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Ultrasound Principles
and 

Artifacts

There are no known biological effects 

caused by diagnostic ultrasound on 

patients or operators

What is Ultrasound?

• Sound waves beyond human hearing

• Up to 20,000 Hz = Human hearing

• Up to 65,000 Hz = Canine hearing

• Up to 100,000 Hz = Bat hearing

– >20,000 Hz = “Ultrasound”

– 2 to 15 MHz = Diagnostic ultrasound
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The Transducer

• Crystals within the head of the transducer are 
electrically stimulated and sound waves are 
produced

• The sound waves propagate through tissues and 
are reflected back to the transducer

The Transducer

• Transducer receives reflected waves

• Waves vibrate the crystals

• Signal turns back to an electric signal

• Computer then processes a signal

• Generates an image of pixels on the monitor

Sound Waves

• Sound travels longitudinally through a medium 

• Molecules along the line of sound are compressed 

and decompressed (rarefied) (therefore the 

material needs to be somewhat compressible)
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Sound Waves

• One complete compression and decompression = 1 

cycle

• The distance of one cycle = the sound wave’s

wavelength

Frequency

• The number of cycles per second is the 

transducer’s frequency

• Frequency is measured in Hertz (Hz)

• 1 Hz = 1 cycle per second (1 wavelength/sec)

• A 5 MHz transducer has 5 million cycles/sec

• A 2 MHz transducer has 2 million cycles/sec

Frequency

• Frequency = number of cycles/sec = 
wavelengths/sec

• Therefore wavelengths must be shorter in higher 
frequency transducers

1 second
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Speed of sound

• Average speed of sound in tissues is 1540 m/sec

• Speed of sound does not change in homogeneous 

tissue

• Speed of sound is not affected by transducer 

frequency

• The speed of sound depends upon density and 

elasticity of the tissue it is traveling through

The Ultrasound Image

time back to transducer
speed of sound in tissues = depth on image

The Ultrasound Image

• Reflection of sound waves is dependent upon:

– Acoustic impedance

– Angle of incidence

– Degree of attenuation
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• Acoustic impedance is the resistance to sound 

transmission

• Sound does not travel easily through tissues with 

high acoustic impedance 

• It is an inherent property of tissue based upon 

the tissue’s density and compressibility and is 

independent of sound frequency

Acoustic Impedance

Acoustic Impedance

Tissue Impedance (g/cm2/sec)

Bone 7.8 x 105

Muscle 1.7 x 105

Kidney 1.62 x 105

Blood 1.61 x 105

Fat 1.58 x 105

Air 0.0004 x 105

Acoustic impedance

• The difference in acoustic impedance between 

adjacent tissues determines the strength of the 

reflected beam
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Acoustic Impedance

• If the difference in acoustic 
impedance between 2 adjacent 
tissues is large, a higher 
proportion of U/S waves will be 
reflected
– Air/soft tissue interface
– Bone/soft tissue interface

Bone 7.8 x 105

Kidney 1.62 x 105

Air 0.0004 x 105

Acoustic Impedance

• If the difference in acoustic impedance between 
two adjacent tissues is small, a higher proportion 
of U/S waves will be transmitted to deeper 
tissues. 

• Soft tissue/soft tissue interface

The Ultrasound Image

• Reflections of sound waves is dependent upon:

– Acoustic impedance

– Angle of incidence

– Degree of attenuation



7

Angle of Incidence

• = Angle at which the sound strikes a tissue 
surface

• The strength of the returning echo relates to the 
angle of incidence

• A perpendicular beam yields the greatest number 
of reflections
– If the image is poor, optimize the angle

• Specular reflectors

– Smooth surfaces (gallbladder, bladder, cysts, gestational 

sacs, kidneys, heart)

– Angle of incidence must be perpendicular to the 

structure to see the reflection

– Parts of these structures will be invisible if you have a 

large angle of incidence

– Associated with refractive shadowing

Angle of Incidence

• Diffuse reflectors

– Irregular surfaces

– These reflect sound even when the angle of incidence 

is large

– Most tissues are diffuse reflectors because of their 

internal structure

Angle of incidence
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The Ultrasound Image

• Reflections of sound waves is dependent upon:

– Acoustic impedance

– Angle of incidence

– Degree of attenuation

Attenuation

• The loss of the sound beam’s energy as it 
propagates through the tissue to increasing 
depths.

