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The principles of musculoskeletal medicine have been established centuries
ago, and serve us well. The ‘look, feel move’ paradigm is engrained in
our psyche. It allows us to be efficient and effective, and guides accurate
diagnosis and appropriate management. Nevertheless, to be accurate and
effective, at times we need to extend the reach of our senses, and make sure
that we have more objective elements to formulate a diagnosis, and to
objectively assess whether our proposed management is working.

Ultrasonography has come to the forefront in the last few years: it is
non-invasive, it is widely available, it has reached a level of image quality and
a sophistication in techniques that allows a resolution of less that 2 mm, and
it is relatively cheap. It has been criticised for being operator-dependent.
This is partially true, but standardisation of imaging techniques and of
reporting styles minimizes this latter concern. Health care professionals need
to be trained in ultrasonography: it requires time, and to become experienced,
errors have to be made, and cherished. Therefore, Drs. Silvestri, Muda, and
Orlandi should be congratulated for several reasons: they have had
the foresight of putting together a text which can be used as baseline for
reference and teaching; they have succeeded in recruiting a whole series of
authors who are at the forefront in this field; and, last but not least, they have
produced for themselves perpetual work: advances in this field will require
themselves and their authors to continue to update their knowledge, and put
it forward to the readers.

I expect that my own copy will be well thumbed: one never ends learning
in our field, and Ultrasound Anatomy of Lower Limb Muscles: A Practical
Guide makes it topical and pleasant.

Enjoy it!

London, UK N. Maffulli
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Partl

Basic Principles of Muscles Ultrasound



Silvia Perugin Bernardi, Alice Arcidiacono,

and Enzo Silvestri

Ultrasonography (US) is a well-established
tomographic technique capable of providing a
real-time representation of each human body
structure, including moving structures.

US clinical applications are continuously
increasing thanks to its high sensitivity and image
resolution, quickness, safety, portability and
cost-effectiveness.

In the past decade, US become the referential
imaging modality in the first-level study of
the soft-tissue components of the musculoskeletal
system. Recent technological innovations
improved image quality, reducing artefacts, and
made possible the precise and accurate evaluation
of almost all soft-tissue structures. Rapid advances
in transducer technology (broadband and high-
definition probes), development of tissue har-
monic imaging (THI) systems, new dedicated
software and reconstruction algorithms (com-
pound imaging, steering-based imaging, extended
field-of-view imaging, three-dimensional imag-

S. Perugin Bernardi * A. Arcidiacono
Dipartimento di Radiologia,

Universita degli studi di Genova, Genoa, Italy
e-mail: silvia.perugin @gmail.com;
alice.arcidiacono @hotmail.com

E. Silvestri (<))

Struttura Complessa di Diagnostica per Immagini ed
Ecografia Interventistica, Ospedale Evangelico
Internazionale, Genoa, Italy

e-mail: silvi.enzo@gmail.com

ing, sonoelastography), together with the possi-
bility of a dynamic analysis of tendinous and
muscular structures, resulted in increased diag-
nostic performances and opened new field of
applications in the musculoskeletal area of
interest.

In particular, the extended field-of-view
imaging has overcome one of the main disadvan-
tages of linear-array probes: the limited exten-
sion of the field-of-view (FOV often <4 cm
wide) in imaging the soft tissues of the musculo-
skeletal system. With these transducers, display-
ing the full extent of a lesion and showing its
relationship with adjacent anatomical structures
on a single image may be problematic: this cre-
ates inadequate reproduction of the full lesion
with consequent difficulties for colleagues when
reading the US images. Extended field-of-view
technology uses specific image registration anal-
ysis to track probe motion and reconstruct a
large composite image during real-time scan-
ning over long distances and curved body sur-
faces without using external positional devices.
After selecting a scanning plane of interest, the
examiner slides the linear probe along the skin
surface in the direction of the scan plane while
monitoring the image on the screen. During lat-
eral probe motion, there is an advancing real-
time portion of the image and a static portion,
which displays what has been scanned. Especially
in the evaluation of the musculoskeletal system,

E. Silvestri et al., Ultrasound Anatomy of Lower Limb Muscles: A Practical Guide, 3
DOI 10.1007/978-3-319-09480-9_1, © Springer International Publishing Switzerland 2015
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extended field-of-view technique is an important
diagnostic tool because it provides a panoramic
representation of a lot of abnormalities such as
large fluid collections, muscle injuries and
tumours, in association with the appropriate
landmarks (joints, tendons and muscles) which
may even be remote from the structure of
interest.

In addition, it is important to highlight that US
imaging has acquired a central role, not only in
diagnostic phase, but also as an important guide
for therapeutic manoeuvres such as biopsies of
soft-tissue masses (avoiding nerves and vessels),
articular and periarticular infiltrative procedures,
drainage of fluid collections and muscular
haematomas.

As US examination is relatively operator
dependent, it presumes a good knowledge of
the physical principles on which it bases on
and the technical properties of the available
equipment.

1.1 Ultrasound Wave Properties
Ultrasonography is based on the use of acous-
tic waves belong to the ultrasounds band.
Ultrasounds are sounds possessing high frequen-
cies, considerably higher than the human hearing
range (>20 kHz).

Rarefaction

S. Perugin Bernardi et al.

Focus On

Sound waves are mechanical pressure
waves, produced by a disturbance source,
that induce vibration of the particles of the
material. Each particle swings, moving
small distances from its rest position, so the
vibrational energy is propagated from par-
ticle to particle as a wave travelling through
the medium. On the basis of their relation-
ship to the propagation direction of energy,
sound waves are classified as being longi-
tudinal or transverse waves, if the particles
vibrate in the same direction or perpendic-
ular to the propagation, respectively.
Longitudinal waves are typically observed
in soft tissues and liquids; the compact
bone is the only tissue capable of support-
ing transverse sound waves.

Ultrasound waves propagate in the human
body thanks to the elastic forces existing between
the adjacent molecules of the encountered struc-
tures, as compression and rarefaction bands
(Fig.1.1).

It is important to know the parameters charac-
terizing an ultrasound wave: amplitude, fre-
quency, wavelength, period, velocity, power and
intensity (Table 1.1).

Compression

Fig. 1.1 The graphic
demonstrates the oscillatory
behaviour of the ultrasound
waves propagating in tissues

Period

apnydwy

= Wavelength =
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Table 1.1 Main parameters that characterize an ultrasound wave

Amplitude (A)
Frequency (Y)

The maximum pressure value reached during the compression phase
The number of cycles per unit of time (complete oscillations that each particle undergoes each

second). Frequencies employed in diagnostic ultrasonography range from 1.5 to 20 MHz and
sometimes higher. The high frequency of ultrasound waves is correlated to a very low wavelength;
this properties guarantee the production of thin beam, well collimated, with a small divergence

Wavelength (1)

The spatial interval in which each oscillatory phenomenon is reproduced. It is inversely

proportional to frequency and influences the spatial resolution of the US image: the smaller the
wavelength (corresponding to high frequency), the higher the spatial resolution; the greater the
wavelength (corresponding to low frequency), the lower the spatial resolution

Period (T)
Velocity (v)

The time interval in which each oscillatory phenomenon is reproduced
Depends on the physical properties of the propagation medium. It varies in relation with tissue

elasticity and density. Acoustic velocity is greater in rigid or less compressible materials, such as
the bone and metals, lower in air, water and soft tissues. The mean velocity in soft tissue
(excluding the bone and air) is 1,540 m/s, the reference value used by manufacturers in the
calibration of internal distance measurements

Power (P)
Intensity (I)

The total amount of energy passing through a surface per unit time (Watts)
The strength of an ultrasound wave; it is the energy per unit area per unit time (Watts per square

centimetre). Intensity changes depending on the width of the ultrasound beam; in focused beams,
it is the greatest at the focus where the beam width is the narrowest

Interactions Between US
and Anatomical Structures

1.2

In ultrasonography, high-frequency sound waves
are generated and transmitted through the body
by a transducer. When the US beam runs into a
tissue target, some of its energy is reflected back
to the transducer as a returning echo, and some is
deflected and continues its propagation into tis-
sues. The transducer is responsible for both the
production of the US beam and the detection of
the returning echoes; it behave as an antenna that
converts electrical pulses into the transmitted
sound waves and receives the reflected and scat-
tered ultrasound waves, converting them back
into electrical signals, and then encoded into
images.

Travelling through the body, a sound wave is
subjected to varying phenomena that contribute
to US image formation: attenuation, absorption,
reflection, diffusion, refraction and divergence.

Attenuation: it is the continuous loss of acous-
tic energy (intensity) that the US beam undergoes
running into tissues. It is usually expressed in
units of decibels per centimetre and correlated to
the US frequency (MHz) and the distance trav-
elled (cm): the higher the frequency and the dis-
tance, the greater the attenuation. For this reason,

although high-frequency US allow a better image
resolution, the US beam is more attenuated. This
fact has an important practical implication: high-
frequency linear-array probes (7-13 MHz) are
used for the study of superficial structures (ten-
dons, muscles, ligaments); low-frequency
curved-array probes (2.5-5 MHz) are utilized for
deep organs evaluation. The main causes of
attenuation are absorption, reflection, refraction,
diffusion and divergence.

Absorption: it is the greatest cause of attenua-
tion. The acoustic energy is transferred from the
US beam to tissues and transformed into heat.
The amount of absorption depends on US beam
frequency and intrinsic characteristics of the
medium (low in liquids, intermediate in soft tis-
sues, high in bones and air).

Reflection: whenever the US beam encounters
an interface between two materials with different
acoustic impedance, some of the energy is
reflected (reflection), and the remainder is trans-
mitted deviated through the interface (refraction)
(Fig. 1.2). The direction of the reflected wave
(returning echo) depends on the orientation of
sound wave relative to the surface: the angle of
reflection equals the angle of incidence. The
amplitude of the echo is directly correlated to (a)
the orientation of the US beam to the reflecting



Fig. 1.2 Scheme of the
physical phenomena
contributing to US image
formation

Incident
wave

—

surface (reflection is the greatest when the US
beam is perpendicular to the surface (angle of
incidence=zero), so producing the strongest
detected echoes in clinical sonograms (specular
reflection)) and (b) the relative difference in
acoustic impedance between the tissues on either
side of the interface (acoustic impedance is an
intrinsic property of tissues which expresses their
resistance to the passage of the US beam
(expressed in units of Rayls=kilograms per
square metre per second)). The greater the differ-
ence in acoustic impedance between two materi-
als, the stronger will be the intensity of the
returning echo. Reflection can be either specular
or diffuse, depending on the interface characteris-
tics. When the interface is represented by a wide,
smooth and homogeneous surface (diaphragm,
vessel wall), the reflection is specular or mirror-
like; when the interface shows a small, irregular
and rough surface (parenchymal organs), the
reflected wave will be diffuse.

Diffusion: it is the scattering of the reflected
US beam in all directions (Fig. 1.2). It is typical
of the parenchymal tissues, in which sound is
scattered by the many cell and tissue elements
that function as multiple interfaces.

Refraction: It is the deviation of the transmit-
ted beam from the incident beam direction. It
increases as the angle of incidence is not perpen-
dicular to the surface.

S. Perugin Bernardi et al.

Reflected
wave

Interface
Refracted
wave
Attenuated
wave

Divergence: if the US beam is not focused, it
tends to diverge distally with consequent reduc-
tion of the depth resolution.

1.3  Images Formation
Ultrasonographic images are obtained with a
pulse-echo type of measurement.

The transducer is an essential element of US
equipments. It is composed by a number of
assembled crystals that are excited by electrical
pulses (reverse piezoelectric effect — applying an
electric field to crystals causes their mechanical
oscillations). Based on the pulse-echo principle
occurring with piezoelectric crystals, US trans-
ducers convert electricity (electrical energy) into
sound (mechanical energy).

The US waves, sent from the transducer, prop-
agate through tissues and then return reflected as
echoes to the transducer. Those returning echoes
are then converted back into electrical pulses by
the transducer crystals (piezoelectric effect — con-
verts mechanical energy, due to crystal deforma-
tion, into electrical energy) and are further
processed in order to form the ultrasound image
presented on the screen.

The US beam is considered a combination of
multiple thin beams produced by each crystal
assembled in the transducer, with a linear or
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curved disposition. Currently, transducers

contain a range of ultrasound frequencies (band-

width) instead of a single fundamental frequency.

The generation of US images requires a com-
plicated acquisition and display of ultrasound
pulse-echo data. The broadband transducer gen-
erates a sequential series of focused beams all in
the same plane (scan plane). Each set of target
data from a single pulse transmission is placed in
the image, as acquired along a line. All tissues in
the scan plane are interrogated by these beams,
and each real-time image frame is composed of a
set of parallel or sector lines representing the
positions of the interrogating beams in the
patient. Computer algorithms are used to fill in
between the image lines so that the image appears
continuous.

When the transmitted US pulse encounters
internal tissue targets, part of its energy is
deflected (reflected or scattered) back to the
transducer (the echo). Because pulse-echo imag-
ing techniques employ the same transducer for
both sending and receiving US pulses, only
echoes travelling in the direction of the trans-
ducer have any chance of being detected.

The main pulse-echo parameters used in the for-
mation of images include echo amplitude and tar-
get spatial position. Echo amplitude is encoded into
shades of grey (greyscale imaging), with the lighter
shades representing higher amplitude echoes.

The depth of the target along the direction of
the beam is accurately calculated from a pulse
time-of-flight measurement. Assuming US prop-
agation velocity is fairly constant from tissue to
tissue (1,540 m/s), the time between beam trans-
mission and echo reception is used to determine
the exact internal spatial location of all tissue
targets.

Two important parameters representing image
quality are as follows:

Spatial resolution refers to the capability to dis-
tinguish two adjacent points, along the axis of
the beam (axial resolution) or in a plane per-
pendicular to the axis of the beam (lateral
resolution).

Temporal resolution represents the capability of
the US equipment to show anatomical struc-
tures in real time. It is related with the pulse
repetition frequency (PRF) and with the frame
(number of encoded images per unit time).

Visualization Systems

e Amplitude mode (A-mode): it is the simplest
form of display. It is a diagram in which echo
amplitude is shown according to tissue depth
(echo time of flight).

e Time-motion mode (TM-mode): echoes
returning from moving structures are dis-
played depending on the time. It is used in car-
diac US evaluation.

* Brightness mode (B-mode): it is a greyscale
tomographic imaging.

1.4  Artefacts

Image artefacts (errors in image display) are
common in clinical ultrasonography and can
cause confusion for the interpreting physician.
Some artefacts occur secondary to improper
scanning technique; others are unavoidable
because they are correlated to the physical char-
acteristic of the US beam.

A detailed description of US artefacts lies out-
side the aim of our handbook. However, the
knowledge of artefacts often encountered in US
soft-tissue evaluation is essential to improve
diagnostic performance.

Anisotropy is the intrinsic property of some
anatomical structures to modify their reflecting
capability in respect to the US beam angle of
incidence. If the US beam not perpendicularly
encounters linear structures, such as muscles,
tendons and ligaments, the reflection is not spec-
ular so the returning echoes have low intensity:
the structure wrongly appears more hypoechoic
(the artefact results with a loss of echogenicity in
structure) (Fig. 1.3). The ability to recognize and
correct anisotropy artefacts is important for
image quality improvement and optimal
patient care.
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Fig. 1.3 US longitudinal scan of the distal insertion of  simulating a focal lesion (*). (b) The correct insonation of
the Achilles tendon onto the calcaneus. (a) With the US  the tendon, with the US beam perpendicular to it, allows
beam obliquely oriented, the tendon loses its echogenicity  to appreciate its normal fibrillar hyperechoic echotexture

Fig. 1.4 (a) Linear-array probe (5-12 MHz). (b) Convex-array probe (2-5 MHz)

1.5 US Equipment: Hands On examination in order to improve image quality
and diagnostic performances.
Good technical skills are essential in order to 1. Probe selection: high-frequency linear-array

extract the maximum amount of information that probes, operating with frequencies of 10 MHz
can be obtained with the equipment while or more, are mandatory for a precise evaluation
avoiding the numerous pitfalls and artefacts of of the soft tissues of the musculoskeletal sys-
US imaging modality. Some important parame- tem (Fig. 1.4). The main properties of broad-

ters can be adjusted before and during US band transducers are summarized in Table 1.2.
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Table 1.2 Different features of US transducers

Linear-array ~ Curved-array

transducer transducer

Bandwidth (MHz) 7-13 2.5-5

US beam attenuation 1 |

US beam penetration | 1

in depth

Clinical application  Superficial Deep organs
tissues

Image resolution 1 spatial | spatial
resolution resolution
Tdefinition

. US beam focusing: it determines the number
and pattern of focal zones (zone in which the
width and thickness of the US beam is reduced
in order to increase contrast and spatial resolu-
tion). The focal depth can be changed dynami-
cally during the examination.

. Gain adjustment: it optimizes echoes intensity
at different levels of depth.

. Zoom: it better visualizes small and thin

structures.

. Dynamic range adjustment: it sets the contrast

resolution. High values of the dynamic range
allow for the visualization of very low-
intensity echoes, reducing the contrast resolu-
tion; so the dynamic range must be reduced in
order to enhance the contrast resolution.

Different features of US transducers are pre-

sented in Table 1.2.

Suggested Reading
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artifacts. RadioGraphics 29:1179-1189
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skeletal system. Springer, New York

Ziskin MC (1993) Fundamental physics of ultrasound

and its propagation in tissue. Radiographics 13:
705-709
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2.1 Doppler Imaging because the source (red cells) moves relative
to the given receiver (probe). The change of
Doppler imaging is an established ultrasono- frequency detected between the transmitted
graphic method employed for the accurate non- and the received US frequency is named
invasive evaluation of the blood flow. As the “Doppler shift”. The received US frequency
name implies, US Doppler technique uses the would be higher if the direction is towards the
Doppler effect to assess how blood flows through receiver, lower if the direction is opposite.
the major blood vessels. The equation which describes this phe-

nomenon is as follows:

Focus On Dn=2vf cos g/c

The Doppler effect is based on an essential
principle: the sound frequency of a target
changes as the target travels towards or away
from a point of reference. Since the blood red
cells can be considered moving targets, this
effect is used to obtain information about the
blood flow. In particular,.when the. Us l?eam, This equation allows the measurement of
produced by the probe, is transr.mtted into .a an important parameter, the velocity of the
vessel, the frequency of the received wave is blood flow.

different from that of the transmitted wave

e Dn: Doppler shift

» v: velocity of the blood (red cells)

 f: frequency of the incident wave

* g: angle between the direction of the move-
ment and the direction of the US beam

e c: acoustic velocity

The Doppler shift of the moving blood
red cells is continuously monitored to pro-
duce the Doppler signal; it is in the audible
range and can thus be heard. The resulting
sound is distinct and provides feedback to
the operator.

R. Sartoris

Dipartimento di Radiologia,

Universita degli studi di Genova, Genoa, Italy
e-mail: riccardo.sartoris @hotmail.it

US Doppler imaging allows to perform the
A. Muda (D<) PP ging P

- S following:
Dipartimento di Radiologia, e . .
IRCCS Ospedale San Martino IST, Genoa, Italy * Qualitative analysis: evaluating the presence,
e-mail: alessandro.muda@tiscali.it site and direction of the blood flow
E. Silvestri et al., Ultrasound Anatomy of Lower Limb Muscles: A Practical Guide, 1

DOI 10.1007/978-3-319-09480-9_2, © Springer International Publishing Switzerland 2015
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Fig.2.1 Colour Doppler
imaging shows the posterior
tibial artery (red) and veins
(blue) at the level of the
medial malleolus. Especially
in imaging soft tissues,
identifying neurovascular
bundles with US colour
Doppler technique can be
very useful to correctly
localize tendinous and
muscular structures

* Quantitative analysis: evaluating flow veloc-
ity and flow rate

* Semiquantitative analysis: evaluating the
spectrum of the waves frequencies

Four main systems are developed to measure
the velocity of the blood flow: continuous-wave
Doppler, pulsed-wave Doppler, colour Doppler
and power Doppler.

Continuous-Wave Doppler (CW-Doppler): It
uses two separate crystals: one to emit and one to
receive US beams continuously. This infinite
pulse repetition rate allows insufficient time for
the first pulse to return to the probe before the next
is emitted. Consequently, the US machine cannot
determine which sound pulse was frequency
shifted and, therefore, cannot precisely define the
location of the moving target. In conclusion, this
technique enables the measurement of high-
velocity blood flow, but the depth from which the
returning echoes originate cannot be evaluated.

Pulsed-Wave Doppler (PW-Doppler): It uses
the same crystal to emit and receive signals. The
probe produces US beams in pulses, alternating
the transmission and reception of the US beam.
One important advantage of pulsed Doppler sys-
tems is their ability to provide Doppler shift data
selectively from a small segment along the US
beam, referred to as the “sample volume”. The
position of the sample volume is decided by the
operator. When the US beam is transmitted into
tissues, it travels for a given time until it is
reflected by a moving red cell; then, it returns to
the probe over the same time interval but at a
shifted frequency. Calculating the total transit

time, the US machine is able to measure the dis-
tance of the sample volume (“reflector”). In
respect to the CW-Doppler, PW-Doppler is able
to evaluate the depth from which the returning
echoes originate, displaying an ultrasound image
and waveform; however, it cannot correctly
depict higher velocities (blood flow velocity
measurements are limited to the physiologic
range, usually around 1.5 m/s).

Aliasing phenomena are an artefact that hap-
pens with PW-Doppler when the blood flow
velocity is too high and causes an error in fre-
quency measurement. When the interval of the
US pulses, expressed by the US machine as pulse
repetition frequency (PRF, number of pulses
within 1 s), is too long relative to the velocity of
the blood flow, it will not be possible to deter-
mine the direction of blood flow. In particular,
aliasing occurs when the velocity is more than
one half of the PRF; in this case velocities above,
this limit will be displayed on the tracing oppo-
site to the true direction of blood flow. To correct
for aliasing, the operator can increase the PRF or
increase the angle between the US beam and the
flow direction towards perpendicularity.

Colour Doppler: 1t is an ultrasound system in
which the energy of the returning echoes is dis-
played as an assigned colour; by convention,
echoes representing flow towards the probe are
seen as shades of red, and the US machine dis-
plays coloured blood flow superimposed on a
greyscale image, thus allowing simultaneous
visualization of anatomy and flow dynamics
(Fig. 2.1).
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Fig.2.2 Power Doppler imaging demonstrates the pres-
ence of tendinous hyperaemia

To optimize the colour Doppler evaluation, it
is crucial to set the US beam at an optimal angu-
lation <60° in respect to the vessel, basing on the
physical Doppler equation (cos 90°=0).

Power Doppler: It is a type of colour Doppler,
more sensitive to blood flow compared with con-
ventional colour Doppler; it shows small vessels
and slow flow rates, indeed it is most commonly
used to evaluate blood flow through vessels
within solid organs. Power Doppler assigns a
colour to blood flow regardless of direction
(Fig. 2.2).

As the main interest is in detecting low-
velocity microvascular flow in soft tissue imag-
ing, power Doppler is generally preferred to
colour Doppler, and although on new ultrasound
machines, the difference is often negligible.

Power Doppler is extremely sensitive to the
movement of the probe, which produces a flash
artefact. It is important to optimally adjust the
colour gain for Doppler imaging to avoid artefact
if the setting is too sensitive and for false-negative
flow if sensitivity is too low. Power-Doppler
should be optimized while the probe is not in con-
tact with patient’s skin. The gain should be set at
maximum level and then decreased up to the dis-
appearance of all artefact. Further, it is important
to set low wall filters (WF) and pulse repetition
frequency (PRF) between 700 and 1,000 Hz in
order to better evaluate low-velocity blood flows.

Combining with greyscale ultrasound, colour
and power Doppler imaging allow unique real-
time evaluation of the regional blood flow, enabling
a wide range of applications for the evaluation of
soft tissues. At first, these systems can be used to
confirm that an anechoic structure is a blood vessel
and to confirm the presence of the blood flow.
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Often blood vessels are used in musculoskeletal
imaging as anatomical landmarks.

Increased blood flow on colour or power
Doppler imaging may occur with greater perfu-
sion, inflammation and neo-vascularity. For
example, increased muscle perfusion can be
physiologically seen after physical exercise.

Colour and power Doppler are very helpful in
detecting inflammatory diseases. They also
enable the differentiation between complex fluids
and a mass or synovitis; the former typically has
no internal flow, and the latter may show increased
flow. After treatment for inflammatory diseases,
such as arthritis, colour and power Doppler imag-
ing can show interval decrease in flow, which
would indicate a positive response.

When a mass is identified, increased blood
flow may suggest neo-vascularity, possibly related
to malignancy. Although the finding is nonspe-
cific, a neoplasm without flow is more likely to be
benign, and malignant tumours usually demon-
strate increased flow and irregular vessels.

Colour and power Doppler findings represent a
useful tool also for the quick assessment of vascu-
lar anomalies and post-traumatic vascular lesions.

It is also important to use colour Doppler
imaging during a biopsy to ensure that major ves-
sels are avoided.

2.2  Ultrasound Elastography
Ultrasound elastography (EUS) is a recently
developed ultrasound-based method, which
allows for qualitative visual or quantitative
measurements of the mechanical properties
of tissues. It is based on the general principle
that mechanical stress applied to tissue causes
changes within it, which depend on the elastic
properties of tissue. Since disease alters the bio-
mechanical properties of muscles and tendons,
US elastography has been recently employed in
clinical practice for research in biomechanics of
the musculoskeletal system.

Two main forms of elastography are currently
used in clinical practice, though other important
implementations are to be expected.

