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Color Figure 1-1

Power Doppler sonogram of an equine kidney.
Nitice the prominent renal blood supply visible
wxh power Doppler ultrasonography, the branch-
me of the renal vasculature into arcuate and inter-
lfxar anteries, and the arborization of the vessels in
i renal cortex. This sonogram was obtained in
e right fifteenth intercostal space with a wide-
tendwidth curved linear-array transducer at a dis-
pirved depth of 13 cm. The right side of this sono-
grarn is dorsal and the left side is ventral.

Cader Figure 3—1
sumoerams of a healing area of injury in the proximal portion of the left fore superficial digital flexor tendon (SDF), obtained from a 12-year-old Hol-
smemmer gelding imaged with traditional two-dimensional imaging and with power Doppler imaging. These sonograms were obtained at 5 cm distal to
e poimt of the accessory carpal bone (zone 1A) with a wide-bandwidth 10.0-MHz linear-array transducer at a displayed depth of 4 cm. The right side
uf the mansverse image is lateral and the left side is medial. The right side of the sagittal image is proximal and the left side is distal.

izgz The area of healing injury is imaged in the dorsal and lateral portion of the SDF (arrows) as a hypoechoic arrow lacking a normal fiber pattern.
CiDE . deep digital flexor tendon; ICL, inferior check ligament.

H=ght. Notice the large amount of low-velocity blood flow detected circumferentially around the edges of the lesion, depicted in color. This is con-
sespeme with significant blood vessel ingrowth to the area of tendon injury. A small amount of low-velocity flow (color) is also detected within the



Color Figure 5-1

Long-axis colorflow echocardiogram and two-dimensional
guided continuous-wave Doppler spectral tracing obtained from
a 7-year-old Thoroughbred gelding with a membranous ventric-
ular septal defect (VSD). The high-velocity turbulent color-flow
jet (contained within the pie-shaped box) represents the shunt
from the left ventricular outflow tract to the right ventricular
inflow tract. Notice the flow convergence on the left ventricular
side of the VSD. The outer edges of the color-flow jet are red and
orange, with the jet color changing to yellow and then turquoise
at the center, representing the highest velocity flow (the color-
flow Doppler signal is aliased). The shunt direction is left to right
because the blood flow is toward the transducer. Notice the
spectral broadening of the blood flow in the continuous-wave
Doppler spectral tracing, the high-velocity (approximately 4
m/sec) turbulent systolic jet (short filled arrow), the lower-
velocity (approximately 2 m/sec) turbulent jet in mid to late dias-
tole, and the blood flow direction (above the baseline), repre-
senting blood flow shunting from the left to the right ventricle
through the VSD. This echocardiogram was obtained from the
right cardiac window between the left ventricular outflow tract
and mitral valve position with a 3.0/2.0-MHz phased-array trans-
ducer and a display depth of 27 cm. An electrocardiogram is
superimposed for timing.

Color Figure 5-2
Echocardiograms of the mitral valve obtained from a yearling Thoroughbred colt with an endocardial cushion defect. These echocardiograms were
obtained with a 2.25/2.0-MHz phased-array transducer and a 24-cm displayed depth.

Left, Short-axis echocardiogram obtained from the right cardiac window in the mitral valve position. The cleft in the septal leaflet of the mitral valve
(arrow) splits the valve into cranial and caudal portions. TV, Tricuspid valve.

Right, Long-axis color-flow echocardiogram obtained from the left cardiac window in the mitral valve position. The blue to aqua jet of mitral regurgi-
tation (MR) with the central aliased higher-velocity flow is associated with the cleft in the septal leaflet of the mitral valve. The jet extends axially along
the free edge of the valve leaflet and along the interatrial septum. LA, Left atrium; LV, left ventricle; RV, right ventricle.




Color Figure 5-3

Loag-axis color-flow Doppler echocardiogram obtained from a yearling
Thoroughbred colt with an endocardial cushion defect (same colt as in
Cnlor Figure 5-2). The high-velocity turbulent color-flow jet (contained
=ithin the pie-shaped box) represents the shunt from left atrium (LA) to
sighrt atrium (RA) through the atrial part of the endocardial cushion defect
4SD) above fused atrioventricular valves. The outer edges of the color-
Sow jet are red and orange, with the jet color changing to yellow and
then turquoise at the center, representing the highest-velocity flow (the
color-flow Doppler signal is aliased). The shunt direction is left to right
because the blood flow is toward the transducer. The echocardiogram
was obtained from the right cardiac window in the four-chamber view
with a 2,25/2.0-MHz phased-array transducer and a 24-cm displayed
depth. TV, Tricuspid valve; RV, right ventricle; LV, left ventricle.

Color Figure 5-4

Color-flow echocardiogram obtained from a G-week-old Thoroughbred
filly (same foal as in Figure 5-26) with tricuspid atresia (open arrow).
The orange jet goes from the left ventricle to the right ventricle
through the large ventricular septal defect (closed arrow). The center of
the jet is the higher-velocity flow represented by the aliased aqua signal.
This echocardiogram was obtained from the right cardiac window in the
left ventricular outflow tract position with a 2.5-MHz phased-array trans-
ducer and a displayed depth of 12 cm. An electrocardiogram is superim-
posed for timing. RV, Right ventricle; LV, left ventricle; AR, aortic root.

Color Figure 5-5

Long-axis color-flow echocardiogram obtained from a 19-year-old Thor-
oughbred gelding with mitral valve prolapse and mitral regurgitation.
This horse had holosystolic crescendo murmurs, with the point of max-
imal intensity over the mitral and tricuspid valves, which had remained
unchanged since 2 years of age. Mitral and tricuspid valve prolapse
was diagnosed and mild cardiac enlargement was detected, which had
remained unchanged since 6 years of age. The turquoise and yellow high-
velocity turbulent jet of mitral regurgitation (MR) extends dorsally and
axially into the left atrium in systole. This echocardiogram was obtained
from the left cardiac window in the mitral valve position with a 2.5/2.0-
MHz phased-array transducer. An electrocardiogram is superimposed for
uming. LA, Left atrium; LV, left ventricle.




Color Figure 5-7

Long-axis colorflow Doppler echocardiogram (two-dimensional [2-D]
and M-mode) obtained from a 9-year-old Thoroughbred gelding with
severe tricuspid regurgitation (same horse as in Figures 5-44 and 5-46).
The large turquoise and yellow regurgitant jet (arrow) of tricuspid regur-
gitation (TR) fills nearly the entire right atrium in systole on the 2-D color-
flow echocardiogram (color-flow Doppler contained within the pie-
shaped box on the 2-D echocardiogram). Notice the same jet of tricuspid
regurgitation on the M-mode echocardiogram (arrows). The M-mode
color-flow Doppler echocardiogram can be very useful for timing jets.
The echocardiogram was obtained from the right cardiac window be-
tween the left ventricular outflow tract and the mitral valve position. An
electrocardiogram is superimposed for timing. RV, Right ventricle.

Color Figure 5-6

Long-axis color-flow Doppler echocardiogram and continuous-
wave Doppler spectral tracing obtained from a 9-year-old
Thoroughbred gelding with moderately severe mitral regurgita-
tion. The high-velocity, turbulent, turquoise and yellow mitral
regurgitation (MR) jet (contained within the pie-shaped box)
sprays out in three directions from its origin, with the largest
portion of the jet directed dorsally in the left atrium. The steep
slope of the mitral regurgitation continuous-wave Doppler spec-
tral tracing indicates rapidly increasing left atrial pressures
during systole. The mitral regurgitation jet depicted in blue (MR)
is detected below the baseline, as the orientation of the jet is
away from the transducer into the left atrium. This echocardio-
gram was obtained from the left cardiac window in the mitral
valve position with a 3.0/2.0-MHz phased-array transducer with
a displayed depth of 23 cm. LA, Left atrium; LV, left ventricle.

Color Figure 5-8

Long-axis color-flow Doppler and continuous-wave Doppler echocardio-
gram obtained from a 9-year-old Thoroughbred gelding with tri-
cuspid prolapse and mild tricuspid regurgitation. The turquoise and
yellow jet (arrow) of tricuspid regurgitation (TR) (color-flow Doppler is
contained within the pie-shaped box) angles toward the aortic root (AR),
occupying less than one third of the right atrium on the color-flow
Doppler echocardiogram (upper right). The continuous-wave Doppler
tracing of the tricuspid regurgitation (TR) jet (@rrow) is below the base-
line, as the tricuspid regurgitation jet is orjented away from the trans-
ducer. The peak velocity of the tricuspid regurgitation jet is only 2.8
m/sec, resulting in only a small pressure difference between the right
atrium and the right ventricle. This echocardiogram was obtained from
the right cardiac window in the left ventricular outflow tract position
with a 3.0/2.0-MHz phased-array transducer and a displayed depth of 27
cm. An electrocardiogram is superimposed for timing. RV, Right ventricle.




Color Figure 5-9
Longaxis colorflow echocardiogram obtained from a 9-year-old
Quarter horse gelding with mild aortic regurgitation. The high-velocity
turbulent jet (orange, yellow, and aqua) of aortic insufficiency (AD)
originates at the aortic valve (AV) and angles toward the left ventricular
free wall. The color-flow Doppler echocardiogram is contained within
the pie-shaped box. This echocardiogram was obtained from the left car-
diac window in the left ventricular outflow tract and aortic valve position
with a 3.0/2.0-MHz phased-array transducer and a displayed depth of 24
cm. An electrocardiogram is superimposed for timing. LVOT, Left ven-
tricular outflow tract.

Color Figure 5-11

Color Figure 5-10

Long-axis colorflow echocardiogram obtained from a 5-year-old Thor-
oughbred-Percheron cross gelding with severe pulmonic (PR) and tri-
cuspid regurgitation. The red to orange jet is deflected into the right
ventricular outflow tract by the flail pulmonic valve leaflet, with a cen-
tral aliased signal due to high-velocity flow (arrow). The jet area at its
origin is large relative to the valve area, and proximal flow convergence
is seen on the pulmonary artery side of the valve. This echocardiogram
was obtained with a 3.0/2.0-MHz phased-array transducer and a dis-
played depth of 26.8 cm. PA, Pulmonary artery; RV, right ventricle; RA,
right atrium.

Sonogram and color angiogram of the left jugular vein obtained from an 11-year-old Dutch Warmblood gelding with chronic jugular vein thrombosis.
The right sides of the sonogram and color angiogram are proximal and the left sides are distal. The left jugular vein narrows distally (arrows) at the
point of a stricture in the jugular vein. The sonogram and color angiogram were obtained with a 10.0/5.0-MHz linear-array transducer and a displayed
depth of 4 cm.

Left, The hypoechoic to echogenic echoes within the lumen of the left jugular vein are associated with thrombosis and scarring of the vessel, The
irregular and thickened wall of the left jugular vein is associated with chronic jugular vein thrombosis. The rectangular area is the same view repre-
sented in the color-flow angiogram.

Right, The filling defects in the left jugular vein as the vein narrows proximal to the stricture are associated with thrombosis and scarring of the vessel,
The rectangular area is the area of the color-flow angiogram and is the same area depicted in the sonogram. Note the anechoic filling defect in the center
of the color-flow angiogram and the radiating areas of scarring and lesions along the wall of the vessel with very little flow (purple).



Color Figure 5-12 -
Sonograms of the right jugular vein from an 11-year-old Dutch Warmblood gelding with chronic jugular vein thrombosis and a diverticulum in the right
jugular vein in the proximal cervical region (same horse as in Color Figure 5-11). These sonograms were obtained with a 10.0/5.0-MHz linear-array
transducer and a displayed depth of 4 cm. The right side of the transverse (short-axis) image (right imnage) is dorsal and the left side is ventral. The right
side of the sagittal (long-axis) image (left image and B) is proximal and the left side is distal.

4, The blood-filled blind sac or diverticulum (arrows) superficial to the right jugular vein communicates with the jugular vein through a break in the

vessel wall (open arrow).
B, Color-flow sonogram demonstrating the high-velocity (aliased) flow (red, orange, yellow, and turquoise flow) through the narrow communications

between the right jugular vein and the diverticulum (arrow).

Color Figure 6-1

Power Doppler sonogram of the right kidney obtained from a 10-year-old Thoroughbred
gelding. Notice the branching of the renal vasculature into arcuate and interlobar arteries
and the arborization of the vessels in the renal cortex. This sonogram was obtained from
the right sixteenth intercostal space with a wide-bandwidth 2.0 to 4.0-MHz curved linear-
array transducer at a displayed depth of 19.9 cm. The right side of this sonogram is dorsal
and the left side is ventral.




CHAPTER

Uhrasonography is an active process that requires interac-
tion between the veterinary sonologist, equine patient,
ulrasound machine, and transducer to obtain optimal
quality ultrasound images. The veterinary sonologist
needs a thorough understanding of anatomy and of the
behavior of ultrasound in tissues for accurate image inter-
pretation. The ultrasonographic examination is an active
process, and frequent instrument adjustments need to be
made at the time of the ultrasonographic examination to
improve image quality. Although a multitude of program
presets are available on more sophisticated ultrasound
machines, these settings are just a guide for obtaining the
initial image. The image obtained should then be fine-
tuned, using the instrument controls to obtain the highest
quality images for interpretation. Standard scanning prac-
tices and image orientation can help simplify the image
analysis and interpretation, but ultrasonography remains
a dynamic scanning process that requires the active par-
ticipation of a knowledgeable veterinary sonologist to
obtain the most diagnostic information from the examina-
tion.

CREATING THE IMAGE

The ultrasound transducer generates a series of ultra-
sound pulses and ultrasound energy is transmitted into
the horse. Echoes are reflected back to the transducer
from different tissue interfaces within the patient, re-
flected ultrasound is received by the transducer, and this
returning ultrasound energy is processed into electrical
energy, creating an image. The origin of the reflected
ultrasound energy and the strength of this ultrasound
signal must be determined to create an accurate represen-
tation of the tissue scanned. The ultrasound reflections
are processed by the ultrasound machine into a series of
dots, which form the image displayed. The brightness of
each dot corresponds to the amplitude of the returning
echo, and the location of the dot corresponds to the
anatomic location of the echo-generating structure.! A
gray-scale image is produced by assigning a different
shade of gray to the varying echo strengths. The location

P hysics and Instrumentation

of the echo-generating structure is determined by know-
ing the direction of the pulse when it enters the horse
and measuring the time it takes for its echo to return
to the transducer. With the knowledge of the sound-
propagation speed, the echo arrival time can be con-
verted to the distance within the horse to the reflector
that produced the echo.” A complete understanding of
the physics of ultrasound and of the instrumentation is
important to obtain the optimal ultrasonographic image.

PROPERTIES OF ULTRASOUND WAVES'

Diagnostic ultrasound employs high-frequency sound
waves (usually 2 to 10 megahertz [MHz], or millions of
cycles per second), which are outside the range of human
hearing.!”” These sound waves are described in terms of
their frequency, period, wavelength, propagation speed,
amplitude, and intensity. The sound source determines
the frequency of the ultrasound emitted from the trans-
ducer, its amplitade, its intensity, and the period of the
ultrasound wave. The medium or tissue through which
the ultrasound is traveling determines the propagation
speed of the ultrasound and, to some extent, the wave-
length, which is also determined by the ultrasound
source.

The frequency is the number of cycles or complete
variations that the ultrasound beam goes through per unit
time.! The positive portion of the cycle is the compres-
sion of the acoustic variable (ultrasound), and the nega-
tive portion of the cycle is its rarefaction. The period is
the time it takes for one cycle to occur and is normally
expressed in microseconds (us).! The period decreases
as the frequency of the ultrasound increases because
more cycles are occurring per second and it takes less
time (period) for each cycle to occur. The frequency of
the ultrasound beam is expressed in terms of mega-
hertz.1® The higher the frequency of the ultrasound emit-
ted, the shorter the wavelength. The wavelength is the
distance that the ultrasound wave travels during one
cycle and is commonly expressed in millimeters (mm).
The shorter the wavelength, the higher the resolution of

1
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the image. Frequency and wavelength are inversely re-
lated if the velocity of sound within the medium remains
constant. Therefore, a higher-frequency transducer gener-
ates a shorter wavelength of ultrasound and an image
with better resolution.'””

Velocity (m/sec) = frequency (cycles/sec) X wavelength (m)

High-frequency sound waves are attenuated more than
low-frequency sound waves, limiting the depth of tissue
to which the ultrasound beam can penetrate.! Therefore,
increasing the resolution of the image by increasing the
frequency of ultrasound used decreases the penetration
of the ultrasound beam.

Propagation speed is the speed at which a wave moves
through a medium.! The propagation speed divided by
the frequency equals the wavelength.

Propagation speed (mm/p.s)
Frequency (MHz)

Wavelength (mm) =

The propagation speed is determined by the density
and stiffness or hardness of a medium.' Density of the
medium is the concentration of matter, or mass per unit
volume. Stiffness is the resistance of a material or medium
to compression. An increase in the stiffness of the me-
dium results in an increase in the propagation speed, but
an increase in the density of the medium results in a
decrease in the propagation speed, if stiffness remains
constant.! Differences in stiffness generally dominate the
differences in density, resulting in higher-density struc-
tures usually having higher propagation speeds. Propaga-
tion speeds are generally highest in solid tissue, lower in
fluid-filled structures, and lowest in air-filled structures
because of the decreasing stiffness (Table 1-1).!

Pulses of ultrasound, not continuous ultrasound waves,
are used to obtain most ultrasound images.'”’ Electrical
pulses are applied to the transducer to generate the ultra-
sound pulses. The pulse repetition frequency (PRF) is the
number of pulses occurring per second and is measured
in kilohertz (kHz). The pulse repetition period is the time
from the beginning of one pulse to the beginning of the
following pulse. As the PRF increases, the pulse repetition
period decreases. The pulse duration is the length of time
for one pulse to occur, which is equal to the pulse
repetition period times the number of cycles in each
pulse. Each pulse in sonography is usually between one
and three cycles in length.' The spatial pulse length is
the length of space over which a pulse occurs, and it

Table 1-1
Propagation Speed of Ultrasound in Tissue

Tissue Propagation Speed (mm/ps)
Fat 1.44
Brain 1.51
Liver 1.56
Kidney 1.56
Muscle 1.57
Soft-tissue average 1.54

Adapted from Kremkan FW: Diagnostic Ultrasound: Principles and Instruments,
4th ed. Philadelphia, WB Saunders, 1993.

increases with wavelength and the number of cycles
within a pulse. Although propagation speeds are identical
for pulsed- and continuous-wave ultrasound, frequency
within the pulses is not the same as with continuous-
wave ultrasound. A wide range of frequencies is present
within an ultrasound pulse. The shorter the pulse of
ultrasound, the greater the frequency range of ultrasound
emitted and the broader or wider the bandwidth of the
transducer.! The dominant (or center) frequency is close
or equal to the frequency for continuous-wave ultra-
sound.

The amplitude of the ultrasound is the maximal varia-
tion of the ultrasound wave and is equal to the maximal
value minus the normal (undisturbed) value.! The inten-
sity of the ultrasound is the power of the ultrasound or
the rate at which the ultrasound energy is transferred
divided by the area over which the power is spread.'
The intensity of the ultrasound is proportional to the
amplitude of the ultrasound squared. Therefore, if the
amplitude is doubled, the intensity is quadrupled. The
amplitude and intensity of the ultrasound wave are de-
creased or attenuated as the ultrasound travels through
tissue.

ULTRASOUND-TISSUE INTERACTIONS

Sound waves enter tissue and are reflected at tissue inter-
faces.!7 The strength of the reflected ultrasound wave
depends upon the angle at which the ultrasound beam is
directed and the acoustic impedance of the tissues
through which the ultrasound beam travels. If the two
tissues have the same acoustic impedance, no ultrasound
is reflected and all the ultrasound is transmitted into the
deeper tissues.

Acoustic Impedance

Ultrasound is transmitted into tissue and reflected from
the interfaces between the tissues based upon the acous-
tic impedance of the adjacent tissues.'”’” The acoustic
impedance is the density of the tissue multiplied by
the velocity at which sound travels through that tissue
(propagation speed). \

Acoustic impedance (rayl) = velocity (m/sec) X tissue
density (kg/m?)
Z=uvp

The acoustic impedance of tissue is determined by the
density and stiffness of a medjum.' Increases in either
the density or the stiffness of the medium increase the
acoustic impedance. Increases in the propagation speed
also increase the acoustic impedance.

Only small differences in acoustic impedance occur
between the various soft tissues and organs in the body,
whereas large differences exist between the soft-tissue
structures and bone or structures containing air (Table
1-2)."7 Bone has a very high acoustic impedance relative
to that of soft tissue, whereas air has a very low acoustic
impedance. The marked difference between the acoustic
impedance of air and that of soft tissue causes nearly




Table 1-2
Aceastic Impedance of Tissue

Tissue Acoustic Impedance*
Air 0.0004
Fat 1.38
Water (50° C) 1.54
Brain 1.58
Blood 1.61
Kidney 1.62
Liver 1.65
Muscle 1.70
Lens 1.84
Bone 7.8

“mooasic impedance (Z) = x 10° kg/m? sec.
atzpred from Curry TS 111, Dowdey JE, Murray RC Jr: Christensen’s Physics of
Mkmemxstic Radiology, 4th ed. Philadelphia, Lea & Febiger, 1990.

cmmplete reflection of the ultrasound beam from the air-
filled tissue back to the transducer, making air a nearly
paxfect reflector (Table 1-3). This high acoustic imped-
amce mismatch results in the reflection of nearly all the
wirasound beam back to the transducer, leaving little or
mome of the ultrasound to penetrate deeper into the
tmssnes. The result is the formation of an acoustic shadow
fmwxally seen with bone) or a reverberation artifact
«amsed by air at the tissue interface.’®

Beflection, Refraction, Attenuation, Absorption,
amd Scatter

Tlr2sound waves, like other sound waves, are reflected,
mefiracted. scattered, attenuated, and absorbed. When the
mirasound beam is directed at a tissue interface with a
perpendicular incidence, the ultrasound may be re-
ecsed. transmitted, or both.! The reflector is the medium
wmnctary that produces a reflection, otherwise known as
uine reflecting surface. Reflection is the portion of ultra-
smand returned from a boundary of a medium. The ultra-
smond is reflected back to the transducer to be processed
imm» an image. The transmitted ultrasound continues
dimeper into the tissues along the same path. The best
miprasound image is obtained by maximizing the reflected
mizsound and minimizing the refracted ultrasound

Tl 1-3
Meflection of Ultrasound at Tissue Interfaces

Interface Reflection (%)
Blood-brain 03
Kidney-liver 0.6
Blood-kidney 0.7
Liver-muscle 1.8
Blood-fat 7.9
Liverfat 10.0
Muscle-fat 10.0
Muscle-bone 64.6
Brain-bone 66.1
Water-bone 68.4
Soft tissue-gas 99.0

iiapees? from Hagen-Ansert SL: Textbook of Diagnostic Ultrasonography, 3rd
aull 46 Loges OV Mosby. 1989.
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waves. Therefore, the ultrasound beam should be di-
rected perpendicular to the structure(s) of interest, max-
imizing the portion of the ultrasound beam reflected back
to the transducer to be processed by the scan converter
into the ultrasound image. The intensity of the reflected
and transmitted ultrasound depends upon the incident
angle, incident intensity, and acoustic impedances of the
tissues.

Refraction of the ultrasound beam occurs when the
sound beam changes direction upon passing from one
tissue or medium into another.* Refraction occurs when
the angle of incidence is oblique. The incident angle and
the reflected angle are always the same. When the inci-
dent angle is oblique, reflection may occur if the acoustic
impedances are the same but propagation speeds are
different and may not occur if acoustic impedances are
different.!

Attenuation encompasses absorption, reflection, and
scattering of the ultrasound beam. In general, approxi-
mately 0.5 dB of attenuation per centimeter of soft tissue
occurs for each megahertz of frequency.! Attenuation of
ultrasound in soft tissue increases as the frequency of the
transducer increases. Attenuation is higher in lung and
bone than in other soft tissues and does not depend on
frequency in either of these tissues. Absorption of the
ultrasound beam occurs when the energy of the sound
beam is converted to heat and is a function of the fre-
quency of the transducer and the tissue through which
the ultrasound beam is traveling.

Specular reflectors are large, smooth, flat boundaries
that reflect the ultrasound beam back to the transducer.!
Specular reflection occurs if the tissue boundary is large
relative to the wavelength of the ultrasound and if the
boundary is smooth. The intensity of the reflected ultra-
sound from specular reflectors is highly angle dependent.

If the tissue boundary is small relative to the wave-
length of ultrasound or the surface is rough, the ultra-
sound is diffused. Scatterers are objects or tissue that
scatter the ultrasound beam because of their small size
or surface roughness and represent most of the tissue in
the body.! Scattering of the ultrasound beam is relatively
independent of the incident angle. Cellular tissues or
suspensions of components (such as blood) scatter or
redirect the ultrasound in many directions. Sound that is
scattered back in the direction from whence it came is
called backscatter. The frequency of the ultrasound and
the scatterer size determine the backscatter intensities.
Backscatter intensities are normally less than specular
reflection intensities but can be equal to the intensity of
a boundary specular reflection. Backscatter intensities
increase as frequency increases because the wavelength
is smaller relative to the size of the scatterer. Thus, the
tissue heterogeneity effectively increases as frequency
increases. Scattering also results in the imaging of tissue
boundaries that are not perpendicular to the ultrasound
beam, such as the capsules of organs as well as the organ
parenchyma.' Multiple scatterers are encountered by the
ultrasound pulse, resulting in the generation of numerous
echoes, which may reinforce one another or partially or
totally cancel each other out, resulting in acoustic
speckle. The acoustic speckle does not directly represent
the scatterers but rather represents the interference
echo pattern.
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RESOLUTION

Three types of resolution are found in ultrasound im-
aging: detail, contrast, and temporal resolution.! Detail
resolution is the ability to image two separate reflectors
as two separate echoes. Detail resolution is determined
by the axial and lateral resolution of the ultrasound pulses
as they travel through tissue and the closeness of the two
reflectors.! The contrast resolution (shades of gray) of the
ultrasound system also influences the detail resolution
(axial and lateral resolution). If the contrast resolution of
the system is high, it can sense the dip in the combined
amplitude of overlapping ultrasound pulses and resolve
them.! The resolution of the imaging system, howevetr, is
normally not as good as the detail resolution of the
transducers. Temporal resolution is the ability of a display
to distinguish events that are closely spaced in time.'
Temporal resolution improves with an increase in frame
rate. S

Lateral Resolution

Lateral resolution is the minimum distance between two
reflectors located at the same depth, perpendicular to
the direction of sound travel, such that when a beam is
scanned across them, two separate echoes are pro-
duced.!” lateral resolution is equal to the diameter of
the ultrasound beam in the scan plane. The primary
method of jmproving lateral resolution is focusing the
beam. The ability to distinguish two objects side by side,
perpendicular to the long axis of the ultrasound beam
(lateral resolution), is determined by the diameter of the
ultrasound beam and the distance from the transducer as
the ultrasound beam diverges in the near and far fields.
Acceptable lateral resolution is usually found for several
centimeters distance from the focal zone of the trans-
ducer.

Axial Resolution

Axial resolution is the minimum reflector separation re-
quired along the direction of ultrasound travel (scan line)
to produce separate echoes.!”7 The ability to distinguish
two objects adjacent to one another along the long axis
of the beam (axial resolution) is determined by the pulse
length, which is determined by the frequency of the
ultrasound transducer. Axial resolution is equal to half of
the spatial pulse length emitted from the transducer. The
spatial pulse length is the wavelength multiplied by the
number of cycles in the pulse. Axial resolution is im-
proved by decreasing the pulse length, increasing the
cycles per pulse, or increasing the frequency of the trans-
ducer used. The axial resolution worsens at lower fre-
quencies and deeper depths (Table 1-4). The axial resolu-
tion of most ultrasound systems is better than the lateral
resolution.

INSTRUMENTATION

A wide range of ultrasonographic equipment is available
today from small, portable, and inexpensive sector, linear,

Table 1-4
Axial Resolution (Two-Cycle Pulse) and Imaging Depth in Tissue

Frequency Imaging Depth (cm) Axial Resolution (mm)
2.0 30 0.77
3.5 17 0.44
5.0 12 0.31
7.5 8 0.20
10.0 6 0.15

Adapted from Kremkau FW: Diagnostic Ultrasound: Principles and Instruments,
4th ed. Philadelphja, WB Saunders, 1993.

and curved (convex) linear-array systems to large, hospi-
tal-based ultrasound machines with color-flow Doppler
and power Doppler capabilities and transesophageal and
endoluminal imaging. FThe many different types of ultra-
sonographic transducers are designed with certain scan-
ning needs in mind. Sector, linear, and curved linear-array
transducers are most frequently used in equine practice.
Annular-array and phased-array transducers are available
with the more sophisticated ultrasonographic equipment,
whereas the availability of transesophageal and endolumi-
nal transducers is restricted at this time to the most
expensive and technologically advanced machines. A
thorough understanding of the equipment being used
enables its user to obtain the best possible sonographic
images.

Transducers

Ultrasound transducers are frequently referred to as
probes or scan heads. At the hub of the transducer is a
single or multiple piezoelectric (pressure-electric) crys-
tal(s), which is deformed (excited) by an electrical cur-
rent, emitting ultrasound.!”” A variety of different materi-
als such as ceramic, quartz, polyvinylidene fluoride
(PVDF), and others produce a voltage when deformed by
an applied pressure and produce pressure when de-
formed by an applied voltage.! Therefore, ultrasound
transducers convert electrical voltage into ultrasound en-
ergy and incident ultrasound back into electrical voltage.'
The transducer consists of the piezoelectric element(s),
damping and matching materials, and casing." The damp-
ing material reduces the number of cycles per pulse and
therefore reduces the pulse duration and spatial pulse
length and results in improved axial resolution. This
damping may also reduce the amplitude of the returning
incident ultrasound and decrease the sensitivity of the
system. A matching layer(s) is added to the surface of the
ultrasound transducer that has an impedance intermedi-
ate between that of the piezoelectric element and the
tissue to improve the transmission of ultrasound into the
tissue. Similarly, an acoustic coupling gel must be applied
between the transducer surface (footprint) and the skin
surface to improve transmission of ultrasound into the
tissues owing to the large difference in acoustic imped-
ance between air and soft tissue.

Transducer Frequencies

A wide variety of transducer frequencies is currently
available, ranging from low-frequency transducers im-




agang at 2.0 MHz to high-frequency transducers imaging
& 10.0 MHz. Ultra-high-frequency transducers exist for
speciahty imaging. In endoluminal ultrasonography, trans-
«docer frequencies of 25 MHz and higher are currently
g emploved. In ophthalmologic and dermatologic
scanning. frequencies of 25 to 100 MHz are used. The
mse of these ultra-high frequencies requires the purchase
aof special equipment and state-of-the-art, usually nonpor-
mable. imaging systems that are not in routine use in
wererinary medicine at this time.

The seclection of the appropriate transducer for an
cxamination depends upon the structure being evaluated,
time depth of that area from the transducer surface, and
e acoustic properties of the intervening tissues.®'?
$ame transducers can be used transrectally, enabling the
somologist to place a transducer closer to the area of
mmmerest. minimizing the amount of intervening tissue
miwough which the ultrasound beam travels to reach the
area of interest. High-frequency transducers have excel-
hem resolution but poor penetration capabilities. Low-
fmequency transducers can penetrate to depths of 30 to
#) am but have less resolution. The best-quality sono-
gmaphic examination is always obtained with the highest-
firquency transducer that penetrates to the area being
examined. Thus, a high-frequency transducer should be
arfected when examining a structure close to the skin
amrace. such as tendons, ligaments, umbilicus, jugular
wemm . eves, pleura, epididymis, neonatal bladder, neonatal
gasointestinal viscera, or other structures immediately
emearh the skin surface (Table 1-5). An intermediate-
fireqoency transducer should be selected to examine
smractures 5 to 15 cm from the skin surface, such as the
abxdominal organs in foals; the liver, spleen, and, in some
admit horses, the right kidney; the gastrointestinal viscera
am $oals and adults; uterus, ovaries, and testicles; and the
bmmg and pleural cavity (Table 1-5). A lowerfrequency
Jmmsducer should be selected when imaging deeper
srmcrures such as the heart in the adult horse, the left
indmey and spleen, the right kidney in fat adult horses,
wime hings and pleural cavity in horses with extensive
piiewral and pulmonary disease, the cranial mediastinum,
time pregnant uterus in late gestation, and large abdominal
mmsses (Table 1-5).

The sonologist must select a transducer of a specific
fimequency to begin the examination. If better resolution
m meeded, a higher-frequency transducer is selected,
winereas if penetration is inadequate, a lower-frequency
mmmsducer is selected. Many ultrasound transducers oper-
& 2t 3 single frequency only; therefore, another trans-
dmcer must be selected. With some equipment, multiple
fimeqmencies are available within the same transducer.
Wh the newer wide-bandwidth transducers, each trans-
dmoer emits a range of ultrasound frequencies around its
«aemeey (or optimal) frequency (Fig. 1-1). Wide-bandwidth
mamsducers are created by using short bursts of ultra-
spamd. which result in a wide range of frequencies emit-
mexd ° Burst excitation is used selectively to operate the
mamsdncer at more than one frequency. If a higher-resolu-
men image is needed, the higher frequencies emitted in
iive broad band can be selected, resulting in improved
mmage quality (Fig. 1-1). This is done by emitting voltage
bmrses of the selected frequency contained within the
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Table 1-5
Transducer Frequencies and Their Application in Equine Practice
Frequency
(MHz) Applications
10.0 Tendons (superficial digital flexor tendon), ligaments
(collateral), bone, cornea, eye, jugular vein, other
superficial vessels, internal umbilical remnants,
external umbilicus, lymph nodes, glands, tongue
7.5/6.0 Tendons, ligaments, joints, tendon sheaths, bursae,

muscle, bone, eye, jugular vein, other superficial
vessels, internal umbilical remnants, external
umbilicus, neonatal bladder, epididymis, testicles,
penis, internal genitalia of the stallion,
uteroplacental unit, transrectal aorta, transrectal
iliac arteries, transrectal cranial mesenteric artery,
gastrointestinal viscera, small abdominal masses,
neonatal heart, neonatal kidneys, neonatal-
weanling liver, neonatal-weanling spleen, lymph
nodes, glands, tongue, pleura, and lung
5.0 Transrectal left kidney, transrectal uterus, transrectal
ovaries, internal genitalia of the stallion, penis,
testicles, adult liver, foal heart, foal left kidney,
small to medium-sized abdominal mass, uterus
and fetus in early to mid gestation, muscles, bone,
lung, pleura, foal cranial mediastinum
Heart, left kidney, uterus and fetus in late gestation,
large/fat adult spleen, large/fat adult liver, large/fat
adult right kidney, large abdominal mass, cranial
mediastinum, severe pleural/pulmonary disease,
deep muscle, and bone
2.5 Heart, left kidney, uterus and fetus in late gestation,
large/fat adult spleen, large/fat adult liver, large/fat
adult right kidney, large abdominal mass, cranial
mediastinum, severe pleural/pulmonary disease

3.5/3.0

wide-bandwidth transducer. Similarly, if more penetration
is needed, the lower frequencies emitted in the broad
band are selected, and the ultrasound beam can then
penetrate further into the tissues being examined (Fig.
1-1). Although this ability enables the image to be fine-
tuned in terms of resolution and penetration, the penetra-
tion of the lower frequencies and the resolution of the
higher frequencies of the wide-bandwidth transducers are
less than those of a transducer whose center frequency is
the desired frequency. Some transducers are also de-
signed with piezoelectric crystals of several different cen-
ter frequencies within the transducer, enabling one trans-
ducer to be used for multiple purposes. However, the
resolution of these transducers is poorer, and frame rate
is slower because only some of the crystals are being
used at any one time to obtain the image.

Beam Profile

The beam diameter depends upon the wavelength and
frequency of the ultrasound emitted, the transducer diam-
eter, and the distance from the transducer.! The beam
width in the scan plane and perpendicular to the scan
plane is equal to the beam diameter for disk element
transducers, cylindrical beams, and annular-array trans-
ducers, but not for linear-array transducers. For linear-
array transducers the beam width in the scan plane deter-
mines the lateral resolution of the transducer, and the
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Figure 1-1

Sonograms using a tissue-equivalent phantom demonstrating the
difference in the images when a wide-bandwidth 7.5-MHz linear-
array transducer is driven at 4 higher (4), its center (B), and a
lower (C) frequency with maximal power (100%) and gain (100%)
settings. This phantom is composed of rows of cystic structures
that decrease in size from right to left and are spaced 1 cm apart.
A foeal zone approximately 1 cm from the surface of the phantom
is indicated by the arrowhead pointing left at the level of the first
row of cystic structures. Notice the smallest (1-mm) cystic lesions
on the left side of the image obtained from the tissue-equivalent
phantom. ’

A, With the transducer used at the higher frequency setting
(7.5/10.0 MHz), the borders of the cystic structures dre sharper
and the tissue background is smoother. The penetration of the
ultrasound to the deeper rows of cystic structures is poorest with
the higher frequency, and the amplitude of the returning echoes
is the weakest.

B, With the transducer used at its center frequency (7.5/7.5 MHz), the 1-mm cystic structure at the second depth is better visualized
than in A but not as easily imaged as in C. The graininess of the tissue background and the amplitude of the returning echoes are
intermediate between the higher (4) and lower ( C) frequency settings.

C. With the transducer used at the lower frequency setting (7.5/5.0 MHZ), the borders of the cystic structures are less distinct and the
tissue background is grainier. The penetration of the ultrasound to the deeper rows of cystic structures is best with the lower frequency,

and the amplitude of the returning echoes is the strongest.

beam width in the plane perpendicular to the scan plane
determines the extent of the section-thickness artifact
(see Chapter 2). The near field of the beam, or the
Fresnel zone, is the region extending one zone length
out from the transducer element.! The near-field length
increases proportionally with increasing frequency and
with the square of the diameter.! The far field, or Fraun-
hofer zone, is the distance that lies beyond one near-zone
length.! The diameter of the ultrasound pulse decreases
in the near field and increases in the far field.

Focusing

Focusing the beam results in reduced beam diameter and
improved lateral resolution.'” Focusing of the beam can
occur only in the near field of the ultrasound beam.' The
wavelength, transducer size, and focal length determine
the degree to which an ultrasound beam can be focused.'
The focal zone of the ultrasound beam is the narrowest
area of the ultrasound beam, where image quality is the
best. The focal zone is fixed in sector-scanner transducers
and cannot be changed by the operator but is, instead,

predetermined by the manufacturer. With linear, curved
(convex) linear, and phased- and annular-array transduc-
ers, the focal zone can be moved within the image, or
additional focal zones can be added at different depths
throughout the image, improving image quality (Fig. 1-2).

Steering

In more sophisticated systems, the ultrasound beam can
be steered so that the scan plane can be manipulated
around intervening structures such as ribs or bowel or
the beam can be steered to improve the incident angle
for Doppler flow studies (Fig. 1-3).

Transducer Types

Realtime images can be obtained electronically or me-
chanically. Mechanically the piezoelectric crystals are im-
mersed in acoustic coupling fluid and are oscillated or
rotated through a sweep at a rapid rate within the trans-
ducer housing. Electronic real-time scanning is performed
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‘omcerams using a tissue-equivalent phantom demonstrating the difference with one focal zone or multiple focal zones and moving the focal zones
wmmm the image. Notice the differences in the images when the wide-bandwidth 7.5/5.0-MHz linear-array transducer is focused close to the
maEmsducer surface at approximately 1 cm depth (4), at 4 cm depth (B), and when multiple (four) focal zones are used close to the transducer
warce (C) and spread deeper into the phantom (D) with maximal power (100%) and gain (100%) settings. This phantom is composed of rows of
s structures that decrease in size from right to left and are spaced 1 cm apart. The focal zone(s) is indicated by the arrowhead pointing left.
%amwce the smallest (1-mm) cystic lesions on the left side of the image obtained from the tissue-equivalent phantom.

% With one focal zone at approximately * cm, the first row of cystic structures is very distinct, but the resolution of the cystic structures in the
sesmd row is poorer.

8 Wwith one focal zone at approximately 4 cm, the third row of cystic structures appears most distinct, but the resolution of these structures is
much poorer than in 4, C, or D. 52

. With four focal zones focused close together in the near field (in the first 2+ cm), the resolution of the three rows of cystic structures is
e Sur the first row is not quite as distinct as in 4.

O Wirh four focal zones spread farther apart (in the first 4+ cm), the resolution of the second row of cystic structures is not as good as in C

ar & bur the third row is fairly distinct.

I electronically exciting arrays (or groups) of piezoelec-
wic crystals rapidly through a predetermined sequence,
depending upon the type of array.

Lmear Array

Lmmear-array transducers were first used in equine practice
fior pregnancy diagnosis and are still the preferred trans-
dmcer design for anyone in a practice doing primarily
equine reproduction.®!? These transducers can also be
msed for evaluating the internal reproductive organs in
e mare and stallion and for evaluating the external
grmralia of the stallion. Linear-array transducers were
thwen used by equine practitioners for the evaluation of

tendon and ligament injuries. This use led to other mus-
culoskeletal applications and the use of these transducers
for the evaluation of small parts.