– Due to:
• Absorption 
• Scatter
• Reflection back to the transducer

Beam Strength:  Attenuation

• Higher frequency transducers have greater 

attenuation

• More cycles per second

= greater tissue interaction

= more reflection, absorption and scattering

= less depth penetration

Beam Strength:  Attenuation
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• The intensity of the returning echoes depends 

upon 

– Acoustic impedance

– Angle of incidence

– Degree of attenuation

• White dots = strong reflections

• Black dots = weak reflections

• Variable shades of gray for all others

The Ultrasound Image

The Ultrasound Image

Transducers
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• True pie-shaped image

• Small near field

• More artifacts seen

• Small “foot print”

• Lateral  “dropout”

• Can do CW Doppler

Applications 

• Small animal imaging

• Cardiac imaging

Phased-array sector

• Rectangular shaped 
image

• Wide near field
• Wide far field
• Large “foot print”
• No lateral “drop out”

Applications

• Equine reproduction

• Tendons

• Small animal abdomen and neck 
high-resolution scanning

Linear array

• Best of both linear & sector 
technologies

• Modified “pie shape”
• Small “foot print”
• Similar enhanced resolution 

of the linear probes
• Less artifact
• No CW Doppler

Applications

• Small animals 

• Cardiac

Curvilinear array
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MUST USE AND UNDERSTAND THE REFERENCE MARK!

• U/S produces a 2-D image using depth and width.

• The image is a 1-2mm “slice” of the organ.

• Keeping the reference mark oriented will help you 
determine:
– Cranial, caudal, right and left sides of an organ

– How to “drive” the probe in order to adjust or fix a sub-
optimal image

Image orientation

Reference 
marker to 
the left of 
the 
screen

Near field

Far field

Image orientation

Reference 
marker 
points 
cranially

Ventral

Dorsal

Cranial Caudal

Abdominal sagittal plane
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Reference 
marker points to 
the animal’s 
right side

Ventral

Dorsal

Right Left

Abdominal transverse plane

Reference 
mark to 
neck

Right

Base
(Cranial 
and 
Dorsal)

Apex
(Caudal

and 
Ventral)

Reference mark to 
right side of sector

Left

Cardiac long-axis

Reference 
mark to  
elbows

Right

VentralDorsal

Reference mark to 
right side of sector

Left

Cardiac transverse
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Slide: 

To move the transducer along the skin without changing 
the transducer orientation with respect to the reference 
mark or angle between it and the animal

Fan, Pivot, Point: 

Pivoting on the crystals; staying in the same spot and 
changing where the beam is pointing.

Rotate or Twist: 

There are 90° of rotation from sagittal to transverse 
and vice versa.  Stay in the same spot when rotating. 
Rotating often will allow you to form a 3-D picture in 
your head.

Transducer movements

Image interpretation

Describe and evaluate the tissue

• Organ Size:
– Normal  vs. abnormal

• Organ Shape:
– Smooth vs. irregular 
– Contour/ Symmetry

– Borders

• Texture:
– Smooth 
– Homogeneous vs. 

heterogeneous

• Echogenicity: 
– Within normal limits
– Hyperechoic or hypoechoic

Image interpretation:
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Homogeneous

Smooth even 
echo pattern 
throughout 
structure

Heterogeneous

Uneven or 
dissimilar echo 
pattern
• Patchy 
• Mottled
• Lacey or Swiss 
cheese appearance

Anechoic

•Image will 
appear BLACK

•Lacks surfaces 
to reflect sound
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Hypoechoic

Tissue contains 
poorly
reflective internal 
echoes

Isoechoic

Similar acoustic
properties to
surrounding 
tissues

Hyperechoic

•Brighter  
(whiter) than the 
surrounding 
tissues
•Tissue or 
structure contains 
highly reflective  
properties
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ARTIFACTS
If you are unable to recognize artifacts, 

your ability and accuracy to interpret an 

ultrasound image is greatly affected.