The first is known as strain elastography (SE)
(also described as compression elastography,
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Fig.2.3 Real-time
elastography. Applying
manual compression with
the probe, the ultrasonograph
shows soft structures in
green and hard structures in
red (qualitative
measurement)

Fig.2.4 ARFI elastography
(share wave) of the gluteal
insertion onto the greater
trochanter. Note the
quantitative measurements
on the left of the image

4+ Vel=4,82 m/s
Profondita=0,7 cm

-3 Vel=4,44 m/s
Profondita=0,7 cm

<+ Vel=4,28 m/s
. Profondita=0,8 cm

sonoelastography and real-time elastography).
The soft tissue deformation (which is the strain)
is produced by an external palpation manually
applied with the probe, and it is assessed by fol-
lowing the way the speckle in the image moves,
usually with a tracking algorithm working on the
radio-frequency data. Then, the data are used to
form an image that is coded in colour or greyscale
to show the pattern of strain, which is inversely
related to tissue stiffness and can be subjectively
assessed (Fig. 2.3).

The second typology, currently implemented,
is shear wave elastography (SWE). Shear waves
may not be familiar to clinical readers, but they
frequently occur in human soft tissues. Shear
waves are transverse waves rapidly attenuated by
tissue (i.e. the particle movement is across the
direction of travel); they travel much more slowly
(between 1 and 10 m/s), and they are not sup-
ported by liquids of low viscosity. Shear waves
are produced by any mechanical disturbance and
occur naturally from muscular movements as

R. Sartoris and A. Muda

well as being induced by the ultrasound systems
used to measure their speed. A useful way to gen-
erate shear waves is to use acoustic radiation
force: tiny displacements in soft tissue set up
(shear waves) that travel sideways away from the
“pushing” ultrasound beam. Though the ampli-
tude of the resulting shear waves is minute (a few
microns’ displacement), they can be detected by
conventional ultrasound using tracking algo-
rithms (Fig. 2.4).

The recent introduction of EUS into commer-
cially available ultrasound systems has driven
research activity towards the potential clinical
applications of this new technique also in the
musculoskeletal system, such as the early detec-
tion of degenerative changes in tendinosis and
the evaluation of elastic changes in muscular
pathology (strain injuries).

In practice, elastography could be considered
as an extension of conventional ultrasonography,
in the same way as Doppler is integrated into
clinical practice.
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3.1 Normal Anatomy

Muscle architecture refers to the macroscopic
organization of the muscle fibers and has a great
influence on muscle function.

The skeletal muscle consists of several muscle
fibers, muscle cells that are considered the unit of
contraction.

Muscle fibers are long and cylindrically
shaped, with many nuclei, and are grouped into
bundles (fascicles) separated by fibroadipose
septa (perimysium). The endomysium is a thin
connective tissue, deriving from the perimysium,
which separates individual muscle fibers from
each other. The whole muscle is enclosed in a
fascial sheath known as epimysium.

The muscle fibers, the epimysium and the
perimysium, could converge in strong and wide
connective tissue terminal structures (aponeuro-
sis), in fasciae or directly in tendons (Fig. 3.1).

Muscle fibers are classified by their histologic
appearance, rapidity of contraction, and ability to
bear fatigue (Table 3.1).

Slow-twitch or type 1 fibers have a small
diameter, are invested by a rich capillary network,
and appear red for the presence of a large amount

D. Orlandi (<) « S. Perugin Bernardi
Dipartimento di Radiologia,
Universita degli studi di Genova, Genoa, Italy

of oxygen-binding protein (myoglobin). These

type I fibers are resistant to fatigue, relying on oxi-

dative metabolism for energy, and are better suited
for continuous contractions over a long time.

On the other hand, fast-twitch or type Il fibers
have a larger diameter and can be further divided
into the following:

e Type Ila: these fibers have a fast contraction
speed and can use aerobic as well as anaerobic
energy sources. These fibers contain a large
number of mitochondria and myoglobin and
are more prone to fatigue than type IIb fibers,
but less than type I fibers. These fibers are a
hybrid of type I and II fibers.

* Type IIb: these fibers have an extremely fast
contraction speed, creating very forceful mus-
cle contractions resulting in short, fast bursts
of power and rapid fatigue. Unlike Ila fibers,
they can only use anaerobic energy sources
and contains a poor capillary network and a
fewer myoglobin. Therefore, these fibers are
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Table 3.1 Muscle fiber classification
Fiber Fiber Fiber
typel  typeIla type IIb
Mytochondria Many  Many Few
Capillaries Many  Many Few
Myoglobin content  High High Low
Glycogen content  Low Low High
ATPase activity Low High High
Contraction Slow Fast Fast
velocity
Fiber diameter Small  Intermediate Large
Rate of fatigue Slow Intermediate  Fast

known as white fibers and are more easily

fatigable.

Each muscle has a different percentage of type
I and type II fibers, but the proportion varies
depending on the usual action of the muscle.

Muscle vascularity is provided by primary
arteries, which runs along the long axis of the
muscle and gives origin to feeding arteries that
course obliquely toward the epimysium.

The feeding arteries account for as much as
30-50 % of the total resistance to muscle blood
flow; indeed, they represent a relevant site for
blood flow control proximally to muscle
microcirculation.

A network of secondary arteriolar branches
originates from the feeding arteries. Arterioles
enter the perimysium and travel perpendicularly
to the muscle fibers axis until giving origin to ter-
minal branches that penetrates the perimysium
and branching immediately into numerous capil-
laries that travels parallel to the muscle fibers in
the endomysium.

The group of capillaries perfused by a terminal
arteriole represents the microvascular unit: the
smallest functional unit for blood flow regulation
in the skeletal muscle. As previously mentioned,
the density and the number of capillary networks
are greater in oxidative muscles (red fibers).

The arrangement of venules and veins follows
the course described for the arterioles and
arteries.

The microscopic capillary exchanges between
arteries and veins occur throughout the endomy-
sium that surround the single muscle fibers.

According to the number of vascular pedicles,
muscles are classified into five types:

D. Orlandi and S. Perugin Bernardi

* Type I: these muscles have a single vascular
pedicle (e.g., tensor fasciae latae and
gastrocnemius).

* Type II: these muscles have a single dominant
vascular pedicle and numerous minor vascular
pedicles (e.g., gracilis).

* Type III: these muscles have two different vascu-
lar pedicles that originate from different arteries
(e.g., rectus abdominis and gluteus maximus).
Type IV: these muscles have numerous minor
vascular pedicles that should not supply the entire
muscle alone (e.g., tibialis anterior and sartorius).

* Type V: these muscles have a single dominant
pedicle and several secondary segmental pedi-
cles (e.g., latissimus dorsi and pectoralis minor).

3.2  Biomechanics
Muscle tendon unit (MTU) is responsible for
muscle contraction followed or not by joint
movement and represents a crucial entity from a
biomechanical point of view.

There are three main types of muscle contrac-
tion (Fig. 3.2):
* Isometric
» Isotonic — concentric
» Isotonic — eccentric

no movement

- °©

movement

N
r\/@. S—

Fig. 3.2 Drawing showing the three main types of mus-
cle contraction
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3.2.1 Isometric Contraction
Isometric contraction occurs when the muscle
develops tension to overcome a resistance but
without any change in length, so the muscle
attachments remain at the same distance apart.
This occurs, for example, when carrying an
object in front of you and your muscles are con-
tracting to hold the object at the same level.
The amount of force that a muscle is able to pro-
duce during an isometric contraction depends on
the length of the muscle at the point of contraction.

3.2.2 Isotonic Contraction

Isotonic contraction occurs when the muscle length

changes as it contracts, causing movement, and the

tension in the muscle remains constant generating
force at the musculotendinous junction.

e Concentric: in concentric contraction, the
muscle shortens while generating force. This
occurs when the force generated by the mus-
cle exceeds the load opposing its contraction:
an example is bending the elbow from straight
to fully flexed, causing a concentric contrac-
tion of the biceps brachii muscle.

e Eccentric: in eccentric contraction, the muscle
develops tension and, at the same time, elon-
gates in order to overcome a resistance. The
force generated is insufficient to overcome the
external load, and the muscle fibers lengthen
under contractile tension.

Fig. 3.3 Drawing showing
the geometrical arrangement
of muscle fibers. (a) Parallel
fasciculi; (b) unipennate; (c)
bipennate; (d) multipennate

This movement is the opposite of concentric
contraction and occurs when the muscle
lengthens as it contracts. This usually involves
the control or deceleration of a movement
being initiated by the eccentric muscle
agonist.

3.2.3 Muscle Fiber Arrangement

Knowledge of the geometric arrangement of
muscle fibers is therefore important when study-
ing muscle functions and the resultant joint
actions: the muscle architecture considerably
affects the manner in which muscle force is trans-
mitted to tendons and bones.

Fiber arrangement is unique in every muscle,
but, according to the shape and fascicular archi-
tecture, the muscles (Fig. 3.3; Table 3.2) can be
classified into the following:

* Parallel fasciculi: the fibers lie in the longitu-
dinal axis of the muscle belly and are arranged
along the line of muscle force action.

e We can find this arrangement in quadrilateral
(e.g., thyrohyoid), strip-like (e.g., sternohyoid
and sartorius), strip-like with tendinous inter-
sections (e.g., rectus abdominis), and fusiform
(e.g., biceps brachii, digastric) muscles. The
range of movement in such muscles is very
wide.

e Convergent fasciculi: the muscular fibers con-
verge on the point of insertion to maximize the
contraction power.
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Table 3.2 Examples of internal biomechanical proper-
ties of the main muscles

Muscle Fiber arrangement
Thigh  Sartorius Strip like with
parallel fasciculi
Rectus femoris Bipennate (inner);
unipennate (outer)
Adductor longus Triangular with
convergent fasciculi
Adductor magnus Cruciate muscle
Biceps femoris Bipennate
Leg Peroneus longus Bipennate
Soleus Bipennate
Tibialis posterior Unipennate
Flexor hallucis longus  Bipennate
Tibialis anterior Circumpennate
Extensor digitorum Unipennate

longus

This orientation is found in triangular (e.g.,
adductor longus) and fan-shaped (e.g., tempo-
ralis) muscles.

e Spiral or twisted fasciculi: spiral or twisted
fibers are found in trapezius, pectoralis major,
latissimus dorsi, and supinator.

* Cruciate muscles: fibers are crossed lying
superficial and deep (e.g., sternocleidomas-
toid, masseter, and adductor magnus).

* Sphincteric fasciculi: fibers surround an open-
ing or orifice (e.g., orbicularis oculi and orbi-
cularis oris).

e Pennate fasciculi: fibers have a feather-like
orientation. This arrangement makes the mus-
cle more powerful, although the range of
movement is reduced.

The pennate muscles may be:

— Unipennate when fibers have a linear ori-
gin and have a half feather shape (e.g.,
flexor pollicis longus, extensor digitorum
longus,  peroneus  tertius,  palmar
interosseous)

— Bipennate when the fascicles continue in a
unique central tendon (e.g., rectus femoris,
dorsal interosseous, peroneus longus,
flexor hallucis longus)

— Multipennate when multiple tendinous
septa extend into the origin and the inser-
tion (e.g., subscapularis, deltoid)
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Ftendon= Fibre cOSa:

Fig. 3.4 Drawing showing pennation angle. Muscle
strength is directly related to fiber strength and pennation
angle cosine

— Circumpennate when fibers from a cylin-
drical wall converge to a central tendon
(e.g., tibialis anterior)

In the pennate muscles, the tendons present
two parts: the internal (known also as aponeuro-
sis) and the external one.

In pennate muscles, the most important archi-
tectural and biomechanical parameters are the
fiber length, the muscle physiological cross-
sectional area, and the pennation angle.

The pennation angle (PA), as showed in
Fig. 3.4, is the angle between the direction of
muscle fibers and the line of force action repre-
sented by the external tendon or the aponeurosis
(internal tendon).

In different muscles, it varies from 0° to 30°. The
angle increases with muscle hypertrophy and dur-
ing muscle contraction. Ultrasound imaging could
be easily used to determinate the PA and to evaluate
the dynamic change of the PA during contraction.

The physiological cross-sectional area is the
area of the cross section of a muscle perpendicu-
lar to its fibers, generally at its largest point.

Muscles may consist of a single muscle belly
or more heads with different origins and a single
common tendon insertion such as the biceps bra-
chii which presents two heads and triceps brachii
which presents three heads.

3.2.4 Aponeurosis and Fasciae

Another important anatomical structures are the
aponeurosis and the fasciae. Aponeurosis is a
term used to define the thick connective lamina
inserting into the muscles and transmitting ten-
sile forces to fasciae, joints, bones, and muscles
themselves.
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Fasciae should be defined as connective tissue
bundles composed mostly by collagen fibers (but
characterized by a different architecture if com-
pared to tendons and aponeurosis). Fasciae could
envelope vessels, nerves, and lymphatics, com-
posing the neurovascular bundles.

Superficial fasciae merge with the deep layer
of the derma, intertwined with the subcutaneous
fatty tissue, and represent a peripheral envelope
for the muscular structures.

Deep fasciae (or muscular fasciae) represent
important anatomical structure, and a proper
knowledge of such entities is mandatory
performing US examination of muscles. They are
well represented in the lower limb, where they
course deep among muscle bellies furnishing a
strong attachment to the bone and transmitting
the tensile forces to it. An example of this setting
is the iliotibial tract which is a thick widening of
the deep femoral fascia of the thigh transmitting
the force generated by the tensor fasciae latae
and gluteus maximus muscles to the femur and
tibia; another important example is the deep
transverse fascia in the leg which separates the
soleus from the deeper flexor muscles. Fasciae
arrangement often delineates actual muscular
compartments: this must be considered particu-
larly in the presence of intermuscular fluid.
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4.1 US Basic Anatomy

In the last decade, ultrasound (US) technology
has had a very fast development with improve-
ments in transducer technology, image resolu-
tion, software implementations and hardware
developing. These changes together with the
opportunity to perform a dynamic examination
have widely improved the use of US in musculo-
skeletal field.

Muscle US is a convenient, non-invasive and
real-time technique able to visualize normal and
pathological muscle tissues.

Selection of the proper transducer and US
parameters is an important aspect of muscle
ultrasonography and depends on the depth and
size of the examined structure.

For superficial muscles, high-frequency
(7—15 MH?) linear transducers are most useful and
provide a good balance between tissues penetra-
tion and resolution; however, a correct examina-
tion of deeper structures sometimes requires
lower-frequency convex transducers (3—10 MH?).
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The sonographer’s grip on the transducer is
particularly important in soft-tissue ultrasound
because fine and precise movements of the trans-
ducer are often required. The transducer should
be held firmly with the ulnar aspect of the hand
against the patient’s body in order to stabilize it.

Patient lies on the examination bed in a suitable
and comfortable position for the evaluation of the
region of interest. Remember to always start the
muscle examination in complete relaxation.

Frequently, it could be helpful to examine the
contralateral side of the patient’s body to make a
comparative examination, thus highlighting also
subtle alterations.

4.2 US Muscles Appearance

US muscles appearance is predominately
hypoechoic with hyperechoic septations: muscle
bundles are hypoechoic in comparison to subcu-
taneous fat and are separated by the hyperecho-
genic fibroadipose perimysium septa (Fig. 4.1).

In short axis, muscle tissue appears as dots
and short lines producing a “starry sky” appear-
ance (Fig. 4.2).

In longitudinal section, the hyperechoic struc-
tures, represented by fibroadipose septa, appear
as parallel lines that gives rise to fusiform or pen-
nate appearance (semipennate, unipennate,
bipennate, multipennate).

In normal subjects, the epimysium surround-
ing the muscle appears as a highly reflective
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Fig. 4.1 Extended-field-of-view US scan showing thigh
muscles and fasciae (arrowheads) appearance. RF rectus
femoris, VL vastus lateralis, VM vastus medialis, Vi, vas-
tus intermedius, F femur

structure; the bone, if visualized, appears as a
bright echo, representing the cortex, with an
anechoic bone shadow.

The intramuscular tendon and the aponeurosis
appear as highly hyperechoic linear structures
within the muscle; the musculotendinous junc-
tion, which varies in size from muscle to muscle,
is seen as a hyperechoic fibrillar structure merg-
ing with the muscle belly (Figs. 4.3 and 4.4).

The fascia appears as a brightly echogenic
fibrillar structure that delineates the muscle from
subcutaneous tissue, and it is a very important

Fig. 4.2 US scan of the posterior leg showing soleus
muscle (SO) internal architecture and, superficially, the
forming Achilles tendon (*)

Fig.4.4 US scan of the
rectus femoris muscle
showing indirect tendon
appearance (arrowheads)

Fig.4.3 US scan of the thigh showing the tensor fasciae
latae (TFL) muscle and its aponeurosis (arrowheads).
VL vastus lateralis muscle
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Fig.4.5 US scan of medial gastrocnemius muscle showing correct insonation (a) and anisotropy artefacts (b)

landmark in order to distinguish the examined
muscle from the adjacent ones.

Structure and appearance of skeletal muscles
change with ageing. In addition to age-related
muscle mass reduction, muscle quality changes
include increased adipose tissue accumulation
and water content within muscle that appear
highly hyperechoic.

Muscle disuse results in altered composition
and increased intramuscular fat accumulation.
This condition is accompanied by a severe loss of
muscle strength.

The examiner should pay attention to evaluate
muscles with a correct angle of incidence of the
US beam to avoid anisotropy artefacts. When the
US beam is not perpendicular, the muscle shows
a loss of echogenicity in structure (Fig. 4.5).

Because muscle tears and hematomas may
appear hypoechoic, it is important to properly
move or angle the transducer to prevent anisot-
ropy as the cause of focal hypoechogenicity.

Extended Field of View
(eFOV)

4.3

Extended field of view is a US imaging technique
that could be very useful to obtain a panoramic
view of the examined muscle, also highlighting

Fig. 4.6 Extended-field-of-view (eFOV) US scan of
anterior leg compartment muscles. 7A tibialis anterior
muscle, EDL extensor digitorum longus muscle, P pero-
neal muscles, 7P tibialis posterior muscle, 7 tibia,
F fibula

its relationship with the adjacent ones. It requires
deep knowledge of the anatomy and high manual
skills as musculoskeletal sonographer to care-
fully depict the structures of interest (Fig. 4.6).
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5.1 Dynamic Evaluation
With the patient in a comfortable position, the US
exam should be started with the evaluation of the
muscle at rest (Fig. 5.1a). Then the examiner
continues the US exam with the first dynamic
manoeuvre: the direct compression of the muscle
with the probe helps to assess muscle thickness
and also the elastic properties of the muscle fibres
under compression. Further, in case of injury the
compression could be helpful to squeeze muscu-
lar bundles and evaluate post-traumatic intramus-
cular fluid collection or subfascial haematoma,
properly defining its content and extent.

Recently, direct compression could be per-
formed both by means of grey scale US and sono-
elastography, as explained below.

Then continue with the US evaluation during
active, passive and forced contraction (Fig. 5.1b—d).

In particular, active contraction delineates the
dynamic structural changes of the muscle-
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tendon-bone chain and its behaviour in case of
pathology. Passive contraction applied by the
operator helps to better evaluate the relationship
between the adjacent anatomical structures
during motion.

Forced contraction of a muscle and/or a mus-
cular group, performed against appropriate resis-
tance applied by the operator, could be very
useful to highlight the presence of subtle tears.
This latter dynamic evaluation reproduces the
physiologic muscular dynamic during motion;
indeed, it could be helpful also for the assessment
of the stability of the healing tissue after fibres
injury.

During forced contraction evaluation, a sec-
ond operator could be necessary. Usually, in elite
athletes, these functional tests are provided by
the team medical doctor that assists the US
examination.

A list of the most common dynamic manoeu-
vres, which could be performed during US exam-
ination, is illustrated in Table 5.1.

5.2  Architectural Features

As described above, US is able to evaluate mus-
cular architectural features, such as pennation
angle, fibre orientation, fascicle length, fascicle
curvature and muscle thickness. These parame-
ters correlate with force generation and are used
in the evaluation of training in several types of
sport. Therefore a proper application of muscle
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A

Fig. 5.1 Lower leg (a) dynamic evaluation during active, passive and forced contraction (b—d)

Table 5.1 List of the most common dynamic manoeuvres

Muscle
Tensor fasciae latae

Patient decubitus  Patient action

Supine; hands Hip abduction,

holding the table flexion and medial
rotation

Iliopsoas Supine; leg Hip flexion

extended with

slight abduction

and lateral

rotation
Gluteus maximus Prone; knee 90°  Hip extension

flexed with flexed knee
Gluteus medius Contralateral Hip abduction
(and minimus) decubitus; leg

extended

Femoral quadriceps Seated with leg ~ Knee extension
90°over the edge

of the table;

hands holding the

table edge

D. Orlandi et al.

Operator manoeuvre

The hand pushes the anterolateral aspect of the leg,
in the direction of the extension and adduction

(not apply rotator force vectors)

One hand fixes the contralateral side of the hip
pushing down the contralateral iliac crest

The other hand pushes the anteromedial aspect of the
leg in the direction of hip extension and slight
abduction

One hand fixes the hip pushing down the iliac crest
The other hand pushes the posterior thigh in the
direction of hip flexion

One hand fixes the hip in neutral position

The other hand pushes the leg in the direction of the
hip adduction and slight flexion (slight extension for
the minimus)

One hand under the thigh just cranial to the knee
The other hand holds the calf cranial to the ankle and
pushes it in the direction of leg flexion (not apply
rotator force vectors)
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Table 5.1 (continued)

Muscle Patient decubitus  Patient action
Adductors Supine in frog leg Hip adduction
position

Lateral hamstring Prone; leg Knee flexion with

(biceps femoris) extended medial rotation of
the thigh and,
consequently of
the leg

Medial hamstrings ~ Prone; leg Knee flexion with

(semitendinosus and extended lateral rotation of

semimembranosus) the thigh and
consequently of
the leg

Peroneal Supine with Foot eversion and

internal rotation
of the ankle

plantar flexion

Foot inversion
with plantar
flexion of the
ankle

Tibialis posterior Supine with leg

in lateral rotation

Tibialis anterior Supine

(without hallucis
extension)

Plantar flexors
(gastrocnemius)

Prone; leg
extended and foot
over the edge of
the table

the ankle

Prone; knee 90°
flexed

Soleus (specific)
the ankle

ultrasound is based on training regimes evalua-
tion (force versus duration), effects of overuse,
strain and sports injuries.

An important tip for the examiner is to evalu-
ate these parameters also on the contralateral
muscle to make a comparison.

Pennation angle and physiological cross-
sectional area are important determinants of the
maximum contraction force (maximal isometric
contraction), while muscle fibre length is related
to the speed of contraction.

As previously described, the muscle strength
is directly proportional to the cosine of the pen-
nation angle, so muscular strength and aerobic
work increase with the increase of the pennation
angle up to 90° when the force becomes zero
(cos 90=0).

Ankle dorsiflexion
and foot inversion

Plantar flexion of

Plantar flexion of
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Operator manoeuvre
One hand fixes the hip

The other hand pushes the medial aspect of the distal
thigh, in the direction of the abduction

The hand holds the leg just cranial to the ankle and
pushes it in the direction of the leg extension (not
operate rotator force vectors)

The hand holds the leg just cranial to the ankle and
pushes it in the direction of the leg extension (not
operate rotator vectors)

One hand holds the leg cranial to the ankle

The other hand pushes the inferolateral aspect of the
foot in the direction of the inversion of the foot and
dorsiflexion of the ankle

One hand holds the calf just cranial to the ankle

The other hand pushes the inferomedial aspect of the
foot in the direction of the eversion of the foot and
dorsiflexion of the ankle

One hand holds the calf just cranial to the ankle

The other hand pushes the dorsimedial aspect of the
foot in the direction of plantar flexion of the ankle
and foot eversion

One hand holds the forefoot and opposes plantar
flexion

The other hand holds the calcaneus and opposes to its
cranial traction

One hand holds the calf cranial to the ankle

The other hand pushes the calcaneus caudally, in the
direction of the ankle dorsiflexion (without inversion
and/or eversion of the foot)

Cross-sectional area is a direct measurement of
muscle size and could evaluate the muscular hyper-
trophy or hypotrophy. This architectural parameter
is better evaluated in US axial scan (Fig. 5.2).

Muscular thickness, fibre length and pennation
angle could be evaluated on a longitudinal US scan.

Muscle thickness could be measured in trans-
versal or longitudinal images as the distance
between the superficial and the deep fascia at the
widest distance (Fig. 5.3).

The pennation angle (fascicle angles) is defined
as the angle between fascicles, and aponeurosis is
also measured on longitudinal plane (Fig. 5.4).

After the measurement in relaxed state, muscle
fibres could be evaluated during contraction,
appearing more hypoechoic and with a greater
cross-sectional area (Fig. 5.5).
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Fig. 5.2 US axial scan
showing the cross-sectional
area of rectus femoris muscle
during contraction

Fig.5.3 US longitudinal
scan showing the muscular
thickness (double-headed
arrow) of peroneus longus
muscle at rest

Fig. 5.4 US longitudinal scan showing the pennation Fig.5.5 US axial scan showing the cross-sectional area
angle (dashed line) of medial gastrocnemius muscle at  of medial gastrocnemius muscle at rest (a) and during
rest active contraction (b)
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Proceeding in the dynamic US scan on a lon-
gitudinal plane, the fascicle lengths are shorter
than in the rest condition and the muscular thick-
ness and the pennation angle significantly
increase (Fig. 5.6).

Fig. 5.6 US longitudinal scan showing the increment of
the pennation angle (dashed line) of medial gastrocne-
mius muscle during active contraction

Fig. 5.7 Examples of
dynamic manoeuvres for the
lower limb evaluation.
Quadriceps muscles
evaluation (a); adductor
muscles evaluation (b);
hamstring muscles evaluation
(c); sural triceps muscles
evaluation (d)

Therefore US could be used to measure the
changes in muscle thickness, muscle fibre
pennation angle, muscle fascicle length and mus-
cle size during static and dynamic conditions.

