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History and Physics of Ultrasound
Non-audible, high frequency

sound waves greater than 20kHz or
20,000 cycles/second are termed ul-
trasound and have existed in nature

for over one million years. Bats, for
example, utilize ultrasound to navi-
gate and find food. This ability was
suggested in experiments performed
by Lazzaro Spallazani (1729-1799),

an Italian priest and physiologist.
Spallanzini found a bat could navi-
gate better when blindfolded than
when its mouth was covered leading
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Goals/Objectives
After reading this CME

article, the reader will be
able to:

1) Understand the his-
tory of ultrasound and
its use in the podiatric
practice.

2) Integrate this tech-
nology into the podiatric
practice.

3) Increase the aware-
ness of the newest trends
in podiatric ultrasound.

4) Understand the dif-
ference between transduc-
ers and the latest imaging
physics.

5) To utilize the proper
jargon when describing an
ultrasound image.
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to conclude that a bat’s ears
functioned more efficiently than its

eyes in helping it to navigate. At the
time of the experiment, the exact na-
ture of this navigation ability was not
well understood, and “Spallanzani’s
Bat Problem” remained a mystery
until 1938, when Harvard students
Donald Griffin and Robert Galambos
were able to use a sonic detector to
record the ultrasound directional
noises that bats make when flying.
The term for this ability, “echolation,”
describes the application of direction-

al sound reflections to detect objects
and measure distances.

The history of ultrasound tech-
nology began with the development
of piezoelectric effects in 1880. In
1912, Reginald A. Fessenden patent-
ed a device that used active echola-
tion. The first apparatus was built in
1914, and the technology was uti-
lized after the sinking of the Titanic.
During World War I, Constatin
Chilowsky and Paul Lanevin con-
structed a prototype on an underwa-
ter sandwich sound generator that
used quartz crystals and two steel
plates, considered the first ultrasound
machine similar to today’s units. The
military adopted this technology for a
variety of applications, such as
SONAR, (SOund NAvigation and
Ranging), which was used to detect
and sink a German U-boat on April
23, 1916. As the military continued to
refine ultrasound, they eventually de-
veloped what was called a reflecto-
scope, or flaw detector. This was uti-
lized to detect flaws during the fabri-
cation of aircrafts and ships. The con-
tinued development of this technolo-
gy led to the development of medical
ultrasound.

Medical Applications
The first medical application of di-

agnostic ultrasound was utilized by
Karl Dussik in 1942 to detect brain tu-

mors. Dussik continued his work, and
in 1958 published the first paper on
musculoskeletal ultrasonography. He
measured the acoustic attenuation of
articular and periarticular tissues in-
cluding skin, adipose tissue, muscle,
tendon, articular capsule, articular
cartilage, and bone.

1968 ushered in the development
of B-mode, Brightness modulation, a
display of two-dimensional dots and
pixels. The amplitude of the echo de-
termines the brightness of each dot
and pixel. B-mode uses 256 shades of

gray. The gray scale allows our eyes
to see the difference in tissue texture.
The human eye can only differentiate
approximately 20 shades. Finally, in
1984, real-time ultrasound-created im-
ages were introduced. These images
are seen almost instantaneously and
change as the orientation of the trans-
ducer to the tissue is being evaluated.
This became known as a linear array
piezoelectric transducer.

Ultrasound imaging of the soft tis-
sue is based on the pulse-echo princi-
ple. It uses a vibrating source that is
referred to as a piezoelectric crystal in

a transducer. The transducer causes
the molecules in tissue to vibrate. The
vibrations are a series of mechanical
compressions and rarefactions mov-
ing away from the transducer into the
tissue. They are commonly known as
ultrasound waves. When the ultra-
sound waves contact an interface they
are reflected back to the transducer.
That signal then is sent to the com-
puter processing unit to make an
image on the monitor. The signal

needs to be perpendicular to the sub-
ject being imaged.

