENGTH, ON THE OTHER HAND, IS THE SPATIAL DISTANCE BETWEEN TWO CONSECUTIVE CRESTS OR TROUGHS OF A WAVE.
THERE'S AN INVERSE RELATIONSHIP BETWEEN FREQUENCY AND WAVELENGTH: HIGHER FREQUENCIES MEAN SHORTER WAVELENGTHS,
ALLOWING FOR THE VISUALIZATION OF SMALLER STRUCTURES. AMPLITUDE RELATES TO THE INTENSITY OR LOUDNESS OF THE
SOUND WAVE, AND IN ULTRASOUND, IT'S DIRECTLY RELATED TO THE STRENGTH OF THE RETURNING ECHO AND, CONSEQUENTLY,
THE BRIGHTNESS OF THE IMAGE ON THE DISPLAY.

How ULTRASOUND TRANSDUCERS GENERATE AND RECEIVE SOUND

THE ULTRASOUND TRANSDUCER IS THE CRITICAL INTERFACE BETWEEN THE ULTRASOUND MACHINE AND THE PATIENT. IT'S
ESSENTIALLY A SOPHISTICATED TRANSDUCER THAT HARNESSES THE PIEZOELECTRIC EFFECT TO CREATE AND DETECT SOUND
WAVES. PIEZOELECTRIC MATERIALS, WHEN SUBJECTED TO MECHANICAL STRESS, GENERATE AN ELECTRIC CHARGE, AND
CONVERSELY, WHEN AN ELECTRIC FIELD IS APPLIED, THEY DEFORM. IN AN ULTRASOUND TRANSDUCER, AN ARRAY OF TINY
PIEZOELECTRIC CRYSTALS, OFTEN MADE FROM CERAMICS LIKE LEAD ZIRCONATE TITANATE (PZT), ARE ARRANGED IN A SPECIFIC
PATTERN. THESE CRYSTALS ARE THE WORKHORSES OF THE SYSTEM.

\W/HEN THE ULTRASOUND MACHINE SENDS AN ELECTRICAL PULSE TO THE TRANSDUCER, THESE PIEZOELECTRIC CRYSTALS VIBRATE
RAPIDLY, EMITTING SHORT BURSTS OF HIGH-FREQUENCY SOUND WAVES INTO THE BODY. THESE BURSTS ARE CALLED PULSES.
THE MACHINE THEN “LISTENS” FOR THE RETURNING ECHOES. \W/HEN THE SOUND WAVES REFLECT OFF INTERNAL STRUCTURES AND
RETURN TO THE TRANSDUCER, THEY STRIKE THE PIEZOELECTRIC CRYSTALS. THIS MECHANICAL IMPACT CAUSES THE CRYSTALS TO
VIBRATE AND GENERATE A WEAK ELECTRICAL SIGNAL. THIS RECEIVED ELECTRICAL SIGNAL IS THEN AMPLIFIED AND PROCESSED BY
THE ULTRASOUND MACHINE TO FORM AN IMAGE.

THE DESIGN OF THE TRANSDUCER PLAYS A SIGNIFICANT ROLE IN THE QUALITY OF THE ULTRASOUND IMAGE. DIFFERENT
TRANSDUCERS ARE OPTIMIZED FOR DIFFERENT APPLICATIONS. FOR INSTANCE, A LINEAR TRANSDUCER HAS ITS CRYSTALS
ARRANGED IN A STRAIGHT LINE AND IS IDEAL FOR IMAGING SUPERFICIAL STRUCTURES LIKE MUSCLES AND TENDONS, PROVIDING A
RECTANGULAR FIELD OF VIEW. A CURVILINEAR TRANSDUCER, WITH ITS CURVED SURFACE, PROVIDES A WIDER, SECTOR-SHAPED
FIELD OF VIEW, MAKING IT SUITABLE FOR ABDOMINAL AND OBSTETRIC IMAGING WHERE A BROADER PERSPECTIVE IS NEEDED. THE
FREQUENCY OF THE TRANSDUCER IS ALSO A KEY FACTOR. LOWER FREQUENCY TRANSDUCERS (E.G., 2-5 MHZ) PENETRATE DEEPER
INTO TISSUES BUT OFFER LOWER RESOLUTION, WHILE HIGHER FREQUENCY TRANSDUCERS (E.G.I 5-12 MHZ) PROVIDE EXCELLENT
RESOLUTION FOR SUPERFICIAL STRUCTURES BUT HAVE LIMITED PENETRATION.

