
ultrasound physics artifacts
ultrasound physics artifacts are an inherent aspect of diagnostic ultrasound
imaging, presenting challenges that can obscure or misrepresent underlying
anatomy. Understanding these phenomena is crucial for sonographers and
interpreting physicians to accurately diagnose and manage patient care. These
image imperfections arise from the fundamental principles of ultrasound
physics, including wave propagation, attenuation, and reflection. This
comprehensive article delves into the common types of ultrasound artifacts,
their underlying physical causes, and strategies for their identification and
mitigation. We will explore how sound beam interactions with tissue can lead
to misleading visual information, covering topics like shadowing,
enhancement, refraction, and reverberation. By dissecting these common
culprits, we aim to equip you with the knowledge to navigate the complexities
of ultrasound imaging and improve diagnostic confidence.
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Understanding the Fundamentals of Ultrasound
Physics Artifacts

At its core, diagnostic ultrasound relies on the transmission and reception
of sound waves to generate images. The transducer emits short pulses of high-
frequency sound, which travel through the body. When these sound waves
encounter boundaries between tissues with different acoustic impedances, they
are reflected back to the transducer. The time it takes for these echoes to
return, along with their intensity, allows the ultrasound machine to
construct a real-time image. However, the journey of sound waves is not
always straightforward. Interactions with various tissues, structures, and
even the ultrasound beam itself can lead to deviations from ideal wave
behavior. These deviations are what we call ultrasound physics artifacts, and
they are not errors in the machine itself but rather a consequence of the
physics governing ultrasound propagation.

The very nature of sound wave interactions with the human body is complex.
Unlike light, which travels in straight lines, sound waves can be absorbed,
scattered, refracted, and reflected in ways that can be difficult to predict
without a solid understanding of the underlying physics. These processes are
influenced by factors such as tissue composition, density, compressibility,



and the frequency of the ultrasound beam. Recognizing that artifacts are not
always detrimental but can sometimes provide valuable diagnostic clues is
also important. For instance, a shadow cast by a calcified gallstone is an
artifact, but it's a critical indicator of gallstone presence. The key lies
in differentiating between true anatomical structures and the illusions
created by these physical phenomena.

Acoustic Shadowing: The Absence of Information

Acoustic shadowing is one of the most frequently encountered and
diagnostically significant ultrasound artifacts. It appears as a dark, often
echoless region distal to a strong reflector. Imagine trying to shine a
flashlight through a dense object; the area behind the object would be dark.
Similarly, acoustic shadowing occurs when a structure absorbs or reflects
nearly all of the incident ultrasound beam, preventing sound from reaching
the tissues beyond it. This leads to a lack of returning echoes from the
region behind the attenuating or reflecting object, resulting in the
characteristic dark band on the image. It's like a silhouette in the
ultrasound world.

Causes of Acoustic Shadowing

Several types of tissues and structures are notorious for producing acoustic
shadowing. The most common culprits include calcifications, such as those
found in gallstones, kidney stones, or arterial plaques. Bone is another
significant cause, as its dense structure reflects and absorbs ultrasound
waves very effectively. Air, when present within soft tissues (e.g., bowel
gas), also strongly reflects ultrasound and can create extensive shadowing
that obscures underlying structures. Even very dense or highly organized soft
tissues can sometimes produce a subtle shadow if the difference in acoustic
impedance is significant enough and the beam is perpendicular to the
interface.

Recognizing and Interpreting Shadowing

When you see a shadow, your first thought should be: "What is this object
that's blocking the sound?" The shape and location of the shadow can provide
valuable clues about the nature of the attenuating or reflecting object. For
example, a round, smooth shadow might suggest a calcified nodule, while an
irregular, heterogeneous shadow could point to a more complex lesion or bowel
gas. The length and intensity of the shadow are also important. Longer,
darker shadows typically indicate greater attenuation or reflection. It's
essential to correlate the shadow with the surrounding anatomy to determine
if it's obscuring a clinically relevant area, such as the gallbladder or a



specific organ.