Lower Limb Muscles
Dynamic Manoeuvres

5.3

The table 5.1 reports specific dynamic manoeu-
vres developed for the assessment of the corre-
sponding muscle or muscular group during
active contraction. Further, the operator should
progressively oppose resistance to the specific
requested action to assess the tensile force
during isometric contraction (Table 5.1 and
Fig. 5.7).
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6.1  Anatomy and Biomechanics

Muscle lesions, a high percentage of all acute
sports injuries, are frequent in high-demand
athletes. Hamstrings, rectus femoris, and medial
head of the gastrocnemius are the most com-
monly involved. They all contain a great percent-
age of type II fibers, a pennate architecture, and
cross two joints and are injured during the eccen-
tric phase of muscle contraction. This chapter
describes pathophysiology of acute muscle
injuries and, specifically, acute strains. These
lesions have a significant impact on the athletes
and their teams, but it is often difficult to predict
short-term outcome and long-term prognosis.
Predisposing factors and mechanisms of injury
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are described, and a new model of classification
is showed. The object is to aid in the prevention,
proper diagnosis, and management of these
lesions.

6.2  Muscle Injury Classification
Acute injuries may result from direct and indi-
rect trauma. When the insult to the muscle is
direct, it produces a contusion at the point of
contact; if the injury is indirect, without any
contact, some myofibers are disrupted. Indirect
injuries are passive or active. Specifically, pas-
sive injuries are the result of tensile overstretch-
ing forces without contraction; active lesions
occur after eccentric overloads on the muscle.
Contusions and strains account for more than
90 % of all sports-related skeletal muscle inju-
ries, and lacerations are uncommon. Contusions
occur in contact or combat sports after applica-
tion of large compressive forces on the muscle.
Muscle strains, very common in sprinters and
jumpers, usually arise from an indirect trauma,
from application of excessive tensile forces.
Lacerations, rare in athletes, arise from direct
blunt trauma to the epimysium and underlying
muscles.

In grade I injury (strain), the lesion involves a
few muscle fibers, swelling and discomfort
are complained, and strength and function are
minimally impaired. US findings are often
normal, with evidence of some perifascial fluid
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Fig.6.1 Image of feathery edema-like pattern: intramus-
cular high signal (arrow), with no discernible muscle fiber
disruption

in almost 50 % of the patients. At MR imaging, a
classic “feathery” edema-like pattern may appear
on fluid-sensitive sequences. Some fluid may
appear in the central portion of the tendon and
along the perifascial intermuscular region, with-
out discernible disruption of muscle fibers or
architectural distortion (Fig. 6.1).

In grade Il Injury, a partial tear is macro-
scopically evident, with some continuity of
fibers at the injury site. Less than one third of
fibers are torn in low-grade injuries, from one
third to two thirds in moderate ones, and more
than two thirds in high-grade injuries. Muscle
strength and high-speed/high-resistance athletic
activities are impaired, with marked loss of
muscle function. At US, muscle fibers are dis-
continuous, the disruption site is hypervascular-
ized, and echogenicity is altered in and around
the lesion. At MRI, appearance varies with both
the acuity and the severity of the partial tear,
changes are time dependent, and edema and
hemorrhage of the muscle or MTJ may extend
along the fascial planes, between muscle groups
(Fig. 6.2). MRI can sometimes be predictive of
the time high performance athletes will be away
from play.

A grade Il injury is a complete tear. At US
and MR imaging, these injuries show complete
discontinuity of muscle fibers, hematoma, and
retraction of the muscle ends (Fig. 6.3). Clinically,
muscle function is lost. When extensive edema
and hemorrhage fill the defect between the torn

Fig.6.2 Edema and hemorrhage of the muscle (arrow) or
MT]I (arrowhead) extended to the fascial planes

Fig 6.3 Grade III tear. Muscle fibers are completely
interrupted (blue arrows) with evidence of associated
hematoma (red arrow) and muscle edema (arrowheads)

edges, it is difficult to distinguish partial from
complete tears, whereas real-time dynamic US
imaging may be helpful.

6.3  Predisposing Factors

Traumatic muscle injuries vary on the directions
and angle movements of forces applied.
Contusions, strains, or lacerations may be
distinguished. Contusions and strains account for
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more than 90 % of all sports-related skeletal
muscle injuries, and lacerations are uncommon.
Contusions occur in contact or combat sports
after application of large compressive forces on
the muscle. Muscle strains, very common in
sprinters and jumpers, usually arise from an
indirect trauma, from application of excessive
tensile forces. Muscle lacerations, rare in ath-
letes, arise from direct blunt trauma to the epimy-
sium and underlying muscles.

Three types of muscle are at possible risk for
injury:

1. Two-joint muscles. In such instance, the
motion at one joint may increase the passive
tension of the muscle and lead to an over-
stretch injury.

2. Muscles contracting eccentrically. Concentric
and eccentric contractions are normally per-
formed in functional activities. Specifically,
eccentric contractions, common in the decel-
eration phase of activity, may induce acute
strains by producing specific tensions which
lead to myofiber overload injury.

3. Muscles with a higher percentage of type II
fibers. These are fast-twitch muscles, in which
speed of contraction produced is greater than
in other muscles, predisposing a muscle to
injury. The fact that most of the muscle action
involved in running and sprinting is eccentric,
muscle strains most often occur in sprinters or
“speed athletes.” In these sports, the muscles
more susceptible to be strained are the ham-
strings, gastrocnemius, quadriceps, hip flex-
ors, hip adductors, erector spinae, deltoid, and
rotator cuff.

The coordination and balance between agonist
and antagonist muscles has to be taken into
account. Specifically, flexibility imbalances
between agonists and antagonists may predispose
to injury. Flexible muscles are most likely to be
injured. A previous injury makes more vulnera-
ble to re-injury, justifying that sprinters with
recent hamstring injuries have tighter and weaker
hamstrings than uninjured those.

When rehabilitation is inadequate, strength,
flexibility, and endurance may not be completely
restored before return to activity. Therefore,
residual weakness and impairment may

predispose the muscle to a new injury. From the
assumption that cold or tight muscles are more
predisposed to muscular strain, proper stretching
exercises and warm-up may prevent muscular
injury. After warm-up, muscle elongation before
failure is increased. In addition, since warm
muscles (40 °C) are less stiff than cold (25 °C)
muscles, warm-up may prevent and enhance
performance.

6.4  Structural Changes

The most vulnerable site for an indirect strain
injury is the musculotendinous junction, the
weakest link within the muscle tendon unit. In
eccentric muscle actions, when muscle tension
increases suddenly, the damage may occur in the
area beneath the epimysium and the site of
muscle attachment to the periosteum. In fascial
injuries, common in the medial calf and biceps
femoris, differential contractions of adjacent
muscle bellies may produce aponeurotic distrac-
tion injuries. Hamstring strain muscle injuries,
the most widely studied, typically occur in the
region of the MTJ, a transition zone organized in
a system of highly folded membranes, designed
to increase the junctional surface area and
dissipate energy (Fig. 6.4). The region adjacent to
the MTJ is more susceptible to injury than any

Fig. 6.4 US-guided hamstrings MTJ fluid aspiration.
This transition zone is organized in a system of highly
folded membranes, designed to increase the junctional
surface area and dissipate energy
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other component of the muscle unit, indepen-
dently from type and direction of applied forces
and muscle architecture. In this area, even a
minor strain, by inducing an incomplete disrup-
tion, evident only at microscopy, may weaken it
and predispose to further injury. Disruptions in
the fibers cause biochemical changes both from
direct injury to the fibers and from the inflamma-
tory reaction.

6.5 Biochemical Changes

Serum creatine kinase (CK) and lactate dehy-
drogenase (LDH) enzyme levels are used to
indirectly assess muscle damage following
eccentric exercise. These biochemical markers
are released after the insult. In addition, inflam-
matory reactions occur. Acute inflammation is
designed to protect, localize, and remove injuri-
ous agents from the body and promote healing
and repair. Chemical inflammatory mediators
are present in acute muscular strain, such as his-
tamine, serotonin, bradykinin, and prostaglan-
din. The capillary membrane permeability is
increased, blood vessel diameter is changed, and
pain receptors are stimulated. As consequence,
the accumulation of proteins and transudate in
the interstitial space produces edema. Therefore,
swelling, heat, redness, and pain of inflamma-
tion are due to biochemical changes stimulated
by chemical mediators. Inflammatory reaction
and edema at 1-2 days after a stretch-induced
muscular injury. The acute phase of inflamma-
tion lasts up to 3—4 days after the initial insult.
Proliferation of fibroblasts, increased collagen
production, and degradation of mature collagen
weaken the tissue. In this way, stretching the tis-
sue induces progressive irritation and limitation,
up to predisposing to chronic muscle strains.
When the inflammatory phase subsides, repair is
started, for 2-3 weeks. Specifically, capillary
growth and fibroblast activity to form immature
collagen are promoted. This immature collagen
is easily injured if overstressed. The final stage
of healing is maturation and remodeling of col-
lagen, occurring from 2 to 3 weeks after the
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insult, until patients are pain-free. In the healing
phase, if fibers are not properly stressed, sur-
rounding adhesions and scar resilient to remod-
eling may be formed.

6.6 Treatment of Acute Strains
Management varies on the severity of the injury,
the natural healing process of the body, and the
response of the tissue to new demands.

The overall goal is to assist and respect the
body with its natural healing process. Therefore,
the athletic trainer must not return the athlete to
activity too soon. Two to three weeks of restricted
activity are necessary to allow collagen forma-
tion and prevent re-injury.

Inflammatory Phase. Rest, ice, compression,
and elevation (RICE) are indicated for at least
48 h. Rest protects the injured tissue, but immo-
bilization may be detrimental to healing and
uninjured tissues. Ice slows the inflammatory
process and decreases pain and muscle spasm;
compression and elevation reduce edema.
Crutches are also recommended. When the
inflammation subsides, passive range of motion
(ROM) and gentle mobilization should be initi-
ated to maintain soft tissue and joint integrity.
Submaximal isometric muscle sets may be used
at multiple angles to maintain strength and keep
the developing scar tissue mobile. Aggressive
stretching and strengthening should be avoided.
Electrical stimulation and pulsed ultrasound
should be used during both the inflammatory and
repair phases to reduce pain and edema.

Repair Phase. The inflammatory and repair
phases overlap during the first week after injury.
An early accelerated rehabilitation program may
prolong the inflammatory phase and lead to
chronic muscle strain. When collagen is formed,
it must be appropriately stressed in the normal
lines of tension. Signs of inflammation (pain,
swelling, redness, warmth) are signs of tissue
overstress and allow to assess the rehabilitation
program. Frequency, intensity, and duration of
exercises are altered to allow for healing and to
prevent inflammation for the next 1-2 weeks.
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Cold may be beneficial initially to allow for
pain-free exercise and aid in the formation of the
scar tissue. Gentle, pain-free stretching and pain-
free submaximal isometrics can be incorporated
into contract-relax techniques to help align col-
lagen fibers. A cardiovascular conditioning pro-
gram should be incorporated for any athlete not
capable of full athletic participation.

Maturation and Remodeling Phase. When col-
lagen is mature, tension should be applied in the
line of normal stresses to remodel properly. This
stage presents at about 2-3 weeks after injury and
is characterized by (1) the absence of inflamma-
tion; (2) full, pain-free ROM; and (3) pain after
tissue resistance (passive ROM). The athlete is
progressed as tolerated with limited participation
in his/her sport. More vigorous stretching, closed-
and open-chain strengthening, cardiovascular
training, and sport-specific activities are allowed.
Muscles must be stressed and overloaded in the
manner in which they are used functionally, fol-
lowing the principle of specificity. Specifically,
type of contraction (eccentric vs concentric),
metabolism (aerobic vs anaerobic), and functional
pattern (diagonal vs cardinal plane) of the muscle
should be respected. Eccentric exercise is func-
tional in most athletic activities, develops greater
tension than concentric exercise, and may be more
comfortable in the early stages of rehabilitation.

Proprioceptive and endurance training are
used in the advanced stages of rehabilitation.
After the athlete has regained full, pain-free
active ROM and over 90 % strength bilaterally,
full participation is allowed. Maintenance pro-
grams should be continued to avoid any dysfunc-
tional adaptation or compensation.

6.7  Prevention of Acute Strains

Prevention of acute muscular strains implies
adequate preseason screening of flexibility and
strength balances in major joints (knee, shoulder,
and ankle). Flexibility, strength, endurance,
and proprioception should be also assessed.
Adequate agonist/antagonist ratios for strength
and flexibility should be attained for major muscle

groups, and muscles must be strengthened in the
mode in which they are used functionally. Warm-up
and stretching before activity are recommended.
Specifically, active warm-up such as jogging or
biking should be helpful before specific muscle
stretching, especially in two joint muscles at high
risk for strain, muscles with high percentages of
fast-twitch fibers (hamstrings, gastrocnemius,
quadriceps, biceps), and those with high incidence
of strain (hip flexors, hip adductors, erector spinae,
rotator cuff). Muscles which contract eccentrically
or decelerate in functional high-speed activities,
such as the posterior rotator cuff in throwing ath-
letes or the hamstrings in sprinters, should be
stretched for 15-20 s and repeated four times.

6.8 New Concepts

We have proposed a recent anatomic classifica-
tion of acute muscles strain injuries. We propose
to distinguish muscular, MTJ (proximal and dis-
tal), and tendon injuries (proximal and distal).
Considering the anatomy, muscular lesions can
be further classified as intramuscular, myofas-
cial, myofascial/perifascial, musculotendinous,
or a combination. With regard to the site of
injury, we classify muscular injuries as proximal,
middle, and distal. The severity of the muscular
and musculotendinous injuries is classified
according to a 3-grade classification system from
MRI and US.

Conclusion

Clinical assessment, site of injury, and
pathophysiology can all provide prognostic
information regarding convalescence and
recovery time following an acute muscle
strain injury. The anatomical system we pro-
posed must be assessed with multiple joints to
determine its utility. Well-planned, appropri-
ately powered clinical research should be
performed to determine whether the classifi-
cation system put forward in the present chap-
ter can be applied in clinical practice and be of
greater value than current systems.
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Thigh Muscles



Davide Orlandi, Enzo Silvestri,
and Luca Maria Sconfienza

7.1 Sartorius

7.1.1 Anatomy Key Points

The sartorius muscle is the longest muscle
in the human body. It is a long, thin strip-
like muscle that runs down all the length of
the thigh (Fig. 7.1).

Its upper portion forms the lateral bor-
der of the femoral triangle (Scarpa’s trian-
gle) (Fig. 8.2).
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The sartorius muscle arises from the
anterior-superior iliac spine (ASIS) as well
as from the notch just below the ASIS and
then travels inferomedially crossing the
upper third of the thigh.

It descends behind the medial condyle
of the femur and inserts on the inner tibial
tuberosity via an aponeurotic expansion
that covers the tendons of the gracilis and
semitendinosus muscles forming the pes
anserinus (Fig. 10.14).

Fig.7.1 Anatomical scheme of tensor fasciae latae (TFL)

and sartorius (SA) muscles
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The sartorius lies superficially to vastus
intermedius, vastus lateralis and adductor
longus muscles, and in its entire course, the
muscle is covered by a duplication of the
fascia lata.

The sartorius muscle innervation is sup-
plied by the superficial branch of the femo-
ral nerve, which is responsible for both
sensory and motor components.

The blood supply comes from the mus-
cular branches of the femoral artery.

The sartorius muscle is a two-joint mus-
cle and moves both the hip and knee joint.
Its main function is flexion, adduction and
lateral rotation of the hip also helping the
knee flexion and inward rotation.

7.1.2 Ultrasound Examination
Technique

Start the examination of the sartorius muscle with
the patient supine, with the lower limb in a neutral
position. Then palpate the anterior-superior iliac
spine (ASIS), which can be considered an impor-
tant bony landmark for US examination (Fig. 7.2).

Place the transducer in an axial plane on the
ASIS and visualize the two short tendons of the
sartorius (medial) and the fensor fasciae latae
(lateral) in a sagittal plane. In this scan plane, it is
possible to identify the typical ‘pseudothyroid’
aspect with the hyperechoic cortical band
between the two proximal insertions of the
sartorius (medial) and fensor fasciae latae (lat-
eral) muscles that present a hyperechoic fibrillar
structure (Fig. 7.3).

Rotate the probe by 90° to evaluate the inser-
tion on the ASIS in the longitudinal plane
(Fig. 7.4).

Then shift the probe downwards following the
sartorius muscle belly: this is the only muscle that
can be seen superficially to rectus femoris, direct-
ing medially towards the medial thigh (Fig. 7.5).

Fig. 7.2 Lower limb position to evaluate the sartorius
muscle

The sartorius muscle presents a typical trian-
gular shape and lies superficially just under the
fascia and the subcutaneous tissues.

Evaluate the myotendinous junction on axial
and longitudinal plane (Figs. 7.6 and 7.7).

Then swipe the transducer distally on an axial
scan to reach the distal insertion of the sartorius
tendon on the anteromedial surface of the supe-
rior aspect of the tibial shaft (Fig. 7.8).

Turn the probe by 90° to evaluate the distal
attachment of sartorius tendon on its long axis
(Fig. 7.9).

Remember that the femoral vascular bundle is
located in strict relationship with the sartorius
muscle, representing an important landmark
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Fig 7.3 (a) Probe position for ASIS (anterior-superior iliac spine) evaluation on the axial plane. (b) US axial scan at
ASIS level: note the proximal insertion of sartorius (SA) and tensor fasciae latae (TFL) muscles

Fig 7.4 (a) Probe position for ASIS (anterior-superior iliac spine) evaluation on the longitudinal plane. (b) US longi-
tudinal scan at ASIS level: note the proximal insertion (*) of sartorius and its myotendinous junction (arrowheads)

during its examination at the middle third of the
thigh.

At this level the sartorius, the vastus medialis
and the adductor magnus muscles delimitate the
medial, anterolateral and posteromedial aspect of
the Hunter’s canal, respectively (Fig. 7.10).

Finally replace the transducer on the ASIS,
medially to the attachment of the inguinal liga-
ment, to identify the lateral femoral cutaneous
nerve. This nerve can be seen as a small fascicu-
late structure crossing the lateral end of the ingui-
nal ligament.
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Fig. 7.5 (a) Anatomical scheme of tensor fasciae latac  (c¢) US axial scans demonstrate SA muscle belly at differ-
(TFL) and sartorius (SA) muscles. (b) US probe path to  ent level of the thigh (A-H)
explore SA muscle from proximal to distal insertion;

Fig. 7.6 (a) Probe position to explore the myotendinous junction on axial plane. (b) US axial scan of myotendinous
junction of sartorius muscle (*)
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Fig. 7.7 (a) US probe position to explore the myotendinous junction on longitudinal plane. (b) US longitudinal scan of
myotendinous junction (arrowheads) of sartorius muscle and tendon (*). 7 tibial shaft

Fig. 7.8 US probe position (a) and US axial plane (b) to  anterior to the gracilis (*) and the semitendinosus tendons
explore the distal insertion of the SA muscle (circles) on  (arrowhead). T tibial shaft
the surface of the tibia medial to the tibial tuberosity, just

Fig. 7.9 US probe position (a) and US longitudinal plane (b) to explore the pes anserinus (arrowheads). T tibial shaft
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Fig.7.10 (a) Patient and US
probe position for the
assessment of the proximal
third of the sartorius muscle
(SA) on an axial scan plane;
(b) US axial scan: in the
proximal third of the thigh
SA is in a superficial
position, coursing under the
fascia and in strict relation-
ship with the femoral
vascular bundle (*).
Arrowhead vastus medialis,
# adductor longus

7.1.3 Summary Table

Muscle Origin Insertion

Sartorius  Anterior-superior iliac ~ Anteromedial margin
spine and the region of the superior aspect of
just below it the tibial shaft

7.2  Tensor Fasciae Latae

7.2.1 Anatomy Key Points

The tensor fasciae latae muscle is located
in a very superficial position, just under the
fascia on the anterolateral aspect of the hip
(Fig. 7.1). It arises from the lateral aspect
of the anterior-superior iliac spine and
descends with its short belly over the
anterolateral aspect of the proximal thigh.
Then, it converge in the anterior edge of the
fascia lata which is a fibrous lamina cover-
ing the lateral aspect of the thigh. This
structure is also referred to as the ‘iliotibial
tract’ and courses superficially along the
lateral aspect of the thigh, from the lateral
edge of the iliac crest down to its insertion
into Gerdy’s tubercle at the anterolateral
aspect of the proximal tibial epiphysis.

7.2.2 Ultrasound Examination
Technique

Start the US evaluation placing the probe on
the anterosuperior iliac spine (ASIS), with a

D. Orlandi et al.

Action Innervation

Flexion, abduction and lateral ~ Femoral nerve

rotation of the thigh at the hip;
flexion of the knee

transverse orientation. The US image shows the
‘pseudothyroid’ typical aspect, with the iliac cor-
tex simulating the trachea, and the sartorius
(medially) and the tensor fasciae latae (laterally)
origins simulating thyroid lobes (Fig. 7.3).

Proceed laterally and caudally following the
tensor fasciae latae muscle belly, which courses
superficially on the anterolateral aspect of the
proximal thigh (Fig. 7.11).

Note that, this muscle has a more echogenic
appearance than the others, due to a large amount
of fatty tissue among its fascicles. At its proximal
portion, tensor fasciae latae covers the gluteus
medius muscle belly; more distally, it courses
over the vastus lateralis muscle, whose fibres can
be seen arising from the deep portion of the
image and lateral to the rectus femoris proximal
portion (Fig. 7.12).

In a scanning plane corresponding to the
greater trochanter, turn the probe by 90° and fol-
low the distal portion of the muscle converging in
the antero-inferior aspect of the fascia lata and
continuing into the iliotibial tract (Fig. 7.13).

At this level, when scanning patients suffering
for hip trauma, remember also to investigate the
superficial anatomical planes between the fascia
and the subcutaneous tissue that are commonly
distended by fluid (Morel-Lavallée syndrome).
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Fig. 7.11 Extended field of view; the longitudinal US  over the gluteal muscles (Gm) to continue into the iliotib-
scan shows the course of the tensor fasciae latae muscle ial tract (asterisk) at the level of the greater trochanter
(TFL) from the anterior-superior iliac spine (IS), passing  (GT)

Fig.7.12 Probe position over the
lateral hip on different planes for the
evaluation of the tensor fasciae latae
muscle. (a) Corresponding more
proximal US axial scan: gluteus medius
muscle (Gm), tensor fasciae latae (TFL)
muscle, sartorius muscle (S), rectus
femoris muscle (RF) and femoral head
(F) covered by the hip joint capsule. (b)
Corresponding more distal US axial
scan: vastus lateralis muscle (VL),
vastus intermedius muscle (VI), tensor
fasciae latae muscle (TFL), sartorius
muscle (§), rectus femoris muscle (RF)
and femur (F)

Fig. 7.13 (a) Probe position over the lateral hip for the the tensor fasciae latae muscle (TFL): see the tensor fas-
evaluation of the tensor fasciae latae muscle. (b) ciae latae fibres in a superficial position and the muscular
Longitudinal-oblique US scan over the distal portion of  fibres of the vastus lateralis (VL) passing just deep to it
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Fig. 7.14 (a) Probe position over the anterolateral knee
for the evaluation of the iliotibial tract insertion. (b)
Corresponding longitudinal-oblique US scan: the image

Complete the examination following this
hyperechoic fibrous band over the lateral aspect
of the thigh, over the vastus lateralis muscle, till
its distal insertion on the Gerdy’s tubercle on the
anterolateral aspect of the proximal tibia
(Fig. 7.14).

Pay particular attention to the distal portion of
the iliotibial tract, at the passage over the knee,
where the band may come in conflict with the lat-
eral condyle of the femur in the so-called run-
ner’s knee.

Dynamic manoeuvres may help to investigate
clinical symptoms as in the snapping hip syn-
drome or in the iliotibial tract friction syndrome.
In the former condition, the patient lies on the
examination table in contralateral decubitus. Flex
and externally rotate the adducted and internally
rotated patient hip with the US probe placed over
the lateral aspect of the greater trochanter. The

7.2.3 Summary Table

Muscle Origin Insertion
Tensor fasciae  Anterior-superior
latae iliac spine

Gerdy’s tubercle
of the tibia

shows the distal portion of the iliotibial tract (arrowheads)
inserting onto the Gerdy’s tubercle of the tibia (G)

iliotibial tract, tensor fasciae latae or gluteus
medius tendon slides back and forth across the
greater trochanter. This normal action becomes a
snapping hip syndrome when one of these con-
nective tissue bands thickens and catches with
motion. The underlying bursa may also become
inflamed, causing a painful external snapping hip
syndrome. Transverse US scan easily depict the
impingement of the posterior border of the fascia
lata (or the anterior portion of the gluteus maxi-
mus) over the osseous prominence of the greater
trochanter.

The iliotibial band friction syndrome could be
evaluated moving the patient knee forward in
extension and backward in flexion: the transverse
US scan over the lateral condyle of the femur
shows the impingement between such structure
and the pre-insertional portion of the iliotibial
tract.

Action

Abduction and flexion of the thigh;
also tightens the iliotibial tract

Innervation

Superior gluteal
nerve
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Emanuele Fabbro and Alessandro Muda

8.1 Anatomy Key Points femoral triangle; then it passes around the

iliopubic ramus and courses anteromedial
to the hip joint to insert distally onto the
lesser trochanter of the femur through its
conjoint tendon. Common femoral artery
and vein pass just medially to the fibres of
the iliopsoas muscle in the so-called lacuna
vasorum space (which constitute the medial
compartment of the femoral triangle).
Further, sited medial to the iliopsoas and
deep to the femoral vessels is the pectineus
muscle, which constitute the floor of the
femoral triangle.