ACOUSTIC PROPERTIES OF TISSUES AND THEIR IMPACT ON IMAGING

THE ABILITY TO CREATE A CLEAR AND INFORMATIVE ULTRASOUND IMAGE HINGES ON HOW SOUND WAVES INTERACT WITH THE
VARIOUS TISSUES WITHIN THE BODY. EVERY TISSUE TYPE POSSESSES UNIQUE ACOUSTIC PROPERTIES THAT INFLUENCE THE
REFLECTION, TRANSMISSION, AND ABSORPTION OF ULTRASOUND ENERGY. THE MOST SIGNIFICANT OF THESE PROPERTIES IS
ACOUSTIC IMPEDANCE. ACOUSTIC IMPEDANCE IS A MEASURE OF A MATERIAL’S RESISTANCE TO THE PASSAGE OF SOUND WAVES.
IT IS CALCULATED AS THE PRODUCT OF THE MATERIAL'S DENSITY AND THE SPEED OF SOUND WITHIN IT. DIFFERENT TISSUES HAVE
VASTLY DIFFERENT ACOUSTIC IMPEDANCES.

W/HEN AN ULTRASOUND WAVE ENCOUNTERS A BOUNDARY BETWEEN TWO TISSUES WITH DIFFERENT ACOUSTIC IMPEDANCES,
SOME OF THE SOUND ENERGY WILL BE REFLECTED BACK TOWARDS THE TRANSDUCER, AND SOME WILL BE TRANSMITTED FORW ARD
INTO THE DEEPER TISSUE. THE GREATER THE DIFFERENCE IN ACOUSTIC IMPEDANCE BETWEEN TWO TISSUES, THE STRONGER THE
REFLECTION WILL BE. THIS PRINCIPLE IS FUNDAMENTAL TO HOW ULTRASOUND IMAGES ARE FORMED. FOR EXAMPLE, THE
BOUNDARY BETWEEN SOFT TISSUE AND BONE HAS A VERY LARGE DIFFERENCE IN ACOUSTIC IMPEDANCE, RESULTING IN A STRONG
REFLECTION THAT APPEARS AS A BRIGHT WHITE LINE ON THE ULTRASOUND IMAGE. SIMILARLY/ THE INTERFACE BETWEEN SOFT
TISSUE AND FLUID, LIKE THE BOUNDARY BETWEEN BLOOD AND A BLOOD CLOT, ALSO PRODUCES REFLECTIONS, THOUGH
TYPICALLY WEAKER THAN BONE.



(UNDERST ANDING THESE DIFFERENCES IN ACOUSTIC IMPEDANCE ALLOWS SONOGRAPHERS TO DIFFERENTIATE BETWEEN VARIOUS
ANATOMICAL STRUCTURES AND PATHOLOGICAL CONDITIONS. FLUID-FILLED CYSTS, FOR INSTANCE, OFTEN APPEAR ANECHOIC
(BLACK) ON AN ULTRASOUND IMAGE BECAUSE THE ACOUSTIC IMPEDANCE OF FLUID IS VERY SIMILAR TO THAT OF SOFT TISSUE,
LEADING TO MINIMAL REFLECTION. IN CONTRAST, A SOLID MASS, LIKE A TUMOR, WILL LIKELY HAVE ACOUSTIC PROPERTIES THAT
DIFFER FROM THE SURROUNDING TISSUE, GENERATING ECHOES AND APPEARING WITH VARYING DEGREES OF BRIGHTNESS. THE SKILL
OF THE SONOGRAPHER LIES IN INTERPRETING THESE ECHO PATTERNS TO MAKE ACCURATE DIAGNOSES.