Acoustic Enhancement: The Overabundance of
Information

Acoustic enhancement, also known as posterior through-transmission, is the
opposite of shadowing. It manifests as an area of increased echogenicity
(brighter signal) distal to a weakly attenuating structure. Think of it as a
lens effect, where sound passing through a less resistant medium becomes more
focused or intensified on the other side. In ultrasound terms, this means
that more sound waves return to the transducer from the tissues located
behind a fluid-filled or weakly attenuating structure than would be expected
if the structure were absent. This can make structures posterior to fluid-
filled cysts appear brighter than they actually are, potentially leading to
misinterpretation.

Causes of Acoustic Enhancement

Fluid-filled structures are the most common cause of acoustic enhancement.
Simple cysts, such as ovarian cysts, renal cysts, or even a fluid collection,
have an acoustic impedance very similar to or lower than surrounding soft
tissues. This allows ultrasound waves to pass through them with minimal
attenuation. As a result, the sound beam is not significantly weakened when
it traverses the cyst, and the tissues located immediately posterior to the
cyst receive a stronger signal, leading to increased brightness on the image.
While not always detrimental, it's crucial to recognize this effect so that
the perceived brightness of posterior structures isn't mistakenly attributed
to pathology within those structures themselves.

When Enhancement Can Be Misleading

Acoustic enhancement can be misleading because it can make normal tissues
appear abnormal. For instance, if you're imaging a normal liver and there's a
simple cyst in the anterior portion, the liver parenchyma posterior to the
cyst will appear brighter than the liver parenchyma lateral or superior to
the cyst. This could be mistaken for a focal area of increased echogenicity
within the liver itself. Sonographers learn to identify the characteristic
triangular or conical shape of the enhancement zone and to assess the texture
of the tissue posterior to the cyst. Adjusting the gain settings can also
help to confirm whether the perceived brightness is a true enhancement
artifact or intrinsic tissue echogenicity.



Refraction Artifacts: Bending the Truth

Refraction is a phenomenon that occurs when an ultrasound beam passes from
one medium to another with a different speed of sound at an oblique angle.
When this happens, the sound beam bends, much like a straw appears to bend
when placed in a glass of water. In ultrasound imaging, this bending can
cause structures to appear in incorrect locations or to be duplicated,
leading to misregistration. The ultrasound machine assumes that sound travels
in a straight line from the transducer to the reflector and back. When
refraction occurs, this assumption is violated, and the calculated position
of the reflector on the image is inaccurate.

How Refraction Affects Ultrasound Images

Refraction artifacts are particularly common when the ultrasound beam
encounters curved structures or interfaces between tissues with significantly
different speeds of sound, such as the interface between the anterior
abdominal wall and a collection of ascites, or the border of the gallbladder.
If the beam bends as it enters or exits such a structure, the echo returning
from a posterior structure might be mapped to an incorrect lateral position
on the image. This can lead to the appearance of duplicated structures or
displacement of anatomical landmarks. It’s like looking at an object through
a distorted lens; the image you see isn't quite where the object actually is.

Identifying and Managing Refraction

Recognizing refraction can be challenging because it doesn't present with a
simple, predictable pattern like shadowing or enhancement. However, clues
include seeing duplicated images of the same structure or seeing structures
appear in unusual positions. Often, the artifact is more apparent when the
transducer is angled slightly. Adjusting the angle of the transducer can
sometimes minimize or even eliminate the refraction artifact. This is because
the bending of the sound beam is dependent on the angle of incidence. If you
can change the angle to be closer to perpendicular, the refraction will be
less pronounced.

Reverberation Artifacts: Echoes of Echoes

Reverberation artifacts are among the most common and often the most
distracting artifacts encountered in ultrasound. They are caused by the
repeated reflection of ultrasound waves between two strong reflectors or
between a strong reflector and the transducer. Imagine a ball bouncing back
and forth between two parallel walls; each bounce is an echo, and if the ball



keeps bouncing, you get a series of echoes. In ultrasound, the sound beam
bounces between structures, creating multiple, equally spaced, progressively
weaker echoes that appear as artifacts in the image. These artifacts are
typically seen parallel to the original reflector and can extend deep into
the image.