The iliopsoas bursa is located anteriorly
between the joint capsule and the posterior
surface of the iliopsoas muscle. This is the
largest synovial bursa of the human body,
which communicates with the joint space
in 15 % of cases.

The iliopsoas muscle complex is composed
of two muscles with different areas of ori-
gin and same distal insertion: psoas major
muscle and iliacus muscle (Fig. 8.1).
Psoas major originates proximally from
the lower spine, in particular from the lat-
eral aspect of the vertebral bodies and
transverse processes of T12-L5 and the
intervening intervertebral discs. The iliacus
is a broad muscle of the lateral pelvis which
has a wide origin from the iliac crest, the
iliac fossa, the ala of the sacrum and the
sacroiliac and iliolumbar ligaments; then it
runs downward in the iliac fossa and, just
cranially to the inguinal ligament, joins
with the psoas major fibres forming
the iliopsoas muscle. It passes below the
inguinal ligament (together with the femo-
ral nerve on its anteromedial aspect) into
the so-called lacuna musculorum, which
represent the lateral compartment of the
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Focus On

The femoral triangle (or Scarpa’s triangle) is a
connective tissue space located anteriorly in
the proximal thigh. Its boundaries are the
inguinal ligament, the medial border of the
sartorius muscle, and the superior-lateral bor-
der of the adductor longus muscle (respec-
tively superior, lateral and medial margins).
Pectineus and adductor longus muscles com-
pose the floor of this space, and the fascia lata

Fig.8.2 (a) Anatomical scheme illustrating the femo-
ral triangle. (b) US axial scan of the femoral triangle.
IE ileopectineal eminence, A common femoral artery,

Ultrasound Examination
Technique

8.2

The iliopsoas muscle is evaluated with the patient
lying supine on the table with the leg extended
and the hip slightly extrarotated (Fig. 8.3).

Palpate the anteroinferior iliac spine and posi-
tion the probe just medially to it in a transverse
plane. At this level, the US image shows, from
lateral to medial, the hyperechoic cortex of the
iliac bone with the attachment of the rectus femo-
ris tendon, the fibres of the iliac muscle, the fibres
of the psoas major muscle and finally the femoral
neurovascular bundle (Fig. 8.4).

Maintaining a transverse orientation, it iS pos-
sible to follow the iliopsoas muscle moving the

(and the cribriform fascia at the saphenous
opening) composes the roof of the triangle
(Fig. 8.2). The femoral triangle could be
divided into two compartments: a lateral com-
partment, the ‘lacuna musculorum’, which
contains the iliopsoas muscle and the femoral
nerve and a medial compartment, and the
‘lacuna vasorum’, which houses the common
femoral artery and, lateral to it, the femoral
vein.

V common femoral vein, * femoral nerve, /P Iliopsoas,
arrowheads inguinal ligament

transducer from cranial to caudal positions: on
the US image, the myotendinous junction of the
iliopsoas muscle can be progressively seen form-
ing by the two distinct muscular bellies until the
hyperechoic fibrillar oval structure of the tendon
appears in a postero-medial eccentric position
(Fig. 8.5).

At this level, turn the probe by 90° and follow
the tendon along its long axis until its insertion
on the lesser trochanter. Due to the curvilinear
course of the iliopsoas tendon before the
enthesis, anisotropy may significantly affect the
visualization of tendon attachment over the
lesser trochanter. Anisotropy can be reduced by
positioning the patient in flexion, abduction and
maximal external rotation of the thigh and by
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pressing on the distal edge of the probe in order
to correctly visualize also the distal portion of
the tendon (Fig. 8.6).

The longitudinal US scan shows the cortex of
the femoral head covered by the articular cartilage
and the anterior joint capsule (normally the ante-
rior joint recess is a virtual space); the acetabulum
is located proximally, covered by the iliopsoas

Fig. 8.3 Lower limb position to
evaluate the iliopsoas muscle

tendon and the rectus femoris muscle fibres. At
this level, it is important to evaluate the presence of
the iliopsoas bursa, which intervenes between the
tendon and the anterior capsule on the medial hip
and could be seen when distended by fluid
(Fig. 8.7).

Further, dynamic scans may be useful to assess
internal snapping hip. The patient is asked to move
the hip in the frog leg position and then to return it
to the normal supine position: oblique transverse
US images obtained over the tendon can demon-
strate the impingement between the iliopectineal
eminence and the tendon which moves abruptly in
a medial direction causing the snap.

Fig. 8.4 (a) Probe position over the anterior hip for the
evaluation of the iliopsoas muscle. (b) Corresponding US
axial scan: this image shows the relationship between the

anterior-inferior iliac spine (IS) and the iliopsoas muscle
(Ips); on the left, the muscular fibres of the sartorius (S)
and gluteus medius muscle (Gm) can be seen
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Fig. 8.5 Probe position over the anterior hip at different
transverse planes for the evaluation of the iliopsoas mus-
cle. (a) Cranial US axial scan showing the distinct muscle
bellies of the iliac (/) and psoas major (Ps) muscles,
respectively, on the left and on the right of the image,
coursing in the lateral pelvis over the iiac bone (/B); at this
level, the femoral neurovascular bundle with the femoral

artery (circle) and nerve (asterisk) can be seen between
the two converging muscular bellies. (b) Caudal US axial
scan which shows the iliopsoas muscle belly (Ips) with its
tendon in the typical eccentric position (arrow); at this
level, the femoral neurovascular bundle can be seen on the
medial aspect of the iliopsoas muscle, entering the femo-
ral triangle

Fig. 8.6 (a) Patient position in flexion, abduction and
maximal external rotation (b) US longitudinal scan show-
ing the distal iliopsoas tendon (circles) inserting on the
lesser trochanter (LT) and some fibres of the adductor lon-

gus muscle passing close to it. Press the probe over the
skin and position along the tendon course to obtain a
proper US scan
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Fig. 8.7 (a) Probe position in a longitudinal scan, over
the anterior aspect of the hip joint for the evaluation of the
iliopsoas muscle. (b) Corresponding US longitudinal
scan: this image shows the relationship between the ilio-
psoas muscle fibres (IPs), seen in a longitudinal plane,

and the underlying joint capsule (asterisk), acetabulum
(A) and femoral head (FH); sartorius muscular fibres (S)
can be seen in a superficial position, passing over the ilio-
psoas muscle at this level

8.3  Summary Table

Muscle Origin Insertion Innervation Action

Psoas major Lateral aspect of the vertebral ~ Lesser trochanter of the Lumbar plexus: Strongest flexor of the
bodies and transverse processes femur (conjoint tendon L2 and L3 thigh and a flexor of the
from T12 to L5 with iliacus) trunk when the thigh is

Tliacus Iliac crest, iliac fossa, ala of the Lesser trochanter of the Femoral nerve ﬂe.xed; also rotates the
sacrum and sacroiliac and femur (conjoint tendon (L2, L3, L4) th1gl} ‘laterally a.nd‘
iliolumbar ligaments with psoas major) stabilizes the pelvis
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Quadriceps

Davide Orlandi and Giulio Ferrero

Four muscle bellies form the quadriceps muscle
group, occupying the anterior compartment of
the thigh: the rectus femoris, the vastus lateralis,
the vastus medialis and the vastus intermedius
muscles (Fig. 9.1).

The origin of the four bundles varies for each
of them, while caudally the tendons of these
muscles merge to form the quadriceps tendon,
taking a common insertion onto the superior pole
of the patella.

The quadriceps acts as a powerful extensor of
the leg on the thigh. Moreover, the rectus femoris
muscle, with its insertion onto the hip, also
contributes to hip flexion; the vastus medialis and
lateralis play a secondary role in stabilizing the
patella.

D. Orlandi (X)) ¢ G. Ferrero

Dipartimento di Radiologia,

Universita degli studi di Genova, Genoa, Italy
e-mail: my.davideorlandi@gmail.com;
giulio.ferrero @ gmail.com

Fig.9.1 Anatomical scheme of the quadriceps group: RF
rectus femoris muscle, VM vastus medialis muscle, VL
vastus lateralis muscle. The vastus intermedius muscle
lies deep to the RF muscle
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9.1 Rectus Femoris

9.1.1

Fig.9.2 Anatomical scheme of the rectus femoris proxi-
mal insertion: (°) direct tendon, (#) indirect tendon, (*)
reflected tendon

Anatomy Key Points

The rectus femoris is a long fusiform
biarticular muscle, forming the anterior
superficial portion of the quadriceps mus-
cle group. In respect to the vastus lateralis,
vastus medialis and vastus intermedius
muscles, the rectus femoris is the most
commonly involved in strain injuries and
also has the most complex anatomy.

The muscle fibres originate from the hip
through a complex proximal insertion, con-
sisting of three separate tendons (Fig. 9.2).
The direct tendon (or straight head) arises
from the anterior inferior iliac spine (AILS);
the indirect tendon arises slightly more infe-
riorly and posteriorly from the supero-lateral

D. Orlandi and G. Ferrero

aspect of the acetabular rim; the reflected
tendon (or reflected head) is the smallest
and anchors the insertional complex of the
rectus femoris, reflecting into the anterior
capsule of the hip joint, in the proximity of
the greater tuberosity. Each tendon nearly
retains a separate identity (with 10-20 %
intermingling of fibres) and continues in a
specific aponeurosis.

The strict relationship between the ace-
tabulum and the above-mentioned tendons
justifies the frequent association among
strain injuries of the rectus femoris muscle,
which are common in young athletic
patients, and a concomitant tear of the ace-
tabular labrum.

The rectus femoris muscle has a com-
plex internal structure consisting of differ-
ent muscle fibres and fibrous-aponeurotic
components. Proximally, two aponeurosis
can be distinguished, the superficial and the
central aponeurosis. The superficial apo-
neurosis represents the continuation of the
direct tendon within the muscle substance
and is oriented on a coronal plane; it
extends in the cranial third of the muscle
belly and blends with the anterior fascia.
The central aponeurosis is primarily con-
nected to the indirect tendon and is oriented
on a sagittal plane; it is located in the cra-
nial two-thirds of the muscle belly. The
inferior surface of the superficial aponeuro-
sis gives origin to the outer muscle fibres,
while the inner fibres expand from the lat-
eral and medial side of the central aponeu-
rosis. For this reason, the outer portion of
the rectus femoris muscle has a unipennate
appearance, while the inner one appears
bipennate, so that the rectus femoris mus-
cle is overall composed of a small inner
bipennate component surrounded by a
large unipennate muscle. Both the outer
and inner muscle fibres run caudally to
insert into the deep distal aponeurosis that



9 Quadriceps

59

arises from the posterior surface of the
distal two-thirds of the muscle and contin-
ues distally in the quadriceps tendon. This
particular tendinous and “muscle within a
muscle” architecture is responsible of
unusual patterns of muscle tears that differ
from what is typically encountered in other
muscles.

The distal myotendinous junction is
located between the midline and distal
third of the thigh. It continues the distal
tendon that blends with the tendons of the
vastus lateralis, vastus medialis and vas-
tus intermedius muscles, forming the
superficial layer of the quadriceps ten-
don. The most superficial tendinous
fibres of the rectus femoris overcome the
patella to reach the tibial tuberosity, con-
tributing to the formation of the patellar
tendon.

The descending branch of the lateral
femoral circumflex artery furnishes the
vascular supply of the rectus femoris mus-
cle; the posterior division of the femoral
nerve provides its innervation.

9.1.2 Ultrasound Examination
Technique

The patient lies supine, with the lower limb
extended in a neutral position (Fig. 9.3).

Place the probe on the anterior superior iliac
spine (ASIS) in an axial position in order to visu-
alize the proximal insertions of the sartorius
(medial) and tensor fasciae latae (lateral) muscles
as shown in Fig. 7.3.

Then, move the transducer caudally to
reach the anterior inferior iliac spine (AIIS),
the key bony landmark to identify the rectus
femoris proximal insertion (Fig. 9.4). The
direct tendon of the rectus femoris can be seen
above the AIIS cortex and deep to the iliopsoas
muscle.

Fig.9.3 Lower limb
position to evaluate the
rectus femoris muscle

Pay particular attention when assessing the
attachment point of the direct tendon onto the
AIIS in young patients. As the growth plate is not
completely fixed, this structure is frequently
involved in avulsion fracture secondary to strain
injuries.

Rotate the transducer by 90° to evaluate the
direct tendon on the longitudinal plane (Fig. 9.5).
Deep to the hyperechoic band representing the
direct tendon, note the shadow determined by the
change in orientation of the indirect tendon that
descends externally and obliquely toward the
upper rim of the acetabulum (Fig. 9.6).

In order to better assess the indirect tendon,
ask the patient to put the examined leg over the
other leg in a cross-legged position (Fig. 9.7a),
and then swipe the probe laterally on an axial
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Fig. 9.4 (a) Probe position (axial plane) to visualize the
rectus femoris proximal insertion onto the anterior infe-
rior iliac spine (AIIS). (b) US axial scan at AIIS level
shows the proximal insertion of the rectus femoris muscle.

The direct tendon has an oval hyperechoic shape (*) just
above the thin hyperechoic band of the AIIS bony cortex
and under the iliopsoas muscle (Ps). S sartorius muscle

Fig.9.5 (a) Probe position to evaluate the direct tendon of the rectus femoris muscle on the longitudinal plane. (b) US
longitudinal scan of the direct tendon insertion (*) onto the AIIS. Ps iliopsoas muscle

plane, exposing the indirect tendon on its long
axis (Fig. 9.7b).

Then, move the transducer medially to reach
the anterior inferior iliac spine (AILS), and then
shift the probe caudally to reach the proximal
myotendinous junction on its longitudinal plane

(Fig. 9.8). Rotating the probe by 90°, complete
the evaluation with an axial scan.

Continue the examination exploring the
muscle belly and its aponeurotic components on
axial scans that provide panoramic views
(Fig. 9.9). The exam should be performed from
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Fig.9.6 US longitudinal scan shows
the direct (*) and indirect (white
arrowheads) tendon of the rectus
femoris muscle. Identify the hypoechoic
appearance of the indirect tendon
caused by the change in orientation of
its fibres (anisotropy), which runs
obliquely and externally compared with
that of the direct tendon

Fig. 9.7 (a) Probe position (axial plane) to visualize the leg above the other one. (b) US axial scan shows the indirect
indirect tendon of the rectus femoris muscle on its long axis.  (white arrowheads) tendon of the rectus femoris muscle on its
The patient is in a cross-legged position with the examined  long axis. TFL tensor fasciae latae, Gmin gluteus minimus

Fig.9.8 US longitudinal scan shows
the proximal myotendinous junction
(white arrowheads) of the rectus
femoris muscle (*)
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Fig. 9.9 Anatomical schemes correlated to US axial
scans at different levels of the rectus femoris muscle and
its aponeurotic components. (a) Proximal third of the rec-
tus femoris muscle (RF). The superficial aponeurosis
(white arrowhead) is seen as a thin hyperechoic band, just
under the sartorius muscle (SA); the central aponeurosis
(*) appears as a thin hyperechoic structure located within
the medial aspect of the muscle. (b, ¢) Proximal and distal
middle third of the rectus femoris muscle (RF). The cen-

the proximal myotendinous junction up to the
distal myotendinous junction (Fig. 9.10). Look at
the superficial aponeurosis at the proximal third
and the central aponeurosis at the proximal
two-thirds of the muscle belly.

If a strain injury is suspected, perform an
accurate examination of the region surrounding
the central aponeurosis because it is the most
commonly involved in traumatic tears. Indeed,
the majority of rectus femoris injuries occur at

vyy

(B A

tral aponeurosis (*) becomes flattened, with a typical
“comma-shaped” appearance, parallel to the sagittal plane
with its long axis and located within the anterior central
aspect of the muscle. Vi vastus intermedius muscle, F
femur. (d) Distal third of the rectus femoris muscle (RF).
The deep aponeurosis (white arrowheads) is seen as an
hyperechoic band, arising from the posterior surface of
the muscle belly, located between the rectus femoris and
the vastus intermedius (Vi) muscles. F femur

the deep intramuscular myotendinous junction,
while myofascial junction injuries, at the periph-
ery of the muscle, are less frequent.

Rotating the probe by 90°, scan the distal
myotendinous junction on its longitudinal plane
(Fig. 9.11); then, shift the probe cranially to
examine the rectus femoris muscle belly on its
major axis (Fig. 9.12).

Complete the examination with the quadri-
ceps tendon analysis (as shown below).
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Fig.9.10 US axial scan of the rectus
femoris distal myotendinous junction
(*). VL vastus lateralis muscle, VM
vastus medialis muscle, Vi vastus
intermedius muscle, F femur

Fig.9.11 Extended field-of-view of the rectus femoris distal myotendinous junction (white arrowheads). RF rectus
femoris muscle belly, Vi vastus intermedius muscle, P patella

Fig.9.12 US longitudinal scan of the
rectus femoris muscle belly (RF). Vi
vastus intermedius muscle
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9.2 Vastus Muscles

9.2.1

Anatomy Key Points

The vastus lateralis (VL) muscle
(Fig. 9.13), the largest of the quadriceps
femoris bellies, has a multiple origin from
the superior intertrochanteric line of the
femur, the antero-inferior margin of the
greater trochanter, the gluteal tuberosity,
the lateral linea aspera and the lateral inter-
muscular septum. The proximal tendon of
the vastus lateralis muscle has a close rela-
tionship with the insertional tendon of the

D. Orlandi and G. Ferrero

gluteus minimum muscle with which it
partly bends.

The vastus lateralis muscle belly forms
a broad and flattened mass on the femoral
shaft lateral to the vastus medialis muscle,
deep to rectus femoris muscle and anterior
to the biceps femoris muscle. Its lateral sur-
face is covered by the tensor fascia latae
muscle (at the proximal third of the thigh)
and the ilio-tibial tract (at the distal two-
thirds of the thigh).

The distal tendon of the vastus lateralis,
together with the vastus medialis tendon,
forms the intermediate layer of the quadri-
ceps tendon. In addition, some fibres of the
vastus lateralis reach directly the lateral
margin of the patella (lateral patellar
retinaculum).

The vastus medialis (VM) muscle is
thicker and less wide than the vastus latera-
lis. It takes its origin from the entire medial
linea aspera, the inferior intertrochanteric
line of the femur and the medial intermus-
cular septum.

The muscle belly covers the medial
aspect of the femur, at the same level of
the vastus lateralis, placing deep to rectus
femoris and anterior to the adductor mus-
cles. At the middle third of the thigh, it is
overcome superficially by the sartorius
muscle.

The distal tendon of the vastus medialis,
together with that of the vastus lateralis,
forms the intermediate layer of the quadri-
ceps tendon. Some fibres of the vastus
medialis attach directly onto the medial
margin of the patella (medial patellar
retinaculum).

The vastus intermedius (VI) muscle is
the deepest of the vastus muscles, lying in
direct contact with the femoral diaphysis,
largely covered by the vastus lateralis and
medialis muscles. It has an extensive proxi-
mal insertion onto the inferior and lateral
linea aspera (as the vastus lateralis), the
anterior and lateral femoral shaft and the

Fig. 9.13 Anatomical scheme of the vastus muscle
group: VM vastus medialis muscle, VL vastus lateralis
muscle, VI vastus intermedius muscle

lateral intermuscular septum.
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The vastus intermedius distal tendon contrib-
utes to form the deep layer of the quadriceps
tendon.

9.2.2 Ultrasound Examination
Technique

The patient lies supine with the lower limb
extended on the examination table (Fig. 9.14).

Place the probe in the axial plane on the ante-
rior inferior iliac spine (AIIS), the main bony
landmark used to identify the proximal insertion
of the rectus femoris muscle, as shown in Fig. 9.4.
Then, shifting the probe caudally, visualize its
proximal myotendinous junction and muscle
belly, as show in Fig. 9.9b.

From this position, shift the probe laterally to
image the vastus lateralis muscle belly at its
proximal third (Fig. 9.15a). The vastus lateralis
has a wide proximal insertion on the proximal
and lateral femoral shaft not clearly detectable on
US examination.

Continue the exam moving the probe caudally
along the anterolateral surface of the thigh to
examine the vastus lateralis muscle belly in its
full extension (Fig. 9.15b), up to the distal myo-
tendinous junction, located at the distal third of
the thigh (Fig. 9.16).

Rotate the probe by 90° to visualize the vastus
lateralis distal myotendinous junction and tendon
on their long axis (section “quadriceps tendon
evaluation”).

Shifting the probe cranially, complete the US
examination imaging the vastus lateralis muscle
belly on the longitudinal plane (Fig. 9.17).

As described before, also for the vastus medi-
alis muscle examination, the rectus femoris mus-
cle must be considered the main anatomic
landmark, so start the examination placing the
probe in the axial plane to visualize the rectus
femoris muscle belly, as shown in Fig. 9.9a.

Shifting the probe medially on the axial plane,
the vastus medialis muscle appears anterior to the
adductors, medial to the rectus femoris and
superficial to the vastus intermedius muscles
(Fig. 9.18). Similar to the vastus lateralis muscle,
the tendinous origin of the vastus medialis is not
clearly identifiable on US examination.

Fig. 9.14 Lower limb position for vastus muscles
evaluation

Move the probe caudally, along the anteromedial
thigh, to examine the vastus medialis muscle belly
on the axial plane, at different levels (Fig. 9.19).

Note the close relationship of the vastus
medialis muscle with the superficial femoral
neurovascular bundle for almost its entire course.
The course of the femoral bundle, located
medially to the vastus medialis, can be used as a
helpful anatomical landmark (Fig. 9.20).

The vastus medialis muscle belly extends more
distally than the vastus lateralis and the vastus
intermedius muscles, descending in proximity of
the superior pole of the patella (Fig. 9.21).
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Fig. 9.15 Probe position to evaluate the vastus lateralis
muscle on the axial plane. (a) US axial scan at the proxi-
mal third of the anterolateral thigh: the vastus lateralis
(VL) muscle belly is identifiable deep to the tensor fasciae
latae (TFL) and superficial to the vastus intermedius (Vi)

At the distal third of the thigh, visualize its
distal myotendinous junction and tendon on the
axial plane (Fig. 9.22).

Rotate the probe by 90° to evaluate the distal
myotendinous junction and tendon also in the
longitudinal plane (Fig. 9.23).
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muscles. (b) US axial scan at the middle and distal third of
the thigh: the vastus lateralis (VL) lies in a superficial
position, just under the subcutaneous tissue. Vi vastus
intermedius muscle. F' femur

Starting from the position shown in Fig. 9.9a, the
vastus intermedius muscle belly is seen deep to rec-
tus femoris muscle in direct contact with the ante-
rior surface of the femoral shaft (Fig. 9.24). The
identification of the femoral cortex on the deep por-
tion of the image helps to find the exact scan.
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Fig. 9.16 (a) US axial scan at the middle third of the to the vastus intermedius muscles (Vi). VM vastus media-
anterolateral thigh, using a convex-array probe that allows  lis muscle, F femur. (b) US axial scan of the distal myo-
a more panoramic view. The vastus lateralis muscle (VL)  tendinous junction of the vastus lateralis muscle (white
is imaged lateral to the rectus femoris (RF) and superficial — arrowheads). F femur

Fig.9.17 (a) Probe position to evaluate the vastus latera-  field-of-view of the vastus lateralis and vastus intermedius
lis muscle on the longitudinal plane. (b) US longitudinal muscles along the lateral thigh; Vi vastus intermedius
scan of the vastus lateralis muscle belly (VL). (c) Extended = muscle; (¥), ilio-tibial band

Fig.9.18 (a) Probe position to evaluate the vastus media- muscle, VL vastus lateralis muscle, VM vastus medialis
lis muscle on the axial plane. (b) Panoramic axial scan of  muscle, Vi vastus intermedius muscle, AM adductor mag-
the anteromedial muscles of the thigh. RF rectus femoris  nus muscle, F femur
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Fig. 9.19 Probe position to evaluate the vastus medialis  proximal (a), middle (b) and distal (c) third of the antero-
muscle belly at different levels on the axial plane. US  medial thigh. RF rectus femoris muscle, Vi vastus inter-
axial scan of the vastus medialis (VM) muscle belly at the  medius muscle, AM adductor magnus muscle
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Fig. 9.20 Extended field-of-view of the vastus medialis
(VM) muscle belly at the middle third of the anteromedial
thigh. Look at the superficial neurovascular bundle (white
arrow). RF rectus femoris muscle, VL vastus lateralis
muscle, VM vastus medialis muscle, Vi vastus intermedius
muscle, S sartorius muscle, F femur

Fig. 9.21 Extended field-of-view of the vastus medialis
(VM) muscle belly at the distal third of the thigh. The vas-
tus medialis shows a large muscle belly while the vastus
lateralis (VL) and the vastus intermedius (Vi) muscles start
to decrease in size to become tendinous. Asterisk, rectus
femoris distal tendon fibres
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Fig. 9.22 US axial scan of the vastus medialis distal
myotendinous junction (¥). F' femur

Move the probe caudally, along the central
anterior thigh, to visualize the entire muscular
mass.

In patients with significant muscle mass, such
as obese patients or athletes, the use of low-
frequency-convex array probes may help to
obtain an appropriate depiction of the deeper
aspect of the muscle.

At the distal third of the thigh, identify the dis-
tal myotendinous junction on an axial plane, up
to the distal tendon where the vastus intermedius
muscle fibres fit into the deep lamina of the quad-
riceps tendon (Fig. 9.25).