Acoustic shadowing

 Reflective

 Refractive

Reflective

• Air, bone, calculi, soft tissue 

calcification

• Most sound waves are reflected 

back, leaving a bright interface and 

strong distal shadow 

Acoustic Shadowing
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Reflective shadowing

 Be sure to set focal zone at 

level of reflective structure. 

 ‘Clean’ or complete shadows 

usually associated with calculi 

and bone.

 ‘Dirty’ or incomplete shadows 

usually associated with gas 

and air-filled structures since 

reverberation plays a large 

role.

Reflective Shadowing

Reflective Shadowing
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Reflective Shadowing

Reflective Shadowing

Refractive

• Sound is bent (refracted) at 

a curved interface

• No sound is reflected back 

to the transducer

• Creates an echo free zone 

below the point where the 

beam bends

Acoustic Shadowing
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Refractive

• Spherical or cylindrical structures:

• Gallbladder

• Cyst

• Urinary bladder

• Kidneys

• Heart

Acoustic shadowing

Refractive Shadowing

Refractive Shadowing
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Refractive Shadowing

Refractive Shadowing

Refractive Shadowing
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• No sound waves reflected back 
by fluid

• Sound wave attenuation is less 
in fluid than tissue lateral to 
fluid structure

• Increased echogenicity of the 
tissue distal to fluid because 
sound beam is stronger

• Come in from a different angle 
to evaluate tissue distal to 
fluid

Far field enhancement
(Acoustic enhancement, through transmission)

Far Field Enhancement

Look for far field 

enhancement to 

differentiate fluid 

from hypoechoic

tissue

• All transducers have side lobes 

to the main ultrasound beam

• Equipment interprets all echoes 

as if reflected back by main 

beam and straight down

• Echoes reflected from side lobes 

are then placed at the 

appropriate depth in the main 

beam

Side lobe artifact
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• Sound beam width is up to several mm.

• Structures behind or in front of the central beam may 

appear within the flattened image

• An artifactual structure is seen within the image.

Beam Thickness Artifact

Beam thickness / side lobe artifact

Beam thickness / side lobe artifact
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Beam thickness / side lobe artifact

Beam thickness / side lobe artifact

 Involves large, curved, 

highly reflected surfaces –

Specular reflectors.

 Diaphragm

 Gall bladder

 Pericardium

Because of strong 

reflection of the air-

filled lung

 Form of reverberation or 

refractive artifact 

Mirror Image
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• Beam is refracted and reflections 

from the second highly reflective 

structure are sent back to the 

diaphragm. 

• This second reflection is refracted 

at the diaphragm and sent back 

to the transducer along the 

original pathway.

• Since the machine thinks sound 

traveled in straight lines,  it plots 

the second structure straight 

down and deeper than the true 

one.

Mirror Image: refraction

Mirror Image: Reverberation
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“Comet Tails” or  “Ring Down”

• Small, highly reflective interfaces 

found close together

• Sound bounces back and forth 

between the transducer and the 

reflective structure

• Or resonates within the structure

• Hyperechoic, equally spaced lines

• “Fuzz”

• Find a different window!

Reverberation artifact
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“Comet Tails”

Reverberation artifact

“Comet Tails”

Reverberation artifact

“Comet Tails”
Reverberation artifact
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Skin produces large 

echoes that reflect 

again and again 

from the transducer 

to skin 

Creates repeating 

skin/ transducer 

echoes in parallel 

lines

Reverberation artifact

“Ring Down”

What is the artifact?
and

What causes it?

Quiz
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Questions?