Common Types of Reverberation

There are several distinct types of reverberation artifacts, each with its
characteristic appearance. Perhaps the most notorious is the "comet tail"
artifact, which is commonly seen with metallic foreign bodies, such as
surgical clips or calcifications. This artifact appears as a bright, linear
echogenic line extending directly from the object, resembling a comet's tail.
Another common type is the "ring down" artifact, which occurs when sound
waves reverberate within a fluid-filled structure with gas bubbles or within
a solid structure with internal voids. This artifact is often seen as a
solid, bright line originating from the structure.

Strategies for Dealing with Reverberation

The key to managing reverberation artifacts is to identify the source of the
repeated reflections. Once the source is identified, you can often manipulate
the transducer or the imaging parameters to minimize or eliminate the
artifact. For instance, if you suspect gas in the bowel is causing
reverberation, you might try changing the patient's position to move the
bowel gas out of the field of view. If the artifact is due to a metallic
object, repositioning the transducer might help to move the artifact out of
the area of interest. Sometimes, simply decreasing the overall gain can make
these artifactual echoes less conspicuous. Understanding the physics behind
each type of reverberation is crucial for effective artifact management.

Other Significant Ultrasound Artifacts

Beyond shadowing, enhancement, refraction, and reverberation, several other
artifacts can influence ultrasound image quality and interpretation. These
include edge shadowing, slice thickness artifacts, and aliasing. Each of
these arises from specific interactions of the ultrasound beam with tissues
or limitations in the ultrasound system's capabilities. While perhaps less
common than the primary artifacts, they can still pose diagnostic challenges
if not recognized.



Edge Shadowing

Edge shadowing is a form of shadowing that occurs at the curved edge of a
spherical or cylindrical reflector. This is due to the divergence of the
ultrasound beam as it passes over the curved surface. As the beam spreads
out, the intensity decreases, leading to a shadowed area along the edge of
the structure. This is often seen around the edges of cysts or fluid-filled
organs. It's important not to confuse edge shadowing with shadowing from
calcification, as the appearance and behavior of these artifacts are
different.

Slice Thickness Artifacts

Ultrasound beams have a physical thickness, not just a single line of sound.
This thickness is known as the slice thickness. Artifacts can arise from
echoes originating from outside the desired plane of imaging but which are
still detected by the transducer. For example, tissue above or below the
focal plane can contribute echoes to the image, potentially causing fills-in
of cystic structures or making solid structures appear more homogeneous than
they are. Harmonic imaging techniques have significantly reduced the impact
of slice thickness artifacts.

Aliasing

Aliasing is a specific artifact that occurs in Doppler ultrasound, not in
grayscale imaging. It happens when the velocity of blood flow exceeds the
Nyquist limit, which is half the pulse repetition frequency. When aliasing
occurs, the Doppler signal incorrectly displays flow in the opposite
direction, usually appearing as a band of color wrapping around the scale.
This can lead to misinterpretation of flow patterns. Increasing the scale or
adjusting the baseline of the Doppler display can often resolve aliasing.
Using lower frequency transducers can also help to mitigate this artifact.

Strategies for Artifact Recognition and
Minimization

Becoming proficient in ultrasound imaging involves not just seeing anatomy
but also recognizing and understanding the various artifacts that can distort
the image. A systematic approach to image acquisition and interpretation is
key. Always start by assessing the overall image quality and looking for
obvious signs of artifacts. Then, consider the specific type of artifact and
its potential cause. This requires a solid foundation in ultrasound physics



and a thorough understanding of how different tissues interact with sound
waves.

Here are some general strategies for artifact recognition and minimization:

Adjusting Gain and Output Power: While not a cure-all, carefully
adjusting the overall gain and output power can sometimes accentuate or
diminish certain artifacts. Too much gain can amplify unwanted echoes,
while too little can obscure subtle pathology.