Rotate the probe clockwise by 90 ° and get a
longitudinal scan of the distal tendon and the
myotendinous junction (Fig. 9.26).
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Fig.9.23 (a) Probe position to evaluate the vastus media-  tal myotendinous junction. White arrowheads, vastus
lis distal myotendinous junction on the longitudinal plane.  medialis distal tendon; P patella
(b) US longitudinal scan of the vastus medialis (VM) dis-

Fig. 9.24 (a) Probe position to evaluate the vastus intermedius muscle on the axial plane. (b) US axial scan of the
vastus intermedius muscle belly. Vi vastus intermedius muscle, RF rectus femoris muscle, F' femur
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Fig.9.25 US axial scan of
the vastus intermedius distal
myotendinous junction (*).
RF rectus femoris muscle,
VL vastus lateralis muscle,
VM vastus medialis muscle,
F femur

Fig.9.26 (a) Probe position to evaluate the vastus inter-  distal myotendinous junction (white arrows). Vi vastus
medius distal myotendinous junction on the longitudinal  intermedius muscle
plane. (b) US longitudinal scan of the vastus intermedius
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9.2.3 Summary Table

Muscle Origin Insertion

Rectus AIIS (direct tendon), supero-

femoris lateral aspect of the acetabular rim
(indirect tendon), anterior capsule
of the hip joint (reflected)

Vastus Superior intertrochanteric line of

lateralis the femur, antero-inferior margin
of the greater trochanter, gluteal
tuberosity, lateral linea aspera, the
lateral intermuscular septum

Vastus Medial linea aspera, inferior

medialis intertrochanteric line of the femur,
medial intermuscular septum

Vastus Inferior and lateral linea aspera,

intermedius anterior and lateral femoral shaft,
lateral intermuscular septum

9.3 Quadriceps Tendon

9.3.1 Anatomy Key Points

The distal insertions of the vastus muscles con-
verge with the rectus femoris muscle to form an
apparently unique tendinous structure, the quad-
riceps tendon.

The quadriceps tendon is a multilayered
fibrous band that attaches onto the superior pole
of the patella. It has a trilaminar appearance
because three different layers constitute it: the
superficial one contains the fibres from the rectus
femoris muscle; the intermediate lamina is
formed by the vastus medialis and lateralis fibres
melted together; the deep layer contains the vas-
tus intermedius distal tendinous fibres. These dis-
tinct layers are separated by fibroadipose bands
of tissue that allow gliding movements during
quadriceps muscle activation.

Superior pole of the patella
(superficial lamina of the
quadriceps tendon), tibial

Superior pole of the patella
(intermediate lamina of the
quadriceps tendon)

Superior pole of the patella
(intermediate lamina of the
quadriceps tendon)
Superior pole of the patella
(deep lamina of the
quadriceps tendon)

Nerve supply Action
Extension of the

knee

Femoral nerve

Flexion of the

tuberosity (patellar tendon) hip

Extension of the
knee

Femoral nerve

Extension of the
knee

Femoral nerve

Extension of the
knee

Femoral nerve

9.3.2 Ultrasound Examination
Technique

The patient lies supine with the knee flexed at
about 30°-45° to straighten the tendon.

Place the probe on a longitudinal plane with
the distal edge on the superior pole of the patella
and evaluate the quadriceps tendon on its major
axis (Fig. 9.27a—c).

Then complete the examination with axial
scans (Fig. 9.27c). Pay attention to the quadri-
ceps tendon features: usually, it appears quite
irregular because of the orientation of the
converging fibres coming from the three different
layers (rectus femoris, vastus medialis and latera-
lis, vastus intermedius muscles).

Extended field-of-view systems are particu-
larly well suited to illustrate the distal myotendi-
nous junctions and the tendon in a panoramic
image.

Fig. 9.27 (a) Probe position to evaluate the quadriceps
tendon on the longitudinal plane. (b) US longitudinal scan
shows the typical hyperechoic multilayered appearance of
the quadriceps tendon. The superficial lamina of the quad-
riceps tendon is formed by the rectus femoris fibres (white
arrowheads); the intermediate layer is constituted by the

fibres of the vastus lateralis and medialis; the vastus inter-
medius contribute to the formation of the deep lamina
(void arrowheads). (*) suprapatellar recess; P patella. (c)
US axial scan shows the oval hyperechoic appearance of
the quadriceps tendon (*). (°), articular cartilage; T femo-
ral trochlea
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10.1 Adductors and Pectineus
Muscles

10.1.1 Anatomy key points: Adductors

The adductor muscles are composed of the
adductor longus, brevis, and magnus mus-
cles (Fig. 10.1).

The main function of these muscles is to
adduct and to rotate internally the thigh and
to stabilize the hip joint. The adductor lon-
gus can also flex the extended thigh, while
the adductor magnus extends the thigh at
the hip joint level.

The adductor longus muscle is the most
anterior muscle in the adductor group and
originates from the anterior pubis, just lat-
eral to the pubic symphysis.

It is a slender and triangular muscle, lat-
eral to adductor brevis and magnus muscles
and medial to the vastus medialis muscle.
The muscle belly of adductor longus
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becomes progressively thinner caudally,
and its fibers run downwards and laterally
to attach to the middle third of linea aspera
of femur, anterior to adductor magnus and
brevis and posterior to vastus medialis
insertions.

Linea aspera is a rough crest of bone
running down the posterior shaft of the
femur in its middle third.

The adductor brevis muscle is a short
and triangular-shaped muscle; the upper
aspect of its belly is posterior to pectineus,
while its lower aspect is posterior to adduc-
tor longus muscle. It originates from the
lateral part of the front of the body of the
pubis and from the inferior pubic ramus. It
distally attaches between the lesser tro-
chanter and the superior end of linea aspera,
anteriorly to adductor magnus insertion.

Finally, the largest and the most posterior
of adductor muscle group is the adductor
magnus muscle. It is a large triangular-
shaped muscle with a thick medial margin
that originates from the femoral surface of
the ischiopubis ramus and the lateral part of
the inferior surface of the ischial tuberosity.
It lies anteriorly to semimembranosus and
semitendinosus muscles and posteriorly to
adductor longus and brevis muscles.

This muscle has two different components:
the adductor and the hamstring part. The
adductor portion attaches with a wide aponeu-
rosis on the medial margin of the linea aspera
of the femur; the hamstring part attaches by a
rounded tendon to adductor tubercle on top of
the medial condyle of femur.

Some of these fibers continue vertically
downwards fusing with the medial collat-
eral ligament of the knee. The most ante-
rior ischiopubic fibers course from linea
aspera to the greater trochanter medially to
the insertion of the gluteus maximus.

A. Corazza and E. Silvestri

10.1.2 Anatomy Key Points: Pectineus

The pectineus muscle is a flat and
quadrangular-shaped muscle; it is located
in the upper and medial aspect of the thigh
deep in the groin. It lies between iliopsoas
and adductor longus muscles. These three
muscles form the floor of the femoral tri-
angle of Scarpa.

The pectineus muscle consists of two
layers: the superficial and the deep one. It
arises from the pectin pubis (pectineal line
of the pubis) and from the surface of bone
in front of it, between the iliopectineal emi-
nence and pubic tubercle. Some fibers also
come from the fascia covering the anterior
surface of the muscle.

It runs vertically downward, backward,
and lateral and inserts into the posterior
surface of the femur, along the line of the
lesser trochanter to the linea aspera. This
line is called the pectineal line of the
femur.

The pectineus muscle is in relation ante-
riorly with the pubic portion of the fascia
lata, which separates it from the femoral
artery and vein and internal saphenous vein
and posteriorly with the capsule of the hip
joint and with the obturator externus and
adductor brevis muscles.

The femoral nerve provides the main
innervation of the pectineus muscle
although it may sometimes receive addi-
tional innervation for its deep portion from
the obturator nerve called the accessory
obturator nerve.

10.1.3 Ultrasound Examination

Technique

The two bellies converge distally forming
the roof of the adductor canal, a conical-
shaped pathway that contains the femoral
vessels, saphenous nerve, and fibrous tissue.

The patient is supine, with the thigh abducted and
externally rotated and the knee bent (frog leg
position) (Fig. 10.2).

Holding the transducer in a longitudinal posi-
tion localize the anterior surface of the pubis,
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which can be considered an important bony land-
mark for US examination. Then identify the
insertional components of the adductor muscles
and three muscle layers: from the most superfi-
cial to the deepest, the adductor longus, the
adductor brevis, and the adductor magnus
(Fig. 10.3). The myotendinous junction of the
adductor longus is seen with its triangular
hypoechoic shape and its tendon results eccentric
to muscle belly.

With the probe always in the same position,
pay attention to the profile of the pubic symphy-
sis because a bone surface irregularity could rep-
resent a direct sign of osteitis pubis.

Shift the transducer cranially to evaluate the
tendon of rectus abdominis muscle, which is in
direct continuity with the adductor longus tendon.
Therefore a single continuous structure, termed
the common adductor—rectus abdominis origin,
forms a critical anatomic and biomechanical
structure, playing an important role as dynamic
stabilizer of the pubic symphysis (Fig. 10.4).

The long-axis US plane is useful for determin-
ing an avulsion injury of the tendon of the adduc-
tor muscles especially of the adductor longus
tendon and less frequently of the adductor brevis
tendon.

Rotate the transducer by 90° to evaluate the
adductor insertions on axial plane and move
down the transducer to detect and evaluate the
course of each muscle belly (Fig. 10.5).

Three muscle layers are recognized on axial
planes: the superficial one is represented by the
adductor longus (lateral) and the gracilis (medial)
muscles, the intermediate by the adductor brevis
muscle, and the deepest by the adductor magnus
muscle (Figs. 10.6 and 10.7).

Swipe the transducer distally on an axial scan
to distinguish each muscle belly. Femoral neuro-
vascular bundle, placed between the vastus inter-
medius, the sartorius, and the adductor longus
muscles, should be used as an important
landmark: the adductor muscles lie medially to
the femoral artery and vein (Fig. 10.8).

Following the course of the adductor longus
muscle, its cross-sectional area progressively
decreases until its distal insertion on the middle
third of the linea aspera (Fig. 10.9).

Fig 10.2 Lower limb position (frog leg position) to eval-
uate the adductor muscles

US are not able to distinguish the thin distal
tendon because it is positioned too deep.

Continue the exam with an axial scan of the
adductor brevis muscle performed at the upper
third of the thigh. At this level, it lies superolater-
ally to adductor longus muscle. Caudally it
becomes deeper than adductor longus muscle.

With axial scans, also evaluate the adductor
magnus muscle that appears as a large muscle
deep and posterior to adductor longus
(Fig. 10.10).

Ultrasound allows a reliable assessment of the
proximal components of adductor muscles; con-
versely the distal insertion of these muscles is
hard to examine because of the deep location and
the anatomical intrinsic complexity.

Also color Doppler examination may be use-
ful to evaluate the femoral vessels patency,
representing a crucial part of ultrasound exami-
nation of the medial compartment of the thigh.

Conclude the examination of the adductor
muscles performing axial or longitudinal scan
during isometric contraction, which is useful to
evaluate even small muscular injuries.
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Fig. 10.3 (a) Anatomical scheme of medial thigh com- magnus, GR gracilis. (¢) US sagittal scan: note the three
partment muscles. (b) Probe position to evaluate the prox- muscle layers represented from superficial to deepest by
imal insertion of adductor muscles (*) in the anterior adductor longus (AL), adductor brevis (AB), and adductor
surface of the pubis on the sagittal plane. PE pectineus, magnus (AM) muscles

AB adductor brevis, AL adductor longus, AM adductor

Fig.10.4 US longitudinal scan at level of pubic symphy-
sis (P) that shows the anatomical relationship (¥) between
the tendon of the adductor longus (AL) and the tendon of
the rectus abdominis (RA)

Fig. 10.5 US axial scan at proximal third of the thigh
that shows the anatomical relationship between the adduc-
tor longus (AL), adductor brevis (AB), adductor magnus
(AM), and gracilis (G) muscles



10 Adductors, Gracilis, and Pectineus

79

Fig.10.6 US axial scan performed with a
convex probe at proximal third of the thigh,
showing a panoramic view of muscular
anatomy of the medial compartment. AL
adductor longus muscle, AB adductor brevis
muscle, AM adductor magnus muscle, GM
gluteus maximus muscle, GR gracilis muscle,
F femur, FV superficial femoral vascular
bundle

1
Fig. 10.7 Anatomical scheme correlated to EFV US
axial scan at the proximal third of the thigh showing the

anatomical relationship among the pectineus (PE), adduc-
tor longus (AL), adductor brevis (AB), adductor magnus

Fig.10.8 US axial scan with color Doppler
at level of the femoral vascular bundle. The
adductor longus (AL) and the pectineus (PE)
muscles lie medial to the femoral vascular
bundle

(AM), and gracilis (GR). At this level the most superficial
muscles are AL and GR; AB lies just deeper to AL; AM
appears as a large muscle posterior and deeper to AB. Note
the superficial femoral neurovascular bundle (*)
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Fig.10.9 Anatomical scheme correlated to US axial scans at different levels (a-d) of the adductor longus muscle (*).
Note that muscle cross-sectional area progressively decreases

Fig.10.10 At middle third of the thigh (a) US axial scan (b) that shows the anatomical relationship between the adduc-
tor longus (AL), adductor magnus (AM) muscles
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10.2 Gracilis Muscle

10.2.1 Anatomy Key Points

The gracilis muscle, as its name implies, is
along, slim, strip-like muscle. It is the most
superficial adductor muscle and lies on the
medial aspect of the thigh and the knee.

Gracilis muscle adducts and flexes the
thigh at the hip joint and aids the flexion of
the knee.

It originates by a thin aponeurosis from
the front of the body and the inferior ramus
of the pubis.

It runs vertically downwards between
semimembranosus posteriorly and sarto-
rius anteriorly, and its belly develops a fusi-
form shape at its middle third.

The gracilis muscle becomes tendinous
above the knee and inserts into the antero-
medial surface of the superior aspect of the
tibial shaft. This distal attachment is
located anteriorly to the semitendinosus
and blends with the posterior aspect of the
sartorius insertion. A few fibers of the
lower part of the tendon continue into the
deep fascia of the leg.

Crossing both hip joint and knee joint, it
is the only two-joint adductor muscle.

Gracilis, sartorius, and semitendinosus
tendons, which are conjoined proximally
on the medial side of the tibia, form the pes
anserine. These three tendons are sepa-
rated from the medial collateral ligament
by the pes anserinous bursa, which is a
fluid-filled vesicle. It secretes synovial
fluid in order to reduce friction between
tissues and also works as a cushion for
bones, tendons, and muscles. The inflam-
mation of the bursa does not appear sud-
denly but rather progresses over a period
of time.
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10.2.2 Ultrasound Examination
Technique

Continue the exam visualizing the gracilis mus-
cle in short axis from proximal to distal insertion
(Figs. 10.11 and 10.13).

Place the probe with an axial scan at upper
third of the thigh and identify the gracilis muscle
belly superficial and medial to adductor muscles,
just below the subcutaneous tissue. Follow it up
to the anteromedial aspect of the superior tibial
shaft where the gracilis tendon inserts.

Then turn the probe by 90° to evaluate the
myotendinous junction and the distal attachment
of gracilis tendon on the anteromedial aspect of
the tibia on its long axis (Figs. 10.12, 10.16, and
10.17).

10.3 Pes Anserinus

10.3.1 Anatomy Key Points

The common attachment of the sartorius,
gracilis, and semitendinous tendons, on the
anteromedial aspect of the proximal tibia,
forms a structure that resembles the nata-
tory membrane of the goose; therefore, it
has been called “goosefoot” or, from the
Latin, “pes anserinus” (Fig. 10.14). The
main function of these muscles is to flex
the knee but also to aid the internal rotation
of the tibia, protecting the knee against val-
gus stress.

The anserinus bursa is located deep to
pes anserina tendons and superficial to the
insertion of the tibial collateral knee liga-
ment. Usually, this bursa does not commu-
nicate with the knee but sometimes can
communicate with the subtendinous bursa
of sartorius.
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Fig. 10.11 Anatomical scheme, probe position and US  proximal third of the thigh to the distal myotendinous
axial scans at different levels of the gracilis muscle (GR).  junction (arrowhead) (a—c). AB adductor brevis muscle
Cross-sectional area progressively decreases from the

Fig.10.12 (a) US probe
position to assess the
myotendinous junction and
the distal insertion of gracilis
(GR) muscle on longitudinal
plane. (b) US longitudinal
scan of gracilis (GR) muscle
myotendinous junction (*)
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Fig. 10.13 US axial scan performed with convex probe
at proximal third of the thigh showing a panoramic view
of muscular anatomy of the medial compartment. AL
adductor longus muscle, AB adductor brevis muscle, AM
adductor magnus muscle, GM gluteus maximus muscle,
GR gracilis muscle, F femur, * superficial femoral vascu-
lar bundle

10.3.2 Ultrasound Examination
Technique

US is an excellent imaging technique to evaluate
superficial soft tissues, such as tendons and bursae.

For examination of pes anserine tendons, the
patient lies supine and rotates the leg externally
with the knee flexed about 30° (Fig. 10.15).

Place the transducer on the medial aspect of
the obliquely oriented knee, over the long axis of
the medial collateral ligament. Then, move the
transducer caudally following the medial collat-
eral ligament (Fig. 10.16). Distally, rotate the
transducer forward to visualize the “goosefoot”
tendons (sartorius, gracilis, and semitendinosus)
in their short axis (Fig. 10.17).

These tendons are very close to each other at the
level of the tibial insertion, so they cannot be easily
distinguished from each other with ultrasound.

Fig.10.14 Anatomical scheme of pes anserinus. SA sarto-
rius muscle, GR gracilis muscle, ST semitendinosus muscle

Fig 10.15 Lower limb position to evaluate the pes
anserinus



84

A. Corazza and E. Silvestri

Fig. 10.16 (a) US probe position to evaluate the pes
anserinus on longitudinal plane. (b) Anatomical scheme
of pes anserinus. SA sartorius muscle, GR gracilis muscle,
ST semitendinosus muscle. (¢) US longitudinal scan

shows the distal insertion of the pes anserinus tendons
(arrowheads) on the surface of the tibia (7) medial to the
tibial tuberosity

Fig. 10.17 (a) US probe position to evaluate the pes
anserinus on axial plane. (b) Anatomical scheme of pes
anserinus. SA sartorius muscle, GR gracilis muscle, ST
semitendinosus muscle. (¢) US axial scan shows the distal

Complete the examination with the measure-
ment of the thickness of the pes anserine insertion
(mean normal value <2,5 mm), the intratendinous

insertion of the pes anserinus tendons on the surface of
the tibia (7) medial to the tibial tuberosity. circles sarto-
rius tendon, arrowhead gracilis tendon, * semitendinosus
tendon

and subcutaneous fat features, and the physiologi-
cal absence of fluid collection in the bursa, which
results to be virtual in normal conditions.
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10.4 Hunter’s Canal

Focus On

The adductor canal, or Hunter’s canal
(Fig. 10.18), was firstly described by John
Hunter in 1786; it is an aponeurotic-fibromus-
cular tunnel delimitated by the vastus medialis
muscle anterolaterally, adductor longus and
magnus muscles posteriorly, and sartorius
muscle medially and by a strong aponeurosis
that extends between the adductors across the
vessels, to vastus medialis (vastoadductor
membrane) anteromedially. This aponeurotic
tunnel, located in the middle third of the thigh,
runs from the apex of the femoral triangle

Fig. 10.18 Anatomical scheme of Hunter’s canal
with focus on the proximal (a) and distal part (b). SA
sartorius muscle, AL adductor longus muscle, AM

(Scarpa’s triangle) to a passage in adductor
magnus. The femoral vessels leave the adduc-
tor canal to reach the popliteal fossa.

Two different entrapment syndromes are
related to compression of the neurovascular
bundle inside the adductor canal: the vascular
one presents as a claudication syndrome,
while the nervous one brings on the compres-
sion of the saphenous nerve at the adductor
hiatus resulting in pain on the medial aspect of
the knee. The muscular hypertrophy may play
an important role in the pathophysiological
compressive mechanism.

adductor magnus, VM vastus medialis muscle, *
saphenous nerve, ° femoral artery, * femoral vein, @
descending genicular artery
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10.4.1 Ultrasound Examination
Technique

High-end ultrasound machine equipped with
high-resolution transducers are required for the
evaluation of Hunter’s canal and its neurovascu-
lar content.

The patient lies supine with the thigh abducted
and externally rotated and the knee bent (frog leg
position) (Fig. 10.1).

Place the linear probe on an axial plane at
level of crural region, at the apex of the Scarpa’s
triangle, where the sartorius muscle crosses ante-
riorly the superficial femoral artery: a superficial
vessel in relation with the deep fascia of sartorius
muscle.

Move the transducer caudally to reach the
superficial femoral artery, branch of the common
femoral artery, when it enters in the adductors’
canal (Fig. 10.19).

The examination continues with exploration
of proximal part of Hunter’s canal: the saphe-
nous nerve, the largest cutaneous branch of the
femoral nerve, is lateral to the superficial femo-
ral artery; the femoral vein is posterior to the
artery. The saphenous nerve presents a fascicular
echostructure, with a hyperechoic oval structure,

surrounded by a rim of hypoechoic perineural
fat. Note the typical “honeycomb” appearance
of the saphenous nerve. The adductor longus
muscle is the posterior wall of Hunter’s canal
(Fig. 10.20).

From this position, shift the probe caudally to
follow the neurovascular bundle in the second
part of the adductor canal where the posterior-
medial wall is represented by adductor magnus
muscle: the saphenous nerve becomes progres-
sively more anterior to the superficial femoral
artery (Fig. 10.21).

Then, move the transducer caudally on the
anteromedial aspect of the distal third of the thigh
to reach the origin of the descending genicular
artery from the superficial femoral artery, which
represents a precise landmark to identify the dis-
tal end (hiatal region) of the adductor canal. At
this level the femoral artery and vein are deeper
than saphenous nerve (Fig. 10.22).

Rotate the transducer by 90° to evaluate the
descending genicular artery on its longitudinal
plane.

The coronal oblique US scan shows the rela-
tion between descending genicular artery and
adductor magnus rounded tendon, which forms
the medial wall of the adductor canal hiatus.

Fig. 10.19 (a) US probe position on the crural region at
the apex of the femoral triangle. (b) color Doppler axial
scan. The deep fascia (arrowhead) of sartorius muscle

(SA) is in relation with the anterior aspect of the superfi-
cial femoral artery wall (A). V femoral vein
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Fig. 10.20 (a) US probe position on the anteromedial
aspect of the thigh. (b) Axial oblique US scan showing the
neurovascular bundle inside the proximal third of the
adductor canal. The saphenous nerve (arrowheads) is lat-
eral to the femoral artery (*); the femoral vein (fv) is pos-

terior. The posterior wall is represented by adductor
longus muscle (AL). Note the “honeycomb” echostructure
of the saphenous nerve, adjacent to the arterial wall. SA
sartorius muscle, VM vastus medialis muscle

Fig. 10.21 (a) US probe position on the anteromedial
aspect of the thigh. (b) Axial oblique US scan showing the
neurovascular bundle inside the middle third of the adduc-
tor canal. The saphenous nerve (calipers) moves from a
lateral position to the femoral artery (A) to an anterior

position to this vessel near the hiatal region. The saphe-
nous nerve may be identified on axial US scans between
the anterior surface of the arterial wall and the deep fascia
of sartorius (SA) muscle. VM vastus medialis muscle
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At this level, use the adductor tubercle of the
medial femoral condyle as a bony landmark to
identify the rounded tendon of adductor magnus
that presents a fibrillar echostructure. Slight cra-
nially the probe, always in the coronal oblique
scan plane, to visualize the myotendinous junc-

tion of the tendon itself. The superficial femoral
vessels are lateral to the myotendinous structure
(Fig. 10.23).

The color Doppler module may aid the detec-
tion of the neurovascular bundle at all levels of
the Hunter canal.

Fig. 10.22 (a) US probe position on the anteromedial
aspect of the distal third of the thigh. (b) Axial US scan
showing the neurovascular bundle inside the middle third
of the adductor canal. Femoral vessels (* femoral artery,
fv femoral vein) and saphenous nerve (arrowheads)

diverge at this level. The saphenous nerve is adjacent to
the descending genicular artery (dga), which may not be
confused with a large, more proximal, muscular branch of
the femoral artery to vastus medialis

Fig. 10.23 (a) US probe position on the medial femoral
condylar region. (b) Coronal oblique US scan at the
adductor tubercle (AT) of the medial femoral condyle; the

adductor magnus rounded tendon (arrowheads) shows the
typical fibrillar pattern. AM adductor magnus muscle
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10.5 Summary Table

Action

Adduction of the thigh;
flexion of the leg

89

Nerve supply
Obturator nerve

Obturator nerve

Muscle Origin Insertion
Gracilis Inferior ramus of pubis; Anteromedial surface
ramus of ischium body and  of the superior part of
inferior ramus of the pubis the shaft of the tibia
Adductor  Anterior pubis Middle third of linea
longus aspera of femur
Adductor  Body of the pubis and Linea aspera of femur
brevis inferior pubic ramus
Adductor  Femoral surface of the Linea aspera of femur;
magnus ischiopubis ramus and adductor tubercle of
inferior surface of the ischial femur
tuberosity
Pectineus  Pectineal line and the surface Pectineal line
of bone between the
iliopectineal eminence and
pubic tubercle
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Gluteal Muscles

11.1.1 Anatomy Key Points

Gluteal muscles are composed by three
structures disposed into two layers: gluteus
maximus superficially and gluteus medius
and gluteus minimus more deeply (Fig. 11.1).

Gluteus maximus is the largest and most
superficial of gluteus muscles; it is a thick
flat sheet of muscle that forms the contour
of the buttock. It arises from the gluteal line
on the posterior border of the ilium, from
the side of lower sacrum and coccyx, from
the sacrotuberous ligament and from the
aponeurosis of the erector spinae. Gluteus
maximus fibres cover superficially the
entire area comprised among the ilium, the
sacrum and the ischium, to reach the ilio-
tibial tract and the femur laterally: the
whole upper portion of the muscle and the
superficial fibres of the lower portion attach

to the posterior portion of the fascia lata;
the lower, deep portion of the muscle
inserts on the gluteal tuberosity on the pos-
terior aspect of the proximal femoral
metaphysis, between the vastus lateralis
and the adductor magnus attachments and
under the quadratus femoris insertion
(Fig. 11.2a).