Transducers and Standoffs
In general physics, the term

“transducer” refers to a device that
takes electrical energy and converts it
to mechanical energy. The transducer
crystal takes electrical energy and
converts it to sound waves and vice
versa. Ultrasound transducers work
on the piezoelectric principle. Piezein
is a Greek word, which means to
press or pressure. The configuration
or thickness and composition of the
crystals has a unique resonant fre-
quency, thus transducers are avail-
able at different frequencies (3.5, 5.0.
7.5, 10, 12, 15). Linear array trans-
ducers are typically 40mm in length
and are best utilized to view muscu-
loskeletal structures. The newest
transducers are now 50 or 52mm in
length. The latest development in
transducers is the ability to have vari-
able frequency. They have what is
called tissue harmonic imaging. The
transducer can have a blended fre-
quency from 7.5-10, 8-13, 8-15. The
beam comes out of the transducer
perpendicular to the subject being im-
aged, and at the same time, with
compound imaging, there are two
other beams imaging on a thirty de-
gree angle. The principle is that if you
have a sphere being imaged, tradi-
tional imaging would just provide im-
ages of the surface and not the sides.

Ultrasound, however, suffers from
an inherent imaging artifact called
speckle. Speckle is the random granu-
lar texture that obscures anatomy in
ultrasound images and is usually de-
scribed as “noise.” Speckle is created
by a complex interference of ultra-
sound echoes made by reflectors
spaced closer together than the ultra-
sound system’s resolution limit. Con-
siderable work has been done to re-

Continued on page 189
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Echolation describes the application
of directional sound reflections to detect objects

and measure distances.

The first medical application of diagnostic
ultrasound was utilized by Karl Dussik in 1942

to detect brain tumors.
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duce speckle in ultrasound systems.
Compound imaging allows part of the
sphere to be imaged on the sides. It

produces a much smoother image.
It was thought that in muscu-

loskeletal imaging, the higher the fre-
quency the better the resolution of
the image that would be obtained.
This is true but there is a trade-off.
The higher the resolution, the less is
the penetration of the tissue being im-
aged. So, if imaging of a foreign body
in superficial tissue occurs, it is best
imaged with a higher resolution
probe. If an ultrasound-guided injec-
tion is going to be done, a lower fre-
quency is best utilized, such as
7.5MHz. In vascular applications,
lower frequencies are also required
for good Doppler sensitivity. The
point is that a single frequency probe
is not practical. Blended frequency
probes provide a much more realistic
approach to daily applications in a
podiatric practice.

Standoffs utilized today are made
from a synthetic silicone material.
The distance in the latest standoffs
are 0.5 cm in thickness. Standoff pads
provide an interface to confirm to an
irregular surface of the body. At the
same time, it also pushes the image
down on the screen about 0.5 cm.
This allows the sound signal to quiet
down. A standoff pad may be used to
insonate the subcutaneous structures.
This is a powerful tool that should be
implemented by every examiner in
musculoskeletal ultrasound.

The Language of Musculoskeletal
Ultrasound

Talk the talk and walk the walk.
The jargon utilized in ultrasound
scanning responds to characteristic
features of the anatomic structure
being scanned. These terms (see box
on this page) are used when describ-
ing the echo appearance as seen on
the monitor.

• Tendons are hyperechoic on ul-
trasound imaging, demonstrating a
fibrillar pattern.

• Muscles appear relatively hy-
poechoic to tendon fibers. Close ob-
servation of the muscle belly reveals
hypoechoic fibers separated by hyper-
echoic septae that converge on a hy-
perechoic aponeurosis.

• Ligaments are hyperechoic on
examination.

• The ultrasound beam does not
penetrate the cortex of bone. The very
bright echo produced at the interface
allows the recognition of the cortex
but also can demonstrate fracture,

spurring, hematoma formation,
and bone callus bridging. Abnor-
mal soft tissue calcification and ossifi-
cation also produces bright reflective
echoes.

• Articular hyaline cartilage ap-
pears hypoechoic. The presence of
fluid within the joint outlying the car-
tilage produces a thin bright echo at
this interface.

• Peripheral nerves are hypere-
choic relative to muscle.

• Simple fluid on ultrasound scan
appears anechoic, and may demon-
strate enhanced soft tissue echoes
posterior to the fluid collection. An
inflamed metatarsal bursa and cal-
caneal bursa depict fluid swelling.

• Ulcerations on an ultrasound
scan will appear as hypoechoic. If a
sinus tract is present, this structure
will appear hyperechoic as compared
to the surrounding ulceration.

• Absorbable fixation such as Or-

Standoff pads
provide an interface to confirm to an

irregular surface of the body.