Linear-array transducers are solid-state transducers
composed of a row of arrays of ultrasound crystals that
are electronically fired in succession, forming a rectangu-
lar image (Fig. 1-4).!-> % 1> The width of the image is
approximately equal to the length of the array.! The
greater the number of ultrasound crystals within the
ultrasound transducer, the better the transducer’s image
quality. The number of crystals housed within a single
linear transducer varies significantly between manufactur-
ers, from 48 to 196 crystals. The best image quality is
obtained with one wire (or channel) per crystal. In order
to decrease cost, a series of up to five crystals is chan-
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Figure 1-3

Sonograms using tissue-equivalent phantoms demonstrating the difference with beam steering on the portion of the tissue-equivalent phantom
imaged. Notice the differences in the location of the echogenic circular structure in the lower left in the unsteered image (4) and when the beam
is steered in the opposite direction (B). These images were obtained with a 2.5-MHz wide-bandwidth annular-array transducer that was driven at a
higher frequency. This phantom is composed of rows of cystic structures that decrease in size from right to left and are spaced 1 cm apart. The
focal zone is indicated by the linear white marker to the right of the centimeter scale.

A, The cystic structures line up parallel with the center of the beam, and the echogenic circular structure is approximately 2 to 3 cm from the

left side of the image.

B, The cystic structures now angle off to the left as the beam goes deeper into the phantom, and the echogenic circular structure is now near

the left edge of the image.

neled to each wire using a multiplexer. A multiplexer is
used in most portable ultrasound equipment. The size of
the transducer connector is an indication of the number
of channels because there is one pin in the connector
for every channel. Therefore, the larger the transducer
connector, the more channels contained within the trans-
ducer cord. With less than 32 channels, frame rate slows
markedly when multiple focal zones are activated and
focusing is less effective.

Linear-array transducers have less penetration for a par-
ticular ultrasound frequency than sector-scanner or annu-
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Figure 1-4

Sonogram using a tissue-equivalent phantom demonstrating the image
obtained with a 7.5-MHz linear-array transducer. The multiple (four)
focal zones spread deeper into the phantom with maximal power
(100%) and gain (100%) settings. This phantom is composed of rows
of cystic structures that decrease in size from right to left and are
spaced 1 cm apart. The focal zones are indicated by the arrowheads
pointing left. Notice the smallest (1-mm) cystic lesions on the left side
of the image obtained from the tissue-equivalent phantom.

lar-array transducers. However, the linear-array transduc-
ers can be electronically focused and have the ability to
vary the depth of the focal zone or to have multiple
focal zones, improving the image quality at a precise
location(s) within the area being scanned. The receiving
focus is also continuously changed (dynamic focusing).
The linear-array transducers become larger as the fre-
quency of the transducer decreases, resulting in the 3.0-
MHz linear-array transducers having a very large footprint
(contact area between the imaging surface of the trans-
ducer and the patient). This large footprint is a limiting
factor in using linear-array transducers for thoracic and
abdominal imaging in-horses because the large footprint
does not fit between the intercostal spaces and does not
conform well to the shape of the abdomen or thorax.’
The rectal linear transducer designed for equine repro-
duction is usually cigar- or pencil-shaped, with the beam
emitted off line at a 90-degree angle, perpendicular to
the long axis of the transducer (Fig. 1-5). Linear-array
transducers are also designed with the beam emitted in
line with the long axis of the transducer, making scanning
superficial parts such as tendons and ligaments much
easier. Transducer frequencies range from 3.0 to 7.5 MHz
for most commercially available portable ultrasound
equipment, although 10-MHz transducers are becoming
more available.

Curved (Convex) Linear Array

Curved linear-array transducers were developed initially
for the ultrasonographic evaluation of pregnant women.
Although the arrays of crystals are excited much like
those of a standard linear-array transducer and the beam
can be similarly electronically focused, the footprint of
the standard linear-array transducer was curved (Fig. 1-6)
to form a convex surface, yielding a curved pie-shaped
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[hkaprzm of a standard linear transrectal transducer with the beam
omumed perpendicular to the long axis of the transducer. Notice the
mermamgytar shape of the image obtained.

war sector-like) image (Fig. 1-7).!"> " With this modifica-
menm. the imaging surface of the transducer conformed
mowe to the abdomen, and a more complete image was
abexined. The curved or convex linear-array transducer
fms 2 smaller footprint than the standard linear transducer
o similar depth penetration. The larger, lower-fre-
qency convex linear-array transducers (3.0 MHz) are
msed primarily for abdominal imaging but have limited
appications in the adult horse owing to their penetration
lemmations (usually only 20 cm) and a footprint that is
mmp karge to fit in the intercostal spaces. The smaller,
imgher{requency (6.0 to 10 MHz) convex (or microcon-
wex hineararray transducers have a wider application in
eqpuine practice and can be used for the sonographic
evalzation of tendons and ligaments, other superficial
mmesculoskeletal structures, the foal’s abdomen (including
gastrointestinal viscera, bladder, and umbilical remnants),
amall parts, and external genitalia of the stallion. This
Ingh-frequency microconvex transducer can also be used
ummsrectally for the evaluation of the internal reproduc-
dime organs of the stallion and mare and for the evaluation
af dee aorta, iliac arteries, cranial mesenteric artery, pal-
pable abdominal viscera, and abdominal masses. Trans-
dmcer frequencies range from 3.0 to 10.0 MHz for most
ammmercially available equipment, similar to those avail-
aivle with the standard linear-array transducer.

Sexcier Scanners

Socworscanner transducers are widely used in equine
pmcnce because of their ability to penetrate farther into
e tissue than linear-array or curved linear-array transduc-
ers of the same frequency.” !> !* Sector-scanner transduc-
ers are designed with one or more crystals that are me-
ieermcally  oscillated or rotated to form a pie-shaped
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image (Figs. 1-8 and 1-9). The sector-scanner transducer
has a small footprint that fits easily into the equine inter-
costal spaces. The small footprint and excellent penetra-
tion of the sector-scanner transducer (30 to 40 cm with
the 2.5-MHz sector-scanner transducer) makes this trans-
ducer technology excellent for routine cardiac imaging
in horses, as well as for deeper abdominal and thoracic
imaging. Sector-scanner transducers have a fixed focal
zone for each transducer, which cannot be electronically
moved throughout the imaging field, limiting the optimal
image quality to the fixed focal zone.'? Only sequential,
not simultaneous two-dimensional (2-D) real-time echo-
cardiography, M-mode echocardiography, and pulsed and
continuous-wave Doppler echocardiography can be ob-
tained, in most instances with single-crystal technology,
although split-crystal sector-scanner transducers are avail-
able which enable the echocardiographer to obtain simul-
taneous 2-D and continuous-wave Doppler echocardio-
grams.!> Sector-scanner transducers usually have the
beam in line with the long axis of the transducer, but off-
line transducers are available for transrectal ultrasono-
graphic imaging in the horse. A few companies make
high-frequency sector-scanner transducers with an acous-

Figure 1-6

Diagram of a curved (convex) linear transducer with the beam emitted
in line with the long axis of the transducer. Notice the sectorlike shape
of the image obtained.
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Figure 1-7
Sonograms using tissue-equivalent phantoms demonstrating the images obtained with a microconvex (4) and curved convex (B) linear transducer.
Notice the curved top of the image (contact surface between the transducer and the phantom). The focal zones are indicated by the arrowheads
pointing left.

A, Notice the wide field of view (150 degrees) with the microconvex transducer (4) compared with the standard convex transducer (B). This
is a wide-bandwidth 6.0-MHz transducer with four widely spaced focal zones. -

B, Notice the standard width of the ultrasound image (90 degrees) and the increased penetration with the lower frequency convex transducer
(5.0 MHz).

Figure 1-8

Diagram of a sector-scanner transducer with the beam emitted in line with
the long axis of the transducer. Notice the pie-shaped 90-degree sector
image obtained.’




Figure 1-9

#apogram using a tissue-equivalent phantom demonstrating the image
sbained with a 7.5-MHz sector-scanner transducer, Notice the pie-
simped 90-degree sector image obtained. The penctration is better than
wih the 7.5-MHz linear transducer, but resolution of the cystic struc-
mres is poorer owing to the fixed focusing in the sector transducer
isee Fig. 1-1B).

ocally matched built-in fluid offset (Fig. 1-10), maximiz-
ing the image quality obtained with this transducer com-
pared with that obtained using a hand-held standoff pad
iFeg. 1-11). The builtin fluid offset is also much easier
w use than the hand-held standoff pad, freeing up one
kand to change the equipment settings and to record the
mitrasonographic findings. Transducer frequencies with
most commercially available equipment range from 2.5
w2 7.5 MHz.

Asadlar Array

Annular-array transducers are composed of multiple, ring-
shaped crystals that are mechanically oscillated or rotated

Fagare 1-10

Sumeram using a tissue-equivalent phantom demonstrating the image
oimeamrmed with a 7.5-MHz sector-scanner transducer containing an acous-
mesln matched built-in fluid offset. Notice the improved resolution of
e cvstic structures compared with those in Figure 1-9, especially
amme scructures close to the surface of the tissue-equivalent phantom.
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Figure 1-11

Sonogram obtained using a tissue-equivalent phantom demonstrating
the image obtained with a 7.5-MHz sectorscanner transducer and a
hand-held standoff pad using the same settings as in Figure 1-9. Notice
the attenuation of the image that occurred with the use of the standoff
pad but the improved resolution of the structures right below the
surface of the tissue-equivalent phantom compared with Figure 1-9.

to form a pie-shaped image (Fig. 1-12)."">? The more
crystals housed within the annular-array transducer, the
better its image quality. The image quality of annular-
array transducers tends to be superior to that obtained
with a sector scanner because of the multiple crystal
technology present (Fig. 1-13). The beam profile is cone
shaped because of the ring-shaped transducer ¢lements,
which reduce the beam width both in the scan plane

Figure 1-12

Diagram of an annular-array transducer with the beam emitted in line
with the long axis of the transducer. Notice the pie-shaped image ob-
tained.



12 Chapter 1 » Physics and Instrumentation

Figure 1-13

Sonograms obtained using a tissue-equivalent phantom demonstrating the image obtained with a 7.5-MHz annular-array transducer (4) and a sector-
scanner transducer (B). Notice the improvement in the resolution of the cystic structures with the annular-array transducer compared with the

sector-scanner transducer.

and perpendicular to the scan plane. Annular-array trans-
ducers have variable focusing capabilities, improving the
detail of the image in the area of interest. Dynamic focus-
ing of the returning echoes is also possible. Sequential,
not simultaneous 2-D, M-mode, pulsed-wave, continuous-
wave, and colorflow Doppler echocardiography is ob-
tained with annular-array technology.’” Annular-array
transducers have excellent penetration capabilities for
each transducer frequency (30 cm for the 2.5-MHz trans-
ducer). Annufar-array transducers also have small foot-
prfnts, although their footprints tend to be slightly larger
than the sector-scanner footprint for the same frequency
transducer. The annular-array transducers also have a
large range of transducer frequencies (7.5 to 2.5 MHz),
similar to those available with the sector-scanner trans-
ducers, and are occasionally used for transesophageal
imaging.

Phased Array

Phased-array transducers are composed of multiple crys-
tals in a rectangular format that are electronically excited
as a group with small time differences (phasing), which
results in the sound pulse being sent out in a specific
direction that is constantly changing and the formation
of a pie-shaped image (Fig. 1-14).1> > '> 5 These trans-
ducers have a smaller footprint than linear-array or curved
linear-array transducers, less penetration than annular or
sector-scanner transducers (22 to 28 cm for the 2.5-MHz
transducer), and poor near-field resolution (Fig. 1-15).
Phased-array transducers have variable focusing capabili-
ties and can focus the beam by phasing, electronically
focusing the beam. The receiving focus is also continu-
ously changed (dynamic focusing). Phased-array transduc-
ers are preferred by many cardiologists for echocardiogra-
phy because two imaging modalities can be obtained
simultaneously by using some of the ultrasound crystals
for one imaging modality and the rest for the other."
Two-dimensional echocardiography can be obtained si-
multaneously with M-mode echocardiography, pulsed
wave, continuous-wave, or color-flow Doppler echocardi-
ography.” For this reason, phased-array technology is the

primary transducer type used in transesophageal imaging
transducers.'® Transducer frequencies for most commer-
cially available equipment range from 7.5 to 2.25 MHz.

Specially Transducers

A wide variety of specialty transducers have been devel-
oped to meet particular scanning needs in both human
(primarily) and veterinary medicine.

Transrectal Transducers. Transrectal ultrasound

Figure 1-14

Diagram of a phased-array transducer with the beam emitted in line
with the long axis of the transducer. Notice the pie-shaped image ob-
tained.
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containing a built-in fluid offset. Notice the excellent near-field resolution

mansducers were one of the earliest transducer develop-
ments in veterinary medicine to allow the practitioner to
safelv take an ultrasound transducer into the rectum and
scan the female reproductive tract.””*> These transducers
were designed with a cigar or pencil shape, with a
smooth covered exterior with no sharp protuberances,
and with the beam originating at 90 degrees to the long
axis of the transducer. These transducers were originally
5.0-MHz frequency, but 7.5-MHz transrectal transducers
are now available for ultrasonographic evaluation of the
female and male internal reproductive organs. These
mansducers are also useful for examining the aorta, iliac
arteries, bladder, urethra, cranial mesenteric artery, peri-
rectal masses, and portions of the gastrointestinal tract
that can be palpated rectally. The disadvantage of these
mansducers is that the footprint of the transducer must
be placed directly over the area to be examined and the
depth of penetration of the image is usually limited.
Sector-scanner transducers were also designed for
equine practice which could be safely taken into the
rectum but were larger and less user friendly.® Transrectal
sector-scanner transducers designed for use in equine
reproduction have a beam that originates off line from
the long axis of the transducer. The center of the sector
sweep either is at 90 degrees to the long axis of the
ansducer or projects downward and forward 45 degrees
from the transducer’s long axis. The latter transducers
have the advantage of being able to project the ultra-
sound beam in front of the footprint position to scan a
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Figure 1-15

Sonograms of the internal umbilical remnants in a foal demonstrating
the image obtained with a 7.5-MHz phased-array transducer (4) com-
pared with those obtained from the same foal with a 7.5-MHz sector-
scanner transducer containing a built-in fluid offset (B and C). Notice
the poor near-field resolution and the decreased penetration of the
phased-array transducer.

A, Sonograms of the right umbilical artery (RUA) (right sonogram)
and the urachus (left sonogram) obtained with a 7.5-MHz phased-
array transducer, Notice the poor image quality of these structures
compared with the same structures obtained with a sector-scanner
transducer (B and C).

B, Sonogram of the right umbilical artery obtained with a 7.5-MHz
sector-scanner transducer containing a built-in fluid offset. Notice the
excellent near-field resolution and the increased penetration.

C, Sonogram of the urachus and both umbilical arteries at the
bladder apex obtained with a 7.5-MHz sectorscanner transducer
and the increased penetration.

structure in the more cranial abdomen, as long as the
intervening tissues are not highly reflective. Sector scan-
ners are also able to penetrate deeper into the tissues
than linear scanners for the same frequency of transducer,
giving a larger depth of field to examine large abdominal
masses, the pregnant uterus, and other large structures.

Transrectal and transvaginal transducers are available
for human’ ultrasonography. The transrectal transducers
are biplane transducers, which result in the simultaneous
acquisition of mutually perpendicular images (or images
that are close to being mutually perpendicular). Similarly,
transvaginal transducers are designed to image the uterus
and pelvic structures through the vagina, enabling the
use of higher-frequency transducers to obtain better reso-
lution and improving access to structures that are either
not visible or difficult to image from an abdominal win-
dow.

Transesophageal Transducers. Transesophageal
transducers are medium- to high-frequency ultrasound
transducers that are inserted into a gastroscope or endo-
scope and then passed into the esophagus and manipu-
lated to image the heart, mediastinal structures, ot cranial
abdominal structures through the esophagus or
stomach.!® Transesophageal transducers can be single
plane, biplane, or omniplane. Single-plane transesophageal
transducers are less desirable because the ultrasound
beam can be manipulated in only one scanning plane.
With biplane transesophageal transducers, the ultrasound
beam can be moved in two mutually perpendicular direc-
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tions, and with omniplane transducers movement in all
directions is possible. The use of transesophageal echo-
cardiography has enabled the cardiologist to obtain much
higher resolution images of a variety of cardiac structures
and to obtain scan planes that were heretofore unavail-
able, optimizing evaluation of structures in the mediasti-
num and around the cardiac base, and of mitral, aortic,
and pulmonic flows. Transesophageal echocardiography
is being adapted for use in horses and has been valuable
for monitoring cardiac function under general anesthesia.

Endoluminal Transducers. Endoluminal transducers
are ultra-high-frequency ultrasound transducers that have
been inserted into a variety of catheters so that imaging
of small tubular structures can be obtained such as the
coronary arteries and urethra.”

Intraoperative Transducers. High-frequency trans-
ducers of a wide variety of shapes have been designed
for intraoperative use to aid the surgeon in localizing
abnormalities within parenchymal organs or in areas of
limited surgical visibility.”

Specialty Transducers. Ultra-high-frequency trans-
ducers (25 to 100 MHz) have been designed for evaluat-
ing very superficial structures such as the layers of the
skin, the cornea, and the superficial structures within the
eye. These transducers also require special ultrasono-
graphic equipment.

The Pulser

The! pulser produces the electric voltage that excites the
piezoelectric crystal(s) and produces ultrasound pulses.
To display the returning information in real time, it is
necessary to use high pulse repetition frequency (PRPF).
All echoes from one pulse must be received before the
next ultrasound pulse is emitted, a fact that requires a
reduction in PRF and frame rate when imaging deeper
tissues. The greater the voltage amplitude that the pulser
produces, the greater the amplitude and intensity of the
ultrasound pulses produced by the transducer.! The effi-
ciency of the transducer also plays a role in the amplitude
and intensity of the ultrasound pulses produced.

Instrument Controls

A variety of controls on the ultrasound machine enable
the user to optimize the quality of the ultrasound image.
‘The majority of these controls are preprocessing controls,
controls that have to be adjusted before the image is
frozen and can modulate the image only before it is
stored in memory. Postprocessing functions are those
controls that work once the image is frozen and the
returning echoes are stored in memory. A knowledge of
these settings and how to manipulate these controls is
important to obtain the maximal performance from your
ultrasound equipment.

Power

Power is the amount of energy or voltage delivered to
the piezoelectric crystal or the amount of ultrasound

energy emitted from the transducer.'”’” Increasing the
power increases the intensity of ultrasound energy deliv-
ered to the tissues. Therefore, a uniform increase in the
amplitude of the returning echoes occurs when the
power is increased. Power is usually expressed in decibels
(dB) or as a percentage of the total output. The lowest
power sectting possible to penetrate to the area being
examined is recommended to obtain optimal image qual-
ity. Higher-power settings result in more artifact (noise)
than lower-power settings.

Gain

Amplification of the returning ultrasound, or echoes, re-
flected back to the transducer is accomplished by con-
verting these smaller voltages received from the trans-
ducer to larger voltages that can be processed and stored.
The gain is the ratio of output to input electrical power.'-
The gain control determines the amount of amplification
accomplished in the receiver. Increasing the gain in-
creases the amplitude of the reflected ultrasound. The
gain controls should be used preferentially to amplify the
returning echoes to obtain optimal image quality, rather
than increasing the power (voltage) delivered to the pi-
ezoelectric crystal. With too little gain, the weak echoes
are lost; with too much gain, image saturation occurs and
differences in echo strength (contrast resolution) are lost.
A decrease in the amplitude of the returning echoes as a
result of low acoustic output can be compensated for
by increasing the gain, with only a small reduction in
imaging depth.

Time Gain Compensation

The amplitude of the ultrasound echoes returning from
the deeper tissues (far field) is weaker than the amplitude
of the ultrasound echoes returning from the superficial
structures (near field). This difference in the amplitude
of the ultrasound echoes returning from different depths
occurs because ultrasound is absorbed, scattered, re-
flected, and refracted. Ultrasound energy is attenuated by
all tissue to a greater or lesser extent, depending upon
the type of tissue through which the ultrasound is pass-
ing. Attenuation of the ultrasound depends upon path
length. Therefore, more ultrasound energy is lost on its
way to deeper structures. Ultrasound energy is also re-
fracted from different tissue interfaces. More ultrasound
energy is refracted when the ultrasound beam must pass
through multiple tissue interfaces before reaching the
area of interest. This results in a further loss of ultrasound
energy in the deeper tissues and less that can be reflected
back to the receiver (the transducer).

Time gain compensation (TGC) is used to equalize
the differences in received echo amplitude because of
depth.’”” Similar reflectors (reflectors with equal reflec-
tion coefficients) have different echo amplitudes arriving
at the transducer if their path lengths are different.
Longer path lengths result in later arrival time for these
echoes at the transducer (receiver). Thus, these echo
amplitudes need to be adjusted so that similar reflectors
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wmmxerams obtained with a tissue-equivalent phantom demonstrating a gradually increasing time gain compensation (TGC) curve and the resultant
amxich homogeneous brightness of the image (4) compared with the image with no TGC used (B). These sonograms were obtained with a 7.5-

Wz scctor-scanner transducer and a displayed depth of 6 cm.

4 The smooth homogeneous image and the gradual slope indicated by the sloping DGC line on the right of the image are associated with

pemperty applied TGC controls.

& The excessive brightness in the near field of the image and the decreased echo amplitude in the far field of the image are associated with the

kack of use of the TGC. The resultant image lacks homogeneous brightness.

are displayed as similar amplitude echoes (Fig. 1-106).
Compensation results in these later returning echoes be-
mg amplified more than the echoes returning sooner
fmmm a shorter path length. This creates a homogeneous
sppearance of an individual organ or structure being
examined in terms of the amplitude of the returning ech-
=

The depth gain compensation (DGC) slope (Fig. 1-17)
= the line displaying the rate of increase of gain (dB) with
depch (cm).! This slope is adjusted during the ultrasound
examination to achieve uniform brightness throughout
e mmage. At greater depths, maximal brightness is often
adweved. as maximal compensation for the ultrasound
amenuation has occurred and no further compensation
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Fgare 1-17

‘somngram obtained with a tissue-equivalent phantom demonstrating a
gmaaially increasing time gain compensation (TGC) curve and the resul-
mor smooth homogeneous brightness of the image. The arrows to the
megr poanit 1o the slope of the DGC curve that was used to obtain this
mmgs  This sonogram was obtained with a 7.5-MHz sector-scanner
TamNIucer containing a built-in fluid offset.

is possible; therefore the brightness of the image in
the farthest portion of the field may begin to decrease
(Fig. 1-18).

The gain controls may be very simple, with just a near
and far (or overall) gain control, or more complex, with
the ability to fine-tune the gain every few centimeters
with TGC controls. If there are only near and far (overall)
gain controls, the near gain should be set low to suppress
the strong echoes returning from the reflectors in the
near field and the far gain should be set higher to increase
the amplitude of the echoes returning from farther away
to obtain uniform brightness throughout the image. If a
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Figure 1-18

Sonogram using a tissue-equivalent phantom demonstrating the inability
to increase the gain beyond 2 to 3 cm and the consequent reduction
in image brightness at the second row of cystic structures, which
becomes very pronounced at the level of the third row of cystic
structures. This phantom is composed of rows of cystic structures
decreasing in size from right to left and are spaced 1 c¢cm apart. Four
focal zones are indicated by the arrowheads pointing left.
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slope delay and slope rate control are also present, the
slope delay is set at the depth in the image where initial
amplification of the echoes returning from deeper reflec-
tors is desired. The slope rate control is set steep when
a rapid increase in the echo amplification per centimeter
depth is needed, whereas a more shallow slope results in
a more gradual increase in the gain of the echoes re-
turning from reflectors in the far field. If individual TGC
controls are present, the brightness of the image can
be adjusted every few centimeters to obtain a uniform
brightness throughout the image. These controls enable
the sonologist to maximally fine-tune the image bright-
ness.

Dynamic Range

The dynamic range is the ratio of the largest to smallest
amplitude that the system can process." Amplifiers typi-
cally have a dynamic range of 100 to 130 dB; however,
the human eye can perceive a dynamic range of only
20 dB.! Compression is the process of decreasing the
difference between the smallest and largest amplitudes,
thus amplifying the weaker voltages to a greater degree
than the stronger ones. After compression, the dynamic
range that usually remains is between 40 and 70 dB. The
dynamic range adjusts the contrast of the echoes dis-
played (Fig. 1-19). Contrast resolution is the number of
decibels of dynamic range covered by each gray shade
and the average intensity difference between two echoes
for them to be assigned to different shades in the system
memory. Contrast resolution is improved by more gray
shades.

Reject
Reject is a control that removes the low-amplitude (or

weaker) signals from the displayed echoes.! The reject
control removes these low-amplitude echoes by removing

Figure 1-19

the same echo amplitude from all returning echoes rela-
tive to the baseline. This results in the reject control
removing baseline (or noise) echoes, as well as slightly
decreasing the amplitude of all information echoes by a
similar amount. As the reject control is increased, more
and more of the weaker information echoes are deleted,
along with the noise echoes (Fig. 1-20). Thus, the reject
control should be used sparingly to clean up the image,
achieving a balance between removing the noise from the
image and maintaining the weaker information echoes.

Scan Plane Angle

The angle of the scan plane with sector, annular, phased-
array, or curved (convexy linear-array transducers can be
variable and can range from 30 to 150 degrees or greater.
In many situations, the scan-plane angle is fixed (usually
90 degrees) and narrower or wider angles are not possi-
ble. In more sophisticated equipment, changing the angle
of the scan plane is possible (Fig. 1-21). The wider the
scan plane, the slower the frame rate. Therefore, the
ability to narrow the scan plane angle is helpful in some
real-time imaging, particularly in cardiology, where main-
taining a real-time frame rate is essential.

Magnification (Zoom)

Write magnification (write zoom) is a preprocessing func-
tion in which the image is magnified but the pixel size
remains smail. Write magnification is accomplished by
writing a smaller portion of the image to be written into
the entire memory, thus enlarging the image without
enlarging the size of the pixels.! With read magnification
(read zoom), the image is magnified after it is frozen or
stored in memory (postprocessing function), resulting in
magnification of the pixels (Fig. 1-22).! Read magnifica-
tion makes the pixel nature of the image more obvious.
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Sonograms using a tissue-equivalent phantom demonstrating the difference in the images with changes in dynamic range when a wide-bandwidth
7.5-MHz linear-array transducer is used with maximal power (100%) and gain (100%) settings. Notice the difference in the contrast of the image
between the low (1) dynamic range setting (4) and the high (5) setting (B). This phantom is composed of rows of cystic structures that decrease
in size from right to left and are spaced 1 cm apart. Four focal zones are indicated by the arrowheads pointing left.
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Sigure 1-20

—2ms using a tissue-equivalent phantom demonstrating the difference in the images with changes in reject when a wide-bandwidth 7.5-MHz
rav transducer is used with maximal power (100%) and gain (100%) settings. Notice the difference in echo density of the image between
10%) reject setting (4) and the high (35%) setting (B). The increased reject (B) carries less noise but also fewer information echoes. This

moi U

is composed of rows of cystic structures that decrease in size from right to left and are spaced 1 cm apart. Four focal zones are indicated

arrowheads pointing left.

Fram

Sgure 1-21
r2ms using a tissue-equivalent phantom demonstrating the difference in the images with changes in scan-plane angle. These sonograms were
ed with a 2.5-MHz annular-array transducer. Notice the difference in the field of view between the narrow setting (4) and the wide setting

with the increased scan-plane angle, a significant decrease in frame rate occurs. This phantom is composed of rows of cystic structures that

fewmczse in size from right to left and are spaced 1 cm apart. The focal zone is indicated by the parallel lines along the right centimeter scale bar.
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Figure 1-22

z2mis using a tissue-equivalent phantom demonstrating the difference in the images without magnification (4) and when read magnification

ed. Notice the larger pixel size with the read magnification than without magnification. This phantom is composed of rows of cystic

~sures that decrease in size from right to left and are spaced 1 cm apart. Four focal zones are indicated by the arrowheads pointing left. .
17
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Figure 1-23
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Sonograms using a tissue-equivalent phantom demonstrating the difference in the images with the use of edge enhancement when a wide-bandwidth
7.5-MHz linear-array transducer is used with maximal power (100%) and gain (100%) settings. Notice the difference in the sharpness of the image
between the smooth image with no edge enhancement (4) and the sharp crisp image with high edge enhancement (8). This phantom is composed
of rows of cystic structures that decrease in size from right to left and are spaced 1 cm apart. Three focal zones are indicated by the arrowheads

pointing left.

Edge Enhancement

This control sharpens the interface echoes and makes the
edges of linear structures such as tendons and ligaments
more distinct (Fig. 1-23).

Posiprocessing

The postprocessing key is a method of changing the
brightness of the image once the image has been stored
in memory (Fig. 1-24). These curves may change the
brightness of the image uniformly (linear curves) or pref-
crentially assign more of the brightness range to certain
portions of the stored image, which can improve the
ability to differentiate between small echo strength differ-
ences stored in memory.! Changing the postprocessing
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Figure 1-24

curve reassigns the gray levels. Color (B color or color
scale) may be used on some equipment to differentiate
echo intensities, as the eye can differentiate more color
tints than shades of gray, improving the contrast resolu-
tion of the system (Color Figure 1-1).

Image Slorage

One frame of the image (freeze) or a series of images
(cine loop) may be digitally stored in memory by the
scan converter for analysis or review.

Gray Scale

The gray-scale capabilities of the ultrasound equipment
are a very important part of the equipment selection
process, as the amplitude of the returning echoes is

ZB/JAN/SSS
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Sonograms obtained with a tissue-equivalent phantom demonstrating the difference in postprocessing curves with a 7.5-MHz linear-array transducer.
A, Postprocessing set at its lowest setting (1) yields a dark image with little contrast.
B, Postprocessing set at its highest setting (6) yields a brighter image with more contrast.




displayed in varying shades of gray. The number of gray
shades is determined by the manufacturer and cannot be
changed by the operator. In some ultrasound equipment,
the number of gray shades changes with changes in the
depth of penetration displayed. A lower gray scale is
present when the depth of penetration is increased. The
more shades of gray that are available to assign the vary-
ing reflected ultrasound waves, the better the tissue char-
acterization of the image. The shades of gray available on
different ultrasound machines ranges from 16 to 256.

MODES OF DISPLAY
A Mode

A mode refers to amplitude mode, where amplitude of
the returning echo is displayed as a spike from a vertical
baseline.'-3 57 The location of the echo reflector is repre-
sented by the depth of the spike from the top of the
vertical baseline, and the strength of the returning echo
is represented by the amplitude of the spike. A mode is
wsed primarily for ophthalmologic applications to pre-
cisely locate a structure from the surface of the trans-
ducer.

B Mode

B mode, or brightness mode, is a 2-D display of the
returning echoes; the amplitude of the returning echo
stored in memory is converted to the brightness of a dot
that represents that returning echo.’ >7 The brighter
the dot, the stronger the corresponding returning echo.
The location of the dot corresponds to the location of
the echo reflector within the tissue cross-section. The
crosssection of the tissue within the scan plane is the
area imaged with B mode. This tross-section may be
obuined as a single frozen image (static B mode), or
mumerous frames can be acquired and displayed within
one second (real time). Each frame is refreshed when
the next echo pulse sweeps the cross-section. Frame-
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averaging occurs when a portion of the previous image
is held in memory and the new image displayed is added
to the portion of the image stored in memory. For static
structures, frame averaging can add additional echoes and
increase the line density, thus improving resolution of the
image. Motion of the horse or the operator may introduce
motion artifacts and thus decrease the resolution of the
image obtained if frame averaging is used.

Frame Rate

The frame rate is the number of frames displayed per
second while the ultrasound image is being obtained.
The line density of the image is highest when a low
frame rate is employed, yielding a higher-quality image.
However, high frame rates are needed to resolve motion
in real time, with the highest frame rates needed for
structures that are moving very rapidly. In echocardiogra-
phy, frame rates must be high because accurately resolv-
ing the motion of the moving heart is critical, and some
detail in the image is sacrificed as a result.”” In imaging
static structures, however, such as tendons, ligaments,
and abdominal organs, a low frame rate is ideal to obtain
the highest-resolution image possible. Frame rate de-
creases when penetration is increased, when wider image
angles are used, or when the number of focuses increases
(Fig. 1-25).!

M Mode .

M mode (time-motion mode) is a 1-D or “ice-pick” view
of depth displayed against time. M mode is used in echo-
cardiography to obtain high-resolution images of the car-
diac structures moving over time.!> >7 !> The vertical
axis is the depth of the structures from the transducer,
and the horizontal axis is the time axis. The brightness
of the dots sweeping across the image over time corres-
ponds to the echo amplitude, and the location of the
dots corresponds to the location of the echo reflector
from the transducer (Fig. 1-26). M-mode echocardiogra-

e 1-25

Smmoerams using a tissue-equivalent phantom demonstrating the decrease in the frame rate from 55 frames/sec (4) to 37 frames/sec (B), with an
mcrease in depth from 20 ¢cm (4) to 30 cm (B) and a further decrease in frame rate to 21 frames/sec (fps) with an increase in the scan-plane

e (C).
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Figure 1-26

Sonogram using a tissue-equivalent phantom demonstrating the M mode
display (a one-dimensional image of the phantom over time) along the
plane of the cursor (dotted line in the two-dimensional [2-D} image).
The anechoic lines in the M mode correspond to the location of the
cystic structures imaged on the 2-D image.

phy is used to obtain measurements of the cardiac cham-
bers and myocardial wall thickness and to analyze valve
motion and myocardial wall motion.

Three-Dimensional Ultrasound

Three-dimensional (3-D) reconstruction of ultrasound im-
ages is being performed in ultrasound laboratories across
the country and is available commercially in some high-
end ultrasound equipment using human algorithms to
reconstruct the 3-D image. Although this technology is
not available in portable ultrasound machines and algo-
rithms have yet to be developed for 3-D reconstruction
of most equine organs, research and development in this
field are growing rapidly and 3-D reconstruction of
equine organs will be possible in the future. Three-dimen-
sional reconstruction of the equine superficial digital
flexor tendon has already been performed successfully.'?

DOPPLER ULTRASONOGRAPHY

Doppler ultrasonography relies on the ability to detect
the Doppler shift as the ultrasound reflects off moving
red blood cells.'-> 7 % 1518 19 Christian Johann Doppler
first described the Doppler shift, the change in frequency
that occurs as a result of motion between the sound
source (red blood cells) and the observer (transducer).!
If the red blood cells are moving toward the transducer,
the ultrasound is reflected back to the transducer at
an increased frequency; if they are moving away, the
ultrasound is reflected back at a decreased frequency.
The magnitude of that frequency shift is determined by
the velocity of blood flow, which can be calculated from
the Doppler equation:

_C A
2f,cos 9

where V is the velocity of blood flow (m/sec), C is the
speed of ultrasound in soft tissue (1540 m/sec), + Af is
the Doppler frequency shift (Hz), f, is the transmitted
frequency, and cos 0 is the cosign function of the angle
between the ultrasound beam and blood flow vector,

To obtain the best Doppler signal and measure accurate
peak velocity, the ultrasound beam should be as parallel
to blood flow as possible (< 20 degrees), as large errors
occur in these calculations when the incident angle is
large. In the horse, obtaining an incident angle in echo-
cardiography of 20 degrees or less is possible with ven-
tricular septal defects, difficult with tricuspid and pul-
monic regurgitation, and usually impossible with mitral
and aortic regurgitation. From the transesophageal win-
dow, incident angles of 20 degrees or less may be possible
in horses with mitral and aortic regurgitation. When eval-
uating flow in peripheral vessels, it is also difficult to
impossible to achieve an incident angle of 20 degrees or
less when evaluating peripheral vessels close to the sur-
face of the skin. An angle of 30 to 60 degrees is desirable
in this setting but is also often difficult to achieve. Angle
correction is available to correct for the inability to align
the Doppler sample volume parallel to blood flow and is
used primarily in peripheral vascular work.

Blood flow within the vascular system is normally un-
disturbed. Two types of blood flow exist within the vascu-
lar system, plug flow and laminar flow.'® Plug flow refers
to areas of flow where the speed of blood flow is essen-
tially constant across the tube, such as that which occurs
at the entrance to a vessel. Laminar flow develops further
down the vessel. In laminar flow the central blood flow
moves more rapidly than the fluid close to the vessel
wall. Laminar flow is also known as parabolic flow. Dis-
turbed blood flow occurs when the parallel stream lines
that characterize normal flow are irregular but flow is
still moving in a forward direction. Turbulent flow occurs
when blood flow is chaotic and moving in all different
directions with a net forward flow, such as is seen with
an obstruction to flow (Fig. 1-27). The velocity of blood
flow increases to pass the obstruction, and the turbulence
is detected beyond the obstruction. L

Venous flow is normally steady, whereas arterial flow
is pulsatile. Although the flow velocity depends upon
the interrogation angle, the difference between the peak
systolic and end-diastolic values (pulsatility index) is inde-
pendent of angle, making the pulsatility index a useful
measurement in the description of flow characteristics of
peripheral arteries.

Doppler Types
Pulsed Wave

With pulsed-wave Doppler ultrasonography, a pulse of
ultrasound is sent out into the tissues to a certain prede-
termined depth, and the echoes returning from reflectors
at that depth are received before the next ultrasound
pulse is sent.” ® > 1819 The PRF is the time between




miorasound bursts and is determined by, the distance from
the transducer to the predetermined depth (sample vol-
mme or gate). The sample volume or gate is represented
b¥ 2 double hatched line perpendicular to the cursor
{Frg. 1-28). The cursor indicates the line along which
thve ultrasound beam is directed, and the double hatched
fmes represent the precise location that is being interro-
gmed for the Doppler shift. Thus, pulsed-wave Doppler
mirrasound is “range gated,” or the Doppler signal can be
exactly located to its origin, the sample volume can be
moved by the operator along the long axis of the cursor,
amd the cursor can be moved throughout the image. A
karge sample volume or gate should be used when initially
searching for the Doppler signal desired, and, once local-
med. the sample volume should be decreased in length
w decrease the signal-to-noise ratio.

The blood-flow velocities are displayed on a spectral
Doppler tracing and the frequency shifts displayed.'s '
The acoustic signal is an excellent guide to obtain the
best possible spectral tracing and usually corresponds to
miwe dearest signal with the highest pitch. The human ear
= most accurate at determining normal and abnormal
fiow sounds and should be used as a guide, rather than
kowoking at the spectral tracing, to localize areas of turbu-
femt (abnormal) flow. Laminar blood flow produces a
marrow line on the spectral tracing, indicating that the
med blood cells are moving at similar velocities and in a
smmitar direction over time (Fig. 1-29). When red blood
¢efls are moving at different velocities and in different
directions  simultaneously, spectral broadening results

Fagare 1-27

Demgram  demonstrating the disruption of laminar blood flow by an
amsrmenion to flow (narrowing), with the resultant turbulent blood
e
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Figure 1-28

Sonogram using a tissue-equivalent phantom demonstrating the place-
ment of the sample volume (double parallel lines) along the cursor.
This sample volume represents the location of any flow disturbance
detected when sampling this area with pulsed-wave Doppler ultrasonog-
raphy. This can be very useful in determining whether a tubular, fluid-
filled structure is a blood vessel, as flow should be detected within the
vessel as long as the incident angle is less than 90 degrees (ideally 30
to 60 degrees).

(Fig. 1-29). This is depicted as a broadening of the pre-
viously narrow spectral tracing.

Owing to the length of time that must elapse between
each ultrasound pulse, the ability to resolve high-velocity
blood flow is severely limited. A maximal velocity (Ny-
quist limit) can be accurately determined for a given
depth and frequency, which is one half the PRE> '8 12 If
the Doppler shift exceeds the Nyquist limit, aliasing of
the signal occurs. The aliased signal wraps around the
baseline of the spectral Doppler and makes it appear as
if blood flow is moving in two directions. Aliasing of
the Doppler signal makes the interpretation of direction
difficult, and maximal velocities cannot be accurately
determined once the Nyquist limit has been exceeded.
The lower the frequency of the transducer, the higher
the velocity that can be recorded before aliasing of the
signal occurs. High PRF Doppler has been used to try to
overcome some of the aliasing that occurs with low
PRF Doppler, but the multiple sample volumes used also
introduce range ambiguity (Fig. 1-30).'® 1 Multiple short
pulses are transmitted during the time normally allotted
to one pulse with low PRF Doppler, effectively increasing
the Nyquist limit. High PRF Doppler can be used at
shallow depths to measure high flow velocities because
the echoes return quickly to the transducer. However, at
greater depths, a slower pulse rate is needed to wait for
the returning echoes, decreasing the maximal velocity
that can be recorded and increasing the range ambiguity
if all the echoes have not returned before the next pulse
is sent. Precise localization of flow is also lost, as flow
velocity information is sampled from multiple sites. If the
multiple accessory sample volumes can be positioned in
areas of no flow, the primary sample volume has depth
discrimination. A lower-frequency transducer should be
used if aliasing of the signal occurs.
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Continuous Wave

Continuous-wave Doppler ultrasound uses ultrasound
that is continuously emitted from the transducer and
continuously received by the transducer (see Chapter
5).7 15 18,19 Two piezoelectric clements located side by
side are required for continuous-wave Doppler echocardi-
ography; one element continuously emits the ultrasound
while the other continuously reccives the reflected ech-
oes. In most portable systems, continuous-wave Doppler
ultrasound is’ performed blind (with a nonimaging trans-
ducer). Combined imaging and continuous-wave Doppler
transducers are available in some of the more sophisti-
cated ultrasound systems by sharing crystals between the
imaging and continuous-wave Doppler capabilities.
Continuous-wave Doppler ultrasound can be used to
determine the direction of flow and can be used to
resolve peak velocities of blood flow, even at very high
flow velocities. Continuous-wave Doppler records Dopp-
ler shifts that occur along the entire beam axis and thus

RUSONICS
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Figure 1-30

Sonogram obtained using a tissue-equivalent phantom demonstrating
the multiple ghost sample volumes (dotted paraliel lines) along the
cursor, in addition to the main sample volame (solid paraliel lines),
which occurs when high pulse repetition frequency (PRF) Dappler is
used. The ghost sample volumes should be placed in areas of no flow,
if possible, to preserve the range gating of pulsed-wave Doppler.