Gluteus medius is a deep muscle of the
posterior hip: its posterior third is located
deep to the gluteus maximus muscle,
whereas its anterior two thirds result more
superficial, just below the fascia lata.
Gluteus medius originates from the poste-
rior two thirds of the iliac wing and then
courses laterally and downwards. It inserts
into the posterior aspect of the greater tro-
chanter of the femur with its more posterior
portion and onto the inferolateral aspect of
the greater trochanter with its middle-ante-
rior portion (Fig. 11.2b).

Gluteus minimus is the deepest gluteal
muscle; it takes origin from the anterior
third of the posterior iliac wing and, with its
fibres, comes laterally and downwards to

attach onto the anterior facet of the greater
trochanter of the femur (Fig. 11.2c).
Several synovial bursae are disposed
around the greater trochanter and are detect-
able when distended by fluid: the trochan-
teric bursa, which is the largest and is
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Fig. 11.1 Anatomical scheme of the gluteal muscles: MA
gluteus maximus, ME gluteus medius, M/ gluteus minimus

located in a plane between the gluteus max-
imus and the tendon of the gluteus medius
and the trochanter; the subgluteus maximus
bursa, which is located between the gluteus
maximus tendon attachment and the femur;
the subgluteus medius bursa, which is
located between the gluteus medius tendon
insertion and the trochanter; and the sub-
gluteus minimus bursa, sited anteromedi-
ally to the gluteus minimus tendon
attachment.

11.1.2 Ultrasound Examination
Technique

The patient lies on the table in lateral decubitus.

Start the evaluation of the gluteal region pal-
pating the lateral aspect of the hip and find the
bony prominence of the greater trochanter of the
femur (Fig. 11.3).

Place the probe with a transverse orientation
over the anterior-superior aspect of the trochan-
ter: the US image shows the typical ‘rotator cuff
appearance’ of the tendinous insertions of the
gluteal muscles covered by the muscular fibres of
the gluteus maximus. Such a definition is due to
some analogies with the deltoid muscle in the
shoulder, which lies over the rotator cuff tendons
(Fig. 11.4).

Proceeding from anterior to posterior along
the hyperechoic cortex of the femur are three dif-
ferent hyperechoic fibrillar structures: the tendon
of the gluteus minimus (inserting onto the ante-
rior facet of the trochanter), the anterior portion
of the gluteus medius tendon (inserting on the
lateral aspect of the trochanter) and the thicker
posterior portion of the tendon of the gluteus
medius (on the posterolateral aspect of the tro-
chanter), covered by gluteus maximus muscular
fibres.

Then rotate the probe by 90° and slide the
transducer from anterior to posterior to assess
each tendon along its long axis, in order to avoid
anisotropic effects (Fig. 11.5).

Fascia lata, which courses between gluteus
maximus posteriorly and tensor fasciae latae
anteriorly, could be used as an important ana-
tomic landmark during the US examination. It is
indeed detectable on the US image as a hyper-
echoic layer of fibrous tissue standing just below
the subcutaneous fat: remember that gluteus
medius and gluteus minimus course under that
fascia (Fig. 11.6).

Further, gluteal muscles can be followed prox-
imally from the greater trochanter to their indi-
vidual origins. With the patient in lateral
decubitus, place the probe on the greater trochan-
ter as for the tendinous attachments evaluation,
then move it cranially with a transverse-oblique
orientation towards the anterosuperior iliac spine:
in this way the anterior portion of the gluteus
medius (superficially and posterior) and the glu-
teus minimus (anteriorly and deep) can be fol-
lowed (Fig. 11.7).

To evaluate the gluteus medius, position the
patient in a lateral-oblique decubitus (slightly
prone) and move the probe from the greater
trochanter up to the iliac crest: the relatively
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Fig. 11.2 Anatomical scheme of the (a) gluteus maximus, (b) gluteus medius and (¢) gluteus minimus muscles

Fig. 11.3 Lower limb position to evaluate (a) the gluteus medius and minimus and (b) gluteus maximus
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Fig. 11.4 (a) Anatomical scheme of the gluteal muscles:
lateral view; Ma gluteus maximus, Me gluteus medius, Mi
gluteus minimus. (b) Probe position over the lateral hip
for the evaluation of the gluteal muscles. (¢) Corresponding
US axial scan over the greater trochanter: the image shows
the “cuff-like” appearance of gluteal muscles insertions

hypoechoic muscular bundles of the gluteus
medius, covered by the fascia lata, can be seen up
to its proximal portion (Fig. 11.8).

Gluteus maximus must be evaluated within
the patient in the prone position.

Place the transducer under the posterior edge
of the iliac crest, just medially to the posterior
superior iliac spine, and move obliquely towards
the femoral metaphysis (keep the posterior aspect

on the greater trochanter (G7); the gluteus minimus ten-
don (/) attaches on the anterior aspect of the trochanter,
gluteus maximus tendon (3) inserts on the posterior infe-
rior aspect of the proximal femur and covers the trochan-
ter with its muscular fibres (Gm), gluteus medius tendon
(2) is positioned in the middle

of the greater trochanter as an anatomic refer-
ence) following the muscular bundles of the glu-
teus maximus until their attachment on the gluteal
tuberosity.

Remember that all the muscular fibres running
superficially in the area comprised among the
posterior iliac crest, sacrum, coccyx, ischium,
proximal femur, and fascia lata, belong to the
gluteus maximus.
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Fig. 11.5 Probe position at different levels over the lat-
eral hip for the evaluation of the gluteal muscles on longi-
tudinal planes. (a) More anterior US longitudinal scan:
this image shows the relationship between the greater tro-
chanter (G7) and the gluteus minimus tendon (arrow-
heads); superficial to it the gluteus medius fibres (Me) can

Fig. 11.6 Longitudinal-oblique US scan over the lateral
hip which shows the relationship between gluteus medius
(Gmed) and minimus (Gmin) and fascia lata (asterisks):
the fascia passes just over those gluteal muscles bellies on
the posterior aspect of the hip, ranging from the gluteus
medius to the tensor fasciae latae muscle in posterior-to-
anterior view

be seen. (b) More posterior US longitudinal scan: this
image shows the relationship between the greater trochan-
ter (GT) and the gluteus medius tendon (arrow) and mus-
cle (Me); superficial to it the fascia lata (circle) can be
seen with its hyperechoic fibrillar structure, inside the sur-
rounding fat tissue (asterisk)

Along its distal posterior portion, gluteus
maximus is in close relationship with an impor-
tant anatomic structure: the sciatic nerve.

Place the probe in a transverse-oblique orienta-
tion keeping the ischial tuberosity on the medial
side and the femur on the lateral as bony landmarks:
a fascicular hyperechoic oval structure can be seen
passing just below the relatively hypoechoic gluteus
maximus muscle belly (Fig. 11.9).

Rotating the probe by 90° is possible to evaluate
the nerve on its long axis and, in particularly slender
subjects, the underlying muscular bellies of the
superior gemellus, obturator internus, inferior
gemellus and quadratus femoris (oblique cranial-to-
caudal arrangement); unfortunately, detailed assess-
ment is limited and dependent to patient habitus.
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Fig. 11.7 (a) Probe placement over the lateral hip, cra-  and minimus (Gmin) bellies coursing over the iliac bone
nial to the greater trochanter; (b) Corresponding US axial  sited deeply
scan of the lateral hip, showing the gluteus medius (Gmed)

Fig. 11.8 Extended field of view. US longitudinal scan bone (IB) to the greater trochanter (GT); the more fatty
showing the entire course of the gluteus minimus muscle  muscular belly of the tensor fasciae latae (TFL) can be
(GM) and tendon (*) from the external aspect of the iliac  seen just superficial to them
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Fig. 11.9 (a) Probe position over the lateral hip for the
evaluation of the gluteus maximus muscle. (b)
Corresponding US transverse-oblique scan over the
ischial tuberosity (I7): the image shows this important
bony landmark, covered by the anisotropic fibres of the

11.1.3 Summary Table

Muscle Insertion

Gluteus maximus

Origin

Posterior iliac crest,
posterior iliac wing,
sacrum, COCcyx,
sacrotuberous ligament,
aponeurosis of the erector
spinae

Posterior two thirds of the
iliac wing

Gluteus medius

Anterior third of the
posterior iliac wing

Gluteus minimus

Fascia lata, gluteal
tuberosity of posterior
proximal femur

Posterior and
inferolateral aspect of
the greater trochanter
Anterior facet of the
greater trochanter
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hamstrings conjoint tendon (CT) and, superficially, the
muscular fibres of the gluteus maximus covering the
entire area. The asterisk indicates the sciatic nerve with its
fascicular hyperechoic structure, passing just laterally to
the IT and deeply to the GM

Innervation Action

Inferior gluteal
nerve (L5, S1, S2)

Major thigh extensor
muscle; abductor and
external rotator of
the thigh;
antigravitary
function

Abductor of the
thigh; medial rotator
of the thigh

Superior gluteal
nerve (L4, L5, S1)
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11.2 Piriformis Muscle
11.2.1 Anatomy Key Points

Piriformis is a pyramidal muscle located on
posterior aspect of hip joint, inferiorly to gluteus
medius. It arises from the anterolateral surface of
sacrum, leaves the posterior pelvis trough the
greater sciatic foramen along with the sciatic nerve
(just above it), and inserts on the superomedial
aspect of the greater trochanter (Fig. 11.10).
Occasionally its tendon joins with those of the
superior and inferior gemellus, and obturator
internus muscles, before the insertional area.
Piriformis is closely related to the sciatic nerve,
which courses deep or through it in most of the
population. Sometimes trapping and irritation of
sciatic nerve are due to hypertrophy, inflammation

Fig. 11.10 Anatomical scheme of the piriformis muscle
(P) and its relationship with the gluteus maximus muscle
(G) and the sciatic nerve (asterisk)

and/or anatomic variant of the piriformis muscle,
causing the so-called piriformis syndrome.

11.2.2 Ultrasound Examination
Technique

The US evaluation of the piriformis muscle must
be performed with the patient lying prone on the
examination table, as for the gluteus maximus
muscle (see Fig. 11.3b). Placing a pillow or tow-
els under the pelvis may contribute to expose the
anatomic area under evaluation. In slender sub-
jects a linear transducer may be used increasing
the depth parameter; otherwise, a convex trans-
ducer allows the identification of the piriformis
muscle.

Keep the lateral border of the sacrum as a
bony landmark and place the medial edge of the
probe next to it (with a transverse-oblique orien-
tation). The US image shows the gluteus maxi-
mus superficially and, just below it, the first
extrapelvic portion of the piriformis muscle. The
sciatic nerve appears as an oval fascicular struc-
ture lying deep in the piriformis muscle and lat-
eral to the inferior gluteal artery (easily seen with
colour Doppler imaging): keep such structures as
additional anatomical landmarks. Further, with
the sciatic nerve in the middle of the US image,
turn the probe by 90° and examine the nerve
along its long axis.

At this level it is important to evaluate the
relationship between the nerve and the piriformis
muscle in order to assess possible causes of piri-
formis syndrome when clinically suspected
(Fig. 11.11).

Then, moving the probe laterally, follow the
piriformis muscular bundles coursing along the
posterior aspect of ilium, then passing on the pos-
terior aspect of the hip joint and inserting to the
greater trochanter. Note that the adjacent muscu-
lar fibres, which course just caudally to the
piriformis muscle and seem to merge together in
the distal tendinous portion (occasionally merg-
ing into a unique tendon), belong to the gemelli
and obturator internus muscles.
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Fig. 11.11 (a) Probe position over the posterior hip for
the evaluation of the piriformis muscle. (b) Corresponding
US oblique scan: the image shows the sciatic nerve
(arrow) coursing through the muscular fibres of the piri-

11.2.3 Summary Table

formis muscle (P), sited over the iliac bone (/); superficial
to the piriformis muscle, the gluteus maximus (GM) fibres
can be seen

Muscle Origin Insertion Innervation Action
Piriformis  Anterolateral surface ~ Superomedial aspect of the ~ (L5) S1, S2 External rotation of the thigh
of the sacrum greater trochanter
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The hamstring (ischiocrural) muscle complex
consists of three main muscles that share a com-
mon origin site from the ischial tuberosity and
occupy the entire posterior compartment of the
thigh: from lateral to medial, the long head of the
biceps femoris muscle, the semitendinosus mus-
cle and the semimembranosus muscle (Fig. 12.1).
It also includes the ischiocondylar portion of the
adductor magnus muscle, located deeply in the
medial compartment.

The hamstrings span two joints, the hip and
the knee, and they are primarily extensors of the
thigh and flexors of the leg. The long head of the
biceps femoris is also responsible for external
rotation of the leg with flexed knee, while the
semitendinosus and the semimembranosus mus-
cles play a secondary role in internal rotation of
the leg with flexed knee.

The short head of the biceps femoris muscle
does not cross two joints and is not included in
hamstring complex, but it is debated in this chap-
ter for a more comprehensive overview.
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Fig.12.1 Anatomical scheme of hamstring muscles: SM
semimembranosus muscle, S7' semitendinosus muscle,
LHBF long head of biceps femoris muscle, (*) sciatic
nerve. The short head of biceps femoris muscle (SHBF),
included in the scheme, is not an ischiocrural muscle
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12.1 Anatomy Key Points

12.1.1 Biceps Femoris

The long head of the biceps femoris mus-
cle (LHBF) arises from the inferomedial
facet of the ischial tuberosity by way of a
conjoined tendon with the semitendinosus
muscle (Fig. 12.2). The LHBF muscle
belly is covered by the gluteus maximus
muscle at the root of the thigh and then
runs superficially in the posterior thigh,
just under the subcutaneous tissue, lateral
to the semitendinosus muscle and poste-
rior to the adductor magnus, the vastus
lateralis and the short head of the biceps
femoris muscles. Along its entire course,
the LHBF muscle lies superficial to the
sciatic nerve. At the distal third of the
thigh, the LHBF diverge from the semiten-
dinosus and the semimembranosus mus-
cles delimiting the popliteal space. At this
level the LHBF joins the short head form-
ing a common distal tendon, which
attaches onto the lateral aspect of the fibu-
lar head. Just prior to the insertion, the dis-
tal tendon of the biceps femoris muscle
forms a conjoined tendon with the distal
component of the lateral collateral liga-
ment of the knee (a synovial bursa may be
placed between these two fibrous struc-
tures). Some tendon fibres also reach the
lateral tibial condyle and the distal iliotib-
ial tract. From the apex of the popliteal
space to its attachment onto the fibular
head, the biceps femoris muscle and ten-
don course in close relationship with the
common peroneal nerve.

The long head of the biceps femoris
muscle is supplied by the inferior gluteal
artery, perforating arteries and the popliteal
artery. It is innervated by the tibial compo-
nent of the sciatic nerve.

Fig. 12.2 Anatomical scheme of hamstrings proximal
insertion: (#), semimembranosus tendon; (°) LHBF-ST
conjoined tendon. LHBF long head of biceps femoris
muscle, SM semimembranosus muscle, ST semitendino-
sus muscle, (*), sciatic nerve

The short head of the biceps femoris mus-
cle (SHBF) takes its origin from the middle
third portion of the lateral linea aspera, the
lateral supracondylar line and the intermus-
cular septum. The muscle belly is placed at
the distal thigh, deep to the LHBE. The fibres
of the SHBF merge into those of the LHBE,
contributing to the formation of the distal
tendon, which inserts onto the fibular head.
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12.1.3 Semimembranosus

The SHBF is not part of hamstrings
because it does not span two joints.

Sometimes, the SHBF may be absent.

Unlike the long head, the short head of
the biceps femoris muscle is innervated by
the peroneal division of the sciatic nerve.

12.1.2 Semitendinosus

The semitendinosus (ST) is a fusiform poly-
articular muscle, which originates from the
inferomedial aspect of the ischial tuberosity
via a conjoined tendon with the LHBE
Together with the semimembranosus mus-
cle, they are known as medial hamstrings.

The semitendinosus can be considered as a
digastric muscle because it shows an internal
raphe inside the proximal third of the muscle
belly onto which the proximal fibres insert.

Just caudal to the ischial tuberosity, the
semitendinosus rapidly becomes bulbous
with the LHBF-ST conjoined tendon lying
lateral to it and the semimembranosus ten-
don lying anterior to it. The muscle belly is
placed superficially in the posterior thigh,
medial to the LHBEF, lateral to the semi-
membranosus and posterior to the adductor
magnus muscle.

At the middle-distal third of the thigh,
the semitendinosus forms a long thin super-
ficial tendon that posteriorly overcomes the
semimembranosus muscle and inserts
along the medial aspect of the proximal
tibia, forming the pes anserinus complex
together with the sartorius and gracilis ten-
dons. As opposed to the semimembranosus
muscle, the semitendinosus is entirely ten-
dinous in the distal thigh.

The semitendinosus muscle is supplied
by the inferior gluteal artery and perforat-
ing arteries. The innervation is represented
by the tibial component of the sciatic nerve.

The semimembranosus (SM) muscle arises
from the superolateral surface of the ischial
tuberosity by way of an elongated tendon,
which runs deep to the proximal semitendi-
nosus muscle belly. The proximal tendon,
which has connections with the adductor
magnus tendon and the LHBF-ST conjoined
tendon, course down running anteromedial
to the semitendinosus muscle belly and the
LHBF-ST conjoined tendon. Then, it con-
tinues in a large coronal-oriented aponeuro-
sis extending in the proximal half of the
thigh and giving origin to the muscle fibres.

The semimembranosus muscle belly is
almost entirely located in the mid-distal
thigh, anteromedial to other hamstrings, pos-
terior to the adductor magnus muscle and
posterolateral to the gracilis muscle. It has a
closer relationship with the semitendinosus
distal tendon, which course superficially.

Unlike the semitendinosus muscle,
which is thin and band-like, the semimem-
branosus muscle is composed of short uni-
pennate and multipennate fibres. Moreover,
the semimembranosus, as its name implies,
have a thin and wide tendon in the upper
thigh, while the semitendinosus is more
tendinous distally.

The semimembranosus distal insertion
has multiple attachment points, the main
two onto the infraglenoid tubercle of the
posteromedial proximal tibial condyle
(direct tendon) and onto the medial
aspect of the proximal tibial epiphysis
(indirect tendon). Other tendinous expan-
sions also reach the posterior capsule of
the knee joint and the popliteal fascia.
The semimembranosus distal tendon is
intimately connected with the medial
collateral ligament of the knee from
which it may be separated by a synovial
bursa that sometimes communicate with
the femorotibial joint.



104

D. Orlandi and L.M. Sconfienza

Fig.12.3 Lower limb position to evaluate hamstring
complex

The semimembranosus muscle is sup-
plied by gluteal arteries and the profunda
femoris artery (deep femoral artery). The
innervation is provided by the tibial portion
of the sciatic nerve.

The patient lies prone with the lower limb
extended in a neutral position (Fig. 12.3).

12.2 Ultrasound Examination
Technique

Palpate the ischial tuberosity, a key bony land-
mark for hamstrings evaluation, and place the
probe on it in an axial plane to identify ischiocru-
ral proximal insertion (Fig. 12.4). At this level the

LHBF-ST conjoined tendon and the semimem-
branosus tendon cannot be visualized as distinct
structures because they are intimately superim-
posed. The sciatic nerve is located lateral to the
ischial tuberosity.

Focus On

The sciatic nerve, the longest and largest
peripheral nerve in the body, supplies the
lower back, the hamstrings, the adductor
magnus muscle and, with its terminal
branches, the leg. It is composed of two
distinct portions, a medial and a lateral fas-
cicle, which continue at the popliteal space
as tibial and common peroneal nerve,
respectively.

The sciatic nerve exits the greater sciatic
foramen of the pelvis, passing between
the ventral aspect of the piriformis muscle
and the posterior surface of the quadratus
femoris muscle. At the upper thigh, the
sciatic nerve is placed lateral to the ham-
strings attachment on the ischial tuberos-
ity; then, it runs distally the posterior
thigh between the adductor magnus mus-
cle (anterior) and the long head of the
biceps femoris and semitendinosus mus-
cles (posterior). Reached the apex of the
popliteal fossa, where it lies between the
biceps femoris (on the lateral side) and the
semitendinosus and semimembranosus
muscles (on the medial side), it divides
into the tibial nerve and the common pero-
neal nerve.

Shifting the probe just caudally, the semiten-
dinosus is immediately seen as a muscle belly,
and the first visible separation of the LHBF-ST
conjoined tendon from the semimembranosus
tendon can be identified (Fig. 12.5). Remember
that the LHBF-ST conjoined tendon has an
eccentric position in respect to the semitendi-
nosus muscle belly that extends lateral to the
tendon itself.

Note the relationship between the LHBF-ST
conjoined tendon and the sciatic nerve.
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Fig. 12.4 (a) Probe position to evaluate hamstrings proxi-
mal insertion on the axial plane. (b) US axial scan of
hamstrings common origin from the ischial tuberosity. The
ischial tuberosity (I7) is seen as a hyperechoic band, deep to
the LHBF-ST conjoined and the SM tendons; these two

tendons cannot be separated and are imaged as a unique ten-
dinous structure with a typical fibrillar hyperechoic appear-
ance (*). The sciatic nerve (white arrowheads) is visualized
as a rounded structure, with a fascicular hyperechoic appear-
ance, lateral to the ischial tuberosity. GM gluteus maximus

Fig. 12.5 (a) Probe position to visualize the LHBF-ST
conjoined tendon on an axial plane. (b) US axial scan:
note the hyperechoic “comma-shaped” appearance of

the LHBF-ST conjoined tendon that is placed superfi-
cial and lateral to the ST muscle. White arrow, sciatic
nerve
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Fig. 12.6 (a) Probe position to evaluate the LHBF-ST
conjoined tendon on a longitudinal plane. (b) US longitu-
dinal scan: /T ischial tuberosity, (*) LHBF-ST conjoined

Turn the probe by 90° to evaluate the LHBF-ST
conjoined tendon on its long axis (Fig. 12.6).

From this position, move the transducer cau-
dally to reach the LHBF proximal myotendinous
junction (Fig. 12.7). Because this region is often
affected by strain injuries during sports, a
detailed US evaluation is very important in order
to obtain a reliable diagnosis and grading.

Place again the transducer in the axial position
shown in Fig. 12.4 and then slightly move the probe
laterally and caudally, following the LHBF muscle
belly along the lateral posterior thigh (Fig. 12.8).

At the distal third, pay attention to the site in
which the LHBF fibres merge with the SHBF
ones to form a common distal tendon: this is
another critical area, frequently involved in strain
injuries (Fig. 12.9). This fibres arrangement and
the different innervation of the LHBF and the
SHBF (the former is supplied by the tibial por-
tion of the sciatic nerve and the latter by the pero-
neal one) could explain why this muscle has the
highest frequency of strain injuries among the
hamstring muscles. In this setting the double
nerve supply probably determines asynchronies
in the coordination and intensity of stimulation of
the two heads, resulting in potential tears.

Remember to always evaluate the biceps
Sfemoris distal tendon up to its insertion onto the

tendon, ST semitendinosus muscle belly, LHBF long
head of the biceps femoris muscle belly, GM gluteus
maximus

fibular head (Fig. 12.10) and then to rotate the
transducer by 90° to better visualize the distal
myotendinous junction and its tendon on a longi-
tudinal plane (Figs. 12.11 and 12.12). Don’t
forget the close relationship between the biceps
femoris muscle and tendon and the common
peroneal nerve in proximity of the fibular head.

Focus On

The common peroneal nerve is the smaller
of the two terminal branches of the sciatic
nerve; at its origin, it courses along the lat-
eral side of the popliteal space, in proxim-
ity to the lateral head of the gastrocnemius
muscle, posteromedial to the biceps femo-
ris muscle and tendon. Then, the nerve
curves anteriorly, turning around the fibu-
lar head, to reach the fibular tunnel, in
which it lies between the fibula and the
proximal tendon of the peroneus longus
muscle. At the lateral side of the fibular
neck, it enters the anterolateral compart-
ment of the leg and splits in its two termi-
nal branches, the deep and the superficial
peroneal nerves.
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Fig.12.7 (a) Probe position to evaluate the LHBF proxi-
mal myotendinous junction on the longitudinal plane (b)
US longitudinal scan of the long head of biceps femoris

Fig.12.8 US panoramic scan of the posterior thigh mus-
cles and their relationship with the thigh medial muscles.
LHBF long head of biceps femoris muscle, ST semitendi-
nosus muscle, AM adductor magnus muscle, AB adductor
brevis muscle, AL adductor longus muscle, VM vastus
medialis muscle, F femur

Reposition the probe on the ischial tuberosity, as
shown in Fig. 12.4, and then shift it caudally along
the central posterior thigh to examine the semitendi-
nosus muscle belly on an axial plane (Fig. 12.13).

At the middle third, the semitendinosus pro-
gressively becomes tendinous, while the LHBF
and the semimembranosus remain still bulbous
(Fig. 12.14).

proximal myotendinous junction. (¥*) LHBF-ST conjoined
tendon; LHBF long head of biceps femoris muscle, ST
semitendinosus muscle

Fig. 12.9 Extended-field-of-view of the posterior thigh.
Look at the critical area in which the short head of the
biceps femoris fibres (SHBF) joint with the long head
ones (LHBF). ST semitendinosus muscle, SM semimem-
branosus muscle, Sa Sartorius muscle

Move the transducer caudally, from lateral to
medial, to follow the semitendinosus long and
superficial distal tendon up to its attachment onto
the medial proximal tibia, forming the pes anse-
rinus complex (Fig. 12.15).

