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Chapter 14
The complex physical interactions that occur between an ultrasound beam and

human anatomy and the intricate and sophisticated technological components of a
sonographic imaging system may all contribute to anomalous display of information
on an ultrasound image. This information may be the apparent presence of a
structure that does not really exist, or the absence of echoes from a structure that is,
indeed present. These display anomalies are called image artifacts and are
problematic in that they create false information that must be recognized and
corrected to avoid erroneous interpretation of an ultrasound examination.

For example, it is of critical importance to be able to correctly distinguish between
a shadow that is produced by a calcified kidney stone and one that is produced by
unwanted interactions between the sound beam and normal tissue differences within
the kidney itself (refractory artifact). Low-level echoes found within the gallbladder
may, for instance, represent inspissated bile (sludge) or they may be the result of
spurious echoes created by an ultrasound beam that is thicker than the gallbladder
wall itself (section thickness artifact). To assure the correct interpretation of
sonographic images, then, it is necessary to understand the various physical
phenomena that create artifacts.

The word artifact itself means something artificial; something produced by outside
forces over which one has no control. This is precisely what a sonographic artifact is:
artificial information on the image that is produced by physical and/or imaging
phenomena over which the operator has little, if any, control. The production and
display of this information may be related to variations in the propagation speed of
sound in different tissues; it may be related to bending and vibrations encountered by
ultrasound energy as it traverses complex anatomical structures; or it may be
improper registration and display of information on the image due to limitations of the
transducer, receiver or other components of the imaging system. Regardless of the
cause, false information displayed on an image must be corrected or explained to
ultimately prevent misdiagnosis.

During the production of sonographic images, ultrasound systems rely on several
assumptions. Whenever one or more of these assumptions fails, an imaging artifact
occurs. These assumptions include:

1. Transmitted waves travel in straight lines from the transducer.
2. Beam dimensions are infinitely small in all dimensions.
3. All echoes originate along the axis of the transducer only.
4. All echoes are derived from the most recent pulse.
5. Sound waves travel at 1540 m/s in human soft tissue, therefore, distance to a

reflector is proportional to the round trip time - 13 s/cm.
6. The amplitude of the echo is directly proportional to reflective strength.

Image Artifacts
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Sonographic imaging artifacts can be categorized into four groups based on
fundamental principles of ultrasound imaging:

Axial Resolution Shadowing
Lateral Resolution Enhancement
Speckle Refractory Shadowing
Section (slice) thickness Focal Enhancement

Reverberation Comet tail
Ringdown Speed Error
Refraction Range Ambiguity
Multipath
Mirror Image
Side Lobe
Grating Lobe

Resolution Group

AXIAL RESOLUTION
As discussed in previous chapters, axial resolution is the ability to discriminate

between two point reflectors that lie along the longitudinal path of the ultrasound
beam. The two major determinants of axial resolution are transducer frequency and
spatial pulse length both of which are related to wavelength. In review, the higher the
frequency of the transducer, the shorter the wavelength and spatial pulse length;
both of which will result in better axial resolution. The optimum axial resolution (AR)
of a specific transducer is defined as one-half the spatial pulse length (SPL) and may
be calculated by the following formula:

AXIAL RESOLUTION = SPL/ 2

LATERAL RESOLUTION
Lateral resolution is defined as the ability to distinguish between two point

reflectors that are situated perpendicular to the central portion of the ultrasound
beam. Beam width is the primary determinant of lateral resolution. As beamwidth
decreases, lateral resolution increases.

Resolution Attenuation

MiscellaneousPropagation Path
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SPECKLE
Unusual patterns of wave interference in the sound beam close to the surface of a

transducer reduce image resolution. This noise-like fill in of the imaging pixels is
called speckle and it results in image degradation and reduction in contrast
resolution.

SECTION THICKNESS ARTIFACT
Ideally, a two-dimensional sectional image should be produced by a two-

dimensional ultrasound beam, or one of infinite "thinness". In reality, however, the
ultrasound beam is three-dimensional and possesses a width that varies at different
depths in the body.

Because of this disparity in beam width, some echoes received from the periphery
of the wider portion of the beam are actually being recorded and displayed as if they
were from the thinnest part of the beam. Because of the assumption that all echoes
originate along the axis of the transducer only, the result is a misregistration
artifact in which echoes are erroneously place on the image. A typical example of
this type of artifact is the low-level echoes that may be seen near the inner walls of
the fluid-filled urinary bladder or the bile-filled gallbladder.