Figure 1-29

Echocardiogram (two-dimensional and pulsed-wave) of a
horse with tricuspid regurgitation (TR). The laminar blood
flow is the bright thick echogenic line above the baseline
between the TR. The spectral broadening is identified by the
broad white bands above and below the baseline, indicative
of the turbulent, high-velocity blood flow associated with the
TR (arrow).

does not localize the site of abnormal (turbulent or high-
velocity) flow (no range resolution).” > 1% 12

Color Flow

Color-flow Doppler ultrasound provides real-time 2-D
blood flow information. Color-flow Dopplet ultrasound is
a form of pulsed-wave Doppler ultrasound in which the
2-D Doppler shift information is color coded and superim-
posed on a 2-D real-time ultrasound image (see Chapter
5.7 15 18 2021 With color-flow ultrasound, multiple gates
or sample volumes are analyzed along multiple scan lines.
Bursts of ultrasound pulses or a pulse train is emitted,
and the PREF is determined by the time between the pulse
trains. The Nyquist limits for color flow are typically very
low (0.6 to 0.9 m/sec). These low Nyquist limits occur
because the sampling opportunities are reduced, as each
pulse must clear the field before another pulse can be
sent, and because each line is interrogated more than
once. Frame rates are also decreased owing to the time
necessary to acquire this color-coded information. The
color-flow image is a representation of the mean veloci-
ties that occur over the individual line-sampling periods,
not the peak velocities.

Color is used to indicate the direction of blood flow,
blood flow velocity, and turbulence of blood flow.” 13 1
0. 21 Red usually indicates a shift of blood flow toward
the transducer, and blue indicates blood flow away from
the transducer. Aliasing is common in color-flow ultra-
sound because of the low Nyquist limits. Aliasing is dis-
played as a color reversal where blue merges with red or
vice versa without blood flow changing direction. The
colors vellow, cyan, and white are also used to create a
velocity and variance map. With the enhanced or velocity
map, the higher velocities are displayed with brighter,
more vivid colors. With the variance map, the differences
between the blood flow velocities within a given sample
volume are colored by adding a green color over the red
and blue coloring, vielding colors from yellow to cyan.
High-velocity turbulent blood flow is identified by its
mosaic pattern and differentiated from aliased laminar
flow. The color-flow map is used to identify areas of
abnormal flow and locate pulsed-wave gates and continu-




ous-wave cursors to further characterize the flow distur-
bance identified. The color-flow display can also be super-
imposed over an M-mode echocardiographic image,
vielding color M mode. Color-flow M-mode echocardiog-
maphyv can be helpful in the timing of regurgitant jets.

Power Doppler

Power Doppler is a color Doppler mode that displays an
estimate of the total integrated Doppler power spectrum
mather than an estimate of the mean frequency, resulting
in increased sensitivity to low-flow states. Power Doppler
is less angle dependent, has a better signal-to-noise ratio,
and has no aliasing artifacts compared with color-flow
Doppler mapping. Power Doppler is extremely useful in
the evaluation of organ blood flow (Color Figure 1-2) and
the evaluation of vascularity associated with neoplasia.

DOPPLER INSTRUMENT CONTROLS

Sample Volume Size, Baseline, Velocity,
and Wall Filter

The size of the sample volume can be increased to find
areas of abnormal flow and decreased to fine-tune the
spectral display of the abnormal flow. The baseline of the
spectral tracing can be moved up or down to preferen-
wally display flow above or below the baseline. The veloc-
ity control allows the maximal velocity of flow displayed
1o increase or decrease to fill the display with the flow
signal detected. ‘The wall filter is a control that rejects
the strong echoes from heart or wall motion that might
otherwise overwhelm the weaker reflections from the
red blood cells.

A basic understanding of the physics of ultrasound and
the available instrumentation enables the equine prac-
titioner to obtain the best possible images for interpreta-
oon.
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CHAPTER

A rtifacts

Artifacts occur routinely in ultrasound imaging, and their
recognition is important in understanding and interpre-
ting the image generated. Ultrasound waves, like other
sound waves, are reflected, refracted, scattered, attenu-
ated, and absorbed as they pass through different tissue
interfaces. Artifacts can result from environmental fac-
tors, operational factors, or interactions between the pa-
tient and the ultrasound beam (Table 2-1).17

ELECTROMAGNETIC ARTIFACTS

Electromagnetic interference can occur with the simulta-
neous use of a wide variety of equipment such as clip-

Table 2-1
Classification of Ultrasound Artifacts

Environmental Operator Acoustic

Electromagnetic Patient preparation Resolution artifacts
artifacts Scanning technique Axial resolution
Radiofrequency  Gain settings Lateral resolution

signals Transducer Speckle
Clippers frequency Section thickness
Fluorescent Propagation path artifacts
lights Reverberation
Electrical Refraction
equipment Multipath
Mirror image
Side lobe
Grating lobe
Attenuation artifacts
Shadowing
Enhancement

Edge shadowing

Focal enhancement
Miscellaneous artifacts

Comet tail

Ring down

Speed error

Range ambiguity

Adapted from Kremkau FW, Taylor KJW: Artifacts in ultrasound imaging. J
Ultrasound Med 5:227-237, 1986; and Kirkberger RM: Imaging artifacts in diagnos-
tic ultrasound—A review. Vet Radiol Ultrasound 36:297-306, 1995,
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pers, fluorescent lights, other electrical equipment, and
radiofrequency signals.** These artifacts usually occur as
streaky lines that radiate throughout the image and are
present with or without transducer-patient contact (Fig.
2-1). Turning off the offending equipment, if it can be
determined what is causing the interference, or moving
the equipment and patient to a different location should
eliminate this problem.

OPERATOR ARTIFACTS

Air on the surface of the skin reflects ultrasound, making
it difficult or impossible to obtain an image. Clipping the
hair from the skin surface or, if necessary, shaving the
skin and applying copious amounts of acoustic coupling
gel are needed to obtain the best possible image.> > Hair,
scurf, or debris on the surface of the skin also reflects
ultrasound, resulting in a poor-quality image or no im-
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Figure 2-1

Electromagnetic artifacts are depicted radiating throughout the image
of the uterus, fetal fluids, and fetus. These artifacts are seen as a series
of bright bands of electrical noise radiating throughout the image
(arrows).




Fgure 2-2

Pueor partient preparation with residual hair or scurf on the skin resulted
o this central area of image loss, which begins at the surface of the
sm (arrou). This poor image quality is seen as a vertical anechoic
smadow from the skin surface throughout the central portion of the
mmeee. where the skin is covered by the surface debris.

ape’ ° Scurf from a Dlister is notorious for reflecting
amd scattering the ultrasound beam with little or no
mansmission of ultrasound to the deeper tissues beneath
the skin surface (Fig. 2-2). Softening the scurf with warm-
water compresses often aids in its removal. Cleaning the
skin of any and all debris is also critical for optimal image
quality. Dirt and other skin debris also act as reflectors of
ultrasound, minimizing the amount of ultrasound avail-
able to enter the tissues and be reflected from the tissue
interfaces.

The ultrasound transducer itself creates a near-ficld
arniact produced by a series of vibrating points in the
peezoelectric crystal. A small wavefront is produced by
each point, and these wavefronts coalesce into a continu-
ws wavefront at a certain distance from the transducer. ¢
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This distance decreases with higher-frequency transdu-
cers. This near-field artifact can obscure visualization of
structures in the near field (Fig. 2-3). Both built-in fluid
offsets and hand-held standoff pads have been developed
for use with high-frequency transducers when scanning
superficial structures.>” These standoff pads move the
near-field artifact into the standoff, permitting optimal
visualization of nearfield structures (Fig. 2-3). Built-in
fluid offsets are acoustically matched to the transducer.
Hand-held standoff pads are composed of synthetic poly-
mer substances that have an acoustic impedance similar
to that of soft tissue. A reverberation artifact is produced
by the standoff, which is readily identified (Fig. 2-4).

Off-normal incidence artifacts are common operational
artifacts that may result in erroneous diagnosis, particu-
larly in equine tendon and ligament injuries. Off-normal
incidence artifacts occur when the incident ultrasound
beam is not perpendicular to the structures being interro-
gated. Off-normal incidence artifacts result in echo omis-
sion from a normal specular reflecting surface (Fig. 2-
5).>-5 8 Repositioning the transducer so that it is
perpendicular to the structures being examined elimi-
nates off-normal incidence artifacts. Off-normal incidence
artifacts can occasionally be helpful in distinguishing the
border between two adjacent structures.

Artifacts can also be created by setting the near gain
of power 100 high, minimizing the ability to see differ-
ences in adjacent tissues (Fig. 2-6).> > This error occurs
most frequently when scanning in bright locations; there-
fore, if at all possible, the sonologist should work in
shaded or darkened areas. If not, the sonologist should
adjust the brightness and contrast settings in the equip-
ment when scanning in bright locations, not the bright-
ness and contrast settings on the monitor, and should
avoid the use of excessive power and gain.> The sonolo-
gist can change the equipment’s dynamic range or post-
processing curve to compensate for the bright surround-

‘uammerarmes of the flexor tendons and ligaments obtained with a 7.5-MHz linear-array transducer with (4) and without (B) a standoff pad. Notice
e mear-fiedd artifact in the superficial portion of the superficial digital flexor tendon (B) and the excellent resolution of this area using a standoff
mut .4 The extent of the areas of fiber damage in the superficial digital flexor tendon (arrows) is much clearer in the image obtained with the
wamiinf®® 2 ¢4, Both circular areas of damage are much better resolved in the transverse and sagittal images with the use of the standoff pad (4),
umf #he zbmormal surrounding portion of the superficial digital flexor tendon is also clearer. The left images are the transverse view and the right
mes sme the <agittal view. In both sagittal images the shadows are caused by poor contact between the skin and the transducer (B) or the skin

;m-nﬂ e sezmdof pad (4).
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Figure 2-4

Sonogram of the reverberation artifact (arrow) produced by 2 built-in fluid offset (4) or hand-held standoff pad (B). The vertical arrows point to
the reverberation artifacts. The horizontal arrow in the image of the hand-held standoff pad (B) is pointing to the interface between the standoff
pad and the skin. The anechoic layer above this interface is the standoff pad, and the anechoic layer above the standoff pad containing echogenic
specks is the acoustic coupling gel with some air bubbles. This image is reproduced as a mirror image at the first vertical arrow. The horizontal
arrow in the image of the built-in fluid offset (4) is pointing © the interlace between the skin and the fluid offset.

ings. Using the highest contrast and brightness settings
on the monitor rather than changing these settings in the
ultrasound machine results in the monitor’s burning out
prematurely.

Frame-rate artifacts can be produced if the frame rate
is too low to.capture real-time movement. This can result
in-the appedrance of an artifactual discontinuity within a
structure which may be misinterpreted as a defect (Fig.
2-7). Frame rate should be increased if a questionable
discontinuity appears within a structure and a low frame
rate is being used to eliminate this artifact. Frame rate
can be increased by decreasing the depth of display Gf
possible), decreasing the imaging angle, and decreasing
the number of focal zones within the image (sece Chap-
ter 1).

Transducer selection is also critical to obtaining an

Figure 2-5

optimal quality image. The transducer selected should be
the highest frequency possible that will penetrate to
the area under investigation. Lateral and axial resolution
artifacts increase with lowerfrequency transducers. The
correct transducer type (sector, linear, convex linear, an-
nular, or phased-array), footprint (the imaging surface of
the transducer), and field of view should also be selected
to maximize image quality. A thorough knowledge of your
equipment and the physics of ultrasound (see Chapter
1) is important in obtaining optimal image quality and
minimizing the production of artifacts.

ACOUSTIC ARTIFACTS

Acoustic artifacts result in the display of images that are
added (not anatomically true), missing, or of improper
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Sonograms of the left foreleg in the mid-metacarpal region demonstrating an off normal incidence artifact. The hypoechoic appearance of the
superficial and deep digital flexor tendons (4) was created because the ultrasound beam was not perpendicular to these structures. The slightly
heterogeneous appearance of the superficial digital fexor tendon (B) is associated with a previous injury to the superficial digital flexor tendon

that is fairly well healed at this time.
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Figure 2-6

Sonograms of the flexor tendons and ligaments in the mid-metacarpal
region of the right foreleg demonstrating the effect of excessive near-
field gain (Zeft image). The arrows point to a healing core lesion within
the superficial digital flexor tendon, with a small palmar hypoechoic
area of newer damage that is not well visualized in the left image.

location, brightness, shape, or size (Table 2-2)." Acoustic
artifacts result from assumptions that are made by the
mirrasound manufacturers to display the returning echoes
&% an image. These assumptions include the round-trip
mzwed time for ultrasound in biologic tissues, the direction
af wlrrasound travel, the location of the reflectors within
afae tissues, and the intensity of the returning ultrasound.
The propagation speed of ultrasound through biologic
mssues is assumed to be constant and to be equal to the
wehociry of ultrasound through soft tissue (1540 m/sec,
ar 13 microseconds [pus] per centimeter of depth).' The
nlmasound energy is assumed to travel in straight lines,
amd the echoes that return are assumed to have originated
Jimmm structures present along the long axis of the beam
amlv. The intensity of the returning echoes is also as-
smmed to be directly related to the scattering strength of

Figee 2-7

%mmoeram obtained of the bladder from a neonatal foal suspected of
i = rupeured bladder. The ventral surface of the bladder appears
mr e mowm (@rrows). but this is an artifact created by a slow frame rate.
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Tahle 2-2
The Etiology of Acoustic Artifacts

Artifact Etiology

Axial resolution Pulse length

Lateral resolution Pulse width
Speckle Interference
Section thickness Pulse width
Reverberation Reflection
Refraction Refraction
Multipath Reflection
Mirror image Reflection
Side lobe Side lobe
Grating lobe Grating lobe
Shadowing Attenuation
Enhancement Low attenuation
Refraction shadowing Refraction
Focal enhancement Focusing
Comet tail Reverberation
Ring down Resonance

Speed error
Range ambiguity

Speed error
High pulse repetition frequency

Adapted from Kremkau FW, Taylor KJW: Artifacts in ultrasound imaging. J
Ultrasound Med 5:227-237, 1986

the imaged objects. Acoustic artifacts can be broken
down into resolution artifacts, propagation path artifacts,
attenuation artifacts, and miscellaneous artifacts (see Ta-
ble 2-1).!

Resolution Artifacts

Spatial resolution artifacts are architectural and cause
closely spaced structures to appear merged together and
small structures to appear larger than they actually are.!
Resolution artifacts include artifacts associated with axial
and lateral resolution, speckle artifacts, and section-thick-
ness artifacts.’

Axial Resolution Arlifacts

Axial resolution varies primarily with the frequency of
the transducer. Axial resolution worsens with a longer
pulse length and with fewer cycles per pulse or when
a lowerfrequency transducer is used. Axial resolution
artifacts cause two structures located along the long axis
of the beam to appear on the ultrasound display as merg-
ing structures or as one structure or for one structure
along the long axis of the beam to appear larger than it
actually is.? > *'* Axial resolution is usually better than
lateral resolution because pulse width is normally larger
than pulse length.!

Lateral Resolution Artifacts

Lateral resolution varies with the depth of the structure
being imaged from the transducer and the width of the
ultrasound beam and is best in the focal zone of the
transducer.’ 2 213 Lateral resolution artifact results in poor
detail of the edges of structures perpendicular to the
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long axis of the ultrasound beam. Structures smaller than
the sound beam appear to be as wide as the sound
beam (Fig. 2-8)."> Lateral resolution artifact also causes
structures located side by side, perpendicular to the long
axis of the ultrasound beam, to be imaged as merging
structures or as one structure or to appear singular and
larger than they actually are.™ 2?13 Lateral resolution
artifacts are most likely in the near and far fields and are
most marked with lower-frequency sector-scanner trans-
ducers because these transducers usually have a larger
crystal, resulting in a wider beam width, and have a fixed
focal zone.

Speckle Artifacts

Acoustic speckle is best seen close to the transducer and
is the granular echo texture observed which appears as
parenchymal tissue texture.' > This apparent excellent
resolution is not real, but instead is a resolution-degrading
component that may obscure vital detail.: 2 '* !> Speckle
artifacts are a lack of correlation between the actual
and apparent resolution of an image.! Acoustic speckle

artifacts are a form of acoustic noise and are caused by

26/JAN/35 23:84

Figure 2-8

a convoluted returning wavefront with interference of
returning scatterer echoes from the interrogated tissue
volume. % 4 This convoluted returning wavefront occurs
secondary to the roughness of the reflector surface and
the presence of complex intervening tissues with multi-
ple interfaces and differing acoustic velocities.!4 The reso-
lution of high- and low-contrast objects is limited by
spatial resolution and acoustic speckle.! Speckle motion
can be misleading, as it is not simply related to tissue
motion and transducer motion. > '* Image-processing
techniques have been developed to reduce speckle and
improve resolution.’

Section-Thickness Artifacls

Section-, slice-, or beam-thickness artifacts create echoes
on the display that are not really there within curved,
fluid-filled structures such as anechoic vessels or ducts.!>
12.16 These echoes mimic dependent particulate material,
which could be misinterpreted as thrombus, debris, or
sludge. In the gallbladder of human beings and small
animals, this is" often referred to as “pseudosludge.”'*
16. 17 The artifact occurs where the curved, fluidfilled

Sonograms obtained using a tissue-equivalent phantom demonstrating the improved lateral resolution within the focal zone of the ultrasound beam.
Notice the crisp appearance of the echogenic dots when the multiple focal zones are in the near field of the image (4) and the lateral widening
of these reflectors in the far field (arrows). When the multiple focal zones are placed in the center and far field of the image (B), the echogenic
dots in the near field are wider (lateral beam-width artifact) than those in the center and far field (arrows). Notice the superior resolution of the
small echogenic reflectors obtained with the linear-array transducer using multiple focal zones (A and B) compared with the sector-scanner

transducer (C).




structure lies next to a more echogenic structure.” The
section-thickness artifact occurs because the ultrasound
beam has a finite thickness as it is transmitted through
the patient. Echoes that are received originate from the
center of the beam and from off axis and are compressed
into a thin 2-D image.! > '¢ Slice-thickness artifacts have a
meniscus and margins that are not horizontal, and similar
echoes may occur on the nondependent surface. The
pseudosludge can be differentiated from true sediment
because the pseudosludge interface is curved, whereas
true sediment usually has a flat interface. The interface
between a thrombus and the remaining blood within the
vessel is often flat or has a convex, not concave, curved
interface. Also, the pseudosludge interface remains per-
pendicular to the incident ultrasound beam, whereas the
true sediment interface changes with changes in the
patient’s position.> > 1¢ Slice-thickness artifacts can be
minimized by using higher-frequency transducers and im-
aging within the focal zone of the transducer. '’

Propagation-Path Artifacts

Propagation-path artifacts are artifacts that occur because
of the interaction of ultrasound with structures located
along the path of the ultrasound beam. Propagation-path
artifacts inctude reverberation, refraction, multipath, mir-
ror-image, side-lobe, and grating-lobe artifacts.

Reverberation Artifacls

Multiple reflections or reverberations occur when two or
more reflectors.are encountered within the sound path
or when a high-intensity returning ultrasound beam hits
the transducer and is reflected back into the tissues a
second time. 2 These reflections may be sufficiently
strong to be detected by the ultrasound instrument and
displayed as spurious echoes within a viscus (Fig. 2-9).
The ultrasound instrument assumes that the ultrasound

Figure 2-9
Sonogram obtained of the jugular vein using a linear transducer and a
hand-held standoff pad. The echogenic linear artifact within the lumen
of the jugular vein and surrounding soft tissues (arrows) is a reverbera-
tion artifact created by the standoff. The ultrasound beam reflects off
the transducer-standoff interface and the standoffskin interface and
back again, creating this reflection. The left image is a transverse view
and the right image is sagittal.
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BLADDER

Figure 2-10

Sonogram of the urinary bladder in a foal demonstrating a contact
artifact between the skin of the patient and the transducer on the left
side of the image, creating the multiple curved echogenic reflections
(large arrow). This foal’s bladder is filled with hypoechoic loculations
and debris secondary to severe umbilical hemorrhage (small arrows).

beam has traveled once, for a longer distance, through
the tissues and that this echo originated from a point
twice as deep as the original reflector.” These reflections
are placed behind the second real reflector at separation
intervals equal to the distance between the first and
second real reflectors.! 2 These reflections from the trans-
ducer back into the tissues can occur several-times, re-
sulting in multiple, evenly spaced reverberation echoes."
218 Each subsequent echo is weaker than the first echo,
which is usually the transducer-skin interface. The con-
tact artifact created by the presence of air between the
skin surface and the transducer is a reverberation artifact
(Fig. 2-10). The air reflects 99% of the ultrasound back
to the transducer, and the ultrasound beam then bounces
back and forth between the gas on the skin surface
and the transducer. This reduction in echo amplitude is
partially compensated for by the time gain compensa-
tion." 2 Reverberation echoes can be external (transducer-
skin interface) or internal (bone-soft tissue, gas-soft tis-
sue, metal-soft tissue). Common internal reverberation
artifacts include gas-filled bowel and gas-filled lung. This
artifact is used in equine thoracic ultrasonography to
identify normal, gasfilled lung (Fig. 2-11).> ** Reverbera-
tion from metal objects is quite pronounced and makes
metal easy to locate and identify because of the small
metallic dimensions and high ultrasound speed.” Metal
usually produces a series of closely spaced echoes or
“comet-tail artifacts” (Fig. 2-12).20-%

Refraction Artifacts

Refraction artifacts occur when the ultrasound beam
changes direction as it crosses a tissue interface where a
speed change occurs. The refraction artifact results in
improper lateral positioning of the reflecting structure.®
10,24 Refraction positioning artifacts are usually small and
contribute primarily to loss of image quality.' Large errors
in reflector positioning do not usually result from refrac-
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Figure 2-11

Sonogram of normal lung obtained from the right side of the thorax in
the seventh intercostal space, demonstrating the visceral pleural surface
of the lung “(vertical arrow) and the multiple reflections occurring
from this highly reflective interface (borizontal arrows).

tion artifacts. However, refraction artifacts have occasion-
ally been described in vivo and may result in a duplication
of structures or a splitimage artifact.?* %

Multipath Artifacts
Multipath artifacts occur when the paths to and from a
reflector are different.>> 2 A small axial error in reflector
positioning occurs from the longer path that the ultra-
sound takes to and from the reflector. The multipath
artifact is an additional echo deep to the original echo
because of the longer return path (Fig. 2-13).> '®
Multipath positioning errors are normally small and do
not result in gross errors of structure location but rather
contribute only to general image degradation.” *
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Figure 2-12

Sonogram of a surgical implant (plate) on the femur of a foal with a
femoral fracture that was repaired with internal fixation. Notice the
typical reverberation artifact associated with metal in the center of the
plate. The plate is delineated by the two arrows. Superficial to the plate
are myriad bright echogenic reflectors, which represent gas in the soft
tissues overlying the plate and an infected surgical site.

1

@2
Figure 2-13

Diagram of the multipath artifact, which results in improper positioning
of the reflector. Round-trip travel time increases when the ultrasound
beam is reflected from two specular curved surfaces. The reflector
displayed as the deeper structure (position 2) is actually located at
position 1. (Adapted from Kirkberger RM: Imaging artifacts in diagnostic
ultrasound—A review. Vet Radiol Ultrasound 36:297-306, 1995.)

Mirror-Image Artifacts

The mirrorimage artifact occurs when ultrasound is re-
flected off a highly reflective curved interface like the
diaphragm-lung interface (Fig. 2-14)." !> 2¢ Ultrasound
reflects off this interface after traveling through other
tissue and then returns to the transducer after being
reflected off another interface via the original highly re-
flective curved interface (Fig. 2-15). This results in the
structure of interest being erroneously placed on the
thoracic side of the diaphragm. The mirror-image artifact
occurs because the instrument assumed that the ultra-
sound pulse and reflected echoes traveled in a straight
line.’-? 12 26 The increased round-trip ultrasound time re-
sults in the production of the mirror-image artifact. This
delay in the echo return time occurs because of the
multiple reflections. Awareness of this artifact and how
it is produced is important to avoid the misdiagnosis of a
diaphragmatic hernia.> > This artifact may also simulate
pulmonary consolidation.’> The mirrorimage artifact may
also occur at other highly reflective curved interfaces
such as the pericardium-lung interface and from air-fluid
levels within abscess cavities.> '* 2’

Side-Lobe and Graling-Lobe Artifacts

Side-lobe and grating-lobe artifacts occur when structures
not aligned with the ultrasound beam are laterally dis-




Fagure 2-14

samuezm using a tissue-equivalent phantom demonstrating a mirror-
mman: zitact. The echogenic horizontal line near the bottom of the
smapr = the bottom of the tissue-equivalent phantom (arrow). Many
«f e sedectors within the tissue-equivalent phantom are displayed as if
s were located deep to the bottom of the tissue-equivalent phantom,
CrmELTE 3 MITTOT image.

peaced " '$ 2 Side-lobe artifacts occur in single-clement
mamsducers, whereas grating-lobe artifacts occur in multi-
phe-dement transducers.! These artifacts occur because
tiwe uhirasound beam is composed of a main lobe and
mmiriple smaller secondary (side) lobes of varying intensi-
mes (Fig. 2-16). The side-lobe intensity is low, no more
mem one one-hundredth of the intensity of the main
b=z = > This intensity is great enough, however, to
groduce echoes when imaging a highly reflective inter-
gare such as air or a highly curved, specularly reflecting
smrtace such as the diaphragm or bladder. Both specular
amnd diffuse sidelobe artifacts occur.? Highly reflective
aurved surfaces like the diaphragm are more likely to
aeme specular side-lobe artifacts, whereas diffuse arti-
fawrs are more common from the highly reflective gas

Diaphragm

Faure 2-15
Dimmersm of the mirror-image artifact, which occurs when the incident
- mitresowrd beam reflects off a highly reflective curved surface such as
e fzphragm and then is reflected off another interface before re-
mumrmg o the transducer. The ultrasound equipment assumes that the
mirzscemid beam traveled in a straight line and therefore displays the
mflewmioe deep to the diaphragm because of the increased round-trip
mames srme (Adapted from Kremkau FW: Diagnostic Ultrasound: Princi-
giice zmé Instruments. <th ed. Philadelphia, WB Saunders, 1993, p 231)
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Figure 2-16

Diagram of side-lobe artifacts. The side lobes, or grating lobes, can
produce a weak reflection from this secondary ultrasound beam. This
reflector is placed at the proper distance from the transducer but at the
incorrect location because the equipment assumes that these echoes
originate along the axis of the primary ultrasound beam. (Adapted from
Pennick DG: Imaging artifacts in ultrasound. /n Nyland TG, Mattoon J$
(eds): Veterinary Diagnostic Ultrasound. Philadelphia, WB. Saunders,
1995, pp 19-29)

interface. With side-lobe artifacts, echoes originating from
side-lobe reflections are displayed along the path of the
returning echoes from the main ultrasound beam, at the
depth of the side-lobe reflector, in spite of their different
origins.> 3 Side-lobe artifacts are best seen within an-
echoic structures because of their low intensity. Side-lobe
echoes exhibit a threshold effect and disappear with
lower instrument settings.> > '

Attenuation Artifacts

Attenuation is the reduction in the amplitude of the
returning echoes from reflectors that lie deep to a highly
reflecting or attenuating structure.' Attenuation artifacts
include acoustic-shadowing, acoustic-enhancement, re-
fraction, and focal-enhancement artifacts.

Acoustic-Shadowing Artifacts

Acoustic shadowing is a very useful artifact that occurs
when ultrasound strikes a tissue of very high or low
acoustic impedance relative to the soft tissue through
which the ultrasound beam is traveling. This artifact has
been used by many to determine the nature of the shad-
owing source." > 23 The acoustic shadowing that oc-
curs deep to calculi (high acoustic impedance) or gas
(low acoustic impedance) was first described in 1980
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Figure 2-17

Sonogram of a small hepatolith (a@rrow) casting a clean acoustic shadow
in the right side of the liver. The shadow from the hepatolith passes
through the underlying colon.

and is commonly observed in routine ultrasonographic
imaging.30- 3!

Stones (Fig. 2-17), areas of calcification (Fig. 2-18), or
bone (Fig. 2-19) usually create a clean shadow deep to
the ultrasonic reflection owing to their high attenuation
of the ultrasound beam.?'-32 A clean shadow is one with
marked reduction in echo amplitude and few or no noise
echoes. Bone, calcification, or stones usually create a
clean shadow because most of the incident ultrasound
is absorbed within the bony matrix and not reflected.
Therefore, much less ultrasound energy is available for
noise generation. Shadows similar in appearance are usu-
ally produced from all types of stones, regardless of their
composition.* ***¢ Wood, glass, and suture material (Fig.
2-20) also usually produce clean shadows.?* 3 Gas usually
creates a dirty shadow deep to its ultrasonic reflection
because gas is a nearly perfect reflector of ultrasound
(Fig. 2-21).3%2 Significant ultrasound energy is available
to produce noise with a gas reflector because little of the
ultrasound energy is absorbed. These noise echoes are
produced by the multiple reflections that occur from the
scatterers between the gas and the transducer and are
displayed deep to the gas surface. Clean shadows can
occasionally be detected from gas- or airfilled struc-

Figure 2-18

Sonogram of a small area of calcification within a repaired superficial
digital flexor tendon which has a distinct, clean acoustic shadow. The
left side of the image is the transverse view and the right side is sagittal.

Figure 2-19 :

Sonogram of the intermandibular space in a foal demonstrating clean
shadowing from the bony structures within the caudal aspect of the
tongue (arrows). The clean anechoic shadow originates from the bone.
The left sonogram is the sagittal view, and the right image is the
transverse view.

tures,* *” and dirty shadows can occasionally occur with
stones and wood.?* 233841 Clean and dirty shadowing has
also been reported from the same reflector.?% 3 4
Although these properties are usually attributed to the
composition of the shadowing object, a recent study
demonstrated that the clean and dirty shadows are pri-
marily related to the properties of the shadowing object’s
surface and not its composition.?! Clean shadowing was
most likely to be produced with a small radius of curva-
ture of the shadowing object or when the surface of the
shadowing object was rough because the backscattered
ultrasound beam is spread and distorted after reflecting
off the shadowing object.>! The intensity of the returning
ultrasound beam is markedly diminished because of the
different reflections of the ultrasound backscatter from

Figure 2-20

Sonogram of the ventral midline following abdominal surgery in a foal.
The hyperechoic sutures (arrows) cast clean acoustic shadows through
the deeper abdominal musculature. A small amount of hypoechoic
fluid surrounds the suture material, indicating possible infection of
the incision.
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$mmmprran obtained from a horse with a penetrating wound into the
wiwsw amd a tract leading dorsally to an abscess. The abscess contains
mmiimpee small hyperechoic echoes consistent with gas bubbles within
miar seéanvely anechoic fluid and a hyperechoic dorsal gas cap. Notice
niter irey shadow originating at the bright hyperechoic dorsal gas cap

e BT ).

uin= rough surface. This also markedly reduces the inten-
ww of the multipath reflections. Phase incoherence is
s produced from rough and curved surfaces, which
prodinces a2 relatively incoherent returning ultrasound
nmm The resultant phase cancellations and weaker sig-
mals thar occur at the transducer surface result in the
gooednction of a clean acoustic shadow.'* #2 Other authors
e 2lso previously suggested that surface properties and
ypanal geometry may alter the acoustic shadowing that
wpoomrs behind objects of high acoustic impedance.®* 3"
. - YWith shadowing of objects that have a large radius
«ff cmrvarure relative to the beam width and a smooth
wmrtace: the reflected wave maintains its coherence and
mmmmrns 1o the transducer via the ultrasound transmission
pumin. ™ Secondary scattering from the surrounding tissues
s reflects off the smooth surface, producing strong
amifserent multipath signals and visible echoes deep to the
simdowing object. In spite of these findings, in most
mmaamces. the type of shadowing can be used, in
ammumcuon with the location of the shadowing object,
m assess the nature of the shadowing object. Care must
fime wsed. however, when shadowing objects are found in
mmsmal locations, as the mature of the shadowing object
<mmr be definitively determined from the detection of
a«fiean or dirty shadow.

Tmmsducer frequency, focusing, stone position, stone
Wi stone orientation, power output, and receiver gain
i determine whether or not shadowing occurs. 3! 34-36
# % = Distinct shadowing occurs only if the stone is
gwmmer than or equal to the beam width when the ultra-
wmand beam reflects off the calculus.? Stones that are
wmmaller than the width of the ultrasound beam either
e mo acoustic shadow (Fig. 2-22) or have backscat-
memesd echoes within the shadow, rendering the stone’s
memrgmns indistinct. 2 3 3% 31,38 45. 47 Grones that are outside
e $xcal zone may also have no shadow or may have
imiisrct margins owing to the presence of backscattered
exrimmes within the shadow. The location of the shadowing
itwexct refarive to the focal zone determines the amount
wif stesdowing that occurs, because the amount of shad-
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owing is related to the amount of the ultrasound beam’s
cross-sectional area that is attenuated." The type of in-
tervening tissue between the reflecting structure and the
transducer may also affect shadowing if the intervening
tissue affects the lateral and axial resolution of the sound
beam.? 3¢ Shadowing may also occur from the edges of
circular (round or oval) structures because part of the
sound beam is refracted while the rest is reflected. Be-
cause the reflecting surface is not perpendicular to the
ultrasound beam, the reflected ultrasound is not returned
to the transducer, creating an acoustic shadow.

Acoustic-Enhancement Artifacts

Acoustic enhancement is the increase in the amplitude
of the returning echoes from reflectors that lie deep to a
weakly attenuating structure. ? The location of the
weakly attenuating structure relative to the focus of the
ultrasound beam determines the amount of acoustic en-
hancement that is observed. Acoustic enhancement oc-
curs when ultrasound travels through a fluid-filled struc-
ture (Fig. 2-23) such as the urinary bladder, enhancing
the far wall of the urinary bladder and the structures
deep to it. Cystic structures can be readily differentiated
from solid soft-tissue structures or hypoechoic structures
because of the presence of this artifact. Optimal acoustic
enhancement with small cystic or fluid-filled structures
occurs when the structure lies within the focal zone of
the transducer and high-frequency transducers are
used.> ® .

Refraction Artifacts

Shadow artifacts are usually generated from the edge of
a curved surface because part of the ultrasound beam is
refracted off the curved edge of the structure and does
not return to the transducer, diminishing the returning
ultrasound beam’s intensity (Fig. 2-24).!- 2 '® Shadow arti-
facts are displayed distal to the lateral margins of curved

Figure 2-22

Small chip fracture (arrows) in the medial aspect of the carpal-metacar-
pal joint that does not cast an acoustic shadow. This fracture was not
detected radiographically; it was found ultrasonographically when the
specific view was taken that demonstrated this small fracture fragment.
The right image is the sagittal view, and the left image is the trans-
verse view.
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PERINEUM

Figure 2-23

Sonogram of an abscess in the perineal region of a horse with marked
acoustic enhancement of the far wall of the abscess (arrows), confirm-
ing that the center of this mass is fluid filled.

or cystic structures (Fig. 2-25). The amount of reflection
and refraction depends upon the angle at which the
incident beam hits the curved structure. The change in
the velocity of ultrasound passing through the curved
structure and the surrounding tissue determines the
amount and direction (converging or diverging) of the
refraction.> ¥ The resultant changes in the echo’s size
caused by the focusing and differential attenuation be-
tween the curved structure and surrounding tissue cause
refraction of the ultrasound at the interface between the
curved structure and the surrounding tissue, resulting in
the edge shadowing.> > #%° In a lower-velocity circular
region, the reflected beam diverges while the refracted
beam converges, because the region acts like a lens (see
Fig. 2-24). In a higher-velocity region, the shape of the
reflecting interface also causes the reflected beam to
diverge. The refracted beam also diverges because of the
variation in refracted angles across the beam. The edge
shadows from divergent ultrasound beams tend to be
wider and less distinct than those from convergent shad-
ows.? Diverging refracted ultrasound beams result in
slight displacement of the far wall of the curved structure
toward the transducer, whereas converging refracted ul-
trasound beams have the opposite effect (see Fig. 2-24).%
30-51 Sound concentration beyond the refracting structure
occurs because of the converging refracted ultrasound
beam and is known as retrolenticular afterglow.> 3 This
afterglow is several centimeters deep to the reflecting
structure and often must be specifically looked for to
be recognized.> 32 Sector-scanner transducers have more
prominent retrolenticular afterglow, which is most
marked when the rounded structure is close to the trans-
ducer, whereas this effect is not reported for linear trans-
ducers.> 3!

Edge shadowing can be useful, as its presence indicates
round to oval structures with different ultrasound veloci-
ties than those of the surrounding tissue.? This artifact
is most helpful in identifying rounded structures with
echogenicities similar to those of the surrounding tissue.
Edge shadowing occurs commonly from vessel walls and

can hinder the ability to image the suspensory ligament
(Fig. 2-26). This artifact also commonly occurs from the
edges of other rounded structures such as the bladder
and kidney. Although this artifact commonly occurs from
fluid-filled structures, other round structures such as ten-
dons commonly have edge shadowing because of sound
velocities higher than those in the surrounding soft tis-
sues.? Divergence of the refracted ultrasound beam oc-
curs in these cases, which results in the edge shadowing.
Edge enhancement can also occur from refraction but is
infrequently detected.!

Focal-Enhancement Artifacts

Focal-region enhancement can occur in the focal region
of the transducer because of the higher ultrasound inten-
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Figure 2-24

Diagram of the edge-shadowing artifact. Edge shadowing occurs when
the incident ultrasound beam strikes a curved surface and is reflected
(A4). When the curved structure has a lower tissue velocity than the
surrounding tissue, the ultrasound beam is refracted toward the struc-
ture, resulting in displacement of the far wall of the structure slightly
farther away from the transducer, producing a narrow acoustic shadow
(B). The retrolenticular afterglow is the increased ultrasound beam
concentration that occurs in the deeper tissues. When the curved
structure has a higher tissue velocity than the surrounding tissue, the
ultrasound beam is refracted away from the structure, resulting in
displacement of the far wall slightly toward the transducer and a
slightly wider edge shadow (B). (Adapted from Kirkberger RM: Imaging
artifacts in diagnostic ultrasound—A review. Vet Radiol Ultrasound
36:297-3006, 1995.)
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Figure 2-25

Sonogram of the brachiocephalic muscle in a horse demonstrating edge
shadowing (arrows) from the edges of the hypoechoic scar tissue
between the two portions of the muscle belly.

sity present in this region (Fig. 2-27).! Apparent enhance-
ment can also occur in other areas, which, upon closer
inspection, is found to be due to other factors.

Miscellaneous Artifacts
Comet-Tail Artifacls

Comet-tail artifacts are a series of closely spaced revetber-
ation artifacts and are commonly seen in the equine lung
associated with small areas of peripheral irregularity (Fig.
2-28): The comet-tail artifact is a well-localized “enhance-
ment” artifact.' The comet-tail artifact is caused by the
creation of multiple reverberant reflections. The greater

Figure 2-26
Sonogram of the metacarpal region in the right foreleg demonstrating
edge shadowing from the median artery. The anechoic shadows
(arrows) extend from the edges of the median artery through the
deeper structures in the transverse (left) image. These shadows obliter-
ate a portion of the medial edge of the inferior check ligament and the
suspensory ligament. The right image is the corresponding sagittal
image of these structures.
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Figure 2-27

Sonogram of the spleen and left kidney obtained in the left sixteenth
intercostal space demonstrating focal enhancement in the spleen. No-
tice the increased echogenicity of the splenic parenchyma within the
focal zone of the transducer (arrow).

the difference between the acoustic impedance of the
reflecting structure and the surrounding tissues, the
greater the number of reverberation echoes.?® These ech-
oes become more closely spaced as the reflecting object
becomes smaller.?® These echoes merge to create the
comet-tail pattern when the echo bands are sufficiently
close together and strong.?? The comet-tail artifact is most
intense when the reflecting object is perpendicular to
the transducer, the interface between the object and its
surroundings is flat, broad, and perpendicular, and the
object is large.” When the reflecting object is located
close to the transducer, the spacing between the funda-
mental echoes shortens but the spacing of the reverber-
ant echoes arising from within the reflecting object does
not change.'®* The comet-tail pattern is dense and more
pronounced, with an increased number of interfaces of
high acoustic impedance difference within the reflecting
object.”® The comet-tail artifact pattern is produced by
reflectors with very high acoustic impedance relative to

L THORAX 141CS

Figure 2-28

Sonogram of the left lung of a horse demonstrating a smooth visceral
pleural surface and a single comet-tail artifact in the center of the
image (arrow).
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Figure 2-29

Sonogram of the stomach of a horse with gastric squamous cell carci-
noma demonstrating a ring-down artifact from gas within the stomach
(arrow). Notice the continuous appearance of this gas artifact com-
pared with the comet-tail artifact (see Fig. 2-28).

the surrounding soft tissues, such as metal foreign bodies
or implants, and reflectors of very low acoustic imped-
ance relative to the surrounding soft tissues, such as gas
in the lung, gas bubbles, or bowel gas.20-23

Ring-Down Artifacts

The ring-down artifact may be produced by a resonance
phenomenon associated with gas bubbles.! Ring-down
artifacts reportedly originate from a bugle-shaped fluid
collection trapped between two layers of gas bubbles.?
With the ring-down artifact there appears to be a continu-
ous emission of sound from the origin of the artifact,
resulting in a continuous artifact in which small, discrete
echoes usually cannot be identified (Fig. 2-29).+

Propagation-Speed Error Artifacts

Propagation-speed error occurs when the assumed value
for the propagation of ultrasound through tissue (1540
m/sec) is incorrect.* 53 This occurs because the average
velocity of ultrasound through soft tissue (1540 m/sec) is
used by manufacturers to calculate distance measure-
ments in ultrasound equipment, Propagation-speed error
occurs when the propagation speed that exists over the
path the ultrasound travels is significantly greater or less
than 1540 m/séc."> 53 The reflector is displayed closer to
the transducer than it actually is if the propagation speed
is greater because the calculated distance to the reflector
is then too small. The reflector is displayed farther away
from the transducer than it actually is if the propagation
speed is less because the calculated distance to the re-
flector is then too great. In fat patients, for example,
where the velocity of ultrasound is slower (1460 m/sec),
deeper displacement of structures may occur secondary
to the slower propagation of ultrasound through the fatty
tissue. Both propagation-speed error and refraction can
cause a structure to be displayed with an incorrect
shape.!