Rotate the probe by 90° to appreciate the dis-
tal tendon on the longitudinal plane and move it
cranially to reach the semitendinosus distal
myotendinous junction, best visualized on its
long axis (Fig. 12.16). The distal myotendinous
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Fig. 12.10 US axial scan of the biceps femoris distal
insertion onto the fibular head. (¥) biceps femoris distal
tendon; F fibula. Note the close proximity with the com-
mon peroneal nerve (white arrow) which courses just pos-
terior and medial to the biceps femoris distal tendon

Fig.12.11 Extended-field-of-view of the biceps femoris
distal myotendinous junction (white arrowheads).
BF biceps femoris muscle, VL vastus lateralis muscle,
F fibula

Fig.12.12 (a) Probe position to evaluate the biceps fem-
oris distal insertion onto the fibular head on the longitudi-
nal plane. (b) US longitudinal scan of the biceps femoris
distal tendon (arrows). The biceps femoris distal tendon

and the lateral collateral ligament of the knee have a con-
joined attachment point onto the tip and the lateral aspect
of the fibular head (F)

Fig.12.13 (a) Probe position to examine the semiten-
dinosus muscle belly. (b) US axial scan of the upper
posterior thigh to evaluate the semitendinosus muscle
belly. LHBF long head of biceps femoris muscle,
ST semitendinosus muscle, (¥) LHBF-ST conjoined

tendon. (¢) US axial scan at the level of the proximal
third of the thigh. Note the close proximity of the sem-
itendinosus (medial) and the long head of the biceps
femoris (lateral) muscle bellies with the sciatic nerve.
White arrow, sciatic nerve
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Fig. 12.14 US axial scans of the semitendinosus distal
tendon at different levels and its relationship with the
semimembranosus muscle belly. (a) At the level of the
middle third of the posterior thigh, the semitendinosus
muscle overcome the semimembranosus and progres-
sively becomes tendinous. ST semitendinosus muscle

Fig. 12.15 US axial scan of the semitendinosus distal
insertion; white arrowheads, semitendinosus distal ten-
don; (*), semimembranosus distal tendon; white arrow,
gracilis distal tendon

belly, white arrowhead distal tendon fibres of the semiten-
dinosus muscle, SM semimembranosus muscle. (b) At the
level of the middle-distal third of the posterior thigh, the
semitendinosus distal tendon (white arrowheads) lies
superficial to semimembranosus muscle belly. SM semi-
membranosus muscle, F fibula

Fig. 12.16 US longitudinal scan of the semitendinosus
distal myotendinous junction and tendon (*); ST semiten-
dinosus muscle, SM semimembranosus muscle
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Fig. 12.17 (a) Probe position to examine the semimem-
branosus muscle belly on the axial plane. (b) US axial
scan of the semimembranosus proximal tendon (*) and its

junction is often affected in semitendinosus
muscle injuries.

Also for the semimembranosus muscle, the
ischial tuberosity represents the main landmark
to start the US evaluation. From the position
shown in Fig. 12.4, shift the probe caudally to
obtain the image shown in Fig. 12.5 and move it
just medially: the semimembranosus proximal
tendon can be visualized deep and medial to the
ST muscle belly (Fig. 12.17). Note the large
aponeurosis, connected to the medial aspect of
the tendon, from which the muscle fibres arise.

Slightly move the probe medially and cau-
dally along the medial posterior thigh to exam-
ine the proximal myotendinous junction, placed
at the level of the mid-third of the thigh, and the
semimembranosus muscle belly on the axial

aponeurosis (white arrowheads). ST semitendinosus mus-
cle, SM semimembranosus muscle

plane (Fig. 12.18). Note the typical triangular
appearance of the proximal semimembranosus
due to its fibres arrangement. Pay particularly
attention to the sites in which the semimembra-
nosus fibres attach to the large aponeurosis
because traumatic tears often occur at this
level.

Distally the semimembranosus increases in
size and, at the distal third, progressively becomes
tendinous.

Remember to always follow the semimembra-
nosus distal tendon up to its insertion onto the
posteromedial proximal tibia (Fig. 12.19).

Then, rotate the probe by 90° to evaluate the
semimembranosus distal myotendinous junction
and tendon best imaged on the longitudinal plane
(Fig. 12.20).
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Fig. 12.18 Anatomical scheme of hamstrings correlated  short head of the biceps femoris, LHBF long head of the
to extended-field-of-view axial scans of the semimembra-  biceps femoris, ST semitendinosus muscle, SM semimem-
nosus muscle belly at different levels, proximal (a), mid- branosus muscle, Sa sartorius muscle, AM adductor
dle (b) and distal (c) third of the posterior thigh. SHBF  magnus

Fig.12.19 US axial scan of the semimembranosus distal
tendon (*). T tibia
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Fig. 12.20 (a) Probe position to examine the semimem-
branosus distal tendon on the longitudinal plane (b) US
longitudinal scan of the semimembranosus distal tendon

insertion (arrowheads) onto the posteromedial proximal
tibia (7). F medial femoral condyle onto the posterome-
dial proximal tibia

12.3 Summary Table

Muscle

Long head of the
biceps femoris

Semitendinosus

Semimembranosus

Short head of the
biceps femoris

Origin

Inferomedial facet of the
ischial tuberosity
(conjoint tendon with the
semitendinosus)

Inferomedial facet of the
ischial tuberosity
(conjoint tendon with the
long head of the biceps
femoris)

Superolateral facet of the
ischial tuberosity

Lateral linea aspera,
lateral supracondylar line,
intermuscular septum

Insertion

Fibular head (conjoined
tendon with the lateral
collateral ligament),
lateral tibial condyle,
iliotibial tract

Medial aspect of the
proximal tibia (pes
anserinus)

Posteromedial (direct
tendon) and medial
(indirect tendons) aspect
of the proximal tibia,
posterior capsule of the
knee joint, popliteal
fascia

Fibular head (conjoined
tendon with the lateral
collateral ligament),
lateral tibial condyle,
iliotibial tract

Nerve supply

Tibial portion of
the sciatic nerve

Tibial portion of
the sciatic nerve

Tibial portion of
the sciatic nerve

Peroneal portion
of the sciatic
nerve

Action

Extension of the
thigh

Flexion of the leg
External rotation of

the leg with flexed
knee

Extension of the
thigh

Flexion of the leg
Internal rotation of
the leg with flexed
knee

Extension of the
thigh

Flexion of the leg
Internal rotation of
the leg with flexed
knee

Flexion of the leg
External rotation of
the leg with flexed
knee
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Riccardo Sartoris and Enzo Silvestri

13.1 Anatomy Key Points

Popliteus is a thin, triangular muscle sited at
the posterior aspect of the knee; it arises
from the posterior medial aspect of the prox-
imal tibia, passes downwards and medially to
the tibial surface and inserts with its tendon
on the lateral epicondyle of the femur into
the homonymous bony groove. Popliteus
tendon passes through the joint capsule of
the knee and runs beneath the proximal part
of the lateral collateral ligament (which
inserts on the lateral femoral epicondyle just
cranial to the popliteal sulcus) to reach its
insertion in its groove (Figs. 13.1 and 13.2).
Because of its structure and attachments, the
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Universita degli studi di Genova, Genoa, Italy
e-mail: riccardo.sartoris @hotmail.it
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e-mail: silvi.enzo@gmail.com

popliteus muscle-tendon unit is known as
the major dynamic stabilizer of the postero-
lateral corner: in particular it is involved in
maintaining dorsolateral stability, stabiliz-
ing the lateral meniscus and balancing the
neutral tibial rotation.

13.2 Ultrasound Examination
Technique

Start the US examination with the patient lying
prone on the table with the leg extended.

Place the transducer over the posterior aspect
of the proximal tibia with a transverse-oblique
scan. Identify the posterior hyperechoic cortex of
the fibula; just superficial to it, you can find a very
thin oval muscular structure running upwards and
laterally: it is the popliteus muscle belly.

Rotate the probe by 90° obtaining a long axis
of the muscle with the proximal edge of the probe
pointing at the lateral epicondyle of the femur
(Figs. 13.3 and 13.4).

Hence follow the fibrillar tendon structure as
it enters the knee joint capsule, runs adjacent the
posterior horn of the lateral meniscus and inserts
into the popliteal groove on the lateral femoral epi-
condyle. Due to its curvilinear course and depend-
ing on the incidence of the US beam, anisotropy
may be evident in the popliteus tendon.

E. Silvestri et al., Ultrasound Anatomy of Lower Limb Muscles: A Practical Guide, 117
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Fig. 13.1 Anatomical scheme of the popliteus muscle.
P popliteus

Fig. 13.2 Lower limb position to evaluate the popliteus
muscle
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Fig. 13.3 (a) Probe position over the posterior knee.
(b) Corresponding US longitudinal scan over the midline
of the posterior aspect of the proximal tibia (7): the image
shows this important bony landmark, covered by the mus-

cular fibres of the popliteus; popliteal vessels (circles) can
be used as an anatomical landmark to identify the poplit-
eus muscle. Superficial to it, the fibres of the soleus mus-
cle (S) and gastrocnemius muscle (G) can be appreciated

Fig. 13.4 (a) Probe position over the posterolateral knee
for the evaluation of the popliteus muscle. (b)
Corresponding US transverse-oblique scan over the pos-
terolateral aspect of the lateral femoral condyle (LC): the
image shows the hypoechoic fibres of the popliteus tendon

(asterisks) arising from the popliteal groove (smaller
arrowheads); in a more superficial position, the hyper-
echoic lateral collateral ligament of the knee (greater
arrowheads) can be seen. Note the anisotropic popliteus
tendon appearance due to its curvilinear course at this level
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Occasionally, the tendon may contain an
internal ossicle or sesamoid called “cyamella”:
remember not to misidentify it as an avulsed
bone fragment.

13.3 Summary Table

Muscle  Origin Insertion  Innervation Action

Popliteus Posteromedial Lateral Tibial nerve Major dynamic
stabilizer of

the knee

aspect of epicondyle
proximal tibia
Minor flexor of
the knee; also
internal rotator

of the tibia

R. Sartoris and E. Silvestri
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Silvia Perugin Bernardi and Alessandro Muda

14.1 Anatomy Key Points

The lateral compartment of the leg is com-
posed by the peroneus brevis and pero-
neus longus muscles. These muscles are
separated from the anterior and posterior
compartment muscles, respectively, by the
anterior and posterior crural intermuscular
septum of the deep fascia.

The peroneus longus is a large superfi-
cial muscle and, as its name implies, has a
longer tendon than the deeper peroneus
brevis. It arises from the lateral aspect of
the superior tibiofibular joint and from the
proximal two thirds of the lateral fibular
shaft. Its origin extends up onto the head of
the fibula, with a small gap just below it
where the deep peroneal nerve passes
through. The peroneus brevis arises from
the distal portion of the lateral aspect of the
fibula and runs caudally to continue in its
flat tendon at a lower level than the
peronueus longus.

At the ankle level, the tendons of the
peroneus longus and brevis pass behind
the lateral malleolus with the peroneus

longus located posterolaterally and the
peroneus brevis located anteromedially.
These structures run in close relationship
to the adjacent posterior calcaneofibular
ligament, which lies just below them. In
addition, at this level, the superior and
inferior retinacula hold the tendons firmly
adherent to the lateral malleolus bony
surface.

Along their proximal extent, peroneal
tendons have a common synovial sheath
which splits distally to follow the different
courses of the tendons: the peroneus bre-
vis runs forward to insert on the base of the
fifth metatarsal; the peroneus longus ten-
don runs around the cuboid and inserts on
the base of the first metatarsal and on the
medial cuneiform (Fig. 14.1).

In addition to the peroneus longus
and brevis muscles, the peroneus quartus
muscle is an accessory muscle of the lat-
eral distal leg, which occasionally is pres-
ent. Despite its variability in origin and
insertion, it may originate from the pero-
neus brevis muscle (or from the fibula or
from distal fibers of the peroneus longus).
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Then it passes posteromedial or medial to
the peroneal tendons and inserts onto the
retrotrochlear eminence of the calcaneus
(alternatively onto the fifth metatarsal bone
and the cuboid).

Fig. 14.1 Anatomical scheme of the peroneal muscles:
L peroneus longus, B peroneus brevis

Fig. 14.2 Lower limb position to evaluate the peroneal
muscles

14.2 Ultrasound Examination
Technique

Ultrasound evaluation of the peroneal muscles
must be performed with the patient in the same
position as for the anterior compartment (supine
with about 20-45° knee flexion) with the foot
inverted in order to expose the lateral aspect of
the lower leg and of the ankle; alternatively, the
patient can lie obliquely with the medial aspect of
the foot on the table (Fig. 14.2).

Start the US examination by manually palpat-
ing the head of the fibula and place the transducer
with a transverse orientation above its lateral
aspect; at this level, the US image shows the
cranial portion of the peroneus longus muscle,
which lies just superficially to the hyperechoic
cortex of the fibula (Fig. 14.3).

Moving the probe caudally, the peroneus lon-
gus muscle can be followed along the lateral
aspect of the fibula: at the middle third of the leg,
it continues into its flat tendon arising in the
external portion of the muscle (Fig. 14.4).

More caudally, transverse scans demonstrate
the peroneus longus tendon, which progressively
becomes oval, overlying the external aspect of
the peroneus brevis muscle. The peroneus brevis
muscle originates at the level of the musculoten-
dinous junction of the peroneus longus and could
be followed with transverse scans starting at the
midshaft of the fibula: here the peroneus brevis
lies just superficially to the cortex and posterior to
the peroneus longus musculotendinous junction.
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Fig.14.3 (a) Probe position over the proximal lateral leg
for the evaluation of the peroneal muscles. (b)
Corresponding US transverse scan: the image shows the
proximal third of the fibula on the right (¥) and, superfi-

cial to it, the muscle belly of the peroneus longus (PL);
this scan also illustrates the relationship between the pero-
neus longus and the lateral gastrocnemius (LG)
posteriorly

Fig.14.4 (a) Probe position over the intermediate lateral
leg for the evaluation of the peroneal muscles. (b)
Corresponding US transverse scan: the image shows the

Moving downward, the peroneus brevis
muscle belly courses over the lateral aspect of
the distal fibula, deep into the peroneus longus
tendon, and continues with its musculotendi-
nous junction just proximal to the ankle.
Sometimes, clear differentiation between these
two muscles may be difficult: in these cases,
the operator will start the examination distally
at the ankle level, moving the transducer
upward in order to identify the respective
muscle bellies (Fig. 14.5).

middle third of the fibula on the bottom (F) and, superfi-
cial to it, the muscle bellies of the peroneus brevis (PB)
and longus (PL)

Once the muscle bellies are completely evalu-
ated on their transverse plane, the operator can
rotate the probe by 90° and complete the US
examination on the longitudinal axis (Fig. 14.6).

At the ankle level, place the transducer in
a transverse-oblique position with the medial
edge of the probe lying on the lateral malleolus:
the corresponding US image demonstrates the
peroneus brevis lying anteromedially to the per-
oneus longus, both running in a common syno-
vial sheath. Then, the probe must be moved,
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Fig.14.5 Probe position at different levels over the distal
lateral leg for the evaluation of the peroneal muscles and
tendons. (a) US transverse scan at a more cranial level: the
muscle belly of the peroneus brevis (B) over the fibula (F)
and, superficial to it, the myotendinous junction of the
peroneus longus (L) can be seen. (b) US transverse scan at
an intermediate level: at this level, the peroneus brevis

Fig. 14.6 US longitudinal scan of the distal third of the
lateral leg, which shows the muscle belly of the peroneus
brevis (PB) coursing in the distal third of the leg along
with the tendon of the peroneus longus muscle (asterisks),
just superficial to it

tendon is arising from the peripheric portion of its muscle
belly (B); the peroneus longus tendon courses superficial
to it. (¢) US transverse scan at a more caudal level: at this
level, the peroneus longus (L) and brevis (B) tendons are
clearly identified together over the fibular malleolus (Fm)
with their typical oval and semilunar shape

keeping its medial edge as fixed a possible, fol-
lowing a curvilinear line that turns around the
lateral malleolus. The peroneus brevis tendon
has a typical crescent appearance and is located
deep into the peroneus longus tendon, which has
a typical oval shape. At the level of the lateral
malleolus, a common accessory tendon, the per-
oneus quartus, may be present posteromedially
as a tendon or muscle. Note that it is important
to recognize this as a separate tendon rather than
a split tear of the peroneal tendons.

Distally to the lateral malleolus, the tendons
run anteroinferiorly and, reaching the peroneal
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Fig.14.7 (a) Probe position over the inferolateral aspect of the midfoot. (b) Corresponding US oblique scan showing
the peroneus brevis tendon (circles) insertion on the base of the fifth metatarsal bone (V met)

tubercle of the calcaneus, takes two different
courses. The peroneus brevis lies on the superior
aspect of the peroneal tubercle and the peroneus
longus on the inferior one, each of them with its
own synovial sheath.

At this level, rotate the probe by 90° and fol-
low the tendon courses along their long axis: the
peroneus brevis tendon takes a straight course,
inserting onto the lateral margin of the base of
the fifth metatarsal; the peroneus longus tendon
runs around the cuboid bone to the plantar aspect
of the foot and inserts on the medial cuneiform
and on the base of the fifth metatarsal (Fig. 14.7).

After ankle sprain, it is mandatory to evaluate
the peroneus brevis until its insertion on the fifth

14.3 Summary Table

metatarsal, which, particularly in young subjects,
is a common tendon-bone avulsion site.

Occasionally, the tendons may contain an
internal ossicle or sesamoid: remember not to
misidentify it as an avulsed bone fragment.

The US exam of peroneal tendons should be
completed with dynamic evaluation. It is impor-
tant to evaluate the tendons at the level of the lat-
eral malleolus during passive and active flexion of
the foot in order to assess for tendon subluxation.

The transducer must be placed next to the mal-
leolus obtaining an axial scan of the tendons
while the patient everts and dorsiflexes the foot.
Remember not to apply too much pressure, which
may prevent subluxation.

Muscle Origin Insertion Innervation Action

Peroneus longus Lateral aspect of the Plantar surface of the Superficial fibular  Evert the foot;
superior tibiofibular  base of the first metatarsal nerve participate in plantar
joint and upper half and medial cuneiform flexion
of the lateral surface
of the fibula

Peroneus brevis Middle-distal third ~ Dorsolateral aspect of the Same as above Same as above
of the lateral aspect  base of the fifth
of the fibula metatarsal

Peroneus brevis
(most frequent)

Peroneus quartus
(accessory)
frequent)

Retrotrochlear eminence
of the calcaneus (most

Same as above Lifts lateral edge of
the foot and assists

hindfoot pronation
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15.1 Anatomy Key Points

Davide Orlandi and Angelo Corazza

15.1.2 Soleus

15.1.1 Gastrocnemius

The gastrocnemius is the largest and most
superficial muscle of the calf (Fig. 15.1).
The proximal portion of the muscle is
formed by two heads, a medial and a lateral
one, which arises respectively from the
back of the medial and lateral condyles of
the femur. They course downwards, poste-
rior to the popliteal fossa, composing the
superficial layer of the posterior leg com-
partment, and merge at the middle-distal
third of the leg forming the gastrocnemius
tendon. This large flat tendon joins with the
underlying soleus muscle tendon to form
the calcaneal tendon or Achilles tendon.

Frequently, there is a sesamoid bone in
the head of the gastrocnemius tendon, adja-
cent to the lateral femoral epicondyle,
called ‘fabella’.

The soleus muscle is a broad flat muscle,
sited in the superficial portion of the poste-
rior compartment of the leg, deep to the
gastrocnemius muscle (Fig. 15.1). It is sep-
arated from the underlying muscles of the
deep portion of the posterior compartment
by the deep transverse fascia of the leg. The
soleus muscle arises postero-medially from
a linear area which runs along the medial
edge of the middle third of the tibia up to
the posterior edge of the upper third of the
tibia, and from a small area on the back of
the upper portion of the fibula. Between the
fibular and tibial origins of the soleus, there
is an arch of fibrous tissue: popliteal ves-
sels and the tibial nerve pass deep into that
arch. At the midcalf, the soleus muscle
continues into its tendon, which arises from
the superficial portion of the muscle belly
and, together with the gastrocnemius
tendon, forms the Achilles tendon.
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Occasionally an accessory soleus muscle
may be present as a normal anatomical
variation. It may be detected only in early
adulthood when it becomes clinically evi-
dent due to hypertrophy of the muscle
belly. It more frequently arises from the
anterior surface of the soleus, tibia or fibula
and attaches to the calcaneus or merges
directly with the Achilles tendon fibres.

15.1.3 Achilles Tendon

The Achilles tendon is the thickest tendon
of the body and is formed proximally by
the union of the three tenomuscular struc-
tures composing the triceps surae com-
plex, and then it courses longitudinally
downwards to insert by an enthesis into
the posterior aspect of the calcaneus or
heel bone (Fig. 15.1). At this level, there
are two tendinous annexes sited below
the tendon: the Kager’s fat pad and the
retrocalcaneal bursa; a subcutaneous vir-
tual bursa, the retroachillean bursa, is also
present between the tendon and the subcu-
taneous tissue.

15.1.4 Plantaris Gracilis

The plantaris gracilis muscle is a vestigial,
accessory structure present in most of the
population. It has a small muscle belly and a
long thin tendon that crosses from the lateral
to medial aspect of the calf. It originates from
the lateral supracondylar line, just cranial to
the lateral head of the gastrocnemius muscle.
Its thin muscle belly courses downwards
and medially across the popliteal fossa and
at the level of the proximal third of the tibia
between the popliteus muscle (inferiorly)

D. Orlandi and A. Corazza

Fig. 15.1 Anatomical illustration of the triceps surae
muscle: the scheme shows the relationship between the
more superficial gastrocnemius muscle (GM), formed by
the union of the medial (M) and lateral (L) head, and the
deeper soleus muscle (S); they insert on the calcaneus by
means of the Achilles tendon (A)

and the lateral head of the gastrocnemius
muscle (superiorly). At this level, the long
thin tendon arises from the medial portion of
the muscular fibres and courses between the
soleus and gastrocnemius muscles, along the
medial side of the Achilles tendon, to insert
together on the calcaneus or, otherwise, as
a single tendon on the medial aspect of the
heel (Fig. 15.2).
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Fig. 15.2 Anatomical scheme of the plantaris (P) muscle
(the gastrocnemius muscle is not represented to show the
underlying structures); S soleus muscle, A Achilles ten-
don. In this picture, the most common anatomical variant
with the plantaris tendon inserting independently on the
medial aspect of the calcaneus is represented

15.2 Ultrasound Examination

Technique

US evaluation must be performed with the patient
lying prone with the legs extended and the feet pro-
jecting over the examination table end (Fig. 15.3).
Start placing the probe onto the posterior
aspect of the calcaneus on a transverse plane: at
this level, the US image shows the oval hyper-
echoic shape of the Achilles tendon insertion.

Fig. 15.3 Lower limb position to evaluate the triceps
surae muscle

Follow it, maintaining a transverse orientation
up to the myotendinous junction, cranial to the cal-
caneus and under the tendon, the Kager’s fat pad
can be seen until the tendon merges with the soleus
first and then with the gastrocnemius bellies. Note
that the fibres of the Achilles tendon present a spi-
ral arrangement from the myotendinous junction
to the insertion, with the posterior fibres from the
gastrocnemius passing medial to lateral (Fig. 15.4).

Then turn the probe clockwise by 90° and
evaluate the tendon on its long axis. The US scan
shows the hyperechoic fibrillar structure of the
tendon coursing along the superficial portion of
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Fig. 15.4 Anatomical scheme and probe position at dif-
ferent levels over the posterior aspect of the distal third of
the leg for the evaluation of the Achilles tendon. (a) US
transverse scan at a more cranial level: the Achilles tendon
can be seen as a flat broad fibrillar structure (arrowheads)
sited superficial to the soleus muscle (S); (b) US trans-
verse scan at a intermediate level: at this level, the tendon

becomes more oval (arrowheads); just deep into it, the
underlying distal muscular fibres of the soleus (S) can still
be seen; (¢) US transverse scan at a more caudal level: at
this level, just cranial to the calcaneus, the Achilles tendon
is clearly visible with its oval shape (arrowheads), cours-
ing over the hyperechoic Kager’s fat pad sited below (K)

Fig. 15.5 Extended field of view. The longitudinal US
image shows the Achilles tendon (asterisks) arising proxi-
mally from the soleus (S) and the gastrocnemius (GM)
muscles, and inserting onto the posterior aspect of the

the image, above the underlying Kager’s fat pad:
follow it from its insertion on the calcaneus, prox-
imally to its myotendinous junction (Fig. 15.5).
The preinsertional area, due to its decreased
vascular supply, is frequently involved in tendi-

calcaneus; just deep into the tendon, the hyperechoic
Kager’s fat pad (K) and the retroachillean bursa (arrow)
can be seen. More deeply, the fibres of the deep flexor
muscles of the leg course just over the tibia (7)

nosis processes. At the insertional area, a small
hypoechoic area can be seen between the tendon
and the calcaneus: it is the retrocalcaneal syno-
vial bursa, which is frequently filled with a small
amount of fluid in normal conditions.
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Fig. 15.6 (a) Probe position over the posterior aspect of
the calcaneus for the evaluation of the Achilles tendon on
its long axis. (b) Upper image: Corresponding US longi-
tudinal scan showing the Achilles tendon (asterisk) cours-
ing over the Kager’s fat pad and inserting on the posterior
aspect of the calcaneus (C); the arrowhead indicates the

Despite orthogonal insonation, at this level
the insertional fibres are anisotropic and appear
hypoechoic due to their oblique orientation at
the enthesis: slightly incline the distal edge of
the probe on the calcaneus to correctly visualize
them (Fig. 15.6).

It is important to reproduce a dynamic
manoeuvre: ask the patient to perform plantar-
dorsal flexion of the foot in order to evaluate the
tenomuscular structures during activity.

Then, move the transducer over the length of
the tendon up to the midcalf.