INTERACTION OF ULTRASOUND W/ AVES WITH BIOLOGICAL STRUCTURES

THE JOURNEY OF AN ULTRASOUND PULSE THROUGH THE BODY IS A DYNAMIC PROCESS OF INTERACTION WITH COUNTLESS
MICROSCOPIC AND MACROSCOPIC STRUCTURES. AS THE SOUND WAVE TRAVELS, IT ENCOUNTERS INTERFACES BETWEEN
DIFFERENT TISSUES, LEADING TO SEVERAL PHENOMENA THAT ARE CRUCIAL FOR IMAGING. THE PRIMARY INTERACTIONS ARE
REFLECTION, REFRACTION, SCATTERING, AND ABSORPTION.

REFLECTION OCCURS AT SMOOTH BOUNDARIES BETWEEN TISSUES WITH SIGNIFICANTLY DIFFERENT ACOUSTIC IMPEDANCES, AS
DISCUSSED EARLIER. THIS IS THE PRIMARY MECHANISM BY WHICH THE ULTRASOUND MACHINE “SEES” STRUCTURES. EEFRACTION,
ON THE OTHER HAND, HAPPENS WHEN AN ULTRASOUND WAVE PASSES FROM ONE MEDIUM TO ANOTHER AT AN ANGLE, CAUSING
ITS PATH TO BEND. THIS BENDING IS DUE TO CHANGES IN THE SPEED OF SOUND IN THE DIFFERENT MEDIA. W/HILE REFRACTION CAN
SOMETIMES DISTORT THE IMAGE AND MAKE IT APPEAR DEEPER OR SHALLOWER THAN IT IS, IT'S A PREDICTABLE PHYSICAL
PHENOMENON THAT CAN BE ACCOUNTED FOR BY THE ULTRASOUND SYSTEM. SCATTERING IS THE REDIRECTION OF SOUND IN
MULTIPLE DIRECTIONS WHEN IT ENCOUNTERS SMALL IRREGULARITIES OR HETEROGENEOUS STRUCTURES WITHIN A TISSUE. DIFFUSE
SCATTERING FROM WITHIN A TISSUE CONTRIBUTES TO THE OVERALL TEXTURE OF THE ULTRASOUND IMAGE AND CAN HELP
DIFFERENTIATE BETWEEN TISSUE TYPES. FOR EXAMPLE, THE SPECKLED APPEARANCE OF LIVER TISSUE IS DUE TO SCATTERING FROM
THE LIVER'S INTERNAL STRUCTURE.

ABSORPTION, THE FINAL SIGNIFICANT INTERACTION, IS THE CONVERSION OF ULTRASOUND ENERGY INTO HEAT AS THE SOUND
WAVE TRAVELS THROUGH TISSUE. THE AMOUNT OF ABSORPTION DEPENDS ON THE TISSUE TYPE AND THE FREQUENCY OF THE
ULTRASOUND. DENSER AND LESS COMPRESSIBLE TISSUES TEND TO ABSORB MORE SOUND ENERGY. THIS ABSORPTION IS A PRIMARY
REASON WHY ULTRASOUND PENETRATION DEPTH IS LIMITED, AND IT'S ALSO A FACTOR THAT CONTRIBUTES TO ATTENUATION,
WHICH WE'LL EXPLORE NEXT.