Range-Ambiguity Artifacts

Range-ambiguity artifacts occur because the instrument
assumes that all reflections are received before the next
ultrasound pulse is produced.! 3 The maximum PRF is
determined by the maximum depth that can be imaged
unambiguously.! In real-time imaging the maximum depth
imaged unambiguously (cm) multiplied by the frame rate
(frames/second) and line density (lines/frame) cannot ex-
ceed 77,000." If this number is exceeded, distant reflec-
tors are displayed too close to the transducer. Range-
ambiguity artifacts can be eliminated or minimized by
selecting a higher-frequency transducer or decreasing the
PRE? Increasing the depth automatically reduces the PRF
and also causes a reduction in frame rate.'? This artifact
has been reported in echocardiography and has been
called “ring around” or “herbies” (Fig. 2-30)." % In the
heart or another large fluid-filled viscus, this artifact cre-
ates a fluttering or flashing object within the fluid in real
time and a blurred object when the image is frozen. 5 18

Useful Artifacts

Acoustic shadowing and enhancement are both clinically
useful artifacts. The presence of acoustic enhancement
indicates a fluidfilled structure, whereas the presence
of edge shadowing indicates different ultrasound tissue
velocities in the circular or oval structure compared with
the adjacent tissues.? Although the circular structure is
most often fluid, this is not always the case. Although it
is difficult to definitively determine the nature of the
shadowing structure, careful evaluation of the type of
acoustic shadow using properly focused transducers and
multiple imaging planes and the identification of the
origin of the shadowing structure help in accurate identi-
fication of the shadowing reflector.2 Although echogenic
structures with shadowing are most common, anechoic
or hypoechoic structures with shadowing have been re-
ported in human beings, as have echogenic structures

Z28/APR/S4 17:23
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Figure 2-30
Sonogram obtained from a horse with pleuropneumonia and a large
pleural effusion demonstrating a range-ambiguity artifact or “‘herbie”
(arrows).




Table 2-3
Sound Beam-Patient Interactions

Useful Artifacts Confusing Artifacts

Shadowing Axial resolution
Enhancement Lateral resolution
Reflection/refraction Slice thickness
Propagation-speed error Range ambiguity
Edge shadowing Reverberation
Comet tail Comet tail

Ring down

Mirror image

Multipath

Ghosts

Split image

Speckie

Side lobe

Grating lobe

Adapted from Kirkberger RM: Imaging artifacts in diagnostic ultrasound—A
review. Vet Radiol Ultrasound 36:297-306, 1995

with acoustic enhancement.’ * This seeming paradox oc-
curs because absorption is the major contributor to tissue
attenuation, with a minor contribution from scattering." *
Therefore, echogenicity (scattering level) and attenuation
are not correlated.> ?

Confusing Artifacts

Slice-thickness artifacts, range-ambiguity artifacts, and
side-lobe artifacts can all result in artifactual echoes
within anechoic structures.? Propagation-speed errot, mir-
ror-image artifacts, and side lobes can all result in reflec-
tors within the body being located inaccurately, whereas
range-ambiguity and multipath artifacts and the refractive
effect of rounded structures cause less marked reflector
displacement.?

Although some artifacts are useful and aid in image
interpretation and diagnosis, many can cause confusion
and error (Table 2-3). A thorough understanding of the
tvpes of artifacts that occur and how to deal with them
when they are detected help sonologists avoid image
interpretation pitfalls. Multiple imaging planes, varying
the patient position, changing the frequency of the trans-
ducer, and altering the gain settings may all help to
minimize the effects of artifacts on the image.?
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CHAPTER

One of the earlier applications of ultrasonography in
horses was the diagnosis of flexor tendon and ligament
injuries in the distal extremities.!”'” The sonographic
findings in the injured tendon or ligament were then
compared to its gross and histopathologic appearance to
characterize the tissue in the area of injury and correlate
it with its sonographic appearance.’*?* More recently,
work has focused on the sonographic changes detected
in horses during tendon and ligament healing.?¥-* Further
studies on the usefulness of ultrasonography in the diag-
nosis and management of flexor tendon and ligament
injuries continue.®>® As the usefulness of tendon and
ligament ultrasonography has grown, sonographic evalua-
tion of other tendinous and ligamentous structures has
been undertaken.> 7> Serial sonographic evaluations have
been performed on horses in race training to evaluate
the effects of training on the sonographic appearance of
the superficial digital flexor tendon.” 77 More critical
evaluation of tendon and ligament echogenicity has oc-
curred but these techniques are not yet in widespread
use.”®8 Three-dimensional ultrasonographic imaging of
normal and injured superficial digital flexor tendons is
now possible in horses, although the software to perform
the three-dimensional reconstruction is not present in
any currently available ultrasonographic equipment.8! #

Sonographic evaluation of the various tendon sheaths
and bursae provides additional information about diseases
involving these structures, along with evaluation of the
contained tendons and ligaments.> 3 66. 68, 70. 72. 74, 83-88
Musculoskeletal imaging has since progressed to evaluat-
ing muscular, synovial, and bony abnormalities.*-*® The
ultrasonographic evaluation of bone initially seemed to
have little application because of the high acoustic im-
pedance of bone relative to the surrounding soft tissue.
However, its use in selected situations has been very
rewarding and holds much promise.® % 2% 101-108 Although
high-quality radiographs are still the ideal method for
evaluation of bony structures, diagnostic ultrasound eval-
uation of bony structures has numerous applications in
the horse.

Musculos/eeleml
Ultrasonography

EXAMINATION TECHNIQUE
Patient Preparation

The skin over the area to be examined should be surgi-
cally clipped with a No. 40 surgical clipper blade.?> 47 4
109,110 The skin should then be thoroughly cleaned prior
to application of ultrasound coupling gel. The ultrasound
gel should be applied to the entire area being examined
and worked in well, following the direction of hair
growth. A sterile couplant gel should be used if an aseptic
examination is necessary. If clipping the hair off the skin
is not possible, the leg can be soaked with water for 10
minutes. Either a 10-minute hosing of the area to be
examined can be performed or a wet bandage can be
applied. The topical application of isopropyl alcohol may
also be used to obtain an image without clipping the
hair; however, the optimal image will be obtained by
clipping the area to be examined. Shaving the skin may
be necessary or preferable in some situations to obtain
optimal image quality.

Tendons and Ligamenis

The skin over the entire palmar or plantar area of the leg
should be surgically clipped from the base of the acces-
sory carpal bone or point of the hock (tuber calcis) to
the ergot to examine the flexor tendons and ligaments
(Fig. 3-1). Both the medial and lateral branches of the
suspensory ligament should be clipped from the lateral
and medial sides of the limb, starting just above the
suspensory bifurcation (at a point midway down the
cannon bone) and continuing down to the insertion on
the apex of both proximal sesamoid bones (see Fig. 3-1).
The entire palmar or plantar, medial and lateral aspects
of the pastern should be clipped from the ergot distally
to the bulbs of the heels to examine the tendinous and
ligamentous structures in the pastern (Fig. 3-2). The base
of both proximal sesamoid bones must be included to
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Plantar

ligament
Flexor

tendon

Figure 3-1

Flexor Diagrams of the areas to be surgically clipped along the palmar
tendon (A) or plantar (B) aspect of the limb. The broad darkened strip
along the palmar or plantar gspect of the limb is the area to be
surgically clipped for examination of the superficial digital flexor
tendon (SDF), deep digital flexor tendon (DDF), inferior check
ligament (ACL), body of the suspensory ligament (SL), and proxi-
mal portion of the digital sheath. The lighter strip along the
distal lateral and medial aspects of the limbs is the area to be
clipped for examination of the SL branches, the distal portion of
the second and fourth metacarpal or metatarsal bones, the abax-
ial surfaces of the medial and lateral proximal sesamoid bones,
and the medial and lateral compartments of the metacarpoe or
metatarsophalangeal joint. The lightest strip along the plantar
aspect of the hindlimb in the proximal-most portion of the limb
: (B) is the area w0 be surgically clipped for evaluagion of the
| A B plantar ligament.

Suspensory

ligament Suspensory

ligament

Figure 3-2

Diagrams of the areas to be surgically clipped
along the medial and lateral aspect (4) and the
palmar or plantar aspect of the pastern (B) for
thorough evaluation of all the tendinous and
ligamentous structures in the pastern. A




image the origin of the distal sesamoidean ligaments (see
Fig. 3-2). All the hair must be clipped, which is more
difficult at the pastern, because the hair grows in a num-
ber of different directions. If all hair cannot be removed
with a surgical clipper blade, the skin should be shaved
over the area under investigation.

Tendon Sheaths and Bursae

The skin over the entire tendon sheath or bursa to be
examined should be surgically clipped, including the en-
tire length of the tendon associated with the sheath or
the bursa. Lesions located in the portion of a tendon
within a tendon sheath may extend proximal or distal to
the tendon sheath. Thus, the entire length of the tendon
should be examined, not just the portion contained
within the tendon sheath. Similarly, lesions within a ten-
don may extend beyond the area of a bursa; therefore,
the entire tendon overlying a bursa should be examined.

Nerves

The skin over the nerve of interest should be surgically
clipped. Because the nerves are small structures that are
difficult to image in the best of circumstances, proper
patient preparation is critical. Shaving the skin may be
necessary for optimal imaging.

Muscle, Bones, and Joints

The skin over the entire muscle, bone, or joint in ques-
tion should be surgically clipped. To optimally evaluate
the muscle in question, a rim of surrounding normal
muscle should also be examined. To optimally evaluate
the bone in question, the skin ovetlying the bone should
be prepared from its proximal articulation to the distal
articulation. The skin over the entire joint, including the
synovial compartments and collateral ligaments, should
be clipped for examination. A portion of the limb proxi-
mal and distal to the joint should be included. The entire
affected arca should be examined if diffuse swelling is
present. ’

Anatomy
Flexor Tendons and Ligaments

The flexor tendons and ligaments in the metacarpal and
metatarsal region are the most frequently imaged tendons
and ligaments in horses. These tendons and ligaments
should be scanned throughout their length. A thorough
knowledge of the cross-sectional anatomy of the flexor
tendons and ligaments (Fig. 3-3) is necessary to recog-
nize subtle changes in their size and shape, early indica-
tions of injury to these structures.''* 2

Superficial Digital Flexor Tendon. The superficial
digital flexor tendon in the forelimb originates from the
humeral head of the superficial digital flexor muscle on
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the caudomedial aspect of the limb, approximately 6 to
10 ¢m proximal to the point of the accessory carpal
bone.""" 3 Its musculotendinous junction is located
within the carpal canal. The accessory ligament of the
superficial digital flexor tendon (superior check ligament)
fuses with the superficial digital flexor tendon just proxi-
mal to the antebrachiocarpal joint.'"* The superficial digi-
tal flexor tendon extends along the palmar-most aspect
of the metacarpal region, forming a ring (the manica
flexoria) around the deep digital flexor tendon in the
proximal pastern region and bifurcating into a medial
and lateral branch that inserts onto the distal part of the
first phalanx (P1) and the proximal part of the second
phalanx (P2).111- 113

Both the superficial and deep digital flexor tendons
are contained within the carpal sheath in the forelimb,
whereas only the deep digital flexor tendon is contained
within the tarsal sheath in the hindlimb. In the distal
metacarpal region and proximal pastern, both the supes-
ficial and deep digital flexor tendons are contained within
the digital sheath; whereas in the mid and distal pastern
region, only the deep digital flexor tendon is surrounded
by the digital sheath. In the hindlimb, the superficial
digital flexor tendon originates from the musculotendi-
nous junction in the proximal portion of the crus, widens
and flattens to attach to the point of the tuber calcis, and
extends distally along the plantar aspect of the metatar-
sus. It forms a ring around the deep digital flexor tendon
in the proximal pastern and bifurcates to form a medial
and lateral branch that inserts on distal P1 and proximal
P2, as in the forelimb.

Deep Digital Flexor Tendon. The deep digital flexor
tendon in the forelimb originates from the three heads
of the deep digital flexor muscle in the distal region of
the radius and extends distally dorsal to the superficial
digital flexor tendon through the carpal canal and fetlock
annular ligament region into the foot.!'* 1> The humeral
head of the deep digital flexor has a strong tendon that
appears about 8 to 10 cm proximal to the antebrachiocar-
pal joint but contains muscle fibers until the level of the
joint where ‘the ulnar and radial heads join the humeral
head.!'! The accessory ligament of the deep digital flexor
tendon (inferior check ligament) joins the deep digital
flexor tendon in the mid to distal metacarpus, having
originated from the palmar carpal ligaments. In the hind
leg the deep digital flexor tendon originates from the
union of the lateral digital flexor tendon and the medial
digital flexor tendon. The lateral digital flexor tendon
incorporates the tibialis caudalis tendon and passes over
the sustentaculum tali in the plantar tarsal sheath. The
medial digital flexor tendon passes over the proximal
tubercle of the talus in its own sheath at the medial
aspect of the talus to fuse with the lateral digital flexor
tendon in the proximal metatarsus. The deep digital
flexor tendon lies in a dorsal position relative to the
superficial digital flexor tendon in the proximal metatar-
sal region. In the mid to distal metatarsal region, the
deep digital flexor tendon is usually joined by a smaller
accessory ligament of the deep digital flexor tendon. Its
distal course is similar to that in the forelimb.

Inferior Check Ligament. The inferior check liga-
ment or accessory ligament of the deep digital flexor
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Figure 3-3 See legend on opposite page




tendon in the forelimb originates from the carpal retinac-
ulum as a continuation of the palmar carpal ligament and
inserts on the deep digital flexor tendon in the mid-
metacarpal region.!' '3 The accessory ligament of the
deep digital flexor tendon may be missing in the hindlimb
or is a small vestigial structure.

Suspensory Ligament. The suspensory ligament
(third interosseous muscle) originates from the distal row
of carpal or tarsal bones, the proximal palmar metacarpal
or plantar metatarsal ridge, and the palmar carpal or tarsal
ligament and extends distally between the second and
fourth metacarpal or metatarsal bones to the junction
between the mid and distal third of the metacarpus or
metatarsus. It then bifurcates into two branches that
insert on the abaxial surfaces of the proximal sesamoid
bones.!'t 113 Small extensor branches are given off that
insert on the dorsomedial and dorsolateral aspect of prox-
imal P1. The origin of the suspensory ligament is bilobed
in the forelimb and appears incompletely separated as it
originates from the second and third carpal bones.!'' The
suspensory ligament in the forelimb is approximately 20
to 25 cm long. The suspensory ligament in the hindlimb
is trapezoid-shaped and measures approximately 25 to 30
cm in length. The suspensory ligament consists of striated
muscle, fat, loose areolar connective tissue, connective
tissue fibers, blood vessels, and nerves.S

Pastern. The cross-sectional anatomy of the tendons
and ligaments in the pastern is even more confusing
because the tendons and ligaments change shape and
direction from their origin to insertion (Fig. 3-4).

Superficial Digital Flexor Tendon. The superficial
digital flexor tendon forms a ring around the deep digital
flexor tendon in the proximal pastern and then bifurcates
to form medial and lateral branches that insert on the
lateral and medial margins of the distal aspect of the first
phalanx and the proximal aspect of the second phalanx.
The branches of the superficial digital flexor tendon in-
sert between the axial and abaxial palmar ligaments of
the proximal interphalangeal joint onto the scutum me-
dium (the fibrocartilage along the proximal border of
P2).5% 111

Deep Digital Flexor Tendon. The deep digital flexor
tendon lies immediately dorsal to the superficial digital
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flexor tendon in the proximal pastern region, palmar or
plantar to the straight distal sesamoidean ligament, and is
surrounded by the digital sheath throughout the length
of the pastern. The distal digital annular ligament is ad-
hered to the palmar or plantar surface of the distal por-
tion of the deep digital flexor tendon.""" The deep digital
flexor tendon is molded to the navicular bone’s contour
as it extends palmar or plantar to the navicular bone.
The deep digital flexor tendon extends distally into the
foot to insert on the third phalanx.

Middle (Oblique) Distal Sesamoidean Ligament.
In the proximal portion of the pastern, the origins of the
middle distal sesamoidean ligament arise from the base
of the medial and lateral proximal sesamoid bones and
extend diagonally across the proximal aspect of the first
phalanx to join each other near the junction of the
proximal and middle third of the pastern. Here the
branches of the middle distal sesamoidean ligament form
one wide ligamentous band near the ligament’s insertion
on the palmar or plantar aspect of P1, beginning at the
palmar or plantar aspect of proximal P1 and ending
between the proximal insertion of the two axial palmar
or plantar ligaments of the proximal interphalangeal joint
near the junction of the middle and distal thirds of P1.
The middle distal sesamoidean ligament is the most dorsal
structure in the mid-pastern region.

Straight Distal Sesamoidean Ligament. Along the
palmar or plantar aspect of the middle distal sesamoidean
ligament lies the straight distal sesamoidean ligament in
the mid-pastern region. In the distal portion of the pas-
tern, the straight distal sesamoidean ljgament is the most
dorsal structure. It originates from the base of the proxi-
mal sesamoid bones, where it has a trapezoid shape, and
extends distally to insert on the scutum medium onto
proximal P2.

Cruciate Distal Sesamoidean Ligament. The cruci-
ate distal sesamoidean ligaments form the palmar or plan-
tar wall of the synovial recess of the distal palmar or
plantar aspect of the metacarpal or metatarsal phalangeal
joint. These ligaments insert on the axial aspect of the
proximopaimiar or proximoplantar tuberosity of P1.1!!

A thorough knowledge of the anatomy of the tendons
and ligaments (origins and insertions and their relation-

Figure 3-3

Anatomy of the flexor tendons and ligaments in the metacarpal region of the horse. These figures are transverse cross-sections through the
metacarpus of 2 normal horse, illustrating the interrelationships of the flexor tendons and ligaments. The right side of these cross-sections is medial
and the left side is lateral.

A, The superficial digital flexor tendon (SDF), deep digitdl flexor tendon (DDF), inferior check ligament (ICL), and origin of the suspensory
ligament (SL) in the metacarpal region at zone 1A are depicted. Notice the bilobed appearance of the SL origin in this zone and its more
heterogeneous appearance with areas of muscle tissue contained within each lobe.

B, In the mid to distal metacarpal region (zone 2B), the SDF has flattened some in a dorsal to palmar direction and widened in a medial to lateral
direction, the DDF is oval in shape, the ICL is inserting into the DDF at this level, and the SL body is beginning to bifurcate. Notice the widened,
rectangular appearance of the SL body and its more heterogeneous appearance compared to the other tendinous and ligamentous structures.

C, In the distal metacarpal region in zone 3B, the SDF continues to flatten in a dorsal to palmar direction and widen in a medial to lateral
direction. The DDF is somewhat rounder after being joined by the ICL. The SDF and DDF are surrounded by the digital sheath at this level. The SL
branches are round at this level and must be imaged from the medial and lateral aspect of the limb because they are mostly out of the plane of the
image from the palmar surface of the leg.

D, At the level of the metacarpophalangeal joint just proximal to the ergot in zone 3C, the SDF has a thin, flattened, slightly curved shape
adjacent to the flattened, oval DDF. The SDF and DDF are surrounded by the digital sheath and the annular ligament is present at this level,
although it is usually indistinguishable from the digital sheath. The SL branches are inserting on the abaxial surfaces of the proximal sesamoid
bones and the intersesamoidean ligament is imaged along the axial margins of both proximal sesamoid bones. (From White NA II, Moore JN:
Current Practice of Equine Surgery. Philadelphia, JB Lippincott, 1990, pp 426-427.)
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SDF
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ships to one another) and the related muscular, synovial,
and bony structures is important to fully evaluate tendi-
nous and ligamentous abnormalities. !’ 112

Superior Check Ligament. The superior check liga-
ment (accessory ligament or radial head of the superficial
digital flexor tendon) attaches the musculotendinous
junction of the superficial digital flexor tendon to the
caudomedial surface of the distal radius. The superior
check ligament is a strong fibrous band that arises from
a ridge on the caudal surface of the radius near its medial
border along the distal third of the radius.!*" 14 Medially,
the superior check ligament is adjacent to the flexor
carpi radialis tendon sheath.!!!

Annular Ligaments. The fetlock palmar/plantar annu-
lar ligament contains the superficial and deep digital
flexor tendon and the digital sheath as they pass along
the palmar or plantar aspect of the metacarpo- or metatar-
sophalangeal joint. The fetlock annular ligament attaches
to the abaxial surfaces of the proximal sesamoid bones
and extends transversely across the palmar or plantar
aspect of the fetlock.' Its proximal-most extent is just
proximal to the apex of the proximal sesamoid bones
and its distal extent is the base of the proximal sesamoid

DDF
SDF

SDF

SDSL
MDSL

B
Figure 3-4

Anatomy of the tendons and ligameats in the pastern region of the horse.
These figures are transverse cross-sections through the pastern of a normal
horse, illustrating the interrelationships of the flexor tendons and distal
sesamoidean ligaments.

A, Diagram of the proximal pastern obtained from a normal horse at
zone PIA. Notice the thin superficial digital flexor tendon (SDF) arcing
around the deep digital flexor tendon (DDF) and forming a thin ring at
this level. The straight distal sesamoidean ligament (SDSL) is a broad-based
structure near its origin. Notice the larger oval-shaped origins of the
branches of the middle (oblique) distal sesamoidean ligaments (MDSL) as
they originate from the base of the proximal sesamoid bones.

B, Diagram of the mid pastern obtained from a normal horse at zone
P1B. Notice the branching of the SDF and the tear-shaped appearance of
both SDF branches. Notice the bilobed appearance of the DDF within the
digital sheath. The SDSL has become smaller and more oval in shape at
this level. The two branches of the MDSL have joined and are inserting
along the palmar aspect of the middie portion of the first phalanx (P1).

C, Diagram of the distal pastern obtained from a normal horse at zone
PIC. Notice the insertions of the SDF branches along the medial and
lateral aspects of the pastern. The DDF still has a somewhat bilobed
appearance and is surrounded by the digital sheath. The SDSL is slightly
broader as it approaches its insertion on the proximal portion of the
second phalanx (P2).

bones.® The normal fetlock annular ligament is a thin
structure in the normal horse, difficult to distinguish from
the digital sheath with which it is intimately associated.
The proximal digital annular ligament contains primarily
the deep digital flexor tendon and digital sheath along
the palmar or plantar aspect of the first phalanx. The
proximal-most extent of the proximal digital annular liga-
ment is the distal aspect of the proximal palmar aspect
of P1 and the distal-most aspect is at the level of insertion
of the middle (oblique) distal sesamoidean ligament. The
proximal digital annular ligament has lateral and medial
bands that originate on the middle of the borders of the
proximal phalanx and insert distally on the palmar margin
of the proximal end of the middle phalanx (P2) and its
fibrocartilage.''" 113

Bicipital Tendon. The bicipital tendon originates
from the supraglenoid tubercle of the scapula and inserts
on the radial tuberosity, the medial collateral ligament of
the elbow, forearm fascia, and the extensor carpi radialis
tendon.'"® The bicipital tendon conforms to the shape of
the intertuberal groove in the humerus with an isthmus
connecting the larger lateral lobe with the smaller medial
lobe. The isthmus of the bicipital tendon lies directly




cranial to the intermediate tubercle ofthé humerus. The
lateral lobe rides over the greater tubercle of the humerus
with the medial lobe riding over the lesser humeral tuber-
cle. A tendinous band between the greater and lesser
tubercles anchors the tendon in the intertuberal groove.
The infraspinatus muscle inserts in the caudal eminence
of the greater tubercle of the humerus from the lateral
aspect of the shoulder.

Extensor Tendons

Extensor Carpi Radialis Téendon. The largest ten-
don on the dorsal aspect of the radius is the extensor
carpi radialis tendon, which extends from the extensor
carpi radialis muscle to the metacarpal tuberosity.''® It is
located on the dorsal midline of the carpus.

Common Digital Extensor Tendon. Lateral to the
extensor carpi radialis tendon is the common digital ex-
tensor tendon, which may join the lateral digital extensor
tendon via a branch or extend separately to the fetlock.'"?
The long (common) digital extensor tendon is located on
the craniolateral aspect of the distal radius and extends
distally towards the midline in the proximal metacarpal
region.

Extensor Carpi Obliquus Tendon. The extensor
carpi obliquus extends from the proximal and lateral
aspect of the distal radjus in a distal and medial direction
with its tendon running in the oblique groove of the
distal radius and attaching to the proximal aspect of
the second metacarpal bone.'** The extensor retinaculum
covers these tendons over the dorsal aspect of the carpus.

Lateral Digital Extensor Tendon. The lateral digital
extensor tendon is the smallest extensor tendon and runs
between the superficial (long) and deep (short) collateral
ligaments along the lateral aspect of the carpus.'!?

Ulnaris Lateralis Tendon. The ulnaris lateralis has
two tendons of insertion distally along the lateral aspect
of the carpus. The short tendon inserts on the accessory
carpal bone with the flexor carpi ulnaris. The long ten-
don inserts on the fourth metacarpal bone, originates in
the proximal carpal region, and runs through a groove
on the accessory carpal bone to its insertion.'"?

Gastrocnemius Tendon. The lateral and medial heads
of the gastrocnemius muscle are superficial in location
and unite to form the gastrocnemius tendon in the crus.
The gastrocnemius tendon spirals around the superficial
digital flexor tendon from lateral to dorsal and then in-
serts on the calcanean tuberosity. The common calcaneal
tendon is a combination of the gastrocnemius and super-
ficial digital flexor tendons and the axial and medial tarsal
tendons with contributions from the biceps femoris,
semitendinosus, gracilis, and soleus muscles.®® The axial
and medial tarsal tendons are also referred to as the deep
tarsal tendons. The medial tarsal tendon inserts on the
tendon of the gastrocnemius just proximal to its inser-
tion. The axial tarsal tendon bifurcates distally and inserts
on the os calcis with a larger medial than lateral branch.®
The Achilles tendon is the combination of the gastrocne-
mius tendon and the soleus tendon only.®> Along the
caudal surface of the tibia, angling from lateral to medial,
are the popliteus muscle and the three heads of the deep
digital flexor muscle.

Plantar Ligament. The plantar ligament originates
from the plantar aspect of the proximal and lateral extent
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of the tuber calcis and inserts on the fibular tarsal bone,
fourth tarsal bone, and proximal extent of the fourth
metatarsal bone.!'* The plantar ligament covers the lateral
aspect of the plantar surface of the hock and is lateral to
the deep digital flexor tendon along its distal margin.

Peroneus Tertius Tendon. The peroneus tertius ten-
don originates from the lateral aspect of the distal epicon-
dyle of the femur along with the long digital extensor
tendon, extends distally along the dorsal aspect of the
tibia, and bifurcates over the dorsal aspect of the hock.'?
The peroneus tertius tendon inserts laterally on the calca-
neus and fourth tarsal bone and medially on the third
tarsal bone and third metatarsal bone.

Long Digital Extensor Tendon. The long digital ex-
tensor tendon originates from the extensor fossa of the
femur in common with the origin of the peroneus tertius
tendon and inserts on the extensor process of P3 and
the dorsal surfaces of the proximal extremities of P1
and P2.'3

Tibialis Cranialis and Cunean Tendon. The tibialis
cranialis muscle lies deep to the peroneus tertius tendon
and originates from the lateral condyle of the tibia and
the lateral surface of the tibial tuberosity.'*> The insertion
of the tibialis cranialis begins just proximal to the hock
and bifurcates immediately distal to the peroneus tertius
bifurcation. Several large blood vessels are present
around this bifurcation. The tibialis cranialis tendon is
surrounded by a sheath as it courses between the
branches of the peroneus tertius tendon. The cunean
tendon (the medial branch of the tibialis cranialis tendon)
inserts on the first tarsal bone and the other tendon
of insertion inserts on the proximal end of the third
metatarsal bone.'"?

The Back. The nuchal ligament is that portion of the
supraspinous ligament that is elastic and extends from
the occipital bone to the withers. The remainder of the
supraspinous ligament, which extends from the withers
to the sacrum, is more fibrous. The supraspinous liga-
ment inserts on the summits of the thoracic and lumbar
spinous processes.” > Multiple tendons of insertion of
the longissimus dorsi muscle contribute to the supraspi-
nous ligament on each side, whereas ventrally it is di-
rectly continuous with the interspinal ligaments.”” A
bursa is present between the supraspinous ligament and
the dorsal arch of the atlas.” ''3> Another bursa may be
present in some horses over the axis.'*> A bursa is also
present between the ligamentum nuchae and the dorsal
spinous processes at the withers, most commonly de-
tected over the second thoracic spine.'”> Other bursae
may occur over the highest thoracic spines. A variable
amount of fat and connective tissue lies dorsal to the
nuchal ligament in the cervical region extending as far
caudally as the withers. A thick layer of subcutaneous
fascia is continuous with the supraspinous ligament in
the thoracic region. The dorsal spinous processes are
connected by the interspinous ligaments that extend be-
tween the spines of adjacent vertebrae. The dorsal spi-
nous processes have large cartilaginous caps in the cra-
nial thoracic region (withers). The dorsal sacroiliac
ligament originates from the left or right tuber sacrale
and inserts onto the sacrum.” '3
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Tendon Sheaths and Bursae

Flexor Tendon Sheaths

Carpal Sheath. The carpal sheath is composed of two
compartments in the metacarpal region: a dorsal and
a palmar compartment, which communicate above the
level of the accessory carpal bone.'** The two compart-
ments are separated by a fold of the visceral layer of the
carpal sheath and the mesotendon.'*® The dorsal compart-
ment extends along the dorsal aspect of the deep digital
flexor tendon until the insertion of the inferior check
ligament into the deep digital flexor tendon. The palmar
compartment is located between the superficial and deep
digital flexor tendons in the metacarpal region.

Tarsal Sheath. The tarsal sheath surrounds the deep
digital flexor tendon and extends from approximately 6
cm proximal to the lateral malleolus of the tibia distally
to the junction between the proximal and middle third
of the metatarsus.''® The proximal portion of the tarsal
sheath is not surrounded by the deep tarsal fascia.''®

Digital Sheath. The digital sheath begins near the
junction of the middle to distal third of the metacarpus
or metatarsus, surrounds the superficial and deep digital
flexor tendons, and extends distally into the distal pas-
tern, surrounding only the deep digital flexor tendon in
the middle to distal region of the pastern.’ % The digital
sheath originates at the suspensory ligament bifurcation and
extends distally through the fetlock annular ligament and
the proximal and distal digital annular ligaments.”> '*> The
digital sheath is approximately 14 to 20 cm long.® 7> '*> The
digital sheath has three recesses.” ! Folding and saccula-
tion of 'the digital sheath occur normally proximal to the
fetlock annular ligament in the proximal recess of the digital
sheath.® The collateral recesses are located on the lateral
and medial aspectsof the pastern between the distal sesa-
moidean ligaments and the flexor tendons.'*! The distal
recess extends between P2 and the dorsal aspect of the
deep digital flexor tendon.''’ The digital sheath is ad-
hered to the palmar or plantar aspect of the superficial
digital flexor tendon in the palmar aspect of the fetlock
and in the proximal pastern.” ! The deep digital flexor
tendon is attached to the digital sheath proximally along
its medial and lateral margins by a mesotendon.” 13

Extensor Tendon Sheaths

Extensor Carpi Radialis Tendon Sheath. The ex-
tensor carpi radialis tendon is surrounded by a synovial
sheath over the dorsal aspect of the carpus. This synovial
sheath extends from the distal aspect of the radius to the
metacarpal tuberosity.'?

Common Digital Extensor Tendon Sheath. The
common digital extensor tendon and its branch are sur-
rounded by a common synovial sheath over the dorsal
aspect of the carpus that begins at the level of the distal
radius and ends over the proximal aspect of the metacar-
pus.1?

Extensor Carpi Obliquus Tendon Sheath. The ten-
don of the extensor carpi obliquus is covered by a syno-
vial sheath over the dorsal aspect of the carpus between
the extensor carpi radialis tendon and the medial collat-
eral ligament and extends palmarly along most of its
length.®7- 113

Lateral Digital Extensor Tendon Sheath. The lat-

eral digital extensor tendon is covered by a synovial
sheath in the carpal region between the long and short
collateral ligaments. This tendon joins the long digital
extensor tendon just below the carpus.'’?

Ulnaris Lateralis Tendon Sheath. A synovial sheath
covers the long tendon of the ulnaris lateralis muscle
throughout its course from the proximal carpal region
to its insertion on the proximal portion of the fourth
metacarpal bone.''?

Bursae

Bicipital Bursa. The bicipital bursa lies between the
bicipital tendon and the intertuberal groove of the distal
humerus.'3

Navicular (Podotrocblear) Bursa. The navicular
bursa lies between the navicular bone and the deep
digital flexor tendon. It extends proximally along the
deep digital flexor tendon for 1 to 1.5 cm proximal to
the distal sesamoid bone and distally to the insertion of
the deep digital flexor tendon onto P3.1!1 113

Trochanteric Bursa. The trochanteric bursa lies be-
tween the accessory head of the middle gluteal muscle
and the greater trochanter.!'?

Calcaneal Bursa. The calcaneal bursa lies between
the superficial digital flexor tendon and the gastrocne-
mius tendon.'3 )

Gastrocnemius Bursa. The gastrocnemius bursa is
present in some horses and lies between the gastrocne-
mius tendon and the tuber calcis.**?

Cunean Bursa. The cunean bursa lies between the
cunean tendon and the underlying bone.'*?

Atlantal Bursa. The atlantal bursa lies between the
nuchal ligament and the atlas.'*?

Supraspinous Bursa. The supraspinous bursa lics
between the second thoracic vertebrae and the supraspi-
nous ligament.!3 -

Nerves

The anatomy of each nerve under examination should be
known, along with its relationship to the surrounding
structures, to locate the nerve for sonographic examina-
tion. The superficial nerves are very small and are located
immediately under the skin surface. The palmar digital
nerve lies immediately palmar or plantar to the palmar
digital artery. E

Muscle

The origins, insertions, shape, and size of each muscle
should be known for thorough sonographic evaluation of
suspected muscular abnormalities.

Bone

A thorough knowledge of the normal bony protuber-
ances, the physes, the age of the horse at physeal closure,
the locations of articular cartilage and joint capsules,
the origins and insertions of the various tendons and
ligaments, and the articulations between the various




bones is necessary for accurate sonographic evaluation
of bony structures.

Joints

The locations of the joint capsule, synovial compart-
ments, collateral ligaments, and articular cartilage are
important aspects of the sonographic evaluation of a
joint. The anatomy of these structures, as well as any
associated periarticular structures such as surrounding
tendons, ligaments, and muscles, must be known to thor-
oughly evaluate the joints of horses, because abnormali-
ties may involve any of these structures.

Shoulder. The muscles and tendons of the shoulder
are-the stabilizers of this joint. The supraspinatus, infra-
spinatus, and teres minor muscles stablize the joint later-
ally; the subscapularis muscle is the medial stabilizer
of the shoulder.''® Cranially, the biceps brachii and the
supraspinatus muscles stabilize the scapulohumeral joint;
the triceps brachii is its caudal stabilizer.!*> The fibrous
joint capsule is attached 1 to 2 cm distal to the articular
margins of the scapulohumeral joint. Two elastic gleno-
humeral ligaments originate from the supraglenoid tuber-
cle and insert on the tuberosities of the humerus, which
also stabilize the shoulder joint.

Elbow. The short lateral collateral ligament originates
from a depression on the lateral epicondyle of the hu-
merus and inserts distally on the lateral tuberosity of
the radius, just distal to the margin of the articular
surface.'% 13 The medial collateral ligament of the cubital
joint originates proximal to an eminence on the medial
epicondyle of the humerus and divides to insert in two
parts on the radius.'*> '3 The longer branch of the inser-
tion is ‘more superficial and inserts on the medial border
of the radius, just distal to the level of the interosseous
space. The deeper shorter branch inserts onto the medial
tuberosity of the radius. .

Carpus. The extensor retinaculum is loose and covers
the dorsal aspect of the carpal joints.*'* The palmar carpal
ligament is thick and dense, is closely attached to the
carpal bones, and forms the dorsal wall of the carpal
canal.’®> 113 The lateral collateral ligament extends from
the lateral (ulnar) styloid process distally to the fourth
and third metacarpal bones.'® 113 The lateral digital exten-
sor tendon, surrounded by its synovial sheath, passes
through a long and superficial collateral ligament and
a short and deep lateral collateral ligament.'* 13 The
palmarolateral pouch of the antebrachial carpal joint is
interposed between the long tendon of the ulnaris later-
alis and the ulnar styloid process. The medial collateral
ligament originates from the medial styloid process of
the radius and inserts distally on the third and fourth
metacarpal bones.'® '3 The medial collateral ligament
is stronger and wider distally than the lateral collateral
ligament. Numerous short ligaments connect two or
more adjacent carpal bones.!'* The accessory carpal bone
is connected by three ligaments to the adjacent
bones.** 113 The proximal ligament (accessorioulnar liga-
ment) connects the lateral aspect of the accessory carpal
bone to the distal lateral aspect of the radius. The middle
(accessoriocarpoulnar) ligament connects the lateral as-
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pect of the accessory carpal bone to the lateral aspect of
the ulnar carpal bone. The distal ligament originates from
the lateral aspect of the accessory carpal bone and inserts
on the lateral aspect of the fourth carpal bone (accessori-
oquartal ligament) and on the proximal end of the fourth
metacarpal bone (accessoriometacarpal ligament). The
joint capsule of the radiocarpal joint is the most volumi-
nous, whereas the carpometacarpal joint is the most
limited and closely attached to the bones.

Fetlock. Two layers of collateral ligaments of the meta-
carpo- or metatarsophalangeal joints exist.' ''> The long
collateral ligament extends straight from the distal lateral
or medial metacarpus or metatarsus to the proximal me-
dial or lateral aspect of P1. The long (superficial) collat-
eral ligament arises from the medial and lateral eminences
of the distal metacarpus or metatarsus and inserts just
distal to the center of the articular surface of P1.1%% 113
The short (deep) collateral ligament has an oblique orien-
tation.’’® The short collateral ligament arises from the
epicondylar fossa between the distal eminences and artic-
ular margin of the third metacarpal or metatarsal bones-
and extends in a distopalmar or distoplantar direction to
insert on the abaxial surface of the proximal sesamoid
bone and the palmar or plantar surface of P1.19 113 A
dorsal compartment of the metacarpo- or metatarsopha-
langeal joint with a dorsal synovial reflection or plica and
a medial and lateral compartment adjacent to the medial
or lateral suspensory ligament branches and the distal
medial or lateral metacarpus or metatarsus is present. A
subtendinous bursa of the long digital extensor tendon
is present over the dorsal aspect of the metacarpo- or
metatarsophalangeal joint in normal horses.

Pastern. The collateral ligaments of the proximal inter-
phalangeal joint originate from the medial and lateral
eminences and adjacent depressions of distal P1 and
insert on the medial and lateral eminences of proximal
P2.190 113 Small medial, lateral, and dorsal compartments
of the proximal interphalangeal joint are present. The
collateral ligaments of the distal interphalangeal joint orig-
inate from_ the depressions on the medial and lateral
aspects of the distal phalanx and insert on the abaxial
depressions on the extensor process of P3 and on the
dorsal aspects of the collateral cartilages.'*® '3 Small dor-
sal and palmar or plantar compartments are present in
the distal interphalangeal joints.