Changing Transducer Frequency: Higher frequency transducers provide
better resolution but have increased attenuation. Lower frequency
transducers penetrate deeper but have lower resolution. The choice of
transducer can impact the appearance of certain artifacts.

Altering Transducer Position and Angle: As discussed, many artifacts,
especially refraction and some reverberations, are angle-dependent.
Slight adjustments in transducer position or angulation can often reduce
or eliminate these misleading signals.

Using Different Imaging Modes: Employing various ultrasound modalities,
such as color Doppler, power Doppler, or Doppler spectral analysis, can
provide complementary information that helps differentiate between
artifacts and true pathology. Harmonic imaging is particularly effective
at reducing near-field reverberation artifacts.

Patient Positioning: For artifacts related to bowel gas or specific
anatomical orientations, changing the patient's position can be very
effective in moving the obscuring structures or improving the angle of
insonation.

Understanding Normal Anatomy: A comprehensive knowledge of normal
anatomy is paramount. If an echo pattern doesn't conform to expected
anatomical structures, it's a strong indicator of an artifact.

Ultimately, the goal is to differentiate between true anatomical structures
and their ultrasound representations, even when they are distorted by
physical phenomena. By diligently applying these strategies and continuously
honing your understanding of ultrasound physics, you can significantly
improve the accuracy and diagnostic value of your ultrasound examinations.

FAQ

Q: What is the most common ultrasound physics



artifact?
A: The most common ultrasound physics artifacts include shadowing,
enhancement, refraction, and reverberation. Among these, reverberation
artifacts, characterized by repeated echoes, and shadowing, the absence of
echoes behind strong reflectors, are frequently encountered and can
significantly impact image interpretation.

Q: How does acoustic shadowing help in diagnosis?
A: Acoustic shadowing is a critical diagnostic tool. It helps identify the
presence of substances that strongly reflect or absorb ultrasound, such as
calcifications (stones in the gallbladder or kidneys), bone, or air. The
presence and characteristics of the shadow provide strong evidence for these
types of structures, aiding in diagnoses like gallstones, kidney stones, or
even pneumothorax in certain applications.

Q: Can acoustic enhancement indicate pathology?
A: Acoustic enhancement itself is not typically indicative of pathology;
rather, it's a consequence of weak attenuation, most commonly by fluid-filled
structures like cysts. However, it can make structures posterior to the fluid
appear brighter, potentially mimicking diseased tissue. Recognizing
enhancement is important to avoid over-interpreting the echogenicity of
tissues located behind fluid collections.

Q: What is the "comet tail" artifact and what does
it usually signify?
A: The "comet tail" artifact is a type of reverberation artifact that appears
as a bright, linear echogenic streak extending from a strong reflector,
resembling the tail of a comet. It most commonly signifies the presence of
small calcifications, such as adenomyomatosis in the gallbladder, or metallic
foreign bodies within the body.

Q: How can a sonographer minimize refraction
artifacts?
A: Sonographers can minimize refraction artifacts by adjusting the
transducer's angle. Since refraction occurs when the ultrasound beam bends at
oblique angles across tissue interfaces, changing the angle of incidence can
reduce or eliminate this bending. Sometimes, simply moving the transducer
slightly or changing the patient's position can also help to achieve a more
perpendicular beam.



Q: What is the difference between shadowing and
enhancement?
A: Shadowing is the absence of echoes distal to a strong reflector or
attenuator, appearing as a dark area. Enhancement, conversely, is an increase
in echoes distal to a weakly attenuating structure, appearing as a brighter
area. They are essentially opposite phenomena caused by different
interactions of the ultrasound beam with tissues.

Q: Is slice thickness artifact still a major problem
with modern ultrasound machines?
A: While slice thickness artifacts still exist, their impact has been
significantly reduced with advancements in ultrasound technology,
particularly with the widespread use of harmonic imaging. Harmonic imaging
uses echoes generated at the second harmonic frequency of the transmitted
wave, which originate from deeper within the tissue and are less affected by
the beam's near-field thickness, leading to improved resolution and reduced
artifacts.
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