Continued on page 190
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Near Field (anterior) (Fresnel zone)

Far Field (posterior) (Fraunhofer zone)

Hyperechoic (Bright)

Hypoechoic (Dark)

Isoechoic (Doesn’t change echo appearance)

Anechoic (Black)

Echogenic (Bright white)

Anisotrophy (Echogenic signal changes based on the angle
of the beam)

Homogenous (Uniform echo appearance)

Heterogenous (Irregular echo appearance)

Longitudinal Scan (Sagittal Scan) (Long Axis)

Transverse Scan (Frontal Scan) (Short Axis)

The higher the resolution,
the less is the penetration of

the tissue being imaged.



strong because there are a lot of
echoes from the skin-transducer in
the immediate subcutaneous tissues.
This artifact makes it difficult to eval-
uate the superficial structures in the

epidermis. Use of the standoff will
avoid this near field artifact.

Shadowing occurs when imaging a
bone or calcified object. Sound wave
will not penetrate bone, so the entire
wave is reflected back. This will dis-
play a very echogenic cortex and
shadowing will occur deeper to it.

Enhancement occurs when travel-
ing through fluid which is not attenu-
ated. There is very little reflection
back and most of the waveform is
conducted though fluid, thus creating
an increase in amplitude of the
echoes distal to the fluid.

Aliasing in pulsed Doppler ultra-
sonography is an artifact occurring
when the velocity of the sampled ob-
ject is too great for the Doppler fre-
quency to be determined by the sys-
tem (Figure 1.)

Ultrasound Imaging
of Soft Tissue

Tendons: Ultrasound is considered
more effective in tendon disease diag-
nosis than MRI, especially in the
ankle. Tears, inflammation, and dislo-
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thosorb® appears as a hypere-
choic structure with a surrounding

zone being hypoechoic to the bone
and surrounding tissue. This repre-
sents the degradation of the fixation.

Artifacts
Anisotropy is the property of

being independent of direction.

Anisotropy is the opposite of isotropy.
Something that is anisotropic may ap-
pear different or have different char-
acteristics in different directions. This
phenomenon is created if the ultra-
sound examiner does not position the

transducer perpendicular to the
structure being imaged. If the
transducer is held on a slight
angle, the beam being sent back
will be reflected, resembling
pathology known as an artifact.
This is why ultrasound imaging
is operator-dependent.

Reverberation is when a
sound wave trav-
els into a struc-
ture with acous-
tic impedance
that is signifi-
cantly different
from its neighbor
and a large amount of
the sound wave is re-
flected back to the
transducer. The rever-
berations produce ar-

tifactual echo
signals at the
interface. A fracture can produce re-
verberations.

Near Field Artifact is when the
skin-transducer interface is very
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Figure 3: Tenex Health FAST™ procedure demonstrating proper needle guidance in the Achilles
tendon at low frequency demonstrating proper reverberation.without aliasing present. Continued on page 191

Figure 2: Foreign Body in 3-D mode using color map-
ping. Glass is imaged as hyperechoic with hypoechoic
area surrounding it.

Figure 1: Color flow applied demonstrating proper wall to wall flow
without aliasing present.

Anisotropy is the ability to create
an artifact by angulating the transducer

to the structure being imaged.



cations are visible.
Ligaments: Tears of ligaments are

shown that heal more slowly than
bony fractures and may produce long-
standing pain.

Joints: Arthritic processes and po-
tentially treatable adjacent tendon
damage may be serially followed with
this modality. Fluid collections, which
increase pain, may be diagnosed.

Muscles: Muscle strains may be
separated from more serious muscle
ruptures. Hematomas and contusions
may be followed.

Bones: Occult
fractures of the foot
and ankle are rou-
tinely detected that
are missed by con-
ventional x-rays.

Soft Tissues:
Foreign bodies and
abscesses are found
and removed. Ultra-
sound guidance
may be used to
drain fluid collec-
tions. Post-traumat-
ic neuromas in the
forefoot may be di-
agnosed. Heel pain
syndromes includ-
ing plantar fasciitis
are quickly imaged.

Nerves: Nerves,
centrally and periph-
erally, are imaged.
Hematomas or
masses adjacent to
nerves causing neu-
rological findings
may be disclosed.

Ultrasound
Guided Injections
and/or Aspirations:
It has been well
documented in the
literature that ultra-
sound guidance pro-
vides a more accu-
rate placement of a
steroid injection.