Hip. The coxofemoral joint is formed by the articula-
tion of the femoral head with the acetabulum and has a
roomy joint capsule. Because it is a ball-and-socket joint,
the femoral head is attached to the acetabulum by the
round ligament of the femur. An accessory ligament of
the femur, a strong band, passes through the acetabular
notch from the symphysial tendon of the abdominal mus-
cles to the head of the femur.'?% 13

Stifle. The cruciate ligaments and meniscal ligaments
are nonarticular and are separated from the articular
spaces by the synovial membranes and surrounding con-
nective tissue.!®® The menisci each have a proximal con-
cave surface adapted to the femoral condyle and a distal
surface that fits the tibial condyle. The menisci are
attached to the tibia cranial and caudal to the tibial spine
and to the caudal part of the intercondyloid fossa of the
femur (lateral meniscus only) by the meniscal ligaments.
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The medial collateral ligament originates from the proxi-
mal medial epicondyle of the femur and inserts on the
margin of the medial condyle of the tibia.’*> '3 The lateral
collateral ligament originates from a depression on the
lateral epicondyle of the femur and inserts on the head of
the fibula, covering the tendon of origin of the popliteus
muscle.'?> '3 The cranial cruciate ligament originates
from the lateral wall of the intercondyloid fossa and
inserts on the central fossa on the tibial spine.°* 1> The
caudal cruciate ligament originates on the cranial part of
the intercondyloid fossa of the femur and inserts on an
eminence on the popliteal notch of the tibia.'o: 113

The patellar ligaments originate on the patella and
insert on the proximal tibia.''* The lateral patellar liga-
ment runs from the lateral part of the cranial surface of
the patella to the craniolateral aspect of the tibial tuberos-
ity. A strong tendon from the biceps femoris muscle and
an aponeurotic insertion of the fascia lata join the lateral
patellar ligament.’®® The middle pateltar ligament origi-
nates from the cranial part of the apex of the patella and
inserts on the distal part of a groove on the tuberosity of
the tibia. The medial patellar ligament attaches proxi-
mally to the parapatellar fibrocartilage and inserts distally
on the medial side of the groove on the tibial tuberosity.
The proximal portion of the medial patellar ligament is
the insertion of portions of the vastus medialis muscle,
and its cranial margin is confluent with the common
aponeurosis of the sartorius and gracilis muscles.'® The
lateral femoropatellar ligament runs from the lateral epi-
condyle of the femur just proximal to the lateral collateral
ligament to the fateral border of the patella.'®> ''* The
medial femoropatellar ligament arises proximal to the
medial epicondyle and inserts on the parapatellar fibro-
cartilage 1% 113

Hock. The collateral ligaments here, as in the carpus,
are multiple. The long medial collateral ligament origi-
nates on the caudomedial surface of the medial malleolus
of the tibia and extends distally to its insertion on the
distal tuberosity of the tibial tarsal bone, the medial sur-
face of the small tarsal bones, and the proximal portion
of the second and third metatarsal bones.’* '3 The short
collateral ligaments, of which three are located on the
medial aspect of the tarsus, extend from their origin on
the craniomedial aspect of the medial malleolus of the
tibia plantarodistally under the long collateral ligament to
their respective insertions.’® '3 The flat superficial short
medial collateral ligament inserts on the proximal and
distal tuberosity of the tibial tarsal bone and the interven-
ing ridge, with its plantarodistal attachment lying immedi-
ately adjacent to the attachment of the long collateral
ligament. The insertion of the round middle short medial
collateral ligament is the distomedial surface of the sus-
tentaculum tali and the plantaromedial surface of the
central tarsal bone. The insertion of the flat short deep
medial collateral ligament is the tibial tarsal bone.

The long lateral collateral ligament originates from the
lateral malleolus of the tibia, plantar to the lateral digital
extensor tendon groove. At its plantar margin distally, its
fibers blend with those of the long plantar ligament.
The long collateral ligament inserts on the distolateral
calcaneus, fourth tarsal bone, fourth metatarsal bone,
and third metatarsal bone. The superficial short lateral

collateral ligament originates with the short medial and
deep lateral collateral ligaments from the lateral malleolus
of the tibia and inserts on the calcaneus and talus just
distal to the coracoid process. The middle short lateral
collateral ligament inserts on the talus dorsal to the super-
ficial ligament, whereas the deep short lateral collateral
ligament inserts further dorsally on the talus, close to the
lateral articular margins.'*® '3

Three major compartments of the tarsocrural joint are
present: dorsomedial, plantaromedial, and plantarolateral.
The dorsomedial aspect of the tarsocrural joint capsule is
the largest and is situated close to the underlying troch-
lear ridges. Only a small amount of synovial fluid is pres-
ent within this joint in the normal horse. The proximal
intertarsal joint lies between the talus and the calcaneus.
The distal intertarsal joint is located between the central
tarsal bone and the bones on either side, and the distal
row of tarsal bones. The tarsometatarsal joint lies be-
tween the distal row of tarsal bones and the metatarsus.

Scanning Technique
Flexor Tendons and Ligaments

The initial scan of the flexor tendons and ligaments
should be performed with a 7.5-MHz transducer con-
taining a built-in fluid offset or using a hand-held standoff
pad with a displayed depth of 4 to 6 cm.!? 15 25 47-50, 117, 118
A 10.0-MHz transducer is ideal for imaging the more
superficial tendons and ligaments as well as some of
the smaller tendons and ligaments such as the extensor
tendons and collateral ligaments. A displayed depth of 2
to 4 cm is all that is needed for most of these smaller
tendons and ligaments. A 7.5-MHz transducer without a
standoff pad can be used to image the deeper tendons
and ligaments. If marked swelling of the limb is present,
a standard 7.5-MHz transducer without a standoft pad
and additional displayed depth may be needed to image
the deeper tendons and ligaments. The smallest depth of
field that can display all the flexor tendons and ligaments
should be used for optimal image quality. A low frame
rate, which gives a higher line density and superior reso-
lution, should be used for scanning tendons and liga-
ments. In the sagittal scan plane, high-edge enhancement
is preferable to help delineate the edges of the tendons
and ligaments and their fiber alignment. The ultrasound
examination should be performed with the horse weight
bearing and standing squarely to distribute weight equally
between both forelimbs or hindlimbs. The tendons and
ligaments change in size, shape, and echogenicity when
not loaded by full weight bearing.

From the palmar or plantar aspect of the limb, the
transverse scan plane should display the medial side of
the limb on the left-hand side of the screen and the
lateral side of the limb on the right-hand side of the
screen. The sagittal scan plane (proximal to distal scan
plane) should display distal to the left-hand side of the
screen and proximal to the right-hand side of the screen.
The dorsal scan plane (proximal to distal scan plane from
the right or left side of the limb) should display distal to
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the left-hand side of the screen and proximal to the right-
hand side of the screen.

The palmar or plantar surface of leg should be scanned
from the point of the accessory carpal bone (ACB) or
point of the hock (POH), respectively, to the ergot, with
the transducer perpendicular to the long axis of the
tendons and ligaments for the transverse or short-axis
scan and parallel to their long axis for the sagittal or long-
axis scan. For optimal image quality, the ultrasound beam
must be angled so that it is perpendicular to the short or
long axis of the tendon or ligament fibers being exam-
ined. At least two short-axis (transverse) and long-axis
(sagittal) scans should be performed to critically examine
each tendon or ligament in the limb, because the trans-
ducer orientation is slightly different for examination of
the inferior check ligament and the suspensory ligament
than for examination of the superficial and deep digital
flexor tendons.

If the affected tendon or ligament is large or if the
lesion or swelling bulges laterally or medially, scanning
the tendon or ligament from the lateral or medial side is
often necessary for accurate characterization of the full
extent of the injury. The lateral and medial branches of
the suspensory ligament must also be scanned from the
lateral and medial side of the limb from the suspensory
bifurcation to the insertion of the branch on the respec-
tive proximal sesamoid bone. The hind suspensory liga-
ment is often difficult to completely image from the
plantar approach with linear transducers because of lim-
ited contact between the linear transducer and the skin
over the plantar aspect of the limb. A plantaromedial
approach is often superior to the plantar approach be-
cause the skin surface in this area is flat and the trans-
ducer is closer to the suspensory ligament (Fig. 3-5).%

The surrounding bony and soft tissue structures should
be critically evaluated sonographically while scanning the
tendons and ligaments. The plantar aspect of the third
metacarpal bone is more perpendicular to the ultrasound
beam using the plantaromedial approach, making bony
lesions in this area easier to detect.®®

If the lesion in the tendon extends proximal to the
carpus or hock or distal to the fetlock, these areas should
also be thoroughly examined. Injuries to the superficial
digital flexor tendon can extend distally to its insertions
on distal P1 and proximial P2 and proximally to either
the musculotendinous junction in the foreleg or to the
plantar aspect of the hock or into the crus in the hind
leg. Deep digital flexor tendon injuries often extend dis-
tally into the pastern, but less frequently extend proxi-
mally into the carpal canal or tarsal sheath. Injuries to the
origin of the inferior check ligament or to the extensor
branches of the suspensory ligament are rare but do
occur. Therefore, extending the examination area proxi-
mally or distally is important if normal tendinous or liga-
mentous structures are still not detected.

Two methods are used to thoroughly examine the en-
tire flexor tendons and ligaments: evaluating the tendon
or ligament in its entirety from a reference point on the
limb or dividing the tendons and ligaments into zones.'
15.25.47. 119 The reference point is usually the point of the
accessory carpal bone, point of the hock, or point of
the ergot; and the tendon or ligament is evaluated in
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Figure 3-5

Sonograms of the normal proximal metatarsal region in the left hind
leg of a 12-year-old Thoroughbred gelding. Notice the shadow through
the origin of the suspensory ligament (SL) in zone 1B from the medial
wall of the metatarsal artery in the plantar view (right image). In
the plantaromedial view (left image), this shadow does not obscure
visualization of the entire SL origin, although part of the superficial
digital flexor tendon (SDF) is not visible. Notice also that at this level
the deep digital flexor tendon (DDF) is located more medially in the
limb. The echogenic tissue surrounding the DDF is part of the tarsal
sheath, best visualized in the plantaromedial view. These transverse
sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array
transducer operating at 10.0 MHz using a hand-held standoff pad at a
displayed depth of 4 cm. The focal zones are placed in the far field at
the depth of the SL. The right side of these transverse images is lateral
and the left side is medial.

centimeters distal to this reference ﬁoint.zi 47,119 With the
zone method, the metacarpal region is divided into seven
zones, four cm in length, beginning from the base of the
accessory carpal bone and extending down to the er-
got.'> 1525 47 The zones are 1A, 1B, 2A, 2B, 3A, 3B, and
3C. The metatarsal region has nine zones, also 4 cm in
length, beginning from the base of the hock and ex-
tending distally to the ergot. These zones are 1A, 1B, 24,
2B, 3A, 3B, 4A, 4B, and 4C.1% 2.4

The length of the injured or abnormal tendon or liga-
ment should be measured in centimeters from the chosen
reference point or the number of affected zones should
be determined.'? '> > 4. 119 The length of the lesion
should be measured from the proximal junction between
normal and abnormal tendon or ligament to the begin-
ning of normal-appearing tendon or ligament at the distal-
most extent of the lesion.? %7 ' The location of the
largest lesion or other abnormal area in the tendon or
ligament should be identified in centimeters from the
reference point or by the zone in which it is located. The
cross-sectional area of the lesion and the abnormal ten-
don or ligament at the maximal injury zone should be
measured (Fig. 3-6). The percentage of tendon or liga-
ment injured can then be calculated.

Tendon or ligament cross-sectional areas, lesion cross-
sectional areas, tendon or ligament echogenicity, and fi-
ber alignment should be graded in each of the zones
throughout the length of the tendon or ligament to obtain
an evaluation of the total tendon or ligament injury. If
multiple lesions are identified, each lesion and tendon or
ligament cross-sectional area at the worst injury point
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Figure 3-6

Sonograms of a new area of fiber tearing in the left fore superficial digital flexor tendon (SDF), obtained from a 22-year-old Quarter horse cross
gelding. This large area of fiber tearing was imaged from 0 to 23 cm distal to the point of the accessory carpal bone and this image was obtained
at 7 cm. These sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array transducer operating at 7.5 MHz using a hand-held standoff
pad at a displayed depth of 6 cm. The focal zones are placed in the near field of the images. The right side of the transverse image is lateral and
the left side is medial. The right side of the sagittal image is proximal and the left is distal. DDF, deep digital flexor tendon; CS, carpal sheath; ICL,
inferior check ligament.

A, Notice the large hypoechoic to anechoic core lesion (arrows) visualized in the transverse view (right image) involving 80% of the tendon’s
cross-sectional area at this level. Loss of fibers is complete within the lesion imaged in the sagittal view of the SDF (left image). Notice also the
anechoic fluid imaged within the carpal sheath (wide arrows), which is normal for the proximal metacarpal region.

B, The cross-sectional area of the SDF at this level was 1.64 cm? (area 1) and the cross-sectional area of the lesion was 1.32 cm? (area 2), yielding
an injury involving 80% of the tendon’s cross-sectional area at this level.

should be measured. Measuring the lesion and the tendon
or ligament in centimeters from a reference point and
using cross-sectional area measurements rather than dis-
tance measurements are the most accurate techniques for
the evaluation of tendon and ligament healing. The same
place in the injured tendon or ligament can be precisely
remeasured on follow-up examination, rather than reeval-
uating an area within each 4 cm zone.

Pastern. Three general regions are described in the
pastern: proximal, mid, and distal (see Fig. 3-4). The
tendons and ligaments in the pastern region are more
difficult to examine sonographically because the tendons
and ligaments are relatively small and are located in differ-
ent scan planes, and because the contact area for success-
ful imaging of these structures is relatively small. The
ultrasound examination is often facilitated by extending
the fetlock joint, thus maximizing the contact surface for
placement of the ultrasound transducer. The bulbs of the
heels may also present a problem in some horses, limiting
the scanning window of the mid to distal pastern. The
longer handle of some sector scanner transducers may
also limit scanning in this area. This limitation can be
overcome by standing the horse on a block. The tendons
and ligaments in the pastern should be scanned with a
7.5-MHz or 10.0-MHz transducer containing a built-in fluid
offset or used with a hand-held standoff pad at a displayed
depth of 4 to 6 cm (usually 4 cm). A wide-bandwidth
6.0-MHz microconvex linear-array transducer is also very
useful in scanning this region because it fits well into the
space on the palmar or plantar aspect of the pastern and
can be used at higher (up to 10.0-MHz) frequencies.

The pastern has been divided into four sonographic
zones that correspond to proximal P1 (P1A), mid P1
(P1B), distal P1 (P1C), and proximal P2 (P2A).>® A fifth
zone over mid to distal P2 (P2B) has also been de-

scribed.®® Each tendon and ligament must be scanned
individually from its origin to its insertion in both its long
and short axes.

Superficial Digital Flexor Tendon. The superficial
digital flexor tendon forms a thin ring around the deep
digital flexor tendon at the ergot and in the proximal-
most portion of the pastern and then bifurcates into
medial and lateral branches. The branches of the superfi-
cial digital flexor tendon are easiest to follow in trans-
verse section initially. At the bifurcation the branch has a
teardrop appearance in short-axis cross-section and then
enlarges and becomes more triangular at its insertion
onto distal P1 and proximal P2. The insertions of the
branches of the superficial digital flexor tendon are along
the lateral- and medial-most aspects of the pastern, and
the branches and their insertions cannot usually be im-
aged from the palmar or plantar scan plane. The trans-
ducer must be moved to the medial and lateral aspects
of the pastern and centered over the superficial digital
flexor tendon branch to obtain the best image of these
structures.

Deep Digital Flexor Tendon. The deep digital flexor
tendon and straight distal sesamoidean ligament can both
be scanned completely from the palmar or plantar aspect
of the limb in the pastern. The deep digital flexor tendon
can be imaged from the ergot into the foot along the
midline of the palmar or plantar aspect of the pastern.
The deep digital flexor tendon lies palmar or plantar to
the straight distal sesamoidean ligament and dorsal to the
superficial digital flexor tendon, where it forms the ring
in the proximal pastern. The fibers of the deep digital
flexor tendon run at a slightly oblique angle. Therefore,
optimal images of the deep digital flexor tendon require
obliquing the transducer slightly dorsodistally. The por-
tion of the deep digital flexor tendon that extends down




into the foot at the level of the navicular bone and
navicular bursa is best visualized with a sector scanner
or microconvex linear-array transducer, because the small
footprint of these transducers enables the transducer to
be positioned between the bulbs of the heel and angled
distally into the foot following the deep digital flexor ten-
don.

Middle (Oblique) Distal Sesamoidean Ligament.
The middle (oblique) distal sesamoidean ligament can be
scanned from its origin at the base of the medial and
lateral sesamoid bones to its insertion on the palmar or
plantar aspect of mid to distal P1. The origin of the
middle distal sesamoidean ligament cannot be identified
from the palmar or plantar aspect of the limb. Rather,
the origin of the medial or lateral branch of the oblique
distal sesamoidean ligament is best found by placing the
ultrasound transducer over the medial or lateral proximal
sesamoid bone and scanning distally over the bone to its
base. Immediately distal to the base of the proximal
sesamoid bone is the origin of the middle distal sesa-
moidean ligament, best located initially in its transverse
section as a large oval to round structure. This ligament
is the most difficult to follow to its insertion because the
ligament extends diagonally from the lateral or medial
aspect of the proximal pastern to the midline in the mid-
pastern region. Following the medial or lateral branch
from its origin to its juncture with the opposing branch
requires that the transducer be angled at approximately
45 degrees across the palmar or plantar aspect of the
proximal pastern from the base of the proximal sesamoid
bone to the midline of the first phalanx. A small, bony
irregularity is commonly imaged at the insertion of the
middle distal sesamoidean ligament on P1.

Straight Distal Sesamoidean Ligament. The
straight distal sesamoidean ligament can be imaged from
its origin or near its origin on the base of the proximal
sesamoid bones to its insertion on the proximal palmar
or plantar aspect of the second phalanx. The origin of
the straight distal sesamoidean ligament is found by an-
gling the transducer in a proximal and dorsal direction
from the proximal-most aspect of the pastern just under-
neath the ergot to image the ligament and the base of
the proximal sesamoid bones.

The limb may need to be held up off the ground with
the carpus or hock flexéd and the fetlock extended to
examine the tendons and ligaments dynamically. Adhe-
sions between the flexor tendons, ligaments, tendon
sheaths, and surrounding soft tissues should be examined
using repeated flexion and extension of the fetlock joint
or other joints as indicated. If necessary, compare the
tendon or ligament to the same structure on the opposite
side of the same limb or in the opposite forelimb or
hindlimb. Although the carpal/tarsal sheath or digital
sheath are in specific areas of the limb, the entire sheath
must be evaluated from proximal to distal, including
entire scans of all tendons or ligaments that pass through
the area of the sheath.

Superior Check Ligament. The normal superior
check ligament can be successfully imaged from the me-
dial side of the distal radius using a 6.0- or 7.5-MHz
transducer and a displayed depth of 4 to 6 cm. A built-in
fluid offset or hand-held standoff pad is usually not
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needed because of the ligament’s deeper location. The
tendon of the superficial digital flexor tendon is located
and then its attachment to the distal radius via the supe-
rior check ligament can be identified. The attachment of
the superior check ligament is easiest to find first in the
transverse image, deep and slightly lateral to the superfi-
cial digital flexor tendon. The superior check ligament
lies deep to the flexor carpi ulnaris muscle along the
caudomedial aspect of the limb. If marked distention of
the carpal sheath is present, a deeper displayed depth
may be necessary to adequately image the superior check
ligament.

Annular Ligament. Ultrasonographic examination of
the annular ligaments should be performed with a high-
frequency transducer, ideally a 10.0 MHz. A 7.5-MHz
transducer suffices, although distinction between the an-
nular ligament and the digital sheath, if it can be made,
is more difficult. A hand-held standoff pad or built-in fluid
offset should be used because these structures are within
2 mm of the skin surface in the normal horse and within
5 to 10 mm from the skin surface in most horses with
annular ligament constriction or desmitis. The annular
ligament should be scanned transversely from the lateral
to medial side of the fetlock or pastern from its origin to
its insertion, and it should be scanned in the sagittal
plane. A displayed depth of only 2 to 4 cm is needed to
image the annular ligament, but a deeper depth (4 to 6
cm) may be chosen, either to image the annular ligament
in conjunction with the flexor tendons and ligaments or
for use in horses with annular ligament desmitis or severe
distention of the digital sheath. B

Bicipital Tendon. The bicipital tendon should be
scanned from its origin on the supraglenoid tubercle to
its musculotendinous junction with a concurrent thor-
ough evaluation of the bicipital bursa. The bicipital ten-
don is so large that accurately including the entire tendon
in one transverse image is difficult to impossible with
most transducers. Therefore, independent evaluation of
each lobe is often performed. Evaluation of the biceps
brachii muscle and other muscles of the shoulder girdle
should also- be performed in horses with lameness refer-
able to the shoulder region or with sweHing in the shoul-
der region. A 6.0- or 7.5-MHz transducer with or without
a built-in fluid offset or hand-held standoff pad should be
used. The displayed depth should be 6 cm in most adult
horses, less in foals and young horses and more if exten-
sive swelling is present in the shoulder region. The depth
should be increased to evaluate the surrounding muscles
of the shoulder girdle. The transverse image is easiest to
obtain and should be used for orientation and initial
identification of the abnormalities, followed by a sagittal
scan of the region. The transducer is held transversely in
the frontal plane with the lateral aspect of the shoulder
displayed on the right-hand side of the image. A 5.0-MHz
transducer may be needed for large horses or horses with
extensive swelling in the shoulder region.

Extensor Tendons. The extensor tendons in the fore-
leg should all be imaged with a 7.5- or 10.0-MHz trans-
ducer containing a built-in fluid offset or used with a
hand-held standoff pad at a displayed depth of 2 to 4 cm,
because they are small and located immediately under-
neath the skin. If extensive soft tissue swelling or severe
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tenosynovitis is present, the displayed depth may need
to be increased to image the entire tendon within its
sheath. Each of the extensor tendons (extensor carpi
radialis, common digital extensor, extensor carpi obli-
quus, lateral digital extensor, and ulnaris lateralis) should
be scanned from origin to insertion.

Gastrocnemius Tendon. The gastrocnemius tendon
should be scanned with a 7.5-MHz transducer containing
a built-in fluid offset or used with a hand-held standoff
pad at a displayed depth of 4 to 6 cm. In most horses, a
10.0-MHz transducer may also be used to evaluate this
area. The ggstrocnemius tendon is easiest to identify im-
mediately proximal to its insertion on the tuber calcis in
the transverse or sagittal plane, and it can then be
scanned proximally to its origin.

Plantar Ligament. The plantar ligament should be
examined sonographically using a 7.5- or 10.0-MHz trans-
ducer containing a built-in fluid offset or used with a
hand-held standoff pad at a displayed depth of 4 to 6 cm.
If severe swelling of the plantar aspect of the hock is
present, a built-in fluid offset or standoff pad is not neces-
sary.

Peroneus Tertius Tendon, Long Digital Extensor
Tendon, and Tibialis Cranialis and Cunean Tendon.
The origin and insertion of the peroneus tertius tendon
and the long digital extensor tendon and the insertion of
the tibialis cranialis and the cunean tendon should be
examined with a 7.5-MHz or 10.0-MHz transducer con-
taining a builtin fluid offset or used with a hand-held
standoff pad, because these structures are very close to
the skin surface. Evaluation of the body of the peroneus
tertius téndon in the mid tibia and tibialis cranialis muscle
can be done with a 7.5-MHz transducer in most horses,
but if swelling is severe in the mid-tibial region, a 5.0-
MHz transducer may be indicated. The combined origin
of the peroneus tertius and long digital extensor tendons
is easiest to identify in the transverse plane, cranial to
the lateral collateral ligament and caudal to the lateral
patellar ligament. Initially, the peroneus tertius tendon is
casiest to scan distally in the transverse plane; a sagittal
scan follows. Similarly, identifying the tibialis cranialis
and cunean tendon is also easiest initially in the trans-
verse plane, using the adjacent structures for orientation.

The Back. The nuchal ligament is imaged with a 7.5-
MHz transducer containing a built-in fluid offset or used
with a hand-held standoff pad, unless significant swelling
of the tissues is present in this location or the horse has
a large crest of the neck. In these cases, a 5.0-MHz
transducer may be needed. The supraspinous ligament,
which extends from the withers to the sacrum, should
be scanned with a 7.5- or 10.0-MHz transducer containing
a built-in fluid offset or used with a hand-held standoff
pad, because this ligament is immediately underneath the
skin of the dorsal midline. A wide-bandwidth 6.0-MHz
microconvex linear-array transducer may also be useful
in scanning this region. The interspinous ligaments, carti-
laginous caps of the dorsal spinous processes of the
cranial thoracic vertebrae, and dorsal sacroiliac ligament
can be imaged with a 7.5- or 10.0-MHz transducer con-
taining a built-in fluid offset or used with a hand-held
standoff pad or a wide-bandwidth 6.0-MHz microconvex
linear-array transducer. The nuchal, supraspinous, inter-

spinous, and dorsal sacroiliac ligaments should be imaged
in transverse section across the midline of the dorsum
and in sagittal section. The dorsal sacroiliac ligament
should also be imaged in its short- and long-axis sections
beginning at the tuber sacrale and extending across to-
wards the midline on the sacrum.

Tendon Sheaths and Bursae

Flexor Tendon Sheaths. The carpal sheath, tarsal
sheath, and digital sheaths should be evaluated sono-
graphically with their respective tendons. The 7.5- or
10.0-MHz transducer containing a built-in fluid offset or
used with a hand-held standoff pad and a displayed depth
of 4 to 6 cm should be ideal for evaluating the flexor
tendon sheaths in most horses, even those with marked
distention of the digital sheath. A 6.0-MHz microconvex
linear-array transducer may be helpful in examining the
digital sheath in the pastern region in horses with marked
digital sheath distention distally. In horses with marked
swelling of the distal radius or crus and/or proximal
metacarpus or metatarsus, a standoff pad is not needed.
In some instances, a lower-frequency transducer (6.0- or
5.0-MHz) and additional displayed depth (6 to 10 cm or
more) may be necessary to adequately image horses with
marked carpal or tarsal sheath distention and associated
soft tissue swelling.

Extensor Tendon Sheaths. The extensor tendon
sheaths should be evaluated with their respective ten-
dons. A high-frequency (7.5- or 10.0-MHz) transducer
containing a built-in fluid offset or used with a hand-held
standoff pad is usually necessary because of the sheaths’
small size and close proximity to the skin surface. A
displayed depth of 2 to 4 cm is usually all that is necessary
to image these tendons and their sheaths. If marked
swelling of the surrounding soft tissues is present or if a
large effusion is within the extensor tendon sheath, a
standoff pad or built-in fluid offset is not needed for the
7.5-MHz transducer and the displayed depth should be
increased. In horses with severe swelling, a lower-fre-
quency transducer (6.0 or 5.0 MHz) may be needed.

Bicipital Bursa. The bicipital bursa is evaluated be-
tween the bicipital tendon and the greater, lesser, and
intermediate tubercles of the humerus using a 10.0-, 7.5-,
or 6.0-MHz transducer. A standoff pad is usually not
necessary for this evaluation because the bursa is deep
to the tendon. The transverse image is easiest to obtain
and should be used for orientation and initial identifica-
tion of the abnormalities and followed by a sagittal scan
of the region. If distention of the bicipital bursa is de-
tected, the bursa distends around the sides of the bicipital
tendon, making an evaluation of this area critical. The
transducer is held transversely in the frontal plane with
the lateral aspect of the shoulder displayed on the right-
hand side of the image. A 5.0-MHz transducer may be
needed for large horses or horses with extensive swelling
in the shoulder region.

Navicular Bursa. Angling the transducer distally into
the foot to evaluate the navicular bursa requires that
the transducer have a curved footprint (sector scanner,
annular-array, or microconvex linear-array transducer)




and a high-frequency (7.5- or 10.0-MHz) transducer. The
displayed depth should be 4 to 6 cm. Standoff pads do
not usually work well in this area because inadequate
contact occurs between the standoff pad and the skin at
the bulbs of the heel. To image the navicular bursa, the
transducer must be angled distally into the foot along the
palmar or plantar margin of the deep digital flexor ten-
don.? This is usually easiest to accomplish in the sagittal
scan plane. The “T” ligaments or collateral sesamoidean
ligaments (suspensory ligaments of the navicular bone)
can also be imaged in some horses using this scanning
technique.

Trochanteric Bursa. Sonographic examination of the
trochanteric bursa requires a 7.5-, 6.0-, or 5.0-MHz trans-
ducer and a displayed depth of 4 to 8 cm or more,
depending on the size of the horse being examined and
the amount of local swelling in the area.

Calcaneal, Gastrocnemius, and Cunean Bursa. A
7.5- or 10.0-MHz transducer containing a built-in fluid
offset or used with a hand-held standoff pad at a displayed
depth of 4 to 6 cm (2 to 4 cm for the cunean bursa)
yields excellent images of these bursae unless marked
soft tissue swelling is present around these structures or
severe distention occurs. If the bursitis is severe, the fluid
offset or standoff pad is not necessary; and in some
instances, a lower-frequency transducer may be nceded
(6.0- or 5.0-MHz) with a displayed depth of 6 to 10 cm.

Atlantal, Supraspinous, and Other Bursae in the
Back. To image the bursae between the nuchal ligament
and the atlas or axis or between the supraspinous liga-
ment and the withers, a 5.0- or 6.0-MHz transducer may
be needed with a displayed depth of 6 to 10 cm or more.
The transducer frequency can usually be slightly higher
(7.5-MHz) and the displayed depth slightly less (4 to 6
cm) in the poll region than in the withers, especially if
local swelling is present in the region. With severe swell-
ing in the poll or withers, displayed depths in excess of
10 cm may be needed. -

Nerve

The nerve being examined is usually easiest to locate in
its short axis in reference to the surrounding structures,
particularly the adjacent blood vessels. The nerve should
be scanned in its short axis and then, if possible, in its
long axis. A very high frequency transducer should be
used, ideally a 10.0-MHz transducer containing a built-in
fluid offset or used with a hand-held standoff pad at a
displayed depth of 2 to 4 cm. Slightly lower-frequency
transducers and deeper displayed depths may be neces-
sary for the evaluation of deeper nerves.

Muscle, Bone, and Joints

The examination should begin superficially with a high-
frequency transducer (7.5-MHz) containing a built-in fluid
offset or used with a hand-held standoff pad at a displayed
depth of 4 to 6 cm to scan the most superficial muscle
belly, bone, or joint capsule, synovium, and synovial fluid.
The ultrasound examination should systematically pro-
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gress to the deeper musculature, bone, or synovial com-
partments like the hip in the area under investigation,
changing to lower frequency transducers and deeper dis-
played depths as needed. For optimal image quality, the
selected depth setting should always be the least depth
that displays the entire muscle, bone, or joint being exam-
ined.

The transverse scan-plane orientation obtained from
the palmar, plantar, or ventral aspect of the head, limb,
or body should be the right side on the left-hand side of
the screen and the left side on the right-hand side of the
screen. The transverse scan-plane orientation obtained
from the dorsal aspect of the head, limb, or body should
be the left side on the left-hand side of the screen and
the right side on the right-hand side of the screen. The
transverse scan-plane orientation obtained from the right
side of the head, limb, or body should be dorsal to the
left-hand side of the screen and palmar, plantar, or ventral
to the right-hand side of the screen. The transverse scan-
plane orientation obtained from the left side of the head,
limb, or body should be palmar, plantar, or ventral to the
left-hand side of the screen and dorsal to the right-hand
side of the screen. The sagittal limb (proximal to distal
scan plane from the palmar, plantar, dorsal, or. ventral
side of the limb) or sagittal body or head (cranial to
caudal scan plane from the ventral or dorsal aspect of
the head or body) scan-plane orientation should be proxi-
mal or cranial to the left-hand side of the screen and
distal or caudal to the right-hand side of the screen. The
dorsal limb (proximal to distal scan plane from. the right
or left side of the limb) or dorsal head or body (cranial
to caudal scan plane from the right or left side of the
head or body) scan-plane orientation should be proximal
or cranial to the left-hand side of the screen and distal to
the right-hand side of the screen. All structures under
investigation should be examined in a short-axis (trans-
verse) and long-axis (sagittal) plane. If necessary, scan
the opposite muscle, bone, or joint to compare.

Draining Tracts

The examination of draining tracts should begin with the
most superficial structures using high-frequency transdu-
cers containing built-in fluid offsets or used with hand-
held standoff pads at displayed depths of 4 to 6 cm.
The examination should progressively move deeper using
lower frequency transducers and deeper displayed depths
until the entire abnormality has been scanned to the
border between normal/abnormal on all sides of the
swelling or tract (see Chapter 11). If multiple tracts are
present, all should be followed to their source (end).
Draining tracts should end at a foreign body, fracture
fragment, sequestrum, or bone (osteomyelitis). Always
look for more than one cause of the drainage.

Joints
Joints are usually easiest to evaluate initially in a long-axis

scan plane, using the proximal and distal extremities of
the bones as landmarks to locate the joint capsule, syno-
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vial compartments or normal joint spaces, the collateral
ligaments, and other articular or periarticular structures.
The joint capsule (if detectable), synovial compartments,
articular cartilage, collateral ligaments, and other articular
or periarticular structures should be examined.

Shoulder. The lateral aspect of the shoulder joint
and scapula can be scanned with a 7.5-MHz transducer
containing a built-in fluid offset or used with a hand-held
standoff pad at a displayed depth of 4 to 6 ¢cm. If marked
swelling is present, a 7.5-MHz transducer without a stand-
off pad is needed. A microconvex 6.0-MHz linear-array
transducer may be useful in examining this area in such
cases. Rarely are a lower-frequency transducer (5.0-MHz)
and increased displayed depth (6 to 10 cm) needed.

Elbow. The collateral ligaments of the elbow joint are
easily scanned in their long axis, first by using a 7.5- or
10.0-MHz transducer containing a built-in fluid offset or
used with a hand-held standoff pad. The collateral liga-
ments can then be scanned in their short axis. A dis-
played depth of 4 to 6 cm is ideal for most horses.
If swelling in the elbow region is severe, the 7.5-MHz
transducer without the standoff pad or a lower-frequency
transducer (6.0- or 5.0MHz) and a deeper displayed
depth (6 to 10 cm) may be needed.

Carpus. The collateral ligaments of the carpus are
numerous, and not all can be successfully imaged sono-
graphically. However, those that can be assessed can be
examined with a 7.5- or 10.0-MHz transducer containing
a built-in fluid offset or used with a hand-held standoff
pad at a displayed depth of 4 to 6 cm. With flexion of
the carpus, the radiocarpal and intercarpal joints open
up and more of the joint is accessible for sonographic
imaging. The radiocarpal joint has a lateral outpouching
between the ulnaris lateralis and the distal radius which
is fluid-filled with radiocarpal joint distention. A 7.5-MHz
transducer without a standoff or a 6.0-MHz microconvex-
linear-array transducer at a displayed depth of 6 to 10
cm can be used in horses with extensive swelling of
the carpus.

Fetlock and Pastern. The metacarpophalangeal and
metatarsophalangeal joints and the proximal interphalan-
geal joint should be evaluated with a 7.5- or 10.0-MHz
transducer containing a built-in fluid offset or used with
a hand-held standoff pad. The medial and lateral collateral
ligaments of the fetlock and pastern joints should be
evaluated with the highest frequency transducer possible
at a displayed depth of 2 to 4 cm, because they are
normally very small. The collateral ligaments are casiest
to examine by initially locating them in the sagittal scan
plane and then evaluating them in the transverse plane.
The dorsal aspect of the fetlock and pastern joints should
also be examined.

The joint space and joint capsule are often easiest to
locate in the sagittal scan plane, because the bony anat-
omy can be used for orientation before performing the
transverse scan. The dorsal compartment of the meta-
carpo- or metatarsophalangeal joint should be evaluated
in both the sagittal and transverse scan planes, evaluating
the dorsal plica and the articular surfaces of the distal
metacarpus and metatarsus and proximal P1. A displayed
depth of 4 to 6 cm is often needed for examining the
dorsal aspect of the fetlock joint.

Coffin Joint. Angling the transducer distally into the
foot to evaluate the navicular bursa and the coffin joint
requires a transducer with a curved footprint such as a
sector scanner or annular-array or microconvex linear-
array transducer. A high-frequency (7.5- or 10.0-MHz)
transducer should be chosen. Standoff pads do not usu-
ally work well when examining the palmar or plantar
aspect of the coffin joint because contact is inadequate
between the footprint or contact surface of the trans-
ducer, the standoff pad, and the bulbs of the heel. The
transducer must be angled distally into the foot along the
palmar or plantar margin of the deep digital flexor tendon
to image the palmar or plantar aspect of the coffin joint.?
The dorsal compartment of the coffin joint can be imaged
just proximal to the coronary band on the dorsal midline
in horses with a coffin joint effusion. In these horses, a
7.5- or 10.0-MHz transducer containing a built-in fluid
offset or used with a hand-held standoff pad is usually
effective.

Hip. Sonographic evaluation of the coxofemoral joint
usually requires a 7.5-, 6.0-, or 5.0-MHz transducer and a
displayed depth of 6 to 10 cm to achieve the necessary
penetration for evaluation of this region. The shaft of the
ilium should be followed caudally in its long axis to the
hip joint. The cranial, dorsal, and caudal margins of the
hip joint should be evaluated. A transrectal examination
of the pelvis should also be considered to further evaluate
the pelvis and acetabular area. The remainder of the
pelvis should be scanned from the tuber sacrale to the
tuber coxae and from the tuber coxae to the tuber ischii
from the external window. The shaft of the ilium, sacroil-
iac joint, and pubis should be scanned from the transrec-
tal approach. A 7.5-, 6.0-, or 5.0-MHz transrectal trans-
ducer and a displayed depth of 4 to 6 cm are usually
used unless marked internal swelling is present.

Stifle. The patellar ligaments are easily imaged with a
7.5- or 10.0-MHz transducer containing a built-in fluid
offset or used with a hand-held standoff pad at a displayed
depth of 4 to 6 cm. The patellar ligaments should be
individually palpated and a transverse and longitudinal
scan obtained from their origin to their insertion. The
trochlear ridges can be imaged underneath the patellar
ligaments or by flexing the joint and placing the trans-
ducer directly over the medial or lateral trochlear ridges.

The medial and lateral collateral ligaments and menisci
are also easily imaged from the medial and lateral aspects
of the femorotibial joint with a 7.5-MHz transducer con-
taining a built-in fluid offset or used with a hand-held
standoff pad. A 10.0-MHz transducer also gives excellent
resolution of these structures, particularly those on the
medial side, which are closer to the transducer. A dis-
played depth of 2 to 4 cm provides excellent resolution
of the collateral ligaments, but a depth of 4 to 6 cm is
usually needed to include the menisci. If extensive swell-
ing of the stifle or a large femorotibial joint effusion is
present, a 7.5-MHz transducer without a standoff pad or
a 6.0-MHz microconvex linear-array transducer may be
necessary to give excellent resolution of these structures.
The medial and lateral collateral ligaments are located by
palpating caudal to the medial and lateral patellar liga-
ments, respectively, and imaging directly over the liga-
ments once palpated. If swelling in this area is extensive,




the collateral ligaments can be located by finding the
joint space between the distal femur and proximal tibia
caudal to the medial or lateral patellar ligament and scan-
ning caudally in the sagittal plane along the articular
margins of the joint until the menisci and the collateral
ligaments are identified. Between the lateral collateral
ligament and the lateral patellar ligament is the tendon
of origin of the peroncus tertius and the long digital
extensor tendon, which can also be used as points of
reference. The lateral collateral ligament crosses over the
origin of the popliteus muscle. A bursa is present be-
tween the tendon or origin of the popliteus muscle and
the lateral collateral ligament and between the lateral
collateral ligament and the margin of the lateral condyle
of the tibia, which is only a potential space in normal
horses.

The medial meniscus is imaged between the medial
patellar ligament and the medial collateral ligament, as
well as underneath the medial collateral ligament. The
medial compartment of the femorotibial joint is imaged
just cranial to the medial collateral ligament. The lateral
meniscus is imaged between the tendon of origin of the
peroneus tertius and the long digital extensor tendon.
Finding the medial and lateral meniscus in horses with
extensive swelling of the stifle can be difficult but is
usually less difficult than locating the collateral ligaments.
The same technique for locating the menisci as for locat-
ing the collateral ligaments can be used in these horses.

The cranial aspect of the stifle can be successfully
imaged with a 3.5- to 7.5-MHz transducer with a depth
of field of 3 to 9 cm, depending on the size of the
horse.'* The cranial intercondylar space of the femorotib-
ial joint is well visualized by flexing the stifle. This inter-
condylar space is well separated from the lateral and
medial compartments of the joint by their synovial reflec-
tion along their axial margins. The cranial cruciate liga-
ment is 1 to 2 ¢m in diameter and can be identified
with sector scanner transducers in both its sagittal and
transverse sections. The sagittal view of the cranial cruci-
ate ligament is obtained by placing the transducer medial
to the middle patellar ligament, 1 to 2 cm distal to the
patella, and directing the beam in a caudal, lateral, and
distal direction.'®! To orient the ultrasound beam perpen-
dicular to the ligament fibers, the transducer should be
rotated 20 to 25 degrees clockwise to its long axis in the
left limb and counterclockwise in the right limb.* The
cranial insertion of the cranial cruciate ligament is then
located by following the lateral femoral condyle from
lateral to medial until the lateral tibial eminence and the
ligament fibers are imaged, then adjusting the transducer
orientation as needed. The transverse view of the cranial
cruciate ligament is obtained by placing the transducer
just distal to the distal aspect of the patella and directing
the beam distally until the proximal tibia is imaged. The
proximal tibia is then scanned in a cranial to caudal
direction until the tibial tubercles are imaged with the
cranial cruciate ligament in between.

The femoral insertion of the caudal cruciate ligament
is also best imaged with sector-scanner transducers.'®!
The caudal cruciate ligament is best imaged with the
transducer placed between the lateral and middle patellar
ligaments, 2 to 3 cm proximal to their insertions on the
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tibial tuberosity, with the beam directed in a caudomedio-
proximal direction in the axial plane. The medial femoral
condyle should be scanned in a medial to lateral direction
until the intercondylar space is encountered, with its
irregular bone surface and lack of articular cartilage. The
caudal cruciate ligament is then imaged supetficial to the
bone surface.™!