ATTENUATION AND ITS RoLE IN ULTRASOUND IMAGING

ATTENUATION IS A FUNDAMENTAL CONCEPT IN ULTRASOUND PHYSICS THAT DESCRIBES THE GRADUAL DECREASE IN THE
INTENSITY OF THE ULTRASOUND BEAM AS IT TRAVELS THROUGH TISSUES. IT'S A CRITICAL FACTOR THAT LIMITS HOW DEEPLY
WE CAN IMAGE WITHIN THE BODY AND INFLUENCES IMAGE QUALITY. ATTENUATION OCCURS DUE TO A COMBINATION OF
ABSORPTION AND SCATTERING OF THE ULTRASOUND ENERGY. AS THE SOUND WAVE PROGRESSES, MORE AND MORE OF ITS ENERGY
IS EITHER CONVERTED INTO HEAT OR REDIRECTED AWAY FROM ITS ORIGINAL PATH.

THE DEGREE OF ATTENUATION IS INFLUENCED BY SEVERAL FACTORS. FIRSTLY, THE FREQUENCY OF THE ULTRASOUND WAVE IS A
MAJOR DETERMINANT. HIGHER FREQUENCY ULTRASOUND WAVES ARE ATTENUATED MORE RAPIDLY THAN LOWER FREQUENCY
WAVES. THIS IS WHY ULTRASOUND MACHINES USE LOWER FREQUENCIES FOR IMAGING DEEPER STRUCTURES (LIKE IN ABDOMINAL
SCANS) AND HIGHER FREQUENCIES FOR SUPERFICIAL STRUCTURES (LIKE IN MUSCULOSKELETAL SCANS), \WHERE PENETRATION IS
LESS OF A CONCERN BUT HIGH RESOLUTION IS PARAMOUNT. SECONDLY, THE TYPE OF TISSUE ITSELF PLAYS A SIGNIFICANT ROLE.
TISSUES THAT ARE DENSER OR LESS ELASTIC TEND TO ABSORB AND SCATTER ULTRASOUND MORE, LEADING TO HIGHER
ATTENUATION. FOR EXAMPLE, BONE AND CALCIFIED TISSUES ATTENUATE ULTRASOUND MUCH MORE SIGNIFICANTLY THAN FLUID
OR MUSCLE.

THE ULTRASOUND MACHINE COMPENSATES FOR ATTENUATION TO SOME EXTENT THROUGH A PROCESS CALLED TIME GAIN
CompensaTION (TGC). TGC IS A FEATURE THAT ALLOWS SONOGRAPHERS TO ADJUST THE AMPLIFICATION OF THE RETURNING
ECHOES BASED ON THEIR DEPTH. ECHOES RETURNING FROM DEEPER STRUCTURES HAVE TRAVELED FURTHER AND HAVE BEEN
ATTENUATED MORE. THEREFORE, TGC AMPLIFIES THESE DEEPER ECHOES MORE THAN ECHOES FROM SHALLOWER STRUCTURES,



HELPING TO CREATE A MORE UNIFORM IMAGE BRIGHTNESS THROUGHOUT. W/ITHOUT PROPER TGC ADJUSTMENT, DEEPER
STRUCTURES MIGHT APPEAR TOO DARK AND BE MISSED, WHILE SUPERFICIAL STRUCTURES MIGHT BE TOO BRIGHT AND LOSE
DETAIL.

DopPpPLER ULTRASOUND: MEASURING FLUID MOTION

BEYOND STATIC IMAGING, ULTRASOUND TECHNOLOGY OFFERS THE INCREDIBLE CAPABILITY OF VISUALIZING AND QUANTIFYING
THE MOVEMENT OF BLOOD WITHIN VESSELS. THIS IS ACHIEVED THROUGH DOPPLER ULTRASOUND, A POWERFUL APPLICATION OF
THE DOPPLER EFFECT. THE DOPPLER EFFECT, A PHENOMENON OBSERVED IN ALL WAVE PHENOMENA , DESCRIBES THE CHANGE IN
FREQUENCY OF A WAVE IN RELATION TO AN OBSERVER WHO IS MOVING RELATIVE TO THE WAVE SOURCE. Y OU'VE LIKELY
EXPERIENCED THIS WITH SOUND WAVES — THE PITCH OF A SIREN SOUNDS HIGHER AS IT APPROACHES YOU AND LOWER AS IT
MOVES AWAY.