In this example, the echoes produced by reflecting off the periphery of the wider
portion of the beam (A) are registered, or displayed, as non-specular “fill-in” type 
echoes on the image. The specular reflection from the back wall of the structure is
displayed as a typical specular echo (S).

Propagation Path Group

As previously discussed, certain assumptions about the physical phenomena
associated with the creation of a sonographic image are programmed into ultrasound
imaging systems. When external factors subvert these assumptions, echo
information is registered on the image inappropriately, either in location or
appearance. The failed assumptions that produce propagation path artifacts include
(from above):
1. Transmitted waves travel in straight lines from the transducer.
3. All echoes originate along the axis of the transducer only
5. Sound waves travel at 1540 m/s in human soft tissue (therefore, distance to a

reflector is proportional to the round trip time - 13 s/cm.

Section thickness artifact
seen in amniotic fluid.
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REVERBERATION
Reverberation artifact is defined as equally spaced, bright linear echoes resulting

from repeated reflections from specular-type interfaces. Frequently this artifact is
seen in the near field on a sonographic image. In this case, reverberatory artifact is
produced when the transmitted pulse of ultrasound energy strikes the interface
between the transducer face and the skin. As the incident sound beam leaves the
transducer, it passes through the matching layer, passes through the coupling gel,
and then encounters a high magnitude difference in acoustic impedance, the
epidermis. Because of this large difference in impedance, a strong, specular
reflection occurs. When this reflected echo returns to the face of the transducer, it
again, is strongly reflected back in to the body. This back and forth "ringing" of the
sound pulse continues until all the energies are attenuated.

Since the ultrasound
machine is registering
echoes as a function of

time, each successive echo returning to the face of a transducer crystal will be
registered as farther away from the transducer. The appearance of reverberatory
artifact on a sonographic image is that of equally spaced, repeating echoes.

In this schematic, the first sound pulse (1) leaves the transducer and reflects
strongly from the border of the oval structure. The high-amplitude echo returns to the
face of the transducer where it is registered on the image as a bright echo (E1). The
remaining sound is reflected back into the medium again (2), where it repeats this
reflection process creating yet another bright echo in the image (E2) and bouncing
back into the medium (3). This back-and-forth reflection between the transducer and
high amplitude reflectors in the near field of the image is reverberation.

RINGDOWN
When ultrasound strikes a strong interface such as gas or bone, one of two

responses may be reproduced: either there is no sound conduction through the area
(resulting in shadowing), or numerous secondary reverberations are produced.
These secondary reverberations can cause a series of parallel echogenic lines
extending into the tissues (reverberation artifacts). Associated with these strong
reverberatory artifacts are indiscrete echoes that represent a continuous “ringing” of 
the crystal that result from the high amplitude, repetitive striking of the crystal. The
exact mechanism of this phenomenon is not well understood. These indiscrete
echoes are represented on the above schematic as fuzzy, gray echoes displayed
below each reverberation echo.

Schematic and
sonographic

demonstration of
reverberation

artifact.
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Mirror image of left kidney
(arrow)

MULTIPATH
As the name of this artifact

suggests, a pulse that is re-directed
along several paths before returning
to the transducer will produce
image anomalies resulting from
incorrect timing assumptions of the
imaging system. This artifact
typically results when a specular
reflector is insonated at an oblique
angle, reflecting the pulse obliquely
along a different path where it
encounters yet another strong
interface before being sent back to the transducer.
Multipath artifacts are displayed as abnormalities of
depth or position of a structure.

MIRROR-IMAGE
Mirror-image artifact is similar in origin to multipath artifact in that a structure is

anomalously placed on the display due to redirection of the sound beam as it
interacts with strong reflectors. As is seen in the accompanying sonogram, the
incident beam encounters strong, specular reflectors in the renal hilus, which
obliquely reflects it toward other structures. The specular reflections from the second
group of structures are then displayed as if they were in
the true path of the incident beam.

Mirror-image artifacts are produced when an object
is located in front of a highly reflective surface at which
near total reflection takes place. The most common
example can be seen when the ultrasound beam is
reflected from the highly reflective surface of the
diaphragm and is directed toward an object. Part of the
energy is reflected back toward the diaphragm and
some of the energy is transmitted toward the
transducer. This process is repeated so that multiple
echoes separated in time are generated from the same
object. The separation is equivalent to the distance
between the object and the diaphragm. The additional,
artifactual, echoes are placed behind the strong reflector
and thus form a duplicate, or mirror, image of the diaphragm.