The cranial tibial meniscal ligaments can also be im-
aged in their longitudinal and transverse planes with the
sector transducer placed on either side of the middle
patellar ligament, 2 to 4 cm distal to the distal aspect of
the patella.’®* To orient the beam perpendicular to the
ligament fibers, the beam should be directed caudodis-
tally and the transducer rotated laterally or medially, de-
pending on the meniscal ligament being examined.

The large muscle mass overlying the caudal aspect of
the stifle joint is the main limitation to adequately im-
aging the structures in the femorotibial joint from this
window.'°! Depth of field to adequately image the struc-
tures within the stifle joint ranges from 6 to 14 cm,
depending on the size of the horse. In most instances, a
3.5-MHz transducer is needed, but in some small ponies
and foals, a good-quality image is obtained with a 5.0- or
7.5-MHz transducer. The examination in the sagittal plane
is the easiest place to start, with the transducer placed 2
to 3 cm proximal to the skin fold created on the caudal
stifle region by limb flexion. The cartilaginous surfaces
of both femoral condyles are homogeneous in echogeni-
city and thickness with the overlying joint capsule visible
as an interface between the cartilage and muscle mass.'*!

The popliteal tendon is imaged overlying the caudal
aspect of the lateral meniscus and in the cartilage-covered
groove in the lateral caudal aspect of the proximal
tibia.!*! The musculotendinous junction and body of the
superficial digital flexor muscle are imaged overlying the
joint capsule proximally and the popliteus muscle dis-
tally. The popliteal vessels can be imaged overlying the
joint capsule in the caudal groove of the tibia, in between
the caudal cruciate ligament and the meniscofemoral liga-
ment.'?* The short tibial insertion of the lateral meniscus
can be imaged by scanning the lateral condyles from
lateral to medial with the transducer in the axial plane,
positioned approximately 3 to 5 cm proximal to the
junction between the caudal thigh muscles and the crus
muscles, with the transducer placed either lateral to or
over the semitendinosus muscle. Angling the probe 30
degrees to the axial plane allows for visualization of the
meniscofemoral ligament, which can be followed up to
its insertion axial and proximal to the medial femoral
condyle. The medial meniscus and condyles can be evalu-
ated in a similar fashion, although the attachment of
the meniscus on the tibial eminence is not adequately
visualized.'®' The caudal cruciate can be imaged from this
location by rotating the transducer 10 to 15 degrees
clockwise to the axial plane in the right leg and the same
amount counterclockwise in the left leg, and by tilting
the transducer proximally, orienting the beam in a cranial
and distal direction. The best images are obtained with
the transducer placed over the semitendinosus muscle
on the skin over the caudal midline or just medial to the
midline, 3 to 5 cm proximal to the palpable distal extrem-
ity of the semimembranosus muscle.'*!
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Hock. The ultrasonographic examination of the hock
should be performed with a 7.5- or 10.0-MHz transducer
containing a built-in fluid offset or used with a hand-held
standoff pad at a displayed depth of 4 to 6 cm, because
the collateral ligaments and joint capsule are located just
underneath the skin. If marked soft tissue swelling or
synovial distention is present, a lowerfrequency trans-
ducer and increased depth may be indicated as previously
described for other joints. Each collateral ligament should
be scanned individually, and the three joint compart-
ments (dorsomedial, plantaromedial, and plantarolateral)
evaluated.

ULTRASONOGRAPHIC FINDINGS
Normal Structures
Tendons and Ligamenls

The tendons and ligaments have characteristic sono-
graphic appearances, sizes, and shapes which are the

basis for diagnosing tendon or ligament injuries. To ob-
tain optimal images of the tendons and ligaments, the
ultrasound transducer must be held perpendicular to the
long axis of the tendon or ligament fibers. The normat
tendons and ligaments have a homogeneous echogenic
appearance except for the suspensory ligament, which is
also composed of muscle tissue, connective tissue, or
fat.'?-12 Evaluating tendon and ligament echogenicity is
usually somewhat subjective, and is dependent on both
the equipment settings and the scanning technique of the
operator. Objective assessments of tendon or ligament
echogenicity can be obtained using mean gray-scale analy-
sis if constant imaging parameters are used.”#! Off-nor-
mal incidence artifacts are easily created (see Chapter 2)
when the ultrasound beam strikes the tendon or ligament
at an angle other than 90 degrees to the tendon or
ligament fibers, creating an artifactual hypoechoic
appearance.'?* ' lack of weight bearing also creates a
less echogenic appearance of the flexor tendons and
ligaments.

Cross-sectional area measurements should be made of

Figure 3-7

Sonograms of the normal flexor tendons and ligaments in the metacarpal region of the left foreleg of a 12-year-old Thoroughbred gelding. Notice
that the superficial digital flexor tendon (SDF) and deep digital flexor tendons (DDF) are slightly less echogenic than the inferior check ligament
(ICL). These sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz using a hand-held standoff
pad at a displayed depth of 5 cm. The focal zones are in the near field of the images, Notice the change in the size and shape of the tendons and
ligaments as the scans progress distally. The left side of the transverse view (right image) is medial and the right side is lateral. The left side of the
sagittal view (left image) is distal and the right side is proximal.

A, Sonogram of the proximal metacarpal region in zone 1B obtained 12 cm distal to the point of the accessory carpal bone.

B, Sonogram demonstrating the measurement of the cross-sectional area of the SDF in the proximal metacarpal region (0.89 cm?® in zone 1B,
obtained 12 cm distal to the point of the accessory carpal bone.

C, Sonogram of the mid-metacarpal region in zone 2B, obtained 18 cm distal to the point of the accessory carpal bone and demonstrating the
flattening of the SDF in a dorsal to palmar direction and the ICL inserting onto the DDF.




the tendons and ligaments for the most accurate assess-
ment of tendon or ligament size and to accurately moni-
tor changes in these structures during the rehabilitation
of horses with tendon or ligament injuries.? 3 3% 47 120
Width and thickness measurements should be made if
tendon or ligament cross-sectional area cannot be deter-
mined. Considerable variation has been reported be-
tween the postmortem measurements of normal flexor
tendons and ligaments and the sonographic measure-
ments.”” However, cross-sectional area measurement is a
valid and accurate measurement technique.™°

Superficial Digital Flexor Tendon—Metacarpus/
Metatarsus. The normal superficial digital flexor tendon
has a homogeneous and echogenic appearance and is
usually slightly less echogenic than is the deep digital
flexor tendon (Fig. 3-7).” 2 2> 46 7881 However, the rela-
tive sonographic brightness of the superficial and deep
digital flexor tendon are similar when gray-scale calibra-
tion procedures are used.®® The superficial digital flexor
tendon is significantly brighter proximally (7 cm distal to
the accessory carpal bone) than in the middle (10, 15,
and 20 cm) or distal (25 cm) tendon region. In the distal
tendon region, the superficial digital flexor tendon has a
similar relative brightness to that of the deep digital flexor
tendon and the suspensory ligament branches.®®

The superficial digital flexor tendon is composed of
long parallel fiber bundles that appear as long white
echoes in the sagittal or long-axis view and as a uniform
distribution of pinpoint white echoes in the transverse
or short-axis view (sece Fig. 3-7). The superficial digital
flexor tendon is nearly round in the proximal metacarpal
region; becomes flattened in the distal metacarpal region,
forming a ring around the deep digital flexor tendon in
the proximal pastern region; then bifurcates into a medial
and lateral branch, each of which inserts on the distal
portion of the first phalanx and the proximal portion of
the second phalanx.

The cross-sectional area of the superficial digital flexor
tendons should be similar at the same level in the right
and left forelimbs or right and left hindlimbs. In this
author’s experience, the cross-sectional area of the super-
ficial digital flexor tendon in the metacarpal region
should be less than 1.2 ¢cm? in the forelimbs in normal
Thoroughbred and Standardbred horses (see Fig. 3-7).
More frequently, the supef'ﬁcial digital flexor tendon mea-
sures 0.8 to 1.0 cm? in Thoroughbreds and Standardbreds
and 0.6 to 0.8 cm? in more fine-boned breeds such as
Arabians. The mid-metacarpal region of the superficial
digital flexor tendon has a smaller cross-sectional area
than does the proximal (zones 1A or 1B) or distal (zones
3B and 3C) region. These measurements were obtained
using built-in calibration packages contained in the ultra-
sound equipment.

Other investigators have reported similar tendon cross-
sectional areas in racing Thoroughbreds in North America
(Table 3-1).77> 7 120 Cross-sectional area measurements
ranged from 1.01 ¢m? at 4 cm distal to the base of the
accessory carpal bone (zone 1A) to 0.95 c¢cm? at 12 cm
(zone 2A) and 1.12 c¢cm? at 24 c¢m distal to the base of the
accessory carpal bone (zone 3B). These cross-sectional
area measurement techniques were validated using ink-
blot analysis.'* The mean cross-sectional areas of the
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Table 3-1
Mean SDFT and DDFT Cross-sectional Area in the
Metacarpal Region*

Cross-sectional Area (cm?)

Zone Level (cm) SDFT DDFT

1A 4 1.01 = 0.12 1.13 = 0.18
2A 12 0.95 = 0.14 1.01 + 0.12
3B 24 1.12 + 0.15 1.75 + 0.29

*These data were obtained from 50 normal trained Thoroughbred racehorses
in North America

Abbreviations: SDFT, superficial digital flexor tendon; DDFT, deep digital flexor
tendon.

Data from Gillis CL, Meagher DM, Cloninger A, Locatelli L: Ultrasound cross-
sectional area and mean echogenicity of the superficial deep digital flexor tendon,
In Proceedings of the 39th Annual Convention of the American Association of
Equine Practitioners, 1993, pp 273-274; and Gillis C, Meagher DM, Cloninger A,
et al: Ultrasonographic cross-sectional area and mean echogenicity of the superfi-
cial and deep digital flexor tendons in 50 trained Thoroughbred racehorses. Am J
Vet Res 56:1265-1269, 1995.

superficial digital flexor tendon for Thoroughbreds in
Great Britain is reported to range from 1.35 £ 0.13 cm?
in zone 1A, decreasing to 1.25 = 0.18 cm? in zone 3A
and increasing to 1.46 £ 0.15 cm? in zone 3C. These
figures are significantly greater than those of the popula-
tion of Thoroughbred racehorses in North America.>* The
mean cross-sectional areas of the superficial digital flexor
tendons of Irish Draught crossbred horses did not differ
significantly from that obtained in Thoroughbred race-
horses in this study.>® These values were substantiated by
postmortem measurements using the same digitization
technique of measuring tendon cross-sectional area. The
discrepancy between these measurements and those
made in Thoroughbreds racing in North America may
relate to the calibration and digitization techniques used
to measure the tendon cross-sectional area rather than
the actual size of the horses’ tendons.

The size and sonographic appearance of the superficial
digital flexor tendon change in response to race training,
with the cross-sectional areca of the tendon enlarging
somewhat (approximately 10%) and the echogenicity of
the tendon decreasing slightly.”> 77 Thé authors postu-
lated that this decrease in tendon echogenicity seen in
young horses in training may be caused by fascicle en-
largement or by an increase in the number of less-mature
collagen fibers per unit area within the tendon.”® An
inverse relationship between an increase in tendon cross-
sectional area and a decrease in mean echogenicity was
reported at each level in the tendon over time with
training.”® 77 However, the mean tendon cross-sectional
area of these young Thoroughbreds in race training still
did not exceed 1.2 cm2.7%77

In zone 1A, the superficial digital flexor tendon mea-
sures approximately 0.7 cm in a palmar-to-dorsal direc-
tion and 0.9 cm in a medial-to-lateral direction.'®> *> The
palmar-to-dorsal thickness of the superficial digital flexor
tendon decreases as the tendon extends distally and mea-
sures 0.4 cm in zone 3B.'* 2 The medial-to-lateral width
of the superficial digital flexor tendon increases distally
to 3 cm in zone 3B.'>  In Anglo-Arabian-Andalusian
crossbred horses, the palmar-to-dorsal thickness of the
superficial digital flexor tendon ranged from 0.78 * 0.03
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cm at 2.5 cm distal to the accessory carpal bone to 0.63
+ 0.04 cm at 17.5 cm distal to the accessory carpal
bone.>” In these same crossbred horses, the medial-to-
lateral width of the superficial digital flexor tendon mea-
sured from 1.66 = 0.5 cm at 2.5 cm distal to the acces-
sory carpal bone to 2.01 = 0.05 cm at 17.5 c¢m distal to
the accessory carpal bone. The palmar-to-dorsal measure-
ments (0.53 = 0.02) and lateral-to-medial measurements
(2.39 = 0.06 cm) obtained from Anglo-Arabian-Andalu-
sian crossbred horses at 22.5 cm distal to the accessory
carpal bone are similar to those obtained from Thorough-
bred and Standardbred horses in zone 3B.'> 57 This mea-
surement (22.5 cm) is more likely in zone 3A than in
zone 3B, if a more distal reference point on the accessory
carpal bone was used, because these authors describe
the bifurcation of the suspensory ligament as occurring
15 cm distal to the proximal aspect of the metacarpal
bone. The suspensory bifurcation is normally found in
zone 3A. A more proximal measurement results in a
thicker palmar-to-dorsal measurement and a smaller me-
dial-to-lateral measurement. Breed differences (Arabians
have much smaller tendon cross-sectional areas) may also
be significant. Measurements obtained more distally in
the metacarpal region were not reported.

In the hindlimb, the superficial digital flexor tendon
also has a homogeneous echogenic appearance with a
parallel fiber pattern and is oval from its myotendinous
junction to just proximal to the tuber calcis. It lies medial
to the gastrocnemius tendon in the middle of the crus
and then spirals caudal to the gastrocnemius tendon just
proximal to the titber calcis. At the point of the tuber
calcis, the superficial digital flexor tendon fans out, be-
comes more crescent-shaped, and inserts on the proximal
portion of the tuber calcis. The superficial digital flexor
tendon narrows and flattens distal to the calcaneal tuber
and becomes more semicircular in shape as it extends
plantar to the plantar ligament.*?

Deep Digital Flexor Tendon. The deep digital flexor
tendon has a homogeneous echogenic appearance and
usually appears more echogenic than does the superficial
digital flexor tendon, but it may be isoechoic with the
superficial digital flexor tendon (see Fig. 3-7).7- 1% 25 57
The deep digital flexor tendon has previously been de-
scribed as less echogenic than the inferior check liga-
ment. Recent work with a tissue equivalent phantom
indicates that in the dorsal plane, the inferior check
ligament is relatively less bright than is the deep digital
flexor tendon, although this difference is not statistically
significant.® In this same scan plane, the deep digital
flexor tendon is slightly less bright than the superficial
digital flexor tendon in the proximal tendon region (7
cm distal to the accessory carpal bone), but is slightly
brighter than the superficial digital flexor tendon in the
mid (10, 15, and 20 cm) and distal (25 and 30 cm)
tendon regions. In the sagittal plane, the highest relative
brightness is yielded by the suspensory ligament, fol-
lowed by the inferior check ligament and deep and super-
ficial digital flexor tendons.®°

The deep digital flexor tendon also appears sonographi-
cally as long white echoes in the sagittal or long-axis
view and a homogeneous distribution of pinpoint white
echoes in the transverse or short-axis view. The deep

digital flexor tendon is parallel to the superficial digital
flexor tendon and is also nearly round in the proximal
metacarpal region. It becomes oval in the distal metacar-
pal region and then has a bilobed appearance in the
pastern region. In the distal metacarpal and pastern re-
gion, the deep digital flexor tendon is surrounded by the
digital sheath, which often contains a small amount of
fluid. Occasionally a dividing septum is imaged in the
deep digital flexor tendon, a result of the three portions
from the three separate muscular heads.”

The cross-sectional area of the deep digital flexor ten-
don has been reported in clinically normal Thoroughbred
racehorses in North America (see Table 3-1) and ranges
from 1.13 cm? at 4 cm distal to the base of the accessory
carpal bone (zone 1 A) to 1.01 cm? at 12 c¢cm and 1.75
cm? at 24 cm distal to the base of the accessory carpal
bone (zone 3B).” No difference was found between the
cross-sectional area measurements of the deep digital
flexor tendon in either foreleg in this study. Tendon
cross-sectional area measurements obtained from Thor-
oughbred racehorses in Great Britain were significantly
larger than those reported in North America or those
of this author’s experience. In Great Britain, the cross-
sectional area of the deep digital flexor tendon measured
1.29 cm? + 0.15 cm? in zone 1A, 0.97 cm? = 0.11 cm?
in zone 1B, 1.83 cm? * 0.22 cm? in zone 2A, 1.65 cm?
+ 0.21 cm? in zone 3A, and 2.13 cm? %= 0.21 ¢cm?in zone
3C.** Similar findings were obtained from Irish Draught
crossbred horses in this study.>* Differences in digitiza-
tion and calibration techniques may account for these
discrepancies, or a real size difference may exist between
these tendons in the horses examined.

The deep digital flexor tendon reportedly measures 1.1
cm in a palmar-to-dorsal direction and 2.6 ¢cm in a medial-
to-ateral direction in zone 3B.? The palmar-to-dorsal
thickness of the deep digital flexor tendon has been
determined in Anglo-Arabian-Andalusian crossbred
horses.>” The dorsal-to-palmar thickness measured 1.0 +
0.05 cm at 2.5 cm distal to the accessory carpal bone,
1.07 = 0.05 at 17.5 cm distal to the accessory carpal
bone, and 0.96 * 0.05 cm at 22.5 cm distal to the
accessory carpal bone. The medial-to-lateral width of the
deep digital flexor tendon increased from 1.78 = 0.05 at
2.5 c¢m distal to the accessory carpal bone to 1.89 =+
0.06 cm at 17.5 cm and to 2.10 = 0.09 cm at 22.5
cm distal to the accessory carpal bone. Measurements
obtained more distally were not reported.

In the tarsal region, the deep digital flexor tendon is
oval to round and is located medial to the hock (Fig.
3-8). The deep digital flexor tendon remains somewhat
medial in the proximal metatarsal region and only be-
comes parallel to the superficial digital flexor tendon in
the mid-metatarsal region. Its insertion on the third pha-
lanx cannot be imaged sonographically in either the fore-
limb or the hindlimb.

Inferior Check Ligament (Accessory Ligament of
the Deep Digital Flexor Tendon). The inferior check
ligament is rectangular at its origin from the carpal reti-
naculum and becomes crescent-shaped in the proximal
metacarpal region, with the largest portion of the inferior
check ligament located on the lateral aspect of the limb
(see Fig. 3-7). The inferior check ligament retains this




Figure 3-8

Sonograms of the normal deep digital flexor tendon (DDF) along the
medial aspect of the hock in the left hindleg of a 12-year-old Thorough-
bred gelding. Notice the large diameter of the DDF (arrows) near its
origin. Due to its large size and curved structure at this location, the
entire tendon cannot be imaged in the same scan plane at one time,
creating a hypoechoic portion of the tendon that is artifactual. Notice
the parallel fiber alignment of the DDF at this location. Although the
tarsal sheath surrounds the DDF at this level, it is not usually imaged
as a separate structure in normal horses. These sonograms were ob-
wined with a 7.5-MHz wide-bandwidth linear-array transducer operating
ar 10.0 MHz using a hand-held standoff pad at a displayed depth of 4
cm. The focal zones are spread throughout the imaging field. The right
sabe of the shortaxis view (left émage) is dorsal and the left side is
pkammar. The right side of the long-axis view (right image) is proximal
amd the left side is distal.

shape to its insertion on the deep digital flexor tendon
in the mid-metacarpal to distal metacarpal region. The
inferior check ligament runs in a slightly different plane
from that of the superficial and deep digital flexor ten-
don, tilting slightly dorsal from the sagittal plane. In the
hindlimb the inferior check ligament may be absent or is
usually a small crescent-shaped structure, with its largest
portion in the lateral aspect of the limb (Fig. 3-9). The
inferior check ligament has a homogeneous echogenic
appearance and may be the most echogenic structure in
the proximal to mid-metacarpal region or the next most
echogenic structure after the deep digital flexor tendon.”
12, 25, 44, 57, 80, 81 Forty percent of the horses in one study
had an inferior check ligament that was less echogenic
than the adjacent deep digital flexor tendon and suspen-
sory ligament.” In studies of the relative brightness of the
tendinous and ligamentous structures in the metacarpal
region of normal horses, the inferior check ligament was
slightly, but not significantly, less bright than the deep
digital flexor tendon in the dorsal scan plane; it was
significantly brighter than the deep digital flexor tendon
in the sagittal images.*® The echo pattern of the inferior
check ligament is unchanged from that of the superficial
and deep digital flexor tendons.

The palmar-to-dorsal thickness of the inferior check
ligament has been reported at 2.5 cm and 7.5 cm distal
to the accessory carpal bone in Anglo-Arabian-Andalusian
crossbred horses, measuring 0.83 + 0.03 cm and 0.69
+ 0.04 cm, respectively.”” The lateral-to-medial width of
the inferior check ligament at these levels is 1.97 * 0.04
cm at 2.5 cm and 1.74 *+ 0.04 cm at 7.5 cm distal to the
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accessory carpal bone. Other investigators have reported
a palmar-to-dorsal thickness of 0.4 to 0.7 cm and a medial-
to-lateral width of 1.4 to 1.6 cm in zone 1A.*?

Suspensory Ligament. The suspensory ligament is
rectangular at its origin from the proximal metacarpus
and remains so until it bifurcates into a medial and lateral
branch in the mid-metacarpal to distal metacarpal region
(Fig. 3-10). In the hindlimb, however, the origin of the
suspensory ligament is more trapezoid in shape (see Fig.
3-5). The hind suspensory ligament then becomes rectan-
gular, as in the forelimb, and remains so until the bifurca-
tion. Each branch of the suspensory ligament is oval just
distal to the bifurcation and then becomes more trape-
zoid-shaped as it inserts onto the proximal sesamoid
bones (Fig. 3-11). The suspensory ligament also has small
medial and lateral extensor branches that insert on the
fascia over the common digital extensor tendon on the
dorsal aspect of the first phalanx.

The suspensory ligament origin and body are more
heterogeneous than the other tendinous and ligamentous
structures because they are composed of muscle tissue,
connective tissue, and fat in addition to ligamentous fi-
bers.10 25 4. 58 124 Differences occur in the amount of
muscle tissue in the suspensory ligament body between
different breeds and sexes of horses.>® 111124 Standardbred
horses have 40% more muscle in their suspensory liga-
ment than do Thoroughbred horses.!?* Significantly more
muscle is present in the hindlimb suspensory ligament
than is present in the forelimb suspensory ligament in
Standardbred, but not Thoroughbred, horses.'?* In Thor-
oughbred horses, a trend exists for more muscle content
in the forelimd suspensory higamehi'* The amount of
muscle tissue in the body of the suspensory ligament
varies from 2.1% to 11% between horses of the same
breed.>® The amount of muscle at the suspensory origin

Figure 3-9

Sonogram of the normal flexor tendons and ligaments in the metatarsal
region of the left hindleg of a 12-year-old Thoroughbred gelding. Notice
the small remnant (arrows) of the inferior check ligament (ICL) that is
dorsal to the deep digital flexor tendon (DDF). The tendons and liga-
ments are fairly uniform in echogenicity and have parallel fiber align-
ment. These sonograms were obtained in zone 2A with a wide-band-
width 7.5-MHz sector scanner transducer containing a built-in fluid
offset operating at 10.0 MHz at a displayed depth of 6 cm. The right
side of the sagittal view (right image) is proximal and the left side is
distal. The right side of the transverse view (left image) is lateral and
the left is medial. SDF, superficial digital flexor tendon; SL, suspensory
ligament.
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Figure 3-10

Sonograms*of the normal flexor tendons and ligaments in the metacarpal region in the left foreleg of a 12-year-old Thoroughbred gelding (same
horse as in Fig. 3-7). These sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz using a hand-
held standoff pad at a displayed depth of 5 cm. The focal zones are spread throughout the images. The right side of the transverse views (right
images) is lateral and the left side is medial. The right side of the sagittal views (left images) is proximal and the left side is distal. SDF, superficial
digital flexor tendon; DDF, deep digital flexor tendon; ICL, inferior check ligament; SL, suspensory ligament.

A, These sonograms were obtained 8 cm distal to the point of the accessory carpal bone (zone 1A). Notice the slightly hypoechoic SDF, the
uniformly echogenic DDF, the artifactually hypoechoic ICL, and the hypoechoic dorsal border of the origin of the SL, the location of muscle fibers
in many horses. Notice also the slight irregularity of the palmar metacarpal ridge and the normal space between the ICL and SL.

B, These sonograms were obtained 12 cm distal to the point of the accessory carpal bone (zone 1B). Notice the slightly hypoechoic SDF, the
uniformly echogenic DDF, the more echogenic ICL, the slightly increased space between the ICL and SL, and the hypoechoic dorsal portion of the
SL with its more rectangular shape.

C, These sonograms were obtained 16 c¢m distal to the point of the accessory carpal bone (zone 2A). Notice the slightly hypoechoic SDF, the
uniformly echogenic DDF, the more echogenic ICL (now in a different scan plane), the slightly increased space between the ICL and SL, and the
hypoechoic dorsal border of the SL with its more heterogeneous appearance and rectangular shape.

D, These sonograms were obtained 20 cm distal to the point of the accessory carpal bone (zone 2B). Notice the slightly hypoechoic SDF, the
echogenic DDF with a hypoechoic dorsal border at the insertion of the ICL, the echogenic ICL, the slightly increased space between the ICL and

SL, and the hypoechoic dorsal more uniform but still heterogencous rectangular SL body. Notice the normal space between the ICL and SL.

and in the suspensory ligament body is similar in the
contralateral limbs of the same horse.’* Less muscle is
present in Thoroughbred horses in training than in Thor-
oughbred horses of the same age that are not in train-
ing.1'" 2% Discrepancies occur in the literature about the
differences, if any, in the amount of muscle tissue pres-
ent in horses of different ages and in different stages of
training.>®

The unique composition of the suspensory ligament
accounts for significant variability in the normal sono-
graphic appearance of the suspensory ligament origin
and body. Therefore, the hypoechoic areas seen in the
normal suspensory ligament should be consistent in size,
shape, and location between the right and left forelimbs
or right and left hindlimbs.'?* The dorsal border of the

proximal suspensory ligament body is poorly defined or
hypoechoic in 9% of the limbs of clinically normal
horses.>® In 13% of clinically normal horses, a well or
poorly defined central hypoechoic area is identified,
whereas in 4%, the echogenicity of the suspensory liga-
ment body is patchy.”® The relative brightness of the
suspensory ligament in the metacarpal region in the dor-
sal scan plane is less than that of the superficial digital
flexor tendon in the proximal metacarpal region (7 cm
distal to the accessory carpal bone) but greater than
that of the superficial digital flexor tendon in the mid-
metacarpal region (10, 15, and 20 cm). However, in the
sagittal plane, the relative brightness of the suspensory
ligament is greatest in the proximal and mid-metacarpal
regions compared to that of the other tendinous and




Figure 3-11 .

Sonograms of the normal lateral branch of the suspensory ligament,
obtained from a 10-year-old Selle Francais gelding. Notice the uniform
echogenicity, the oval to trapezoid shape, and the parallel fiber pattern
at the insertion of the suspensory branch on the lateral proximal
sesamoid bone. These sonograms were obtained with a wide-bandwidth
7.5-MHz linear-array transducer operating at 7.5 MHz using a hand-held
standoff pad at a displayed depth of 5 cm. The focal zones are in the
near field of the images. The left side of the transverse view (left
image) is palmar and the right side is dorsal. The left side of the sagittal
view (right image) is distal and the right side is proximal.

ligamentous structures.® Although the suspensory liga-
ment origin and body is heterogeneous and hypoechoic,
the suspensory ligament branches are similar in echogeni-
city with the flexor tendons and have a similar sono-
graphic texture or echo pattern. The relative brightness
of the suspensory branches is similar to that of the super-
ficial and deep digital flexor tendons in the distal metacar-
pal regions (25 and 30 cm distal to the accessory carpal
bone).” The echogenicity of the suspensory ligament in
the hindlimbs appears to be more consistent between
horses than that in the forelimbs.

In this author’s experience, the cross-sectional area of
the normal suspensory ligament body in the forelimb of
Thoroughbreds and Standardbreds ranges from 1.0 to 1.5
cm? with most horses having a cross-sectional area of
the suspensory ligament body in the range of 1.0 to 1.2
cm?. The cross-sectional area of the suspensory ligament
body in the hindlimb is slightly larger, usually ranging
from 1.2 to 1.75 cm?, with most horses having a cross-
sectional area of the hind suspensory ligament body of
1.2 to 1.5 cm? The cross-sectional area of the normal
suspensory ligament branch is 0.6 to 0.8 cm? in the
proximal portion of the branch in zone 3A and increases
distally to 1.0 to 1.2 cm? at its insertion onto the abaxial
surfaces of the proximal sesamoid bones (at the border
between zones 3B and 3C). The medial branch of the
suspensory ligament usually has a slightly larger cross-
sectional area than does the lateral branch. The cross-
sectional areas of the suspensory ligament origin, body,
and branches range over a much wider spectrum than
do those of the superficial digital flexor tendon, because
of the marked changes in size of the suspensory ligament
from its origin to its insertion. However, each portion of
the suspensory ligament in the right and left forelimbs or
right and left hindlimbs should have a similar cross-sec-
tional area measurement at the same location in the limb.
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Care must be taken in making these measurements,
because delineating the medial and lateral borders of the
suspensory ligament body can sometimes be difficult.
This is due, in part, to the ligament’s variable composi-
tion and to its location between the second and fourth
metacarpal or metatarsal bones in the proximal to mid-
metacarpal or metatarsal region.* In the forelimb, the
suspensory ligament reportedly measures 0.8 to 0.9 cm
in a palmarto-dorsal direction and 1.7 to 1.9 cm in a
medial-to-lateral direction in zone 1B.'? In the distal third
of the metacarpus, the suspensory branch measures 0.9
c¢m in a palmar-to-dorsal direction.® In Anglo-Arabian-An-
dalusian crossbred horses, the palmar-to-dorsal thickness
measures 1.02 cm + 0.03 ¢cm at 2.5 cm distal to the
accessory carpal bone, decreasing to 0.95 = 0.02 cm at
17.5 c¢m and 0.93 + 0.01 cm at 22.5 cm distal to the
point of the accessory carpal bone.” In these same
horses, the lateral-to-medial width decreased from 1.85
+ 0.01 at 2.5 cm to 1.05 = 0.04 cm at 17.5 cm to 0.98
+ 0.02 cm at 22.5 cm distal to the accessory carpal bone.

Superficial Digital Flexor Tendon—Pastern. In the
proximal pastern, the homogeneously echogenic super-
ficial digital flexor tendon has a thin, half-moon shape in
the transverse plane and lies immediately dorsal to the
digital sheath, which is intimately associated with the
fetlock annular ligament (Fig. 3-12). In normal horses,dis-
tinguishing the annular ligament from the digital sheath
and the palmar or plantar border of the superficial digital
flexor tendon is difficult. On sagittal sonograms the super-
ficial digital flexor tendon has a triangular shape along
the midline as its thickness decreases distally.” The body
of the superficial digital flexor tendon ranges in thickness
(palmar-to-dorsal) from 2 to 6 mm in the proximal pastern
region and from 1 to 4 mm over the middle of P1.”
The teardrop-shaped medial and lateral superficial digital
flexor tendon branches in the middle pastern are similarly
homogeneously echogenic with a parallel fiber pattern
throughout their length (Fig. 3-13). The branches of the
superficial digital flexor tendon become more triangular
distally over the lateral and medial aspects of distal P1
and proxitnal P2. Although the superficial digital flexor
tendon branches are uniformly echogenic here also and
have a parallel fiber pattern, documenting this may be
difficult in some horses, especially those with high heels
and prominent collateral cartilages. These structures may
preclude orienting the ultrasound beam perpendicular to
the superficial digital flexor tendon branches and they
may create a hypoechoic appearance due to an “off-
normal” incidence artifact.

The cross-sectional area of the superficial digital flexor
tendon branches ranges from 0.3 to 0.4 cm? in zone P1A
to 0.4 to 0.6 cm? in zone P1B to 0.6 to 0.8 cm’ just
proximal to their insertion in zone P1C. A mean palmar-
to-dorsal thickness of 3 £ 0 mm in zone P1Ato 2 = 0
in zone P1B to 10 = 1.12 mm in zone P1C (distal P1)
was reported by another investigator for the superficial
digital flexor tendon, with a mean width (lateral-to-me-
dial) of 33 + 0.89 mm in zone P1A (proximal P1) and
31 + 1.07 mm in zone P1B (mid P1).% Mean thickness
of the superficial digital flexor tendon branches ranged
from 0.2 = 0 mm in zone P1B to 10 £ 1.01 mm in zone
P1C in a palmar-to-dorsal direction and 6 + 0.52 mm in
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Figure 3-12

Sonogranis of the normal tendons and ligaments in the pastern, obtained from a 12-year-old Thoroughbred gelding. These sonograms were obtained
with a wide-bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz using a hand-held standoff pad at a displayed depth of 5 cm. The
focal zones are in the near field of the images. The left side of the transverse views (right images) is medial and the right side is lateral. The left
side of the sagittal views (left images) is distal and the right side is proximal.

A, Sonograms of the proximal-most portion of the pastern angling the transducer in a proximodorsal direction at zone P1A. Notice the thin
curved superficial digital flexor tendon (SDF) along the palmar aspect of the leg, the oval deep digital flexor tendon (DDF) immediately dorsal to
the SDF, and the broad trapezoid-shaped straight distal sesamoidean ligament (SDSL) dorsal to the DDF. Immediately dorsal to the SDSL is the
cruciate distal sesamoidean ligaments (CDSL) which are imaged by angling the transducer in a proximodorsal direction. The edges of the branches
of the middle (oblique) distal sesamoidean ligament (MDSL) are barely visible on the edge of the transverse sonogram. The thicker tissue palmar to
the SDF is the subcutaneous tissue just distal to the ergot.

B, Sonograms of the proximal pastern obtained slightly distal to Fig. 3-124 at the level of zone P1A-P1B. Notice the ring that the SDF has formed
around the bilobed DDF. The DDF is hypoechoic because it is in a different scan plane from the SDF (off-normal incidence artifact). The SDSL is
oval at this level. The medial and lateral branches of the MDSL have just joined to form one rectangular ligament at this level.

C, Sonograms of the mid-pastern region at the level of zone P1B. Notice the bilobed appearance of the DDF and the insertion of the MDSL
(arrows). The horizontal arrow points to the insertion of the MDSL on the palmar aspect of mid P1 in the sagittal image and the obliqued arrows
point to the same insertion viewed in the transverse image. The SDSL is more oval at this level.

D, Sonograms of the normal SDSL over distal P1 near its insertion onto proximal P2, dorsal to the DDF at the level of zone P1C. Notice the
hypoechoic center at the insertion of the SDSL caused by the inability of the operator to angle the linear-array transducer perpendicular to the
SDSL’s fibers. The DDF still has somewhat of a bilobed appearance at this level. The distal portions of the branches of the SDF are visible on the
edges of the transverse image.

zone P1B and 9 = 1.01 in zone P1C in a medial-to-lateral
direction.®® The branches of the superficial digital flexor
tendon reportedly range in thickness from 4 to 7 mm in
the proximal pastern to 7 to 12 mm in the mid pastern
and 13 to 20 mm over distal P1.»°

Deep Digital Flexor Tendon—Pastern. The deep
digital flexor tendon has an oval to bilobed appearance
in the pastern. The two lobes of the deep digital flexor
tendon in the pastern region should be symmetrical in
size and shape (see Fig. 3-12). The fibers of the deep
digital flexor tendon extend obliquely from a deeper to

a more superficial position in the distal portion of the
pastern. The deep digital flexor tendon is separated from
the straight distal sesamoidean ligament by an anechoic
space. The dorsal-to-palmar thickness and lateral-to-me-
dial width of the deep digital flexor tendon decrease
somewhat distally in the middle pastern and then increase
again in the distal pastern.> Along the dorsal aspect of the
deep digital flexor tendon in the middle pastern region
is a synovial fold of the digital sheath, which is readily
imaged and is -surrounded by a small amount of the
anechoic synovial fluid contained within the digital




Figure 3-13

Sonograms of the normal lateral branch (between the arrows) of the
superficial digital flexor tendon (SDF), obtained from a 12-year-old
Thoroughbred gelding as the tendon branches and extends down the
lateral aspect of the proximal to mid-pastern region. These sonograms
were obtained with a wide-bandwidth 7.5-MHz linear-array transducer
operating at 10.0 MHz using a hand-held standoff pad at a displayed
depth of 5 cm. The focal zones are in the near field of the images. The
left side of the transverse view (right image) is palmar and the right
side is dorsal. The left side of the sagittal view (left image) is distal and
the right side is proximal.

sheath. In the distal pastern region along proximal P2,
the palmar aspect of the deep digital flexor tendon is
adhered to the synovial membrane of the digital sheath.>

The deep digital flexor tendon reportedly measures 5
to 10 mm thick in a palmar-to-dorsal direction in the
proximal pastern, slightly less in the middle pastern, and
7 to 12 mm in the distal pastern.® Its width in a lateral-
to-medial direction ranges from 18 to 33 mm in the
proximal pastern, from 15 to 23 mm in the middle pas-
tern, and from 23 to 32 mm in the distal pastern.® A
second investigator obtained palmar-to-dorsal measure-
ments of 7 = 2.05 mm in zone P1A, 5 = 0.46 mm in
zone P1B, and 6 = 0.76 mm in zome P2B (mid to distal
P2).% Its medial-to-lateral width ranges from 23 = 0.89
mm in zone P1A to 18 + 0.52 in zone P1B to 26 = 1.6
mm in zone P2B.

Distal Sesamoidean Ligaments. The distal sesa-
moidean ligaments also have a similar echo pattern to
that of the flexor tendons and appear homogeneously
echogenic.

Middle (Oblique) Distal Sesamoidean Ligameni.
The middle or oblique distal sesamoidean ligament origi-
nates at the base of the sesamoid bones as two large
round discrete branches (Fig. 3-14), which become
somewhat oval in appearance (Fig. 3-15) and merge
dorsal to the deep digital flexor tendon in the mid-pastern
region into a broad rectangular band. This band inserts
on the palmar or plantar aspect of the distal portion
of the first phalanx (see Fig. 3-12). The middle distal
sesamoidean ligament branches appear less echogenic
because of their oblique orientation and properly aligning
the transducer to eliminate the off-normal incidence arti-
fact is difficult.

The branches are thicker in the medial-to-lateral direc-
tion proximally than they are just before their conver-
gence. They measure 12 to 20 mm in a lateral-to-medial
direction in the proximal pastern, 9 to 17 mm just before
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Figure 3-14

Sonograms of the normal lateral branch of the middle (oblique) distal
sesamoidean ligament (MDSL), obtained from a 12-year-old Thorough-
bred gelding. Notice the large homogeneously echogenic oval shape of
the MDSL at its origin in the transverse view and its oblique path as it
originates from the base of the lateral proximal sesamoid bone (arrow)
and extends distally towards the midline of the first phalanx, seen in
the sagittal view. These sonograms were obtained with a wide band-
width 7.5-MHz linear-array transducer operating at 10.0 MHz using a
hand-held standoff pad at a displayed depth of 5 cm. The focal zones
are in the near field of the images. The left side of the transverse view
(eft image) is palmar and the right side is dorsal. The left side of the
sagittal view (right image) is distal and the right side is proximal.

their convergence, and 0 to 9 mm (one side only) at the
insertion of the ligament onto P1.> The palmar-to-dorsal
thickness of the middle (oblique) distal sesamoidean liga-
ment is 5 to 12 mm in the proximal pastern, 2 to 6 mm
just proximal to branch convergence, and 0 to 3 c¢m at
insertion onto P1.5° Another investigator obtained medial-
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Figure 3-15
Sonogram of the proximal portion of the pastern at the level of zone
P1A, obtained from a 7-year-old Thoroughbred gelding. Notice the
triangular to trapezoid appearance of the straight distal sesamoidean
ligament (SDSL) at its origin, the round to oval branches of the middle
distal sesamoidean ligament (MDSL), the thin curved superficial digital
flexor tendon (SDF), and the bilobed deep digital flexor tendon (DDF).
The hypoechoic appearance of the DDF is artifactual, created by an off-
normal incidence artifact. This sonogram was obtained with a wide-
bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz using
2 hand-held standoff pad at a displayed depth of 4 cm. The focal zones
are placed in the near field of the image. The right side of the transverse
image is lateral and the left side is medial.
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to-lateral width measurements of the middle (oblique)
distal sesamoidean ligament in zone P1A of 14 = 0.35
mm decreasing to 11 * 1.38 mm in zone P1B just before
insertion.® The palmar-to-dorsal thicknesses measured at
these same zones are 5 * 0.52 mm and 4 * 0.75 mm,
respectively.®

Straight Distal Sesamoidean Ligament. The
straight distal sesamoidean ligament originates as a single
trapezoid structure from the base of both sesamoid bones
with a large concave palmar border (see Fig. 3-15). The
straight distal sesamoidean ligament becomes a more
oval-shaped structure and is palmar or plantar to the
middle distal sesamoidean ligament in the mid-pastern
region and dorsal to the deep digital flexor tendon. The
straight distal sesamoidean ligament inserts on the proxi-
mal portion of the second phalanx (Figs. 3-12 and 3-16).
The dorsal-to-palmar thickness of the straight distal sesa-
moidean ligament gradually increases as the medial-to-
lateral width decreases. The straight distal sesamoidean
ligament is very echogenic, with normal parallel fiber
alignment throughout. The straight distal sesamoidean
ligament often appears to have a hypoechoic center as it
inserts onto the proximal portion of the second phalanx
or P2 (see Fig. 3-12). This hypoechoic appearance disap-
pears, however, when the ultrasound beam can be angled
perpendicular to the ligamentous fibers at their insertion
(see Fig. 3-16) in zone P2A.