On the US image, the muscular fibres of the
soleus, deeply, and gastrocnemius, superficially,
appear respectively formed by the contributions
from the medial and lateral gastrocnemius apo-
neurosis and the soleus aponeurosis.

On US image, the soleus muscle can be seen
just below the hyperechoic aponeurosis, moving
the probe (both with short- and long-axis scans)
from the midcalf up to the muscle proximal ori-
gin at the upper leg (Fig. 15.7).

Increasing the depth of the US beam, it is
possible to visualize the underlying muscular

insertional area of the tendon which appears hypoechoic
due to anisotropy. Lower image: Same US longitudinal
scan orienting the transducer orthogonal to the course of
the insertional fibres of the tendon: in this way, the inser-
tional tendon fibres appear hyperechoic as the rest of the
tendon

fibres of the flexor hallucis longus, flexor digi-
torum longus and tibialis posterior, separated
from the soleus by the hyperechoic deep trans-
verse fascia.

At the cranial portion of the muscle, between
tibial and fibular soleus origins, the popliteal-
tibial neurovascular bundle can be seen passing
down from the popliteal fossa into the deep pos-
terior compartment of the calf (between soleus,
superficially, and deep flexor muscles, deeply).

The gastrocnemius muscle can be followed
moving the transducer from the midcalf up to the
knee both with longitudinal and transverse orien-
tation (Fig. 15.8).

The US scans show the gastrocnemius fibres
composing the superficial muscular layer of the
posterior calf, divided into the medial and lateral
heads.

An important US scan must be performed in
order to study the distal junctional portion of the
medial gastrocnemius muscle, which is the most
frequent site of traumatic muscle disruption:
placing the probe with a longitudinal-oblique
orientation on the distal portion of the gastrocnemius
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Fig.15.7 Anatomical scheme and probe position at differ-
ent levels over the posterior aspect of the proximal-middle
third of the leg for the evaluation of the triceps surae mus-
cle. (a) US transverse scan on the posterior aspect of the leg
at a proximal level showing the lateral (L) and medial (M)

head of gastrocnemius muscles coursing over the proximal
portion of the soleus muscle (S). (b) US transverse scan at a
more distal level showing the lateral and medial head of the
gastrocnemius merged in one muscle belly (GM), over the
middle portion of the soleus muscle (S)

Fig. 15.8 Extended field of view. The longitudinal US
image shows the relationships between the gastrocnemius
muscle (GM) and the soleus muscle (S) with their aponeurosis

medialis muscle belly, find the correct scan as
shown in Fig. 15.9.

Complete the gastrocnemius evaluation
moving the probe upwards over the knee with a
transverse orientation.

At this level, the US image shows the lateral
and medial heads of the muscle inserting on the
posterior aspect of the respective condyle by
means of a superficial aponeurosis.

facing each other (arrow); the transverse deep fascia of the
leg can be seen under to the soleus muscle and over the deep
flexor muscles of the leg. 7 tibia, F'C femoral condyle

Rotating the probe on the long axis of the medial
head of the gastrocnemius, the insertional area may
show the hypoechoic appearance of the medial
head gastrocnemius tendon (due to anisotropy),
which may simulate fluid in the gastrocnemius-
semimembranosus bursa (Fig. 15.10).

Further, note the fibrillar hyperechoic linear struc-
ture coursing deep, next to the medial head inser-
tion: it is the descending semimembranosus tendon.
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Fig.15.9 (a) Probe position for the evaluation of the gas-
trocnemius medialis and soleus myotendinous junction.
(b) Corresponding US longitudinal-oblique scan: the
image shows the muscular fibres of the distal portion of
the medial gastrocnemius (GM) and of the soleus muscle

(S) inserting respectively on the top and on the bottom of
the aponeurosis (arrowheads); the asterisk indicates the
critical area of the triceps surae muscle, most prone to
strain, typical for tennis leg injuries

Fig.15.10 (a) Probe position over the posterior knee. (b)
Corresponding US transverse scan which shows the rela-
tionship among the medial condyle of the femur (MC), the
tendon of the semimembranosus muscle (SM), the articu-

lar cartilage (circle) covered by the joint capsule, the
proximal portion of the medial head of the gastrocnemius
muscle (GM) and the gastrocnemius-semimembranosus
bursa (asterisk)
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Fig.15.11 (a) Probe position over the posterior aspect of
the distal leg for the identification of the plantaris tendon.
(b) Corresponding US transverse scan which shows the

Focus On

The gastrocnemius-semimembranosus bursa
is a synovial bursa of the knee joint, placed
among the semimebranosus tendon, the
medial head of gastrocnemius muscle and
the posterior aspect of the medial joint cap-
sule. The distension of the gastrocnemius-
semimembranosus bursa was also called
Baker’s cyst and can be evaluated as a mostly
hypoechoic (depending on its content) struc-
ture with transverse US scans over the poste-
rior aspect of the knee. Placing a towel or a
pillow under the ankle helps to get a slight
knee flexion (decreasing internal pressure)
and to better assess the communication with
the joint. Longitudinal scans may contribute
to evaluate the cranial or caudal (more com-
mon) extent of the cyst.

Moving at the lateral head of the gastrocne-
mius on the posterior aspect of the lateral femoral
condyle a small, a curvilinear ossicle (fabella)
with intense posterior shadowing could be seen
into the tendon: remember not to confuse the

plantaris tendon (arrow) as a thin oval hyperechoic struc-
ture located just medially to the Achilles tendon (A)

fabella with an intraarticular loose body, a capsu-
lar calcification or an osteophyte.

For plantaris muscle evaluation, place the
probe on the posterior knee region, using a trans-
verse scan, and move downwards.

On US image, the muscle belly of the plantaris
muscle is visualized as a triangular muscular
structure between the soleus muscle deeply and
the medial and lateral bellies of the gastrocne-
mius superficially.

Follow the muscle from its proximal attach-
ment on the lateral femoral condyle to the myo-
tendinous junction at the level of the fibular head.
Because the tendon forms the medial border of
the belly, it is seen on the transverse US scan aris-
ing from the medial aspect of the belly.

At the myotendinous junction, rotate the trans-
ducer by 90° on the long axis of the tendon and
follow it to its distal insertion which could be either
on the medial aspect of the calcaneus or directly
into Achilles tendon fibres. Otherwise, the tendon
is easier to identify distally at the medial border of
the Achilles tendon, and followed proximally.

It is very important to assess plantaris muscle
presence and insertion, since, in case of complete
tears of the Achilles tendon, it may be mistaken
for residual intact fibres (Fig. 15.11).
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Muscle Origin Insertion Innervation Action
Gastrocnemius Back of the medial and ~ Posterior aspect Tibial nerve
lateral condyles of the of the calcaneus .
femur by the Achilles Plantar flexion of
tendon the foot, producing
Soleus Medial aspect of the As above As above ar};uiis?j?fz;tze
middle-distal third of AR
the lateral aspect of the running, jumping &
gglﬁ; posterior upper and standing on the
- - . a - toes; slight flexion
Plantaris (most of the Inferior part of the Postero-medial As above of the knee

population) lateral supracondylar
line of the femur
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Emanuele Fabbro, Giulio Ferrero, and
Alessandro Muda

The tibialis posterior, flexor digitorum longus and
flexor hallucis longus muscles occupy the deep pos-
terior compartment of the leg (Fig. 16.1). They are
separated from the superficial posterior muscles by
the deep transverse fascia of the leg and from the
anterior and lateral muscle compartments by the
tibia, the fibula and the interosseous membrane.

16.1 Anatomy Key Points

16.1.1 Tibialis Posterior

The tibialis posterior (TP) is a relatively
small muscle located in the deep posterior
compartment of the leg. Its main actions
are plantar flexion and inversion of the foot
(it is considered the most powerful supina-
tor of the hindfoot); additionally, it is a pri-
mary dynamic stabiliser of the medial
longitudinal arch of the foot.
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Dipartimento di Radiologia, Universita degli
studi di Genova, Genoa, Italy
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Fig.16.1 Anatomical scheme of the deep posterior mus-
cles of the leg: TP tibialis posterior muscle, FDL flexor
A. Muda (P) digitorum longus muscle, FHL flexor hallucis longus
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The tibialis posterior muscle takes its
origin from the inner posterior surface of
the tibia, from the fibula, just under the
proximal tibiofibular joint and from the
posterior aspect of the adjacent interosse-
ous membrane. Its superior extremity is
bifid and the anterior tibial vessels pass
forward between the two attachment points
to reach the anterior compartment.

The muscle belly runs posterior to
the interosseous membrane, between the
flexor digitorum longus (medial) and the
flexor hallucis longus (lateral) muscles.
Along its entire course, the tibialis poste-
rior muscle has a close relationship with
the posterior neurovascular bundle of the
leg (formed by the posterior tibial artery
and veins and the tibial nerve) that lies
between it (anterior) and the soleus mus-
cle (posterior).

The tibialis posterior distal tendon arises
from a central aponeurosis that gives a
bipennate appearance to the muscle. Then
the tendon courses anteriorly to the flexor
digitorum longus, under the flexor retinacu-
lum. At this level, the tibialis anterior ten-
don is the most medial of the three flexor
tendons (Fig. 16.2). Distally the tendon
turns around the medial malleolus and
inserts with different fascicles: the main one
attaches onto the navicular tuberosity (with
fibrous expansions to the cuboid) and the
first cuneiform bone; some fibres also reach
the base of the second, third and fourth
metatarsal bone.

The vascularisation of the tibialis pos-
terior muscle is supplied by the posterior
tibial artery. The innervation is provided by
the tibial nerve.

E. Fabbro et al.

Fig.16.2 Anatomical scheme of the medial tendons of the
ankle: tibialis posterior muscle (7P) and tendon (@); flexor
digitorum longus muscle (FDL) and tendon (°); flexor hal-
lucis longus muscle (FHL) and tendon (#); (*), tibial nerve

16.1.2 Flexor Digitorum Longus

The flexor digitorum longus (FDL) is the
most medial of the deep posterior muscles of
the leg. It originates from the posterior sur-
face of the tibia, at the level of the middle
third, below the popliteus muscle, the tibial
origin of the soleus muscle and medial to the
vertical ridge. The muscle belly is located
between the posterior aspect of the tibial
diaphysis and the ventral surface of the
soleus muscle, medial to the tibialis posterior
and the flexor digitorum longus muscles. At
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the distal third of the leg, it crosses superfi-
cial the distal portion of the tibialis posterior
muscle and continues in a long distal tendon
that grooves the lower end of the tibia and
overcomes the tibialis posterior tendon.
Then, the flexor digitorum longus tendon
passes around the medial malleolus under
the flexor retinaculum, between the tibialis
posterior and flexor hallucis longus tendons,
reaching the plantar aspect of the foot. At this
level, it divides into four distinct tendons,
each of them inserts onto the base of the dis-
tal phalanx of the second to the fifth toe.

The flexor digitorum longus muscle is
involved in plantar flexion of the second to
the fifth toe; it also contributes to plantar
flexion and inversion of the foot.

It is vascularised by the posterior tibial
artery and innervated by the tibial nerve.

16.1.3 Flexor Hallucis Longus

The flexor hallucis longus (FHL) is a bipen-
nate muscle arising from the posterior diaph-
ysis of the inferior two thirds of the fibula,
below the fibular origin of the soleus muscle.
The large muscle belly descends down, lat-
eral to the tibialis posterior muscle and medial
to the peroneus longus muscle from which it
is separated by the posterior crural septum.
Then it inclines medially and posteriorly to
the lower posterior tibial surface, extending
distally to the tibialis posterior and the flexor
digitorum longus muscles. The FHL myo-
tendinous junction is located between the
medial and lateral tubercle of the posterior
process of the talus.

The distal tendon occupies the osteofi-
brous deep groove on the posterior surface
of the talus, then runs down in the tarsal
tunnel, behind the medial malleolus under
the flexor retinaculum, lateral to the flexor
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digitorum longus tendon, to attach onto the
base of the distal phalanx of the great toe.

Together with the flexor hallucis brevis
muscle, the flexor hallucis longus muscle is
involved in plantar flexion of the great toe.

The flexor hallucis longus muscle is vas-
cularised by the peroneal branch of the pos-
terior tibial artery and innervated by the tibial
nerve.

16.2 Ultrasound Examination
Technique

The tibialis posterior, flexor digitorum longus
and flexor hallucis longus muscles are some-
times difficult to identify because of their deep
position in the posterior leg. US scan of these
muscles may require a careful adjustment of the
imaging parameters or the use of low-frequency
convex-array probes, especially in obese patients
or in athletes, in order to obtain a better evalua-
tion of each muscle belly and a panoramic view.

The patient lies seated on the examination
table with the knee flexed and the plantar surface
of the foot flat on the table, keeping the knee
slightly externally rotated to expose the postero-
medial aspect of the leg (Fig. 16.3).

Begin the US evaluation at the level of the
medial aspect of the ankle joint where the tibia-
lis posterior, flexor digitorum longus and flexor
hallucis longus tendons pass behind the medial
malleolus, under the flexor retinaculum.
Identification of each distal tendon may be help-
ful to guide the consequent visualisation and
differentiation of each muscle belly.

Place the probe on an axial position with the
medial extremity on the surface of the medial
malleolus, the main bony landmark, to evaluate
the relationship among the three flexor tendons
(Fig. 16.4). Remember the mnemonic formula
“Tom, Dick and a very nervous Harry” (that
means Tibialis posterior, flexor Digitorum lon-
gus, AVN bundle and flexor Hallucis longus) for
the order of the three tendons at the level of the
ankle joint, from anterior to posterior.
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Colour Doppler examination allows to iden-
tify the posterior neurovascular bundle (posterior
tibial artery and veins and adjacent tibial nerve)

Fig. 16.3 Leg position to evaluate the deep posterior
flexor muscles

and its close relationship with the flexor tendons
at the medial malleolus; the posterior neurovas-
cular bundle is shown separating the tibialis pos-
terior and the flexor digitorum longus tendons
(medial to it) from the flexor hallucis longus ten-
don (lateral to it).

Focus On

The tibial nerve is the largest of the two ter-
minal divisions of the sciatic nerve. At the
popliteal space, it is located between the
medial and the lateral heads of the gastroc-
nemius muscle and posterior to the popliteal
vessels. There, it proceeds down in the same
direction of the sciatic nerve, entering the
leg at the soleus arcade. The nerve, together
with the posterior tibial artery and veins,
runs the leg between the superficial and deep
posterior muscle compartments. In the prox-
imal two thirds of the leg, it courses in a
close relationship with the posterior surface
of the tibialis posterior and the flexor digito-
rum longus muscles, and at the distal third, it
curves medially to pass between the Achilles
tendon and the medial border of the tibia. At
the ankle, the nerve crosses the posterior
aspect of the medial malleolus, under the
flexor retinaculum, and it divides into the
medial and lateral plantar nerves.

Fig.16.4 (a) Probe position to examine the flexors tendons
at the medial malleolus level. (b) US axial scan with colour
Doppler analysis: the tibialis posterior (@) is the largest and
the most anterior tendon lying immediately behind the

medial malleolus (M). (°) flexor digitorum longus tendon;
(#), flexor hallucis longus tendon; arrowheads, flexor reti-
naculum (white arrowheads). Look at the posterior tibial
artery (red) and veins (blue) and the tibial nerve (*)
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Fig. 16.5 (a) Probe position to examine the tibialis pos-
terior, flexor digitorum longus and flexor hallucis longus
muscle bellies. (b) US axial scan at the level of the tibio-
talar joint: the flexor hallucis longus (FHL) is already seen

Then, move the probe cranially along the pos-
teromedial surface of the leg identifying the
proximal myotendinous junction and the belly of
each muscle on the axial plane.

Sometimes it may be difficult to differentiate
each muscle belly from the others. Use dynamic
scans during passive flexion-extension of each
toe to distinguish them.

At the tibio-talar joint, the first muscle
belly visualised is the flexor hallucis longus
because it extends more distally than the oth-
ers; at this level, the tibialis posterior and the
flexor digitorum longus still remain tendinous
(Fig. 16.5).

Furthermore, shifting the probe cranially at
the distal third of the leg, the tibialis posterior
tendon is seen passing under the flexor digito-
rum longus tendon and the flexor hallucis lon-
gus muscle belly, assuming a deep position
(Fig. 16.6).

In this setting, the tibialis posterior and the
flexor digitorum longus progressively become
bulbous: the tibialis posterior muscle is located
medial to tibial diaphysis, deep to the flexor digi-
torum longus (medial) and the flexor hallucis lon-
gus (lateral) muscles (Fig. 16.7).

Continue the examination translating the
probe cranially, along the posteromedial surface
of the leg, following the three muscle bellies until

as a muscle belly; antero-medial to it, the tibialis posterior
tendon (@) and the flexor digitorum longus tendon (°) are
visualised. T Tibia, AT Achilles tendon

Fig.16.6 US axial scan at the distal third of the leg. The
tibialis posterior tendon has become muscle belly (7P)
coursing under the flexor digitorum longus tendon and
muscle (FDL) and the flexor hallucis longus muscle
(FHL). T tibia, So soleus muscle

their proximal insertion. A quite variability of the
level of the flexor digitorum longus and the flexor
hallucis longus proximal insertion, on the tibia
and on the fibula respectively, could be seen.
However, they usually insert at the middle third
of the leg, below the origin of the popliteus and
the soleus muscles (Fig. 16.8). In any case, their
proximal tendons usually are not clearly identifi-
able at US examination.

The tibialis posterior muscle continues until
the level of the proximal tibiofibular joint, under
which it inserts both on the tibia and the fibula.

From the position shown in Fig. 16.7, shift
the probe cranially, along the posteromedial
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Fig.16.7 US axial scan demonstrates the relationship of
the three flexor muscles. 7P tibialis posterior muscle,
FDL flexor digitorum longus muscle, FHL flexor hallucis
longus muscle. 7 tibia

Fig.16.8 Probe position to evaluate the flexor hallucis lon-
gus muscle on the axial plane at different levels. Anatomical
scheme of the deep posterior muscles of the leg correlated
with US axial scan of the flexor hallucis longus (FHL) at

surface of the leg: the tibialis posterior muscle
belly is seen disappearing under the tibial bone
(Fig. 16.9).

To accurately evaluate its proximal mus-
cle belly and the proximal insertion, use a pos-
terolateral approach. Place the probe at the same
level shown in Fig. 16.9, but on the posterolateral
surface of the leg. The tibialis posterior muscle
could be seen rising up between the tibia and the
fibula, posterior to the interosseous membrane,
and then it is possible to follow it up to its proxi-
mal tendons (Fig. 16.10). The proximal insertion
is difficult to visualise during the US examination
because of the deep position of the muscle and
the shortness of the two attachment points onto
the tibia and the fibula.

different levels (distal (a), middle (b) and proximal (c) third
of the leg) up to the proximal insertion (¥). FDL, flexor
digitorum longus, So soleus muscle, 7P tibialis posterior,
GL gemellus lateralis muscle, 7 tibia, F fibula
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Fig. 16.9 US axial scans of the tibialis posterior muscle
at the distal (a) and middle (b) third of the leg. TP tibialis
posterior muscle, FDL flexor digitorum longus muscle,

FHL flexor hallucis longus muscle, So soleus muscle, Gs
gastrocnemius muscle, 7 tibia, F fibula

Fig. 16.10 (a) Probe position to evaluate tibialis poste-
rior proximal muscle belly on the axial plane. (b) US axial
scan at the proximal third of the leg. Note the close rela-
tionship of the tibialis posterior muscle (7P) with the
anterior tibial artery and the anterior muscles of the leg.
Look at the interosseous membrane (arrowheads), seen as

a continuous hyperechoic band that courses between the
tibia and the fibula, separating the tibialis posterior from
the anterior muscles of the leg. TA tibialis anterior muscle,
EDL extensor digitorum longus muscle, PL peroneus lon-
gus muscle, 7 tibia, F fibula
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Focus On

The interosseous membrane is a thin apo-
neurotic membrane stretching between
the interosseous crest of the tibia and the
anteromedial surface of the fibula. It
represents a greatly extended surface for
muscle origin: the tibialis anterior, extensor
digitorum longus and peroneus tertius take
partial origin from the anterior surface of
this membrane. The tibialis posterior and
the flexor hallucis longus take partial origin
from its posterior aspect.

In the upper portion, just inferior to the
lateral tibial condyle and the head of the
fibula, the interosseous membrane shows a
concave margin for the passage of the ante-
rior tibial vessels. Distally, is crossed by
the anterior peroneal vessels.

The strong oblique fibres of the inter-
osseous membrane run downwards and
laterally from the tibia to the fibula and
distally continue as the inferior interosse-
ous ligament.

It is an important stabiliser of the tibia and
the fibula, the site of muscles attachment, and

E. Fabbro et al.

Fig. 16.11 Extended-field-of-view longitudinal scan of
the flexor tendons at the level of the medial malleolus: (*),
tibialis posterior tendon; (white arrowheads), flexor digi-
torum longus tendon. N navicular bone

separates the anterior compartment from the
deep posterior compartment of the leg.
Starting from the position shown in
Fig. 16.4, rotate the probe by 90° to obtain
longitudinal scans of the three flexor ten-
dons. In particular, incline the probe
slightly medially to visualise the flexor
digitorum longus and the tibialis posterior
and slightly laterally to image the flexor
hallucis longus tendons (Fig. 16.11).
Remember to follow each tendon to reach
the proper distal myotendinous junction.

16.3 Summary Table

Muscle
Tibialis posterior

Flexor digitorum
longus

Flexor hallucis
longus

Origin

Posterior surfaces of the
tibia and the fibula,
adjacent interosseous
membrane

Posterior surface of the
tibia

Posterior surface of the
fibula

Insertion

Navicular tuberosity
(with expansions to the
cuboid), first
cuneiform, base of the
11, III, IV metatarsal
bone

Bases of the distal
phalanges of the 11
through V toes

Base of the distal
phalanx of the great toe

Nerve supply
Tibial nerve

Tibial nerve

Tibial nerve

Action

Plantar flexion

of the foot
Inversion of the foot

Support to the foot
medial arch

Plantar flexion of II to
V toes

Plantar flexion of the
foot

Inversion of the foot
Extension of the thigh
Flexion of the leg

Internal rotation of
the leg with flexed
knee
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The tibialis anterior, extensor hallucis longus and
extensor digitorum longus muscles occupy the
anterior compartment of the leg (Fig. 17.1). They
are separated from the deep posterior muscles by
the tibia, the fibula and the interosseous membrane.

17.1 Anatomy Key Points

17.1.1 Tibialis Anterior

The tibialis anterior is the largest and most
medial muscle of the anterior compartment
of the leg.

It is a fusiform muscle, located on the
lateral side of the tibia. Its belly is thick and
fleshy at its proximal third and becomes
thin and fibrous at its distal third forming a
strong oval tendon which is led by both
extensor retinacula of the foot before its
insertion.

D. Orlandi (<) ¢ A. Arcidiacono
Dipartimento di Radiologia, Universita degli
studi di Genova, Genoa, Italy

e-mail: my.davideorlandi @ gmail.com;
alice.arcidiacono @hotmail.com

E. Silvestri et al., Ultrasound Anatomy of Lower Limb Muscles: A Practical Guide,

The tibialis anterior is a circumpennate
muscle with a thick central intramuscular
aponeurosis.

It arises from several structures: the lat-
eral femoral condyle, the superior half of
the lateral surface of the tibia, the interos-
seous membrane and the deep surface of
the fascia.

The muscular fibres run vertically
downwards and end in a tendon, which is
eccentric and lies on the anterior aspect of
the muscle at the lower third of the leg.

It attaches on the medial and inferior
surface of the first cuneiform bone and into
the base of the first metatarsal bone.

This muscle overlaps the anterior tibial
vessels and deep peroneal nerve in the
upper part of the leg.

The blood supply to the tibialis anterior
muscle comes from the anterior tibial
artery, which originates from the popliteal
artery in the posterior compartment of the
leg and passes forward into the anterior
compartment of the leg trough an aperture
in the interosseous membrane. In the proxi-
mal third of the leg, the anterior tibial artery
lies between the tibialis anterior and exten-
sor digitorum longus muscles; in the mid-
dle third between the tibialis anterior and

DOI 10.1007/978-3-319-09480-9_17, © Springer International Publishing Switzerland 2015
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Fig.17.1 Anatomical scheme of the anterior leg compart-
ment muscles. TA tibialis anterior, EDL extensor digito-
rum longus, EHL extensor hallucis longus. EHL lies in a
deeper layer than 7A and EDL and its muscle belly arises
more distally

the extensor hallucis longus muscles and at
the ankle lies between the tendon of the
extensor hallucis longus and the first ten-
don of the extensor digitorum longus.

The main functions of the tibialis ante-
rior muscle are dorsiflexion of the foot,
inversion raising the medial side of the foot

D. Orlandi and A. Arcidiacono

off the ground and stabilization of the ankle
during walking.

The tibialis anterior tendon together
with the extensor hallucis longus and
extensor digitorum tendons are anchored to
the tibial bony surface by the extensor reti-
nacula, which are canal-like thickenings of
the crural fascia or deep fascia of the leg.

The superior extensor retinaculum (trans-
verse crural ligament) lies between the fib-
ula and tibia proximal to the malleoli.

The inferior extensor retinaculum (cruci-
ate crural ligament) presents a Y shape and
extends more distally between calcaneus,
medial malleolus and plantar aponeurosis.

17.1.2 Extensor Hallucis Longus

The extensor hallucis longus muscle is a
thin muscle located in the anterior lower
leg compartment between the tibialis ante-
rior and the extensor digitorum longus
muscles. It arises more distally with respect
to the tibialis anterior and the extensor digi-
torum longus, from the middle third of the
anterior surface of the fibula and from the
anterior surface of the interosseous mem-
brane. The fibres run downwards, merging
into