IN DoPPLER ULTRASOUND, THE TRANSDUCER EMITS A CONTINUOUS OR PULSED ULTRASOUND BEAM. W/HEN THIS BEAM STRIKES
MOVING RED BLOOD CELLS, THE SOUND WAVES ARE REFLECTED BACK WITH A SHIFTED FREQUENCY. IF THE BLOOD IS MOVING
TOWARDS THE TRANSDUCER, THE FREQUENCY OF THE RETURNING ECHOES WILL BE HIGHER THAN THE EMITTED FREQUENCY (A
POSITIVE DoOPPLER SHIFT). IF THE BLOOD IS MOVING AWAY FROM THE TRANSDUCER, THE FREQUENCY WILL BE LOWER (A
NEGATIVE DOPPLER SHIFT). THE MAGNITUDE OF THIS FREQUENCY SHIFT IS DIRECTLY PROPORTIONAL TO THE VELOCITY OF THE
BLOOD FLOW.

THIS FREQUENCY SHIFT INFORMATION IS THEN PROCESSED BY THE ULTRASOUND MACHINE TO DISPLAY BLOOD FLOW IN VARIOUS
wAYS. CoLOR DOPPLER MAPS THE VELOCITY AND DIRECTION OF BLOOD FLOW AS SUPERIMPOSED COLORS ON A GRAYSCALE
IMAGE, WITH TYPICALLY RED INDICATING FLOW TOWARDS THE TRANSDUCER AND BLUE INDICATING FLOW AWAY. SPECTRAL
DOPPLER PROVIDES A GRAPHICAL REPRESENTATION OF BLOOD FLOW VELOCITY OVER TIME, ALLOWING FOR PRECISE
MEASUREMENTS OF FLOW PATTERNS, RESISTANCE, AND OTHER HEMODYNAMIC PARAMETERS. THIS IS INVALUABLE FOR DIAGNOSING
CONDITIONS LIKE ARTERIAL STENOSIS, VENOUS THROMBOSIS, AND CONGENITAL HEART DEFECTS.

ULTRASOUND IMAGING MODES EXPLAINED

ULTRASOUND MACHINES EMPLOY SEVERAL DIFFERENT IMAGING MODES, EACH OFFERING A UNIQUE PERSPECTIVE ON THE
ANATOMICAL STRUCTURES BEING EXAMINED. THESE MODES LEVERAGE THE PHYSICS OF ULTRASOUND IN DISTINCT WAYS TO
PROVIDE COMPREHENSIVE DIAGNOSTIC INFORMATION. THE MOST FUNDAMENTAL AND COMMONLY USED MODE IS:

o B-MoDE (BRIGHTNESS MODE): THIS IS THE STANDARD GRAYSCALE IMAGING WE TYPICALLY ASSOCIATE WITH
ULTRASOUND. IT DISPLAYS A TWO-DIMENSIONAL CROSS-SECTION OF TISSUES. THE BRIGHTNESS OF EACH PIXEL ON THE
SCREEN CORRESPONDS TO THE INTENSITY OF THE ECHO RECEIVED FROM THAT LOCATION. STRONGER ECHOES (E.G., FROM
BONE OR CALCIFICATIONS) APPEAR AS BRIGHT WHITE SPOTS, WHILE WEAKER ECHOES (E.G., FROM FLUID) APPEAR AS
DARK BLACK SPOTS. INTERMEDIATE ECHOES CREATE SHADES OF GRAY.

¢ M-MoDE (MOTION MODE)Z M-MODE IS USED TO VISUALIZE THE MOVEMENT OF STRUCTURES OVER TIME. |T ESSENTIALLY
RECORDS THE B-MODE IMAGE ALONG A SINGLE LINE OF INTEREST AND DISPLAYS IT AS A TRACE THAT MOVES ACROSS THE
SCREEN. THIS IS PARTICULARLY USEFUL FOR ASSESSING THE MOTION OF HEART VALVES, THE WALLS OF THE HEART, AND
FETAL BREATHING MOVEMENTS, ALLOWING FOR DETAILED ANALYSIS OF DYNAMIC PROCESSES.