The straight distal sesamoidean ligament measures 5 to
9 mm in palmar-to-dorsal thickness proximally, increasing
slightly over distal P1 to 6 to 12 mm and then to 8 to 14
mm at the scutuih medium.*® The medial-to-lateral width
of the straight distal sesamoidean ligament ranges from
17 to 30 mm in the proximal pastern region, decreases
to 10 to 15 mm over distal P1, and then widens over the
scutum medium to 45 to 65 mm. Another investigator

Figure 3-16

Sonograms of the normal insertion of the straight distal sesamoidean
ligament (SDSL) at the level of zone P2, obtained from a 12-year-
old Thoroughbred gelding. With a microconvex linear transducer, the
insertion of the SDSL has an echogenic center in the sagittal view (left
image) and the insertion of the SDSL onto the scutum median is visible
in the transverse image (right image). These sonograms were obtained
with a wide-bandwidth 6.0-MHz microconvex linear-array transducer
operating at 10.0 MHz at a displayed depth of 4 cm. The focal zones
are in the far field of the images. The right side of the transverse image
is lateral and the left side is medial. The right side of the sagittal image
is lateral and the left side is distal.

found a mean medial-to-lateral width of the straight
distal sesamoidean ligament of 20 * 1.19 mm, 16 =
1.89, and 14 + 1.16 at zones P1A, P1B, and P1C, respec-
tively.% The palmar-to-dorsal thickness of the straight
distal sesamoidean ligament is 7 = 0.71 mm, 8 £ 0.93
mm, 8 £ 0.92 mm, and 11 = 2.1 mm in zones P1lA,
P1B, P1C, and P2A (proximal P2).5

Cruciate Distal Sesamoidean Ligaments. The cru-
ciate distal sesamoidean ligaments are only imaged in the
proximal-most portion of the pastern and measure 2 to 4
mm in a palmar-to-dorsal direction.>®

Annular Ligaments. The normal fetlock annular liga-
ment is a very thin structure in the normal horse and is
difficult to distinguish from the digital sheath, with which
it is intimately associated. In normal horses, the fetlock
annular ligament measures 0 to 2 mm in thickness, in-
cluding the overlying skin layer.>* % Rarely can the fetlock
annular ligament be imaged as a distinct structure.5® 7!
The fetlock annular ligament was visualized independent
of the skin and tendon sheath in one large horse; the
ligament measured 1 to 2 mm thick.®® With the advent
of higher-frequency transducers (10.0-MHz) for higher-
resolution, near-field imaging, the annular ligament may
become slightly easier to image independently but should
still remain in close contact with the adjacent digital
sheath.

The proximal digital annular ligament is also a very
thin structure, difficult to distinguish from the underlying
digital sheath or overlying skin. In normal Warmblood
horses, the thickness of the proximal digital annular liga-
ment and overlying skin combined is 2 mm.® A higher
frequency transducer such as a 10.0-MHz may enable the
delineation of the proximal digital annular ligament from
the adjacent digital sheath and superficial digital flexor
tendon to which it is closely attached.

Superior Check Ligament. The superior check liga-
ment can be imaged arising from the distal radius as a
band of parallel fibers that inserts on the superficial digital
flexor tendon (Fig. 3-17). In the transverse plane, the
superior check ligament has a somewhat triangular ap-
pearance. The superior check ligament has uniform echo-
genicity throughout its length.

Bicipital Tendon. The normal bicipital tendon has a
homogeneous echogenic appearance with a parallel fiber
pattern and is hyperechoic compared to the surrounding
musculature (Fig. 3-18). The bicipital tendon is bilobed,
with an isthmus connecting the two lobes. Artifactual
hypoechoic areas may appear in a portion of the bicipital
tendon because of the large size of the tendon, its curved
contour, and the resultant difficulty in orienting the ultra-
sound transducer so that the beam is perpendicular to all
the tendon fibers. Lesions should be identified in both
the transverse and sagittal plane to be sure that a hypo-
echoic area is not artifactually induced. Deep to the
bicipital tendon, a small anechoic space is imaged that
represents the cartilage of the humerus and the synovial
space.”

At its attachment to the supraglenoid tubercle, the
bicipital tendon appears flat caudocranially and oval in
shape, with the bilobed appearance visible over the cra-
nial aspect of the shoulder. Distal to the point of the
shoulder, the bicipital tendon again becomes oval and
enlarges. The musculotendinous junction is imaged as a
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Figure 3-17

Sonograms of the normal superior check ligament along the distal
medial aspect of the radius, obtained from a 12-year-old Thoroughbred
zelding. Notice the triangular shape of the superior check ligament in
short-axis section (diagonal arrows) adjacent to the superficial digital
dexor tendon (SDF). The vertical arrow points to the superior check
ligament in its long axis along the distal medial aspect of the radius.
These sonograms were obtained with a wide-bandwidth 6.0-MHz con-
vex linear-array transducer operating at 10.0 MHz at a displayed depth
of 4 cm. The focal zones are in the middle of the images. The left side
of the short-axis view (left image) is caudal and the right side is cranial.
The left side of the long-axis view (right image) is distal and the right
side is proximal.

heterogeneous area with echogenic tendon fibers inter-
spersed between hypoechoic muscle and echogenic fas-
cia. No significant differences between measurements of
various portions of the bicipital tendon or bicipital bursa
between forelimbs have been reported.” No association
has been found between cranial and caudal tendon mea-
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surements and the horse’s body weight, height at the
point of the shoulder, height at the top of the withers,
or girth circumference.” In this study of normal adult
Quarter horses, the median cranial-to-caudal width (thick-
ness) of the midsagittal portion (isthmus) of the bicipital
tendon was 10 mm (range, 7 to 13.5 mm).” The median
cranial-to-caudal width of the larger lateral lobe of the
bicipital (thickness) tendon at its greatest dimension was
20.5 mm (range, 18 to 27.7 mm) and was 16 mm (range,
13 to 20.5 mm) for the smaller medial lobe.” In the
sagittal plane, the median distance from the skin surface
to the lateral lobe of the bicipital tendon was 14 mm
(range, 8.5 to 19 mm), that to the midsagittal portion
(isthmus) was 17 mm (range, 10.5 to 22 mm), and that
to the medial lobe was 23 mm (range, 16.5 to 30 mm).”*

Evaluation of the underlying cartilage and subchondral
bone of the distal humerus should reveal a thin anechoic
to hypoechoic layer immediately cranial to the hyper-
echoic subchondral bone, representing the cartilage. In
the young horse, varying degrees of ossification of the
intermediate tubercle result in scattered hyperechoic foci
detected within the hypoechoic cartilage that represent
early mineralization.” The hyperechoic echo from the
subchondral bone of the humerus casts an acoustic
shadow and, in the adult horse, should be a smooth
bony-surface echo of even thickness. A small concavity
in the subchondral contour of the intermediate tubercle
was found in one clinically normal horse and may repre-
sent a normal variant.™

Extensor Tendons. All the extensor tendons have
sonographic appearances similar to those of the flexor
tendons, with a uniform echogenic appearance, parallel
fiber alignment, and an oval-to-circular appearance in
transverse section. The extensor tendons are each con-

Figure 3-18

Sonograms of the normal bicipital tendon, obtained from a 12-year-old Thoroughbred gelding. These sonograms were obtained with a wide-
pandwidth 6.0-MHz convex lineararray transducer operating at 7.5 MHz at a displayed depth of 5 cm. The focal zones are in the middle of the
:mages. The right side of the transverse images is lateral and the left side is axial. The right side of the sagittal views (left image in B) is proximal

and the left side is distal.

4. Notice the curved echogenic appearance of the medial (left sonogram) and lateral (right sonogram) lobes of the bicipital tendon (arrows)
n the transverse views as it curves over the intermediate tubercle of the humerus. The bicipital tendon’s large size and curved structure preclude
its being imaged in its entirety in one scan plane. Artifactual hypoechoic areas are easily created within the bicipital tendon because the tendon
does not all lie in the same scan plane. The overlying brachiocephalicus muscle has a normal striated appearance. The left side of the images is

axial and the right side is lateral.

B. The isthmus of the bicipital tendon is much narrower but also very curved. The isthmus rides over the intermediate tubercle of the humerus.
The right image is the transverse view and the left is the corresponding sagittal view.
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Figure 3-19

Sonograms of the normal extensor carpi radialis tendon over the dorsal
aspect of the carpus, obtained from a 12-year-old Thoroughbred gelding.
Notice the homogeneous echogenic appearance of the extensor carpi
radialis tendon and the parallel fiber alignment (arrows). No visible
fluid is visualized within the extensor carpi radialis tendon sheath. The
echogenic rim outside the arrows with the shorter linear echoes is the
tendon sheath. These sonograms were obtained with a wide-bandwidth
7.5-MHz linear-array transducer operating at 10.0 MHz using a hand-
held standoff pad at a displayed depth of 4 cm. The focal zones are in
the near field of the images. The right side of the sagittal view (right
image) is proximal and the left side is distal. The right side of the
transverse view (left image) is lateral and the left side is medial.

tained within a separate tendon sheath over the dorsal
aspect of the carpus and tarsus that contains little or no
visible anechoic fluid in the normal horse (Fig. 3-19).
The ultrasonographic appearance of the extensor carpi
radialis tendon, common digital extensor tendon, exten-
sor carpi obliquus tendon, lateral digital extensor tendon,
and ulnaris lateralis tendon has been described.®”

The extensor carpi radialis tendon originates as an
oval-to-elliptical tendon containing residual muscle fibers
proximally and flattens over the dorsal aspect of the
carpus. The thickness of the extensor carpi radialis ten-
don in a dorsal-to-palmar direction was 6 to 7 mm with
a medial-to-lateral width of 16 to 19 mm in normal horses
in the proximal part of the distal radius. The thickness of
the extensor carpi radialis tendon decreased to 4 to 6
mm in a dorsal-to-palmar direction, and the medial-to-
lateral width increased to 19 to 21 mm over the distal-
most aspect of the radius. The extensor carpi radialis
tendon widens over the middle row of carpal bones to
23 to 26 mm and subsequently to 28 to 32 mm in
a medial-to-lateral direction over the carpometacarpal
joint.?” The common digital extensor tendon originates
as a triangular and then oval-shaped echogenic tendon.
Proximally, the common digital extensor tendon is super-
imposed over the extensor carpi obliquus muscle, where
it measures 4 to 5 mm thick in a dorsal-to-palmar direc-
tion and 16 to 18 mm wide in a medial-to-lateral direc-
tion.®” The tendon flattens over the distal aspect of the
radius and then becomes elliptical over the dorsal aspect
of the carpus, becoming fusiform over the distal row of
carpal bones and then elliptical again. The common digi-
tal extensor tendon measures 3 to 4 mm thick and 12 to
14 mm wide over the proximal metacarpus. The extensor
carpi obliquus appears flat and measures 3 mm thick and

8 to 10 mm wide over the distal radius. It then becomes
elliptical and narrows slightly.®” The lateral digital exten-
sor tendon is 3 to 4 mm thick and 9 to 10 mm wide over
the lateral aspect of the radius and is difficult to identify
through the two parts of the lateral collateral ligament.®”
The tendon of the ulnaris lateralis is round and measures
5 mm thick and 7 to 9 mm wide over the dorsal aspect
of the carpus.®” The tendon flattens out and narrows
slightly towards its insertion.

Gastrocnemius Tendon. The gastrocnemius tendon
is located in the distal aspect of the crus and winds
lateraily and cranially around the superficial digital flexor
tendon in this region. In the distal aspect of the crus, the
gastrocnemius tendon lies deep to the superficial digital
flexor tendon and has a homogeneous echogenic appear-
ance with uniform parallel fiber alignment (Fig. 3-20). In
the middle of the crus, the two muscle bellies of the
gastrocnemius muscle form a common tendon that sur-
rounds the superficial digital flexor tendon at this level.
The gastrocnemius tendon then extends along the lateral
aspect of the crus from superficial to deep with the
superficial digital flexor tendon extending from deep to
superficial along the medial aspect of the crus. The calca-
neal bursa is a potential space between the superficial
digital flexor tendon and the gastrocnemius tendon dnd
may be imaged as an anechoic space (Fig. 3-20). Some
hypoechoic areas are usually detected within the gastroc-
nemius tendon at this level in the normal horse as it lies
caudal or lateral to the superficial digital flexor tendon
(see Fig. 3-20).% Some muscular tissue persists in this
portion of the gastrocnemius tendon, which may account
for its patchy echogenicity at this location, similar to that
seen in the suspensory ligament.** Comparison with the
opposite crus should be performed if questionable areas

Figure 3-20

Transverse sonograms of the normal gastrocnemius tendon (GNT) and
superficial digital flexor tendon (SDF), obtained from a 3-year-old Stan-
dardbred gelding. The right scan is in the proximal crus where the SDF
is medial to the GNT. Notice the hypoechoic areas visible in the GNT
(diagonal arrows), representing areas of muscle present within the
tendon at this level, The left scan is in the distal crus. At this level,
the GNT (borizontal arrows) is relatively homogeneous, similar in
echogenicity to the SDF. These sonograms were obtained with a wide-
bandwidth 7.5-MHz linear-array transducer operating at 7.5 MHz using
a hand-held standoff pad at a displayed depth of 4 cm. The focal zones
are in the near field of the images. The left side of the images is medial
and the right side is lateral.




Figure 3-21

Sonograms of the normal superficial digital flexor tendon (SDF) and
plantar ligament (PL) over the plantar aspect of the tarsus, obtained
from a 3-year-old Standardbred gelding. Notice the flattened appearance
of the SDF and PL near the origin of the PL. The SDF and PL are
homogeneously echogenic with parallel fiber alignment. These sono-
grams were obtained with a wide-bandwidth 7.5-MHz linear-array trans-
ducer operating at 10.0 MHz using a hand-held standoff pad at a
displayed depth of 4 cm. The focal zones are in the near field of the
images. The left side of the transverse view (left image) is medial and
the right side is lateral. The left side of the sagittal view (right image)
is distal and the right side is proximal.

of injury within the gastrocnemius tendon in one hind
limb are present. In the distal third of the crus, the
gastrocnemius tendon and superficial digital flexor ten-
don both develop a uniform echogenic appearance and
are nearly equal in size, with a clear interface between
the two tendons detected ultrasonographically. The gas-
trocnemius tendon then becomes more rounded in ap-
pearance in transverse section and is nearly twice as
thick as the superficial digital flexor tendon. Deep to the
gastrocnemius tendon, the gastrocnemius bursa may be
imaged, but it is only a potential space that does not
normally contain synovial fluid. The gastrocnemius ten-
don is flat and crescent-shaped in short axis as it inserts
on the proximal aspect of the calcaneal tuber covered by
the flattened superficial digital flexor tendon.

Plantar Ligament. The plantar ligament is a short
ligament along the plantar aspect of the tarsus that has a
homogeneous echogenic appearance with a parallel fiber
pattern (Fig. 3-21). The origin of the plantar ligament
from the plantar aspect of the proximal extent of the
tuber calcis is readily imaged as is its insertion on the
fibular tarsal bone, fourth tarsal bone, and proximal ex-
tent of the fourth metatarsal bone. The plantar ligament
has a rectangular appearance over the distal aspect of the
calcaneus and the small tarsal bones and a somewhat
triangular appearance near its insertion on the fourth
metatarsal bone, where it is imaged lateral to the deep
digital flexor tendon (Fig. 3-22).

Peroneus Tertius Tendon. The peroneus tertius ten-
don originates from the lateral aspect of the distal epicon-
dvle of the femur with the long digital extensor tendon
and appears as a thick echogenic semicircular structure
in short-axis section with a homogeneous echogenic ap-
pearance and parallel fiber alignment (Fig. 3-23). The
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peroneus tertius tendon can be followed distally along
the dorsal aspect of the tibia as an oval-to-circular homo-
geneous echogenic tendon with parallel fiber alignment
(see Fig. 3-23). The peroneus tertius tendon bifurcates
into two branches over the dorsal aspect of the hock.
These branches insert on the tarsal bones and appear as
much smaller oval-to-circular echogenic tendons, again
with a parallel fiber pattern (see Fig. 3-23).

Cunean Tendon. The cunean tendon has a homoge-
neous echogenic appearance with a parallel fiber pattern
(Fig. 3-24). The tendon has an oval shape in transverse
section and is small, lying immediately underneath the
skin over the dorsal aspect of the hock.

The Back. The supraspinous ligaments, interspinous
ligaments, dorsal spinous processes, and dorsal sacroiliac
ligament can all be evaluated ultrasonographically. At
the withers, the nuchal ligament appears homogeneously
echogenic and has a flat and broad shape in transverse
section. The atlantal bursa, supraspinous bursa, and other
bursae underneath the supraspinous ligament are only
potential spaces and are not imaged in normal horses.
In the mid-thoracic region, the supraspinous ligament
becomes oval or circular in shape in transverse section
(Fig. 3-25) and maintains this shape to its insertion on
the sacrum. The supraspinous ligament is thinner at the
dorsal-most aspects of the dorsal spinous processes and
is more circular in shape in the interspinous spaces.'?
The supraspinous ligament is echogenic in its superficial
part and hypoechoic deeper near the interspinous
spaces. The fiber alignment is parallel throughout the
superficial portion of the supraspinous ligament and
oblique in the deeper portion.”” The thick layer of subcu-
taneous fascia continuous with the supraspinous ligament

Figure 3-22

Sonograms of the normal superficial digital flexor tendon (SDF) and
plantar ligament (PL) over the plantar aspect of the distal tarsus, ob-
tained from a 12-year-old Thoroughbred gelding. Notice the paraliel
fiber alignment of the SDF and PL in the sagittal view (right image)
and the homogeneous echogenic appearance of the SDF and PL in the
transverse view (left image). A portion of the deep digital flexor tendon
(DDF) is imaged along the medial aspect of the PL in the transverse
image. These sonograms were obtained with a wide-bandwidth 7.5-
MHz linear-array transducer operating at 10.0 MHz using a hand-held
standoff pad at a displayed depth of 4 cm. The focal zones are spread
throughout the images. The left side of the transverse view is medial
and the right side is lateral. The left side of the sagittal view is distal
and the right side is proximal.
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Figure 3-23

Sonograms of the normal peroneus tertius tendon from its origin to its insertion, obtained from a 12-year-old Thoroughbred gelding. Notice the
surrounding hypoechoic speckled skeletal muscle most visible in B and C. These sonograms were obtained with a wide-bandwidth 7.5-MHz linear-
array transducer operating at 10.0 MHz using a hand-held standoff pad. The right side of the transverse views is lateral and the left side is medial.
The right side of the sagittal views is proximal and the left side is distal. The focal zones are in the near field except in C, where the focal zones
have been moved deeper to center on the peroneus tertius tendon. The displayed depth is 5 cm except for the bifurcation (D) which is at a 4 cm
displayed depth.

A, Origin of the peroneus tertius tendon and the long digital extensor tendon from the distolateral aspect of the femur, The horizontal arrow
points to the long digital extensor tendon and the vertical arrow points to the peroneus tertius tendon. Both images are transverse with the left
image being located slightly more proximally.

B, The peroneus tertius tendon (arrows) as it is separating from the long digital extensor tendon in the proximal tibia. Notice the homogeneous
echogenic appearance and the parallel fiber pattern of the peroneus tertius tendon. The right image is sagittal and the left is transverse.

C, The peroneus tertius tendon surrounded by normal musculature in the mid tibia. Again notice its homogeneous echogenic appearance and
the parallel fiber pattern. The right image is sagittal and the left is transverse.

D, The distal portion of the peroneus tertius tendon at its bifurcation. The left transverse image shows the tendon beginning to bifurcate. The
right transverse image shows the area slightly more distal where the medial (borizontal arrows) and lateral (vertical arrows) branches of the

peroneus tertius tendon are clearly visible.

in the thoracic region is also echogenic. The dorsal spi-
nous processes have a pointed or beaked shape along
their cranial margin with a more rounded caudal mar-
gin.'” The dorsal margin of the dorsal spinous processes
is smooth in the mid-thoracic region but is more irregular
in the cranial thorax at the withers, where cartilaginous
caps are common and irregular mineralization of these
caps occurs even in older horses. Partially ossified osteo-
chondral apophyseal nodules can be found in the first
nine dorsal spinous processes at the withers, creating
hyperechoic images.”

The interspinous ligaments have a homogeneous hypo-
echoic to echogenic appearance.” '* In transverse sec-
tion, the dorsal sacroiliac ligament is homogeneously
echogenic and oval in shape and is located on either side
of the midline between the tuber sacrale and the sacrum

(Fig. 3-26). The sacroiliac joint is not visible ultrasono-
graphically from the skin surface. However, a transrectal
examination can be performed to image the ventral sacro-
iliac ligament, the ventral margins of the sacroiliac and
lumbosacral joints, and the ventral intervertebral foram-
ina.”” The ventral sacroiliac ligament is located between
the articular margins of the ilial wing and sacrum and is
echogenic and smooth, with a thickness and width of
approximately 5 mm.”

Tendon Sheaths and Bursae

Digital Sheath. The echogenicity of the digital sheath
is reportedly slightly less than that of the adjacent ten-
dons.? Little or no fluid is imaged within the digital sheath
of clinically normal horses. The mesotendinous attach-




Figure 3-24

Sonograms of the normal cunean tendon over the dorsal aspect of the
hock, obtained from a 12-yearold Thoroughbred gelding, Notice the
homogeneous echogenic appearance and parallel fiber alignment of the
cunean tendon (arrows). These sonograms were obtained with a wide-
bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz using
a hand-held standoff pad at a displayed depth of 4 cm. The focal zones
are in the near field of the images. The right side of the transverse view
(left image) is lateral and the left side is medial. The right side of the
sagittal view (right image) is proximal and the left side is distal.

ments of the deep digital flexor tendon to the digital
sheath are not normally imaged. Clear anechoic fluid
is imaged in clinically normal horses with small “‘wind-
puffs.”

Carpal Sheath. Anechoic fluid is normally imaged
within the carpal sheath in the proximal metacarpal re-
gion between the dorsal aspect of the deep digital flexor
tendon and the inferior check ligament. The carpal
sheath normally -contains more fluid along its medial as-
pect, where it is not limited by the inferior check liga-
ment.

Figure 3-25

Sonograms of the normal supraspinous ligament in the thoracic region
of a 12-year-old Thoroughbred gelding. Notice the homogeneous echo-
genic appearance of the supraspinous ligament (arrows), its oval shape,
and the parallel fiber pattern. These sonograms were obtained with a
wide-bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz
using a hand-held standoff pad at a displayed depth of 4 cm. The focal
zones are in the near field of the images. The right side of the transverse
view (left image) is left and the left side is right. The right side of the
saginal view (right image) is proximal and the left side is distal.
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Figure 3-26

Sonograms of the normal dorsal sacroiliac ligament, obtained from
a 12-year-old Thoroughbred gelding with a wide-bandwidth 6.0-MHz
microconvex linear-array transducer operating at 10.0 MHz at a dis-
played depth of 6 cm. Notice that the dorsal sacroiliac ligaments have
a slightly hypoechoic appearance in transverse section (right image),
but a parallel fiber pattern in sagittal section (left éimage). The curved
shape of this ligament precludes orienting the ultrasound beam perpen-
dicular to its fibers, creating an artifactual hypoechoic appearance. The
focal zones are in the middle of the images. The right side of the
transverse image is the left side of the horse and the left side is the
right side of the horse. The right side of the sagittal image is proximal
and the left side is distal.

Tarsal Sheath. The tarsal sheath envelops the deep
digital flexor tendon along the plantaromedial aspect of
the tarsus and contains little visible fluid in the normal
horse (see Fig. 3-8).2 The tarsal sheath is an echogenic
structure that is not usually distinguishable from the deep
digital flexor tendon throughout its length. The tarsal
sheath begins approximately 6 cm proximal to the medial
malleolus and extends into the proximal quarter to third
of the metatarsus.

Extensor Tendon Sheaths. The tendon sheaths of
the extensor tendons over the dorsal aspect of the carpus
have been thoroughly described.®” Each extensor tendon
is surrounded by a tendon sheath as it crosses the dorsal
aspect of the carpus, and these can be imaged. A thin
rim of fluid may occasionally be imaged within the sheath
of the extensor carpi radialis tendon or long digital exten-
sor tendon, but fluid is rarely imaged in the other exten-
sor tendon sheaths in normal horses.

Bicipital Bursa. The bursa is a potential space be-
tween the bicipital tendon and the intertuberal groove of
the distal humerus; in the normal horse, it does not
contain visible fluid. The cranial-to-caudal width of the
bicipital bursa measures 3 mm or less in normal Quarter
horses.”

Navicular Bursa. The navicular bursa is the anechoic
space bounded by the deep digital flexor tendon and the
navicular bone. The collateral ligament of the navicular
bone has a linear fiber pattern, but often appears hypo-
echoic in ultrasound images of this region because posi-
tioning the ultrasound beam perpendicular to the long
axis of these fibers is usually not possible.

Trochanteric Bursa. The trochanteric bursa is only a
potential space between the accessory head of the mid-
dle gluteal muscle and the greater trochanter. The bursa
does not contain visible fluid in the normal horse.
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Figure 3-27

Sonograms of the normal posterior digital nerve along the proximal and lateral aspect of the pastern, obtained from a 12-year-old Thoroughbred
gelding. These sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz using a hand-held standoff
pad at a displayed depth of 5 cm. The focal zones are in the near field of the images. The left side of the transverse views (right images) is palmar
and the right side is dorsal. The left side of the sagittal views (left images) is distal and the right side is proximal,

A, Notice the small echogenic nerve (arrows), which is slightly oval in transverse section immediately palmar to the posterior digital artery and
dorsal to the superficial digital flexor tendon along the lateral aspect of the pastern. The posterior digital nerve has a somewhat coarser texture
than the adjacent superficial digital flexor tendon when imaged in its long-axis section.

B, Sonogram demonstrating the measurement of the cross-sectional area of the normal posterior digital nerve (arrows). This posterior digital

nerve had a cross-sectional area of 0.05 cm?.

Calcaneal and Gastrocnemius Bursa. The calcaneal
bursa which extends from the mid-tibial level to the point
of the hock, lies between the superficial digital flexor
tendon and the gastrocnemius tendon. The calcaneal
bursa is only a potential space in normal horses. The
calcaneal bursa nfay be visible as a thin anechoic line
between the superficial digital flexor tendon and the
gastrocnemius tendon (see Fig. 3-20). A small gastrocne-
mius bursa also lies cranial to the insertion of the gastroc-
nemius tendon on the tuber calcis and may communicate
with the more caudal calcaneal bursa between the gas-
trocnemius tendon and the superficial digital flexor ten-
don.*® The gastrocnemius bursa may be imaged as a
thin anechoic line adjacent to the cranial margin of the
gastrocnemius tendon between the tendon and the un-
derlying tuber calcis.

Tibialis Cranialis Tendon Sheath and Cunean
Bursa. The sheath surrounding the tibialis cranialis ten-
don normally does not contain visible fluid. Therefore,
this tendon sheath is not usually imaged as a distinctly
separate echogenic structure (see Fig. 3-24). The cunean
bursa is also a potential space deep to the flat elliptical
cunean tendon. A small anechoic line may be imaged in
the bursa of some horses between the cunean tendon
and the underlying bone.

Atlantal and Supraspinous Bursa. The atlantal bursa
is only a potential space between the ligamentum nuchae
and the atlas and does not contain visible fluid in normal
horses. Similarly, the supraspinous bursa is only a poten-
tial space and no visible fluid should be imaged in normal
horses between the supraspinous ligament and the dorsal
spinous processes of the second thoracic vertebrae.

Nerve

The normal nerve is echogenic and is difficult to distin-
guish from the surrounding tissues unless a machine with

superior image quality is used. The digital nerves are
easiest to recognize in the transverse plane by.locating
the digital vein and artery along the lateral or medial
aspect of the limb. The digital nerve lies immediately
palmar or plantar to the digital artery and immediately
dorsal to the digital sheath and superficial and deep
digital flexor tendons. The nerve normally is slightly more
echogenic than the surrounding soft tissue and has an
oval to circular appearance in transverse section. The
normal digital nerve is very small, has a cross-sectional
area of approximately 0.5 to 1.0 mm?, and is 2 to 3 mm
in thickness (Fig. 3-27).

Muscle

Normal muscle has a heterogeneous striated appearance
with primarily hypoechoic muscle fibers interspersed
with more echogenic fascia, connective tissue, and fat
(Fig. 3-28). This gives skeletal muscle a “marbled” ap-
pearance in short-axis cross-section. Each muscle has a
distinctive ultrasonographic appearance based on the
amount of connective tissue present within the muscle
belly. The normal triceps muscle appears similar between
contralateral forelimbs with a wedge-shaped appearance
in longitudinal section.® The muscle tissue appears hypo-
echoic with fine echoic lines representing interfascicular
connective tissue. The fascial septum between the lateral
and long heads of the triceps muscle is a definable hyper-
echoic line that appears as a double line in some scans.®
The short linear echoes within the muscle bellies are
parallel, their thickness and echogenicity varied, and they
meet at a hyperechoic fascial line at 25 to 30 degrees.”
In transverse sections, the triceps muscle has a speckled
appearance. Anechoic areas are identified, usually near
the fascial septum separating the long and lateral heads
of the triceps muscles, in some scans. These anechoic




Figure 3-28

Sonograms of the normal semitendinosus and semimembranosus mus-
cles in the left hindleg of a 12-year-old Thoroughbred gelding. Notice
the hypoechoic musculature with echogenic linear echoes in the long-
axis view of the muscle belly (left image) and the speckle pattern in
the short-axis view (vight image). The fascia between the two adjacent
muscle bellies is the more echogenic thicker linear echo (arrows).
These images were obtained with a wide-bandwidth 6.0-MHz microcon-
vex linear-array transducer operating at 7.5 MHz at a displayed depth
of 7 cm. The focal zones are in the near field (left image) and spread
throughout the image (right image). The right side of the shortaxis
view is lateral and the left side is medial. The right side of the long-axis
view is proximal and the left side is distal.

areas are thought to represent loose connective tissue.®
When the horse does not bear weight on the limb, the
muscles consistently appear more echogenic.®® This in-
creased echogenicity appears to be the result of more
closely packed muscle fasciculi.®* Comparisons between
muscle bellies in the contralateral limb should be per-
formed if questionable areas of abnormality are detected
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Figure 3-29
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ultrasonographically. Care must be taken in evaluating
horses that are not bearing weight because the non-
weight bearing muscle appears more echogenic, but the
striated pattern should be preserved.

Bone

Normal cortical bone has a strong reflection, “bony sur-
face echo,” which is characteristic (Fig. 3-29). The physis
in foals and young horses is a linear anechoic space
between the metaphysis and the epiphysis of the bone
and is oriented perpendicular to the bone’s long axis
(Fig. 3-30). A soft tissue layer normally overlies the bone
in all areas except within a synovial structure, the only
normal place where a fluid layer is immediately adjacent
to the bony surface echo. The continuity of the bony
surface echo may be disrupted by normal bony protuber-
ances such as the greater trochanter. Careful scanning of
these bony protuberances in two mutually perpendicular
planes usually reveals that these structures are continuous
with the bone in one or more planes and are not frac-
tures. These structures should appear similar in the con-
tralateral limb, confirming this normal discontinuity. The
articular cartilage is normally anechoic (Fig. 3-31) with
alarger amount of cartilage detected in foals because the
bones ossify with development. The cartilage detected
in foals that is in the process of ossification is more
heterogeneous (Fig. 3-32) than is normal articular carti-
lage in the adult.

Joints

Joint fluid, if visible, should be anechoic. Synovial villi, if
imaged, should appear as thin villous echogenic struc-
tures floating in the synovial fluid.

Sonograms of the normal gluteal muscles and underlying wing (4) and shaft (B) of the ilium, obtained from a 12-year-old Thoroughbred gelding.
Notice the smooth contour of the bone and the strong bony surface echo. These sonograms were obtained with a wide-bandwidth 6.0-MHz
microconvex linear-array transducer operating at 10.0 MHz (4) and 7.5 MHz (B) at a displayed depth of 7 cm (4) and 8 cm (B). The focal zones

are in the near field of the images.

A. The hyperechoic line extending from the tuber sacrale to the tuber coxae is the wing of the ilium scanned in its long axis. The right side of
these sonograms is towards the tuber sacrale and the left side is towards the tuber coxae. The right sonogram was obtained at the edge of the
tuber sacrale whereas the left sonogram was obtained close to the tuber coxae in the same scan plane.

B. The hyperechoic line extending from the tuber coxae distally is the shaft of the ilium. The right side of these sonograms is towards the tuber
coxae and the left side is towards the acetabulum. The right sonogram was obtained at the edge of the tuber coxae and the left sonogram was

obuained near the acetabulum in the same scan plane.
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PROXINAL TIBIAL PHYSIS

Figure 3-30

Sonogram of the normal proximal tibial physis, obtained from a 10-day-
old Thoroughbred colt, Notice the anechoic physis (arrow) between
the metaphysis and the diaphysis of the proximal tibia. The right side
of this long-axis image is distal and the left side is proximal. The focal
zones are in the near field of the image, This sonogram was obtained
with a wide-bandwidth 6.0-MHz microconvex transducer operating at
7.5 MHz at a displayed depth of 5 cm. ‘

Shoulder. The musculature of the shoulder girdle
should be thoroughly examined in horses with lameness
in the shoulder region. These muscles should all have a
normal muscle fiber pattern and normal speckled appear-
ance. The contralateral shoulder can be used for compari-
son. The tendon of the biceps brachii should be followed
to its insertion and the underlying bursa examined. Joint
fluid is not usually imaged in the normal shoulder joint.

Elbow. The collateral ligaments of the elbow joint are
readily imaged along the medial and lateral aspect of the
cubital joint as homogeneously echogenic structures with

Figure 3-31

Sonograms of the normal articular cartilage over the lateral trochlear
ridge of the femur in a 12-year-old Thoroughbred gelding. Notice the
hypoechoic to nearly anechoic appearance of the articular cartilage
(borizontal arrows) and a portion of the overlying echogenic lateral
patellar ligament (vertical arrows). These sonograms were obtained
with a wide-bandwidth 7.5-MHz linear-array transducer operating at
10.0 MHz using a hand-held standoff pad at a displayed depth of 5 cm.
The focal zones are in the near field of the images. The right sonogram
is more proximal and lateral over the lateral trochlear ridge. Both
sonograms are long-axis views with the left side of the long-axis view
being distal and the right side proximal.
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Figure 3-32

Sonogram of the cartilage of the normal lateral trochlear ridge of
the femur, from a 10-day-old Thofoughbred colt. Notice the more
heterogeneous appearance of the cartilage (arrows) and the large
cartilage component of the distal femur present at this stage. The right
side of this long-axis view is proximal and the left side is distal. This
sonogram was obtained with a wide-bandwidth 6.0-MHz microconvex
linear-array transducer operating at a frequency of 7.5 MHz at a dis-
played depth of 6 cm. The focal zones are in the near field of the image.

parallel fiber alignment. They can be imaged from their
origins on the lateral or medial epicondyle of the hu-
merus to their insertions on the lateral tuberosity of the
radius, just distal to the margin of the articular surface
(ateral collateral ligament) (Fig. 3-33), or to the medial
border of the radius, just distal to the level of the interos-
seous space, and the medial tuberosity of the radius
(medial collateral ligament). Joint fluid is not normally
imaged in the cubital joint.

HUMERUS

Figure 3-33

Sonograms of the normal lateral collateral ligament of the cubital joint,
obtained from a 3-year-old Standardbred gelding. Notice the homoge-
neous echogenic appearance with a parallel fiber pattern throughout
the lateral collateral ligament. Notice the broad origin (right image)
and the narrower insertion distal to the lateral aspect of the radiohu-
meral joint (Zeft image). These sonograms are long-axis views obtained
near the origin of the lateral collateral ligament from the humerus
(right image) and at its insertion on the radius (left image). These
sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array
transducer operating at 7.5 MHz using a hand-held standoff pad at a
displayed depth of 4 cm. The focal zones are in the near field of the
images. The left sides of the images are distal and the right sides
are proximal.




Figure 3-34

Sonograms of the normal dorsal reflection of the metacarpophalangeal
joint, obtained from a 12-year-old Thoroughbred gelding. Notice the
hypoechoic synovial fold in the dorsal recess of the metacarpopha-
langeal joint, which is 0.5 cm thick (x'), and the overlying extensor
tendon. The joint capsule is not well visualized in this scan. The right
image is more proximal at the dorsal reflection of the metacarpopha-
langeal joint, whereas the left image is more distal at the articulation
between the distal metacarpus (MC3) and proximal P1. These sagittal
sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array
transducer operating at 10.0 MHz using a hand-held standoff pad at a
displayed depth of 5 cm. The focal zones are all in the near field. The
right side of the sagittal sonograms is proximal and the left side is distal.

Carpus. The normal ultrasonographic appearance of
the carpus has been described, focusing primarily on the
sonographic appearance of the extensor tendons on the
dorsal aspect of the carpus.”” The lateral collateral liga-
ment extends from the lateral (ulnar) styloid process
distally to the fourth and third metacarpal bones. A long
and superficial collateral ligament as well as a short and
deep lateral collateral ligament are present, through
which the lateral digital extensor tendon passes, sur-
rounded by its synovial sheath. The lateral collateral liga-
ment is approximately 5 mm thick and 27 to 29 mm
wide, narrowing over the ulnar carpal bone to 19 to 21
mm wide with a slight increase in thickness.®” At this
level, the deep portion of the lateral collateral ligament
extends dorsally whereas the superficial portion extends
in a palmar direction. The lateral collateral ligament be-
comes wider (25 to 29 mm) and thicker (8 to 10 mm)
over the fourth carpal bone and is crescent-shaped in
transverse section as it expands to its insertion. The
collateral ligaments have a homogeneous echogenic
structure with a parallel fiber pattern. However, because
the collateral ligaments are in different scan planes, the
echogenicity of each one must be evaluated individually
to prevent off-normal incidence artifacts. The fat areas in
the antebrachiocarpal joint appear as two slightly less
echogenic areas within the joint when compared to the
more echogenic joint capsule.®” The articular cartilage of
the distal radius is detected as a smooth anechoic layer
overlying the bone.*” Fluid is not normally imaged in the
dorsal aspect of the antebrachiocarpal and intercarpal
joints.

Fetlock. Although the metacarpophalangeal joint was
one of the first to be evaluated ultrasonographically in
the horse, the initial description included only the sono-
graphic findings in horses with proliferative synovitis and
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villonodular synovitis.> ®® The normal anatomy of this
area has only recently been described.®® Although the
proximal synovial fold of the metacarpophalangeal joint
was not clearly imaged in normal horses in this study,
that has not been this author’s experience. The normal
proximal synovial fold of the metacarpo- or metatarsopha-
langeal joint should not exceed 5 mm in thickness (Fig.
3-34). Equipment with excellent resolution and high-
frequency transducers, however, are necessary to suc-
cessfully image these structures in the absence of excess
synovial fluid.*

Both the long and short collateral ligaments of the
fetlock joints have a parallel fiber pattern and should
have a similar thickness and cross-sectional area between
the lateral and medial aspects of the joint and in compari-
son to those in the contralateral forelimb or hindlimb
(Fig. 3-35). The long collateral ligament is more easily
imaged as it extends from the distal metacarpus or meta-
tarsus to proximal P1 in the same plane. The short collat-
eral ligament is more difficult to image due to its oblique
orientation. It appears hypoechoic when viewed in the
same image as the echogenic long collateral ligament.
These collateral ligaments must be imaged independently
because they lie in two different scan planes. The scan
plane must be constantly changing when imaging both
the short and long collateral ligaments to keep the ultra-
sound beam perpendicular to the fibers. The subtendi-
nous bursa of the long digital extensor tendon is not
normally imaged over the dorsal aspect of the metacarpo-
or metatarsophalangeal joint in normal horses because
this is just a potential space. A small amount of fluid is
usually imaged in the volar pouches of the metacarpo-
and metatarsophalangeal joints at the level of the distal
portion of the branches of the suspensory ligament.
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Figure 3-35

Sonograms of the normal lateral collateral ligaments of the metacarpo-
phalangeal joint, obtained from a 12-year-old Thoroughbred gelding.
Notice the outer longer ligament (downward arrows) and the shorter
angled ligament (upward arrows), which are rarely in the same scan
plane at the same time. The sonogram on the right side of the image is
proximal, along the distal lateral metacarpus; that on the left side is
distal, along the distal lateral metacarpus and proximal P1. These sagittal
sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array
transducer operating at 10.0 MHz using a hand-held standoff pad at a
displayed depth of 4 cm. The focal zones are in the near field of the
images. The left side of the sagittal views is distal and the right side
is proximal,
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Pastern. The collateral ligaments of the proximal inter-
phalangeal joint can be imaged as homogeneously echo-
genic structures with a parallel fiber pattern from their
origin on the distal aspect of P1 to their insertion on
proximal to mid P2. Fluid is not normally imaged in the
proximal interphalangeal joint. The distal interphalangeal
joint was the first joint to be evaluated ultrasonographi-
cally in conjunction with ultrasonographic evaluation of
the navicular bursa, navicular bone, and deep digital
flexor tendon along the palmar aspect of the pastern.?
The proximal palmar pouch of the distal interphalangeal
joint is identified as a small anechoic fluid space palmar
or plantar to the second phalanx. This outpouching of
the distal interphalangeal joint is imaged dorsal to the
collateral sesamoidean ligaments of the navicular bone
and immediately proximal to the navicular bone.