Real structure

Artifact
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SIDE LOBES
One of the major problems with electronic arrays is the formation of secondary

lobes of ultrasonic energy. Secondary lobes originate at the transducer and radiate
outward at various angles to the main beam. Artifacts in the image are created by
false interfaces or untrue positions of interfaces because all returning echoes are
assumed to originate along the main beam axis. There are two types of secondary
lobes: side lobes and grating lobes.

Side lobes, which are present with all transducers (single or multiple crystals), are
caused by width and length mode vibrations, immediate
reverberations at crystal-tissue interfaces, and
interference phenomena. Side lobes are typically low in
intensity compared with the main beam and do not cause
serious artifacts. The technique called apodisation,
(discussed in Chapter 8 – Transducers) lowers the
intensity of side lobes for electronic arrays. Because the
energy present in side lobes is typically very low, they do
not produce noticeable imaging problems. However, if
these lobes encounter a strong specular reflector, the
reflected energy will be added to the energy from the main beam that is used to
create the image. Side lobe artifacts appear as spurious echoes in the near field of
the image.

GRATING LOBE
Another significant secondary lobe problem unique to linear arrays exists. This

second type of non-main beam intensity lobes are called grating lobes. These are
caused by the regular, periodic spacing of elements in the array. Grating lobes
create artifacts in the image by measuring the time of flight (distance) to an object
located outside the main beam and placing the detected echo as if the interface was
located along the ultrasonic path of the main beam. All scanning units assume that
the registered signals travel in a straight line along the axial line of sight. If grating
lobes are present, artifacts appear closer to or further from the true position of the
object, depending on whether the grating lobe strikes the object before or after the
main beam. This occurs because the grating lobes are traveling at an angle to the
main beam. These artifacts are very prominent at strong interfaces, such as the dia-
phragm behind the liver.

Phased array systems have a more severe problem with grating lobes because
the steering of the ultrasonic beam results in an increased number and intensity of
grating lobes as compared with the non-steered beam. The grating lobes are the
result of the summation of the side lobes from individual crystals. Low-intensity side
lobes, when added together, create significant secondary lobes of energy when
multiple crystals are pulsed for steering. Convex linear arrays partially eliminate
grating lobes because the beam is not steered. The aperture adjusts the field of view
based on the radius of curvature and the physical dimensions of the crystal elements.
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Shadowing seen arising
from a renal calculus

Posterior acoustic enhancement
seen behind a fluid-filled ovarian

teratoma.

Attenuation Group

Image artifacts do not always detract from the diagnostic value of a sonographic
image. In fact, in some instances, the presence of obvious physical phenomena on
the image can provide important information as to the nature and composition of
some structures visualized with sonography. For example, the presence of posterior
acoustic shadows provides reliable data that highly echogenic foci within the
gallbladder are indeed stones. Posterior acoustic enhancement behind a structure
is sonographic proof that it has a substantial fluid component, such as a cyst or
abscess. The attenuation group of image artifacts, then, can provide valuable
information about normal and pathologic findings displayed on a sonographic image.

SHADOWING
Shadowing is defined as the reduction in amplitude of

echoes lying beyond, or distal to, a highly reflective
structure. This reduction in amplitude is the result of the
significant attenuation of ultrasound energy as it
encounters an interface of substantially differing acoustic
impedance. Since a large proportion of the incident
beam is reflected and/or absorbed at this interface
surface, little remains to travel deeper into tissue and
continue creating echo information. Technically
speaking, the reduction in beam intensity distal to a high
level attenuator, appears as a shadow on the image.

ENHANCEMENT
Enhancement is a physical phenomenon opposite to shadowing. As a sound

beam of given intensity encounters a structure that is less attenuating than adjacent
soft tissue, it continues to propagate through the
structure unimpeded. As the beam exits the
structure, the intensity remains strong enough to
continue producing high amplitude echoes as it
encounters interfaces distal to the structure. As a
result, the echogenicity of the area behind the
structure appears increased compared to adjacent
tissue areas. This area of increased echogenicity is
called an area of “posterior acoustic enhancement” or 
of “good through-transmission”.  Posterior acoustic 
enhancement is strong evidence of the presence of a
fluid-filled structure and is normally seen, for
example, behind the full urinary bladder or behind a

simple cyst. The presence of enhancement behind other complex or echo-filled
masses is evidence that the mass has a definite fluid component or high water
content. Other common examples of structures that enhance include normal ovaries,
hematomas, and abscesses.
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Refractory shadows arising from
the curved anterior surface of the

ovary (short arrow) and a Graafian
follicle (long arrow).