 DoppLER MoDES (CoLor DorpLER, POWER DoPPLER, SPECTRAL DOPPLER): AS DISCUSSED PREVIOUSLY, THESE MODES
ARE DEDICATED TO VISUALIZING AND QUANTIFYING BLOOD FLOW. COLOR DOPPLER PROVIDES A QUALITATIVE OVERVIEW
OF FLOW DIRECTION AND VELOCITY. POWER DOPPLER, A MORE SENSITIVE VARIATION, DISPLAYS THE AMPLITUDE OF THE
DOPPLER SIGNAL, WHICH IS PROPORTIONAL TO THE NUMBER OF MOVING RED BLOOD CELLS, MAKING IT EXCELLENT FOR
DETECTING SLOW FLOW OR FLOW IN VERY SMALL VESSELS. SPECTRAL DOPPLER OFFERS QUANTITATIVE ANALYSIS OF
BLOOD FLOW VELOCITY.



EACH OF THESE MODES PROVIDES COMPLEMENTARY INFORMATION, AND EXPERIENCED SONOGRAPHERS OFTEN UTILIZE MULTIPLE
MODES IN A SINGLE EXAMINATION TO ACHIEVE A COMPLETE UNDERSTANDING OF THE ANATOMY AND PATHOLOGY PRESENT.

ARTIFACTS AND LIMITATIONS IN ULTRASOUND TECHNOLOGY

W/HILE ULTRASOUND IS A REMARKABLY POWERFUL DIAGNOSTIC TOOL, IT'S NOT WITHOUT ITS LIMITATIONS AND POTENTIAL FOR
ARTIFACTS — MISLEADING FEATURES THAT CAN APPEAR IN THE IMAGE. UNDERSTANDING THESE ARTIFACTS IS CRUCIAL FOR
ACCURATE INTERPRETATION AND FOR KNOWING WHEN OTHER IMAGING MODALITIES MIGHT BE NECESSARY. MANY ARTIFACTS ARISE
DIRECTLY FROM THE UNDERLYING PHYSICS OF ULTRASOUND WAVE PROPAGATION AND INTERACTION.

ONE COMMON ARTIFACT IS ACOUSTIC SHADOWING. THIS OCCURS WHEN AN OBJECT WITH VERY HIGH ACOUSTIC IMPEDANCE,
SUCH AS A CALCIFICATION OR A GALLSTONE, COMPLETELY BLOCKS OR SIGNIFICANTLY ATTENUATES THE ULTRASOUND BEAM. No
SOUND WAVES CAN PASS BEHIND THIS OBJECT, RESULTING IN A DARK SHADOW ON THE IMAGE EXTENDING DISTALLY FROM THE
OBJECT. ANOTHER RELATED ARTIFACT IS ENHANCEMENT, WHICH APPEARS AS A BRIGHTER AREA BEHIND STRUCTURES THAT CAUSE
MINIMAL ATTENUATION, LIKE FLUID-FILLED CYSTS. THE SOUND BEAM IS NOT WEAKENED AS MUCH BEHIND THESE STRUCTURES,
LEADING TO STRONGER ECHOES FROM TISSUES FURTHER DOWN.