The Pelvis and Hip. A smooth bony surface echo
should be present along the dorsal aspect of the wing of
the ilium from the tuber sacrale to the tuber coxae (see
Fig. 3-29). The shaft of the ilium is slightly more irregu-
lar, but a strong bony surface echo should be produced
from the ilial shaft. The greater trochanter of the femur
and the outer portion of the acetabulum should also have
a strong bony surface echo, although the deeper portions
of the hip joint are not accessible for sonographic evalua-
tion from the skin surface. The pelvis can also be imaged
from a transrectal window and should produce a similar
smooth bony surface echo.

Stifle. Several investigators have studied the ultrasono-
graphic anatomy of the normal stifle in the standing
horse, describing the patellar ligaments, collateral liga-
ments, menisci, and visible portions of the femoropatellar
and femorotibial joints.®> %+ . 19t Imaging the cruciate
ligaments is much more difficult; the cooperative or se-
dated horse must stand with the stifle flexed, or else
general anesthesia is required.®? 1%

The middle, medial, and lateral patellar ligaments are
homogeneously echogenic with a parallel fiber pattern
and can be followed from their origin to their insertion
(Fig. 3-36). The patellar ligaments appear oval in trans-
verse section and lie immediately underneath the skin.
The medial trochlear ridge appears wider than the lateral
trochlear ridge with good visualization of the intertroch-
lear groove.”? The articular cartilage of the trochlea is
relatively anechoic between the hyperechoic subchon-
dral bone and the echogenic soft tissue.”> A large fat
pad is imaged between the patellar ligaments and appears
as somewhat heterogeneous echogenic soft tissue. Syno-
vial fluid is not normally imaged in the femoropatellar
joint.

The menisci are most easily recognized on sagittal
scans as triangular echogenic structures with the apex of
the triangle oriented towards the axial portion of the
femorotibial joint (Fig. 3-37). The cranial lateral and cra-
nial medial horns of the menisci are visible from between
the lateral and middle patellar ligaments and between the
medial and middle patellar ligamhents in the standing
horse. The cranial and caudal horns of the meniscus have
a similar ultrasonographic appearance when imaged from
the cranial and caudal aspects of the joint, respectively,
with the joint flexed.

The cruciate ligaments appear similarly as homoge-
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Figure 3-36

Sonograms of the normal medial patellar ligament, obtained from a 12-
yearold Thoroughbred gelding. Notice the homogeneous echogenic
appearance of the patellar ligament and its parallel fiber pattern. The
medial patellar ligament is located between the arrows. These sono-
grams were obtained near the origin of the medial patellar ligament,
with a wide-bandwidth 7.5-MHz linear-array transducer operating at
10.0 MHz using a hand-held standoff pad at a displayed depth of 5 cm.
The focal zones are in the near field of the images. The left side of the
short-axis view (right imfage) is caudal and the right side is cranial. The
left side of the long-axis view (left image) is distal and the right side
is proximal.

neously echogenic structures with a parallel fiber pattern,
provided that the transducer can be positioned so that
the ultrasound beam is perpendicular to the long axis of
the ligamentous fibers. This is optimally obtained with
a sector-scanner transducer.'”’ Otherwise, the cruciate
ligaments appear as hypoechoic ligamentous structures
because of the off-normal incidence artifact, outlined by
more echogenic fat. The cranial cruciate ligament ap-
pears somewhat oval in cross-section at its cranial inser-
tion and rounder caudally. The femoral insertion of the
caudal cruciate ligament is broad and flattened in a cranial
to caudal direction.

The medial and lateral collateral ligaments of the femo-
rotibial joint are readily imaged from their origins to their
insertions. The medial collateral ligament originates from
the medial epicondyle of the femur and is uniformly
echogenic with a parallel fiber pattern. It inserts on a
rough area distal to the margin of the medial condyle of
the tibia (see Fig. 3-37). Cranial to the medial collateral
ligament is a synovial outpouching of the medial femoro-
tibial joint, which normally contains a small amount of
fluid (Fig. 3-38). The lateral collateral ligament is slightly
thicker and originates from the upper depression on the
lateral epicondyle and inserts on the head of the fibula.
The lateral collateral ligament covers the origin of the
popliteus muscle. The bursa between the tendon of ori-
gin of the popliteus muscle and the lateral collateral
ligament and between the lateral collateral ligament and
the margin of the lateral condyle of the tibia is only a
potential space and is not imaged in normal horses. Usu-
ally, little or no anechoic synovial fluid is imaged in the
lateral compartment of the femorotibial joint (see Fig.
3-38). The combined origin of the long digital extensor
muscle and the peroneus tertius tendon is cranial to the
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Figure 3-37

Sonograms of the normal medial collateral ligament of the femorotibial joint and the medial meniscus, obtained from a 12-year-old Thoroughbred
gelding. These sonograms were obtained with a wide-bandwidth 7,5-MHz linear-array transducer using a hand-held standoff pad (4) or a 6.0-MHz
microconvex-array transducer (B) operating at 10.0 MHz at a displayed depth of 5 cm (4) and 4 cm (B). The focal zones are in the near field of
the images. The left side of the shortaxis view is caudal and the right side is cranial. The left side of the long-axis view is distal and the right side
is proximal.

A, Notice the parallel fiber pattern of the medial collateral ligament (vertical arrows) and its homogeneous echogenic appearance in the left
sonogram with a hypoechoic medial meniscus. The medial meniscus appears hypoechoic in the left sonogram because it is not in the same scan
plane (off-normal incidence artifact). Notice the homogeneous and echogenic meniscus in the right sonogram (diagonal arrows) with a hypoechoic
medial collateral ligament, again because of an off-normal incidence artifact. These are both long-axis sonograms.

B, Notice the disc shape to the medial meniscus (arrows) in its short-axis section (left image) with the more recognizable triangular appearance
of the meniscus (arrows) in its long-axis section (right image). The meniscus is located between the two vertical arrows in both images.

lateral collateral ligament and caudal to the lateral patellar
ligament.

Hock. The ultrasonographic anatomy of a portion of
the hock has been described, focusing on the medial
collateral ligaments and the dorsomedial joint capsule of
the tarsocrural joint.”® The collateral ligaments here, as in
the carpus, are multiple and may be difficult to separate
sonographically if high-resolution imaging with high-fre-
quency transducers is not possible. The long medial col-
lateral ligament originates on the caudomedial surface of
the medial malleolus of the tibia and extends distally to
its insertion on the distal tuberosity of the tibial tarsal
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Figure 3-38

bone, the medial surface of the small tarsal bones, and
the proximal portion of the second and third metatarsal
bones (Fig. 3-39). The short collateral ligaments, three
of which are on the medial aspect of the tarsus, extend
from their origin on the craniomedial aspect of the medial
malleolus of the tibia plantarodistally under the long col-
lateral ligament to their respective insertions. The flat
superficial short medial collateral ligament inserts on the
proximal and distal tuberosity of the tibial tarsal bone
and the intervening ridge, with its plantarodistal attach-
ment lying immediately adjacent to the attachment of the
long collateral ligament. The insertion of the round mid-
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Sonograms of the normal medial (4) and lateral (B) compartments of the right femorotibial joint, obtained from a 17-year-old Quarter horse gelding.
These are both long-axis sonograms, with the right side of the sonogram being proximal and the left side distal. Notice the larger outpouching and
zreater amount of synovial fluid in the medial femorotibial compartment compared with the lateral. The lateral collateral ligament is well-visualized
yver the lateral meniscus (B), whereas only a portion of the medial meniscus is visualized in the image of the medial compartment of the
femorotibial joint (4). These sonograms were obtained with a 7.5-MHz sector-scanner transducer containing a builtin fluid offset at a displayed
depth of 6 cm,
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Figure 3-39

Sonograms of the normal long lateral collateral ligament (arrou's) of
the hock that reveal the homogeneous echogenic appearance and the
parallel fiber pattern of the long collateral ligament. These sonograms
were obtained from a 12-yvear-old Thoroughbred gelding with a wide-
bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz using
a hand-held standoff pad and a displayed depth of 4 cm. The focal
zones are in the near field of the images. The left side of the short-axis
view (right image) is caudal and the right side is cranjal. The left side
of the long-axis view (left image) is distal and the right side is proximal.

dle short medial collateral ligament is the distomedial
surface of the sustentaculum tali and the plantaromedial
surface of the central tarsal bone. The insertion of the
flat short deep medial collateral ligament is the tibial
tarsal bone.

The ‘dorsomedial aspect of the tarsocrural joint capsule
is situated close to the underlying trochlear ridges with
minimal synovial fluid present that might help delineate
this structure in the normal horse. The appearance of the
inner surface of the medial compartment of the equine
tarsocrural joint after the injection of 60 ml of physiologic
saline has been described.”® In this situation, the inner
surface of the joint capsule is covered by short pointed
villi that are most prominent in the middle region dorsal
to the trochlear ridges of the tibial tarsal bone. The villi
may appear to agglomerate proximally, dorsal to the dis-
tal end of the tibia, and may resemble a small villonodular
mass, whereas distally the synovial villi are longer and
have a more straggly appearance.”

Abnormal Structures
Tendon and Ligamen! “bnormalities

The most frequent | injured structure in most types of
performance horses is the superficial digital flexor ten-
don.'® > 2> The superficial digital flexor tendon in the
front leg is the most frequently injured tendon or liga-
ment in Thoroughbred racehorses, National Hunt horses
or other horses that race over fences, Standardbred race-
horses, Arabian racehorses, horses that compete in com-
bined training, and polo ponies. It is also a common
injury in fox hunters and show jumpers. The swelling
commonly seen along the plantar aspect of the hock,
usually referred to by laymen as a “curb,” most frequently

represents superficial digital flexor tendon injury if it is
the result of a tendinous or ligamentous injury.

The suspensory ligament is the second most frequently
injured structure in performance horses, and injury to it
occurs most frequently in Standardbred racehorses and
dressage horses.'® 1225 Suspensory ligament injuries also
occur in Thoroughbred racehorses, National Hunt horses
and other horses that race over fences, Arabian race-
horses, Quarter horse racehorses, horses that compete in
combined training, show jumpers, show hunters, fox
hunters, polo ponies, reining and cutting horses, and
endurance horses. Suspensory ligament injuries are part
of the often catastrophic breakdown injury (traumatic
disruption of the suspensory apparatus) that occurs in
Thoroughbred flat racers. Although more common in the
forelimb, suspensory ligament injuries also occur fre-
quently in the hind limb, especially in Standardbred race-
horses and dressage horses.

The inferior check ligament is the third most frequently
injured tendon or ligament in the foreleg and is an ex-
tremely rare injury in the hindlimb because this structure
is absent or is only a vestigial structure in the hindlimb
of most horses.'® 1> 25 Injuries to the inferior check liga-
ment are often noticed after a horse has been turned out
in the field, rather than during or after a competition,
although both occur. Inferior check ligament injuries
have been reported more frequently in ponies and older
horses that have been used for jumping.** > The deep
digital flexor tendon is the least frequently injured tendon
or ligament in the foreleg of performance horses, but
may be the second most common injury in the hind
leg of horses, particularly upper-level show jumpers and
dressage horses.'® 1% %

The best indication of damage to a tendon or ligament
is swelling of the affected structure, with less than 50%
of horses showing lameness at the time the injury occurs
or at the time of presentation to the veterinarian.'s
Heat and sensitivity in the affected tendon or ligament
are commonly detected. Although injury to the tendons
and ligaments can occur without local swelling, heat, or
sensitivity, a complete lameness examination with diag-
nostic nerve blocks should be performed initially if lame-
ness is the only historical or presenting sign of injury. An
ultrasonographic examination is only indicated in these
horses after the lameness is localized and radiographic
examination reveals no significant findings, because an
ultrasonographic examination in these horses is less likely
to yield abnormal findings.

A recent injury to the tendons or ligaments resulting
in fiber disruption most frequently appears as an an-
echoic hole or “core” in the affected tendon or ligament.
This core lesion can occur in any part of the tendon or
ligament but occurs most frequently in the center of the
affected tendon or ligament, especially the superficial
digital flexor tendon and suspensory ligament. A more
diffuse type of injury also occurs in which diffuse and
often intermittent disruption of fibers is seen throughout
the entire tendon or ligament, without a discrete area of
fiber damage. The total cross-sectional area of the affected
tendon or ligament may be enlarged with preservation of
fiber alignment consistent with a tendinitis or desmitis.
Knowledge of the normal tendon cross-sectional area at




each zone or comparison with the narmal contralateral
forelimb or hindlimb is useful in determining if a mild
tendinitis or desmitis is present. Measurement of tendon
or ligament cross-sectional area and the cross-sectional
area of the injury allows for calculation of the percentage
of tendon or ligament damage.'® These calculations are
essential for critical evaluation of tendon and ligament
injuries and their response to treatment.'®

The severity of tendon and ligament injuries has been
characterized based on the echogenicity of the lesion
into type 1 to 4 lesions.”” Type 1 lesions are slightly less
echogenic than normal and represent minimal disruption
of the fiber pattern and minimal inflammatory cell infil-
trate.'” These lesions are most consistent with a tendinitis
or desmitis with preservation of the normal fiber align-
ment. Type 2 lesions are half echogenic and half an-
echoic.”” These lesions represent fiber disruption and
local inflammation. Type 3 lesions are mostly anechoic
and represent significant fiber tearing.'> Type 4 lesions
are completely anechoic and indicate total fiber tearing
within the lesion and hematoma formation.”® These injury
types should be assigned to tendon and ligament injuries
based on the sonographic findings in both the transverse
and sagittal views. Organizing clot may appear isoechoic
with normal tendon or ligament tissue and thus can be
erroneously graded a type-1 injury. When imaged in the
sagittal view, however, no fibers are present within the
lesion—only organizing hemorrhage consistent with a
type 4 lesion. Assessment of fiber alignment has also
been used to grade the severity of tendon and ligament
injuries.?® % A fiber score of 0 is given when the fiber
alignment in the “target zone” or injury area has 76% to
100% parallel fibers.>® 3° When 51% to 75% of the “target
zone” has parallel fiber alignment, a score of 1 is assigned.
A fiber score of ‘2 refers to 26% to 50% parallel fiber
alignment in the “target” zone and a fiber score of 3
refers to 0% to 25% parallel fibers within the lesion.
In the beta-aminoproprionitrile fumarate (BAPN-F) trial,
echogenicity scores of 0 to 3 wer€ assigned similar to
the fiber alignment scores. An echogenicity score of 0
represents normal tendon echogenicity. An echogenicity
score of 1 represents a lesion that is mostly echogenic, a
score of 2 a lesion that is 50% anechoic and 50% echo-
genic, and a score of 3 a lesion that is mostly anechoic.

As the tendon or ligantent heals, its echogenicity in-
creases and short linear echoes are detected in the af-
fected tendon or ligament in the sagittal view. With con-
tinued tendon or ligament healing, longer linear echoes
are often detected in the repairing area with improved
alignment of these fibers. A decrease in the tendon or
ligament cross-sectional area at the maximal injury zone
and/or in the total cross-sectional area of the tendon or
ligament is an indication of tendon or ligament healing
and remodeling. A decrease in the amount of peritendi-
nous or periligamentous swelling should occur. Complete
resolution of this swelling may occur if all the inflamma-
tion has resolved in these tissues. The detection of echo-
genic peritendinous or periligamentous tissue is an indi-
cation of continued inflammation in the surrounding
subcutaneous tissues that may progress to fibrosis with
the development of adhesions between the tendons or
ligaments and the adjacent soft tissue structures. The
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ideal tendon or ligament repair is one in which the lesion
is no longer discretely visible sonographically because
the area of injury has filled in with tissue that is isoechoic
with that of the normal tendon or ligament, fiber align-
ment is normal (parallel) to near normal, and no evidence
exists of peritendinous or periligamentous scarring.

The use of diagnostic ultrasound to monitor the reha-
bilitation of injured tendons and ligaments is relatively
new. Much of this information has evolved from the
frequent sonographic monitoring of horses with tendon
and ligament injuries that were being treated in the re-
cent clinical trials evaluating the efficacy of BAPN-E3 3%
39,126,127 The majority of horses treated in these trials had
injuries to the superficial digital flexor tendon, but
injuries to the suspensory ligament, inferior check liga-
ment, deep digital flexor tendon, and superficial digital
flexor tendon in the pastern were also treated with SAPN-
F and monitored sonographically. Horses were monitored
ultrasonographically every month to 2 months with occa-
sional exceptions until they had returned to their prior
competition or had failed to do so. Total sonographic
monitoring periods extended for 2 and one-half years
or more whenever possible. Sonographic indications of
tendon or ligament healing and remodeling were an in-
crease in lesion echogenicity, an overall improvement in
fiber alignment within the abnormal portion of the ten-
don or ligament, a decrease in the cross-sectional area of
the lesion, and an overall decrease in the total cross-
sectional area of the tendon or ligament. Peritendinous
or periligamentous soft tissue swellmg resolved in the
majority of treated horses.

Superficial Digital Flexor Tendon Abnormalities.
Swelling of the tendon is the most common clinical sign
in horses with an injury of the superficial digital flexor
tendon.'® 2> Local heat and sensitivity are also commonly
detected, both at the time the injury is first noticed and,
to a somewhat lesser extent, at the time of referral to
a veterinary hospital for sonographic examination.' %
Lameness is not usually detected in most horses with
injuries to the superficial digital flexor tendon, unless the
injury to the tendon is severe. Lameness is more likely if
the injury to the superficial digital flexor tendon involves
the area of the tendon within the carpal canal or the
branches of the superficial digital flexor tendon at the
pastern. Sinking of the fetlock joint occurs with severe
injuries to the superficial digital flexor tendon causing
loss of support to the palmar aspect of the fetlock. Swell-
ing over the plantar aspect of the hock, typically referred
to as a “‘curb”’ by veterinarians and layman alike, is usually
the result of an injury to the superficial digital flexor
tendon in this region, rather than a plantar ligament
desmitis, if a tendon or ligament injury has occurred.
These swellings usually extend somewhat distal to the
hock, but are not usually associated with tendinitis involv-
ing the superficial digital flexor tendon in the mid-meta-
tarsal to distal metatarsal region. These areas of superficial
digital flexor tendinitis usually cause more of a cosmetic
problem than a functional problem.

The most minor injury to the superficial digital flexor
tendon is a decreased echogenicity of the tendon with
preservation of normal fiber alignment. The superficial
digital flexor tendinitis can be mild (Fig. 3-40), with little
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Figure 3-40

Sonograms of the right fore superficial digital flexor tendon, obtained
from a 2-year-old Thoroughbred filly with mild filling that developed
after a breeze. Notice the mild decrease in the echogenicity of the
superficial digital flexor tendon (SDF), which was imaged from 8 to 27
cm distal to the point of the accessory carpal bone. The fiber pattern
of the SDF is fairly well preserved but the fiber bundles are separated
by anechoic fluid. The cross-sectional area of the SDF is mildly in-
creased and measured 1.32 cm?®. This image was obtained at 23 cm
distal to the point of the accessory carpal bone (zone 3A). These
sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array
transducer operating at 10.0 MHz using a hand-held standoff pad at a
displayed depth of 4 cm. The focal zones are in the near field of the
images. The left side of the transverse view (right image) is medial
and the right side is lateral. The left side of the sagittal view (left
image) is distal and the right side is proximal. DDF, deep digital
flexor tendon.

or no enlargement of tendon cross-sectional area and
only a mild decrease in tendon echogenicity. With more
severe tendinitis, tendon cross-sectional area is signifi-
cantly increased with little or no sonographic evidence

Figure 3-42
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Figure 3-41

Sonograms of the left fore superficial digital flexor tendon (SDF), ob-
tained from a 2-year-old Thoroughbred gelding with significant tendini-
tis in the left foreleg. Notice the hypoechoic appearance of the enlarged
SDF and the separation of fiber bundles with some loss of their normal
parallel alignment in the more superficial (palmar) portion of the ten-
don. The cross-sectional area of the SDF measured 1.75 cm? at the
worst injury zone (13 c¢m distal to the point of the accessory carpal
bone or at the border between zones 1B and 2A), which is at least 50%
larger than normal. This-diffuse tendinitis was present from 0 to 28 cm
distal to the point of the accessory carpal bone. These sonograms were
obtained with a 7.5-MHz sector-scanner transducer containing a built-
in fluid offset at a displayed depth of 6 c¢cm. The right side of the
transverse view (left image) is lateral and the left side is medial. The
right side of the sagittal view (right image) is proximal and the left
side is distal. DDF, deep digital flexor tendon; ICL, inferior check
ligament; SL, suspensory ligament.

of fiber disruption (Fig. 3-41). This increase in tendon
cross-sectional area appears to occur with anechoic to
hypoechoic separation of fibers, usually representing
hemorrhage and/or serum or, more likely, an inflamma-
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Sonograms of a significant peritendinitis, obtained from an 8-year-old Thoroughbred gelding with acute onset of marked soft tissue swelling in the
left foreleg after a race. A mild tendinitis was visible from 7 to 23 cm distal to the point of the accessory carpal bone. These sonograms were
obtained with a 7.5-MHz sector-scanner transducer containing a built-in fluid standoff at 21 cm distal to the point of the accessory carpal bone (the
border between zones 2B and 3A) at a displayed depth of 6 cm. The left side of the transverse views (left images) is medial and the right side is
lateral. The left side of the sagittal views (right images) is distal and the right side is proximal. DDF, deep digital flexor tendon.

A, Notice the large amount of anechoic fluid surrounding the left fore superficial digital flexor (SDF) tendon with a relatively normal-appearing
SDF. A slight heterogeneity of the SDF occurs with small areas of slightly decreased echogenicity; but the SDF is normal in size and has a normal
fiber pattern, indicating a mild SDF tendinitis associated with a severe peritendinitis.

B, The cross-sectional area of the SDF at the point of the largest swelling is 1.06 ¢cm?, normial for a horse of this size and comparable to that in
the contralateral forelimb.




Fgure 3-43

Somograms of a very small acute central core lesion in the right fore
smperficial digital flexor tendon (SDF) of an 11-year-old Thoroughbred
amss gelding competing in advanced-level combined training. Notice
e small anechoic central core lesion (arrow) in the transverse view
wlert image) with loss of the normal fiber pattern imaged in the sagittal
e (right image). The tendon cross-sectional area at 17 ¢m (worst
mmary zone) distal to the point of the accessory carpal bone (border
fmerween zones 2A and 2B) is within normal limits (0.96 cm?) with the
brexst percentage of injury to the tendon (this level) being 9.4%. A
amld decrease in tendon echogenicity (tendinitis) was detected from 9
an 22 cm distal to the point of the accessory carpal bone, whereas the
e lesion was only visible for 4 cm (15 to 19 cm). This sonogram
was obtained with a 7.5-MHz sector-scanner transducer containing
a builirin fluid offset at a displayed depth of 6 cm. The right side
of the transverse view is lateral and the left side is medial. The right
safe of the sagittal view is proximal and the left side is distal. DDF,
deep digital flexor tendon; ICL, inferior check ligament; SL, suspen-
sowy higament.
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tory cell infiltrate. This type of superficial digital flexor
tendinitis can occur after blistering the leg, and, in some
instances, tendon cross-sectional area remains increased
and echogenicity decreased consistent with persistent
active tendinitis. A peritendinous fluid accumulation with
only mild tendinitis or no sonographic evidence of ten-
don fiber injury is consistent with a ‘‘bandage bow”’ (Fig.
3-42). In these horses, a large amount of peritendinous
fluid accumulates around the superficial digital flexor
tendon, causing a ‘‘peritendinitis’”’ with a normal or near-
normal superficial digital flexor tendon. Many horses with
a “bandage bow” have sonographic evidence of a mild
superficial digital flexor tendinitis. In young Thorough-
breds in race training, two of six horses developed clini-
cal tendinitis in the left fore superficial digital flexor
tendon at the location having the highest clinical fre-
quency of tendinitis: the mid-metacarpal region (zones
2A, 2B, and 3A).7%77 One of these affected horses had a
greater than average increase in tendon cross-sectional
area and a greater than average decrease in mean echo-
genicity in the mid-metacarpal region associated with
clinical superficial digital flexor tendinitis.”® 77

Injuries to the superficial digital flexor tendon in the
foreleg are usually most severe in the mid-metacarpal
region, in zone 2A, 2B, or 3A (Figs. 3-43 and 3-44).
“Low bows,” injuries to the superficial digital flexor ten-
don in the distal metacarpal region, are next most
common (Fig. 3-45). These injuries often appear to be
constricted by the annular ligament of the metacarpopha-
langeal joint. Low bows can extend down into the pas-
tern and involve the distal portion, of the superficial

Fagare 344

samoerams of a large central core lesion (large arrows) in the superficial digital flexor tendon (SDF) of the left foreleg of a 3-year-old Thoroughbred
@i This hypoechoic core lesion was imaged from 10 to 28 cm distal to the point of the accessory carpal bone with a diffuse tendinitis imaged in
e adkacent portion of the SDF from 4 to 20 cm. Peritendinous anechoic fluid is also imaged around the palmar, lateral, and medial borders of the
¥ These sonograms were obtained at 24 cm (zone 3A) with a wide-bandwidth 7.5-MHz linear-array transducer operating at 7.5 MHz using a
Iemi-bvedd standoff pad at a displayed depth of 5 cm. The focal zones are in the near field of the images. The right side of the transverse views (left
semzges) = lateral and the left side is medial. The right side of the sagittal views (right images) is proximal and the left side is distal. DDF, deep

adigrrai Sexor tendon.

4 Nooce the enlarged SDF containing the central core lesion. Notice the echogenic appearance of most of the core lesion, which represents
mmgmarrzmg clot. differentiated from normal to near normal tendon by the lack of fibers imaged in the sagittal view in the area of the echogenic
amre The echogenic clot is surrounded by a hypoechoic rim, the outer edge of the core lesion.

& The SDF is enlarged and the core lesion involves 40% of the tendon’s cross-sectional area (0.61 cm?/1.52 cm?).
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Figure 3-45

Sonograms of a S-year-old Standardbred stallion with a severe “low
bow” in the left fore superficial digital flexor tendon (SDF). Notice the
discrete anechoic dorsal and lateral core lesion (arrow) surrounded by
a hypoechoic area and the surrounding tendinitis in the transverse view
deft image). Notice in the sagittal view (right image) the lack of
recognizable fibers (arrows) in all but the proximal palmar portion of
the tendon. Peritendinous anechoic fluid is also imaged around the
palmar, medial, and lateral borders of the SDF. This lesion was imaged
from 10 to 31 cm distal to the point of the accessory carpal bone with
the most severe injury in the distal tendon region at 24 cm (zone
3A). These sonograms were obtained with a 7.5-MHz sector-scanner
transducer containing a built-in fluid offset at a displayed depth of 6
cm. The right side of the transverse view is lateral and the left side is
medial. The right side of the sagittal view is proximal and the left side
is distal. DDF, deep digital flexor tendon; SL, suspensory ligament.

digital flexor tendon and its branches (Fig. 3-46). Horses
with injuries to the superficial digital flexor tendon that
are detected in the distal metacarpal region should have
the entire pastern scanned to evaluate the distal portion
of the superficial digital flexor tendon and its branches
for injury at these levels. Superficial digital flexor tendon
injuries may also extend proximally into the carpal tunnel
(canal) region and may begin at the musculotendinous
junction of the superficial digital flexor tendon along the
medial aspect of the distal radius (Fig. 3-47). These
injuries are most common in jumpers, particularly those
competing at the upper levels. Horses with injury to the
superficial digital flexor tendon detected ultrasonographi-
cally in the most proximal portion of the metacarpal
region (zone 1A) should have the superficial digital flexor
tendon scanned proximally to the musculotendinous
junction to evaluate this area for injury. Occasionally,
affected horses may have involvement of the superficial
digital flexor muscle and/or concurrent fasciitis or myosi-
tis. In the hind leg, the most common area of injury to
the superficial digital flexor tendon is along the plantar
aspect of the hock (Fig. 3-48), a common site for the
curblike swelling; and in the proximal metatarsus, zones
1A, 1B, and 2A.

The most common superficial digital flexor tendon
injury is a central core lesion (see Figs. 3-43 and 3-44),
which appears as a central black hole in an otherwise
echogenic tendon. These core injuries may be very small,
with little enlargement of the tendon cross-sectional area
at the site of the injury (see Fig. 3-43), or large, involving
40% or more of the tendon’s cross-sectional area at the

worst injury level (see Fig. 3-44). Lateral core lesions in
the superficial digital flexor tendon are most common in
Standardbred racehorses, but also occur in other types of
competition horses (Fig. 3-49). The other horses that
characteristically have an injury to the lateral portion of
the superficial digital flexor tendon are the jumpers, with
the area of fiber tearing involving primarily the lateral
aspect of the superficial digital flexor tendon in the re-
gion of the carpal canal (see Fig. 3-47). Medial injuries
to the superficial digital flexor tendon are more common
than lateral injuries in most types of competition horses
other than Standardbred racehorses (Fig. 3-50).

Before the use of ultrasonography, dorsal core lesions
(Fig. 3-51) were often mistaken for injuries to the deep
digital flexor tendon. The superficial digital flexor tendon,
with injuries in the dorsal portion of the tendon, swells
in a lateral to medial direction rather than bowing in the
palmar direction as do most bowed tendons. This leads
to swelling and sensitivity immediately adjacent to the
palmar margin of the deep digital flexor tendon, mimick-
ing a deep digital flexor tendon lesion.

Palmar lesions (Fig. 3-52) are the most likely injury to
be caused by some type of external trauma, such as
interference. Diffuse injuries (Fig. 3-53) to the superficial
digital flexor tendons also occur and may be more diffi-
cult to diagnose if image quality is poor, because no
discrete anechoic core lesion is evident. Splits in the
superficial digital flexor tendon are also uncommon and
appear similar to a longitudinal cut, or defect, in the
tendon (Fig. 3-54).

The portion of the superficial digital flexor tendon
around the discrete area of injury should be carefully
evaluated for secondary injury or tendinitis (Fig. 3-55)
adjacent to the discrete core lesion. Multiple areas of
fiber tearing occur infrequently in horses with injuries to
the superficial digital flexor tendon. With severe injuries
to the superficial digital flexor tendon, the tendon swells
around the medial and lateral margins of the deep digital
flexor tendon. Large amounts of peritendinous soft tissue
swelling are also common in horses with significant areas
of fiber tearing in the superficial digital flexor tendon in
the acute stage of the injury. Lacerations of the superficial
digital flexor tendon may result in partial (Fig. 3-56) or
complete (Fig. 3-57) disruption of the superficial digital
flexor tendon. Complete ruptures of the superficial digital
flexor tendon (Fig. 3-58) with loss of support to the
metacarpophalangeal joint can also occur in horses in
competition. Severe injury to the superficial digital flexor
tendon should be recognized when the tendon has
slipped to the medial aspect of the limb (Fig. 3-59).

Organized clot has an echogenicity similar to that of
normal tendon or ligament fibers and can be mistakenly
interpreted as normal or near-normal tendon if the sagittal
view of the tendon is omitted. The differentiation be-
tween organized clot and normal tendon is easily made
on the sagittal view, with the clot having an amorphous
appearance, whereas the longitudinal fiber pattern is im-
aged in the normal tendon (Figs. 3-46, 3-58, and 3-60).
A close association exists between the ultrasonographic
and histopathologic appearance of lesions in horses with
superficial digital flexor tendon injuries. Acute tears are
characterized by a hypoechoic to anechoic region in the

Text continued on page 87
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Figure 3-46 )

Sonograms of a rupture of the left fore superficial digital flexor tendon (SDF) that extends into the proximal pastern, obtained from a 5-year-old
Standardbred stallion. These sonograms were obtained with a wide-bandwidth 7.5-MHz linear-array transducer operating at 7.5 MHz using a hand-
held standoff pad at a displayed depth of 5 cm in the distal metacarpal region (4) and 4 c¢m in the pastern (B and C). The focal zones are in the
near field of the images. The left side of the sagittal views (left images) is distal and the right side is proximal. DDF, deep digital flexor tendon.

A, This injury extended from ¢ to 32 c¢m distal to the point of the accessory carpal bone in the metacarpal region. The worst injury zone in the
distal metacarpal region was at 27 cm (zone 3B), where the tendon was enlarged to three times normal size (3.14 cm?) and was very hypoechoic
and completely lacking in tendon fibers. The left side of the transverse view (right image) is medial and the right side is lateral.

B, In the mid-pastern (zone P1B), the lateral branch of the SDF was completely ruptured. The free edge of the proximal portion of the lateral
SDF branch (arrow) was imaged adjacent to anechoic fluid in the sagittal image (Zeft image). The hypoechoic dorsal margin (horizontal arrow)
of the ruptured lateral SDF branch (right image) was the proximal extent of the area of fiber rupture. Notice that the teardrop shape of the lateral
SDF branch is still preserved, although the cross-sectional area of the branch is enlarged (right image). The left side of the transverse view (right
image) is palmar and the right side is dorsal.

C, A small area of fiber damage is visible in the medial SDF branch in zone P1A as well, which appears as a small anechoic core (diagonal
arrow) in the transverse view (right image) and as a split in the sagittal view (vertical arrow). The left side of the transverse view (right image)
is dorsal and the right side is palmar,



82 Chaprer 3 + Musculoskeletal Ultrasonography

Figure 3-47

Sonograms of an area of fiber tearing in the proximal and lateral portion
of the left fore superficial digital flexor tendon (SDF) of a 12-year-old
Holsteiner gelding competing as a Grand Prix jumper. Notice the anechoic
dorsal and lateral margin (arrows) of the proximal portion of the SDF.
This lesion began at the musculotendinous junction and extended distally
to 29 c¢m distal to the point of the accessory carpal bone. These sonograms
were obtained at 8 cm (zone 1A) with a 7.5-MHz sector-scanner transducer
containing a builtin fluid offset at a displayed depth of 6 cm. The right
side of the transverse view (left image) is lateral and the left side is medial.
The right side of the sagittal view (right image) is proximal and the left
side is distal.

Figure 3-48

Sonograms of superficial digital flexor (SDF) tendinitis in the left hindleg of
a 2-year-old Thoroughbred gelding. Notice the increased cross-sectional area
of the SDF, the decrease in tendon echogenicity, and the slight separation
of tendon fibers. The change in fiber alignment imaged on the sagittal view
(right image) involves the plantar half of the SDF and corresponds to the
hypoechoic area imaged in the transverse view (feft image). The SDF tendini-
tis was imaged from 16 to 38 cm distal to the point of the hock. These
sonograms were obtained at 30 cm (zone 3A) with a 7.5-MHz sector-scanner
transducer containing a‘built-in fluid offset at a displayed depth of 6 cm. The
right side «of the transverse view is lateral and the left side is medial. The
right side of the sagittal view is proximal and the left side is distal. DDF, deep
digital flexor tendon; ICL, inferior check ligament; SL, suspensory ligament,
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Figure 3-49

Sonograms of a discrete area of fiber tearing, obtained from a 5-year-old Arabian stallion with a lateral core lesion (arrows) in the left fore superficial
digital flexor tendon (SDF). The lateral core lesion was imaged from 15 to 22 c¢m distal to the point of the accessory carpal bone. A mild tendinitis
was visible in the SDF from 9 to 26 cm. These sonograms were obtained with a 7.5-MHz sector-scanner transducer containing a built-in fluid offset
at a displayed depth of 6 cm. DDF, deep digital flexor tendon; ICL, inferior check ligament; SL, suspensory ligament.

A, Notice the anechoic lesion in the lateral aspect of the SDF in the transverse (left) and sagittal (right) images. The area of fiber disruption
actually involved 38% of the tendon’s cross-sectional area (0.47 cm?/1.25 cm?) at its largest point (17 cm—Dborder between zones 2A and 2B). The
right side of the transverse view is lateral and the left side is medial. The right side of the sagittal view is proximal and the left side is distal.

B, To better image the lateral area of fiber damage (arrow) seen in the standard palmar transverse image, the transducer was placed over the
lateral aspect of the limb to yield a transverse view of the core lesion from the lateral side (right émage). The right side of the palmar transverse
view (left image) is lateral and the left side is medial. The right side of the lateral transverse view (¥ight image) is dorsal and the left side is palmar.
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Figure 3-50
Sonogram of a palmar and medial area of fiber damage in the right fore superficial digital flexor tendon (SDF) of a 3-year-old Thoroughbred filly.
The discrete area of fiber tearing (arrows) was imaged from 11 to 25 cm distal to the point of the accessory carpal bone and was most severe in
zone 2B at 18 cm. Notice the significant decrease in tendon echogenicity in the adjacent tendon, lateral to the discrete area of fiber tearing
associated with significant tendinitis. These sonograms were obtained with a 7.5-MHz sector-scanner transducer containing a built-in fluid standoff
at a displayed depth of 6 cm. DDF, deep digital flexor tendon; ICL, inferior check ligament; SL, suspensory ligament; MC3, third metacarpal bone.
A, Notice the relatively small area of fiber damage appreciated in the palmar sagittal view with the transducer placed in the center of the tendon.
The right side of the transverse view (left image) is lateral and the left side is medial. The right side of the sagittal view (7ight image) is proximal
and the left side is distal.
B, With the transducer placed on the medial aspect of the limb, the area of fiber disruption appears much larger (arrows) because the sagittal
scan is now through the largest area of fiber damage. The right side of the transverse view (left image) is dorsal and the left side is palmar. The
right side of the sagittal view (right image) is proximal and the left side is distal.
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Figure 3-51

Sonograms of the left fore superficial digital flexor tendon (SDF) with a large dorsal and somewhat medial core lesion, obtained from a 3-year-old
Thoroughbred gelding. The core lesion was imaged from 4 to 18 cm distal to the point of the accessory carpal bone with this lesion imaged at 12
cm (zone 1B). A mild diffuse tendinitis was imaged in the SDF from 3 to 26 cm distal to the point of the accessory carpal bone. These sonograms
were obtained with a 7.5-MHz sector-scanner transducer containing a builtin fluid offset at a displayed depth of 6 cm, The right side of the
transverse views (left images) is lateral and the left side is medial. The right side of the sagittal views (vight images) is proximal and the left side
is distal. DDF, deep digital flexor tendon; ICL, inferior check ligament; SL, suspensory ligament.

A, Notice the large anechoic core lesion (arrows) in the dorsal portion of the SDF and the normal palmar portion of the SDF. This tendon
was swollen in a medial to lateral direction rather than creating a palmar bowing of the SDF. Notice the near-normal echogenicity of the
surrounding tendon.

B, Notice that 42% of the tendon’s cross-sectional area (0.72 ¢cm?/1.72 cm?) is damaged at this point, the worst injury zone.
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Figure 3-52

Sonograms of an area of damage on the palmar aspect of the right fore
superficial digital flexor tendon (SDF) of an aged Thoroughbred polo
pony mare. This area of hypoechogenicity and loss of the normal fiber
pattern (arrows) extended from 8 to 27 cm distal to the point of the
accessory carpal bone along the most superficial (palmar) portion of
the tendon. The injury was worst in zone 3A at 24 cm, where the
tendon cross-sectional area measured 1.11 cm? and the palmar hypo-
echoic area measured 0.51 c¢cm?. Superficial trauma to this region could
possibly create this type of injury. These sonograms were obtained
with a wide-bandwidth 7.5-MHz linear-array transducer operating at
10.0 MHz using a hand-held standoff pad at a displayed depth of 4 cm.
The focal zones are in the near field of the images. The right side of
the transverse view (right image) is lateral and the left side is medial.
The right side of the sagittal view (left image) is proximal and the left
side is distal. DDF, deep digital flexor tendon.,
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Figure 3-53

Figure 3-54

Sonograms of a linear area of fiber tearing or split in the left fore
superficial digital flexor tendon (SDF) of a 17-year-old Thoroughbred/
Quarter horse cross gelding. Notice the recent anechoic linear split
(arrows) extending from palmar and medial to dorsal through the SDF
in the transverse view (left image). Notice the fiber disruption (arrows)
in the sagittal view (right image) in the superficial portion of the SDF
in this medial sagittal plane. This superficial digital flexor tendinitis was
imaged from 0 to 24 cm distal to the point of the accessory carpal
bone. This split in the SDF was best imaged at 3 cm, in the carpal canal
region above zone 1A. These sonograms were obtained with 4 7.5-MHz
sector-scanner transducer containing a built-in fluid offset at a displayed
depth of 6 cm. The right side of the transverse image is lateral and the
left side is medial. The right side of the sagittal image is proximal and
the left side is distal.

Sonograms of a severe diffuse superficial digital flexor (SDF) tendinitis in the right foreleg of a 3-year-old Thoroughbred gelding. Diffuse tendinitis
was imaged from 0 to 30 cm distal to the point of the accessory carpal bone. These sonograms were obtained at 13 ¢cm (the border between zones
1B and 2A) with a wide-bandwidth 7.5-MHz linear-array transducer operating at 10.0 MHz using a hand-held standoff pad at a displayed depth of 5
cm. The focal zones are in the near field of the images. The right si