REFRACTION
Refraction is defined as a bending of a ray or a

wave. It comes from the Latin word fractus
meaning to break up. Two conditions must be
met for refraction of the sound beam to occur:
oblique incidence and a change in velocity.
1) Refraction occurs in sonographic imaging when
a sound beam encounters an interface at an
oblique angle. At these interfaces, a portion of
the beam is bent away from the propagation path
at an angle equal to the angle of incidence,
reducing the intensity of the beam that continues
to travel in a straight path. 2) Refraction also
arises when a sound beam encounters an
interface between two media in which sound
travels at different velocities. Again, at these
interfaces, a portion of the sound beam is bent
away from the incident angle; a small velocity difference results in a small portion of
the beam bending away, a large velocity difference produces a larger portion of
beam refraction.

The net effect of the phenomenon of refraction is the reduction in the number and
amplitude of echoes returning to the transducer from areas adjacent to these oblique
acoustic mismatches.  These appear as “shadows” emanating from the rounded 
upper surface of structures. Refractory artifacts, or refractory shadows, are routinely
seen arising from the lateral aspect of the fetal head in axial section, from the edges
of small cysts in the liver or other parenchymal organs, and from the edges of uterine
fibroids to mention a few examples.

Miscellaneous Group

COMET-TAIL
Comet-tail artifacts originate from small, highly

reflective surfaces and are similar to ring down
artifacts in their physical origin. Reverberation and
excessive ringing of the transducer crystal caused by
resonating air bubbles or small metal clips creates a
high amplitude “tail” distal to the structure.  The 
complexity of the comet-tail pattern depends on the
shape, composition and size of the object, as well as
the scan orientation and the distance to the
transducer face. Comet-tails are usually seen in
otherwise echo-free areas on an image. Comet tail artifact (arrow)
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SPEED ERROR
Measurements of distances, areas and volumes are of particular importance in

many sonographic examination protocols. Accuracy of these measurements is
based on the assumption that ultrasound travels at 1540 m/sec in human soft tissue.
Errors in velocity calibration of the imaging system or changes in actual tissue
velocity have the potential to cause an artifact called speed error, or propagation
error artifact. Presence of this artifact depends on an actual difference of the velocity
of sound in a medium or type of soft tissue, compared with the calibrated velocity
used by the system. For small object, a large velocity difference is necessary to
create a significant and observable error. For large objects, however, small
deviations in velocity introduce a significant error in distance calculations. This
results in the incorrect placement of echoes on the display.

An interface is displaced toward the transducer and the size of the object being
measured is reduced if the actual speed in the object is greater that the calibrated
velocity of the imaging system. For example, consider a 10cm mass in which the
upper margin is 5cm deep in normal density human soft tissue (1540 m/sec). The
velocity of sound in the fluid-filled mass itself is 2000 m/sec. The top margin, or
interface, will be properly located on the display since the ultrasound beam is
traveling at the calibrated speed through the intervening tissue. As the beam enters
the mass, however, the velocity of sound increases and, therefore, reaches the
bottom margin sooner than would be expected by the system echo receiver.
Therefore, the bottom margin will be placed closer to the transducer on the display.

RANGE AMBIGUITY
Range ambiguity artifact occurs when another sonographic imaging assumption

fails, that is, that all echoes are derived from the most recently transmitted pulse. In
normal pulse-echo imaging, a single burst of ultrasound is transmitted from the
crystal into a medium.  The crystal then “listens” for a pre-determined amount of time
for returning echoes from that single pulse before emitting the next imaging pulse.
The length of this “listening” time is related to the depthof field that is being
interrogated by the operator. For example, when examining deeper structures, the
crystal must be in receive mode longer, since the round-trip transit time for the pulse-
echo is longer than in it is shallower structures. When examining shallow, or
superficial, structures, the receive time is shorter, allowing more pulses to be emitted.
The depth of field determines the pulse repetition frequency that was discussed in
Chapter 3. When a distant echo returns to the crystal after a second pulse is
transmitted, the receiving timer inappropriately assigns its position relative to that
second pulse. Subsequently, then, that echo is registered on the display as much
nearer to the transducer than it really is. This misregistration of echoes is called
range ambiguity.
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Exercises

1. Name the four main groups of sonographic imaging artifacts.

2. Describe the sonographic appearance of a reverberation artifact.

3. What is the difference between multipath and a mirror image artifact?

4. What is a lobe artifact and how is it created?

5. List 5 causes of sonographic image artifacts.

14. Image Artifacts