Typical MSK Imag-
ing on a Daily
Basis in a Podi-
atric Practice

Typically on a
routine day in a
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busy podiatric practice, diagnostic
ultrasound is utilized every day.
Plantar fasciitis/fasciosis is quickly

and efficiently imaged. Normal fascia
is imaged, and the band will mea-
sure from 3.2mm to 3.8mm in thick-

ness. Always compare to the
asymptomatic side. With heel
spur syndrome, ultrasound imaging

has allowed the practitioner to hone
down his or her skills to make an ac-
curate diagnosis of a medial vs. a

central band fasciitis,
and to determine if
there is a nerve com-
pression present. The
Achilles tendon is also
quickly scanned to di-
agnose a tendonitis,
partial tear, and or
complete rupture.

This is a dynamic
test, quickly performed.
Neuromas are visual-
ized most effectively on
the cine loop replay.
The higher the bank
memory on the ultra-
sound unit, the longer
the loop will be. The dy-
namic loop is critical to
diagnosing a neuroma.
Ankle injuries are also
dynamically scanned.
This is a very accurate
way to assess if the ATF
ligament is partially
torn. Tibilias posterior
dysfunction is easily vi-
sualized dynamically,
which provides excel-
lent medical documen-
tation. When we look at
ganglion cysts, it is an
excellent practice man-
agement tip to take the
transducer and push
down on the ganglion to
see if it fluctuates. If it
does, then the cyst can
be aspirated. If it does
not compress, then it is
solitary and needs to
surgically excised. For-
eign bodies are easily
identified utilizing a

Continued on page 192
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Figure 4: Achilles tendonitis with tissue harmonics applied along with standoff and speckle re-
duction at 15mm.

Figure 5: Partial Achilles tendon tear with standoff, tissue harmonics and speckle reduction
applied on long axis.

The high frequency transducer is best utilized to help
in the removal of the foreign body.
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stand-off pad. The high frequen-
cy transducer is best utilized to

help in the removal of the foreign
body. Different color mapping or fil-
ters can be used to
help aid in the visual-
ization of the foreign
body (Figure 2).

Latest Technology
Requiring Ultra-
sound Assisted
Imaging

Ultrasound-guided
extracorporeal shock
wave therapy for
plantar fasciitis is dy-
namically utilized
while the procedure
occurs. The endove-
nous radiofrequency
ablation VNUS® Clo-
sure® procedure by
Covidien for chronic
venous insufficiency
is completely depen-
dent on musculoskele-
tal ultrasound with
duplex color flow. Focused Aspiration
of Scar Tissue (FAST™ procedure by
Tenex Health) is completely ultra-
sound guided. Nerve block guidance
is routinely performed by ultrasound
guidance (Figure 3).

The Future in Musculoskeletal
Imaging

Ultrasound imaging has undergone
immense changes within the last 15
years. With the use of speckle reduc-
tion (Figure 4), tissue harmonic imag-
ing (Figure 5), freehand 3-D imaging,
triplex Dopplers (Figure 6), blended
frequency linear array transducers,
and unparalled image storage capabili-
ties via Dicom, it appears that the po-
diatric physician will be well-equipped
for the development of new proce-
dures. PM
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Figure 6: Triplex Power Doppler demonstrating capillary blood flow to verrucae with standoff
pad applied.



CME EXAMINATION

1) Echolation describes the
application of

A) Directional sight
B) Directional touch
C) Directional sound
D) Directional motion

2) In 1942, Karl Dussik was
the first to use ultrasound to
detect

A) Achilles tendon tear
B) Bladder cancer
C) Brain tumors
D) Plantar fasciitis

3) Ultrasound is non-audible,
high frequency sound waves
greater than

A) 15,000 cycles/second
B) 20,000 cycles/second
C) 25,000 cycles/second
D) 30,000 cycles/second

4) When visualizing muscu-
loskeletal structures, the best
transducer to be used is

A) Linear Array
B) Curvilenar
C) Hockey stick
D) 3-D

5) Speckle is
A) Complex spacing in the
pulsed echo theory
B) Random spacing that
enhances the ultrasound
image
C) Random granular
texture that obscures
anatomy in ultrasound
imaging and is described
as noise
D) Described as
SONAR

6) Higher Frequency transducers
A) Image superficial struc-
tures best
B) Image deep structures
best
C) Image deep structures
most efficiently
D) Image both superficial
and deep structures ade-
quately

7) The term hypoechoic best
describes

A) A decrease in fluid up-
take appearing dark
B) An increase in fluid up-
take appearing light
C) An uptake in fluid ap-
pearing dark
D) A decrease in fluid ap-
pearing light

8) Tendons typically appear
A) Hypoechoic
B) Hyperechoic
C) Anechoic
D) Isoechoic

9) If a tendon is normal, it is
described as

A) Heterogenous
B) Homogeneous
C) Anechoic
D) Isoechoic

10) Anisotropy is the ability of
creating an artifact by

A) Holding the transducer
parallel to the structure
being imaged
B) Holding the transducer
perpendicular to the struc-
ture being imaged
C) Angulating the trans-

ducer to the structure
being imaged
D) Using a stand off pad

11) The plantar fascia is nor-
mally, how many mm in
thickness?