REVERBERATION IS ANOTHER FREQUENT ARTIFACT, CAUSED BY SOUND WAVES BOUNCING BACK AND FORTH BETWEEN TWO
STRONG REFLECTORS, SUCH AS THE TRANSDUCER AND A SOLID SURFACE, OR BETWEEN TWO INTERFACES WITHIN THE BODY. THis
CREATES A SERIES OF EQUALLY SPACED, PROGRESSIVELY WEAKER COPIES OF THE ORIGINAL ECHO, APPEARING AS PARALLEL
LINES. EDGE SHADOWING CAN OCCUR AT THE CURVED EDGES OF STRUCTURES WITH STRONG REFLECTORS, WHERE THE
ULTRASOUND BEAM IS REFRACTED AWAY FROM THE TRANSDUCER, CREATING A SHADOWED APPEARANCE AT THE PERIPHERY OF
THE OBJECT. FINALLY/ ALIASING IS AN ARTIFACT SPECIFIC TO DOPPLER ULTRASOUND, OCCURRING WHEN THE VELOCITY OF
BLOOD FLOW EXCEEDS THE SYSTEM'S ABILITY TO ACCURATELY DETECT THE DOPPLER SHIFT. THIS RESULTS IN THE FLOW
APPEARING TO BE IN THE OPPOSITE DIRECTION, TYPICALLY DISPLAYED AS RED ON A BLUE BACKGROUND.

THESE ARTIFACTS, ALONG WITH LIMITATIONS LIKE POOR PENETRATION THROUGH BONE AND AIR, HIGHLIGHT THE IMPORTANCE OF
SKILLED INTERPRETATION BY TRAINED PROFESSIONALS. W/HILE ULTRASOUND TECHNOLOGY CONTINUES TO ADVANCE, A
THOROUGH UNDERSTANDING OF ITS PHYSICAL PRINCIPLES REMAINS PARAMOUNT FOR MAXIMIZING ITS DIAGNOSTIC POTENTIAL AND
RECOGNIZING ITS BOUNDARIES.

FREQUENTLY ASkeD QUESTIONS

QI How DOES THE FREQUENCY OF ULTRASOUND AFFECT IMAGE RESOLUTION AND
PENETRATION DEPTH?

A: THE FREQUENCY OF ULTRASOUND WAVES HAS AN INVERSE RELATIONSHIP WITH PENETRATION DEPTH AND A DIRECT
RELATIONSHIP WITH IMAGE RESOLUTION. HIGHER FREQUENCY ULTRASOUND WAVES (E.G., 10 MHZ) PROVIDE EXCELLENT IMAGE
RESOLUTION, ALLOWING FOR THE VISUALIZATION OF FINE DETAILS, BUT THEY ARE ATTENUATED MORE QUICKLY BY TISSUES,
LIMITING THEIR PENETRATION DEPTH. CONVERSELYI LOWER FREQUENCY ULTRASOUND WAVES (E.G., 3 MHZ) PENETRATE DEEPER
INTO THE BODY, MAKING THEM SUITABLE FOR IMAGING ABDOMINAL ORGANS, BUT THEY PRODUCE IMAGES WITH LOWER
RESOLUTION.

Q: WHAT IS ACOUSTIC IMPEDANCE AND WHY IS IT IMPORTANT IN ULTRASOUND
IMAGING?

A: ACOUSTIC IMPEDANCE IS A MEASURE OF A MATERIAL’S RESISTANCE TO THE PASSAGE OF SOUND WAVES, CALCULATED AS
THE PRODUCT OF ITS DENSITY AND THE SPEED OF SOUND WITHIN IT. |T IS CRUCIAL BECAUSE WHEN AN ULTRASOUND WAVE
ENCOUNTERS A BOUNDARY BETWEEN TWO TISSUES WITH DIFFERENT ACOUSTIC IMPEDANCES, SOME OF THE SOUND ENERGY IS
REFLECTED BACK TOWARDS THE TRANSDUCER. THE GREATER THE DIFFERENCE IN ACOUSTIC IMPEDANCE BETWEEN TWO TISSUES,



THE STRONGER THE REFLECTION, WHICH IS WHAT ALLOWS THE ULTRASOUND MACHINE TO DIFFERENTIATE BETWEEN VARIOUS
STRUCTURES AND CREATE AN IMAGE.

Q: CAN ULTRASOUND WAVES TRAVEL THROUGH AIR?

A: NO, ULTRASOUND WAVES ARE MECHANICAL WAVES AND REQUIRE A MEDIUM TO PROPAGATE. THEY CANNOT TRAVEL
THROUGH A VACUUM OR AIR. THIS IS WHY A COUPLING GEL IS APPLIED TO THE SKIN BEFORE AN ULTRASOUND EXAMINATION; THE
GEL DISPLACES THE AIR BETWEEN THE TRANSDUCER AND THE SKIN, PROVIDING A CONTINUOUS MEDIUM FOR THE SOUND WAVES TO
TRAVEL INTO THE BODY.

QI WHAT IS THE DOPPLER EFFECT AND HOW IS IT USED IN ULTRASOUND?

A: THE DOPPLER EFFECT IS THE CHANGE IN FREQUENCY OF A WAVE IN RELATION TO AN OBSERVER WHO IS MOVING RELATIVE TO
THE WAVE SOURCE. IN ULTRASOUND, IT IS USED TO DETECT AND MEASURE THE MOVEMENT OF BLOOD WITHIN VESSELS. W/ HEN
ULTRASOUND WAVES REFLECT OFF MOVING RED BLOOD CELLS, THEIR FREQUENCY SHIFTS. THE MAGNITUDE AND DIRECTION OF
THIS FREQUENCY SHIFT ARE USED TO DETERMINE THE VELOCITY AND DIRECTION OF BLOOD FLOW , WHICH IS DISPLAYED USING
DOPPLER IMAGING MODES.

QI WHAT CAUSES ACOUSTIC SHADOWING IN ULTRASOUND IMAGES?

A: ACOUSTIC SHADOWING OCCURS WHEN AN OBJECT WITHIN THE BODY, SUCH AS A CALCIFICATION, GALLSTONE, OR BONE,
COMPLETELY BLOCKS OR STRONGLY ATTENUATES THE ULTRASOUND BEAM. SINCE NO SOUND WAVES CAN PASS BEHIND THIS
OBJECT, A DARK SHADOW APPEARS ON THE ULTRASOUND IMAGE EXTENDING DISTALLY FROM IT. THIS ARTIFACT IS OFTEN
INDICATIVE OF A DENSE OR HARD STRUCTURE.

Q: How DOES THE ULTRASOUND MACHINE COMPENSATE FOR THE LOSS OF SIGNAL
INTENSITY AS WAVES TRAVEL DEEPER?

A: THE ULTRASOUND MACHINE USES A FEATURE CALLED TIME GAIN COMPENSATION (TGC) TO COMPENSATE FOR THE
ATTENUATION OF ULTRASOUND SIGNALS AS THEY TRAVEL THROUGH TISSUES. TGC ALLOWS THE SONOGRAPHER TO ADJUST
THE AMPLIFICATION OF RETURNING ECHOES BASED ON THEIR DEPTH. ECHOES FROM DEEPER STRUCTURES HAVE TRAVELED FURTHER
AND HAVE BEEN ATTENUATED MORE, SO TGC INCREASES THEIR AMPLIFICATION TO MAKE THEM APPEAR AS BRIGHT AS ECHOES
FROM SHALLOWER STRUCTURES, RESULTING IN A MORE UNIFORM IMAGE.

QZ \WHAT IS THE DIFFERENCE BETWEEN B-MODE AND M-MODE ULTRASOUND?

A: B-MoDE (BRIGHTNESS MODE) IS THE STANDARD TWO-DIMENSIONAL GRAYSCALE IMAGING USED TO VISUALIZE ANATOMICAL
STRUCTURES. EACH PIXEL’S BRIGHTNESS REPRESENTS THE INTENSITY OF THE RETURNING ECHO. M-MODE (MOTION MODE) IS USED
TO DISPLAY MOVEMENT OVER TIME. |T ESSENTIALLY RECORDS A SINGLE LINE OF B-MODE INFORMATION AND DISPLAYS IT AS A
TRACE ACROSS THE SCREEN, ALLOWING FOR THE ANALYSIS OF DYNAMIC PROCESSES LIKE HEART VALVE MOTION.
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