A) 2-2—3.8mm
B) 3.2—3.8mm
C) 1.5mm—4.0mm
D) 3.2—4.0mm

12) Endovenous Radiofre-
quency Ablation employs the
use of

A) Free Hand 3-D Imaging
B) Color Flow
C) High Frequency Linear
Array Transducer
D) 4-D Imaging Transducer

13) Standoff pads are utilized
to

A) Conform to irregular
surfaces
B) Raise the near field
C) Use when your hand is
tired
D) Protect the transducer

14) When viewing a neuro-
ma, it is best to view it via

A) Sharp loop
B) Dull loop
C) Cine loop
D) Moving loop

15) Articular cartilage is best
described as

A)Hypoechoic
B) Hyperechoic
C) Anechoic
D) Isoechoic

Continued on page 194
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AUGUST 2012 | PODIATRY MANAGEMENT | 193www.podiatrym.com

Continuing

Medical Education



Continued on page <None>

PM’s
CPME Program

Welcome to the innovative Continuing Education
Program brought to you by Podiatry Management
Magazine. Our journal has been approved as a
sponsor of Continuing Medical Education by the
Council on Podiatric Medical Education.

Now it’s even easier and more convenient to
enroll in PM’s CE program!

You can now enroll at any time during the year
and submit eligible exams at any time during your
enrollment period.

PM enrollees are entitled to submit ten exams
published during their consecutive, twelve–month
enrollment period. Your enrollment period begins
with the month payment is received. For example,
if your payment is received on September 1, 2006,
your enrollment is valid through August 31, 2007.

If you’re not enrolled, you may also submit any
exam(s) published in PM magazine within the past
twelve months. CME articles and examination
questions from past issues of Podiatry Manage-
ment can be found on the Internet at
http://www.podiatrym.com/cme. Each lesson is
approved for 1.5 hours continuing education con-
tact hours. Please read the testing, grading and pay-
ment instructions to decide which method of par-
ticipation is best for you.

Please call (631) 563-1604 if you have any ques-
tions. A personal operator will be happy to assist you.

Each of the 10 lessons will count as 1.5 credits;
thus a maximum of 15 CME credits may be earned
during any 12-month period. You may select any 10
in a 24-month period.

The Podiatry Management Magazine CME
program is approved by the Council on Podiatric
Education in all states where credits in instructional
media are accepted. This article is approved for
1.5 Continuing Education Contact Hours (or 0.15
CEU’s) for each examination successfully completed.

Home Study CME credits now
accepted in Pennsylvania

Con
tin

uin
g

Med
ica

l E
du

cat
ion

CME EXAMINATION

www.podiatrym.com194 | AUGUST 2012 | PODIATRY MANAGEMENT

16) The near field is also called
A) Anterior, Fresnel zone
B) Posterior, Fraunhofer zone
C) Anterior, Fraunhofer zone
D) Posterior, Fresnel zone

17) The linear array transducer is com-
prised of

A) Transistors
B) Piezoelectric crystals
C) Capacitors
D) Heat Sink

18) When pulsed Doppler ultrasonogra-
phy is utilized and an artifact occurs
when the velocity of the sample object
is too great for the Doppler frequency
to be determined by the system it is
called

A) Needle guidance
B) FAST procedure
C) Insonate
D) Aliasing

19) When giving an ultrasound-
guided injection, the best frequency
to use is

A) 10MHz
B) 15MHz
C) 7.5MHZ
D) 9MHz

20) When imaging a foreign body in
the near field to quiet the sound signal
down, the following is used:

A) Biopsy guide
B) Step off
C) Push off
D) Stand off

See answer sheet on page 195.
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Please indicate the date you completed this exam
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9. A B C D

10. A B C D

11. A B C D

12. A B C D

13. A B C D

14. A B C D

15. A B C D

16. A B C D

17. A B C D

18. A B C D

19. A B C D

20. A B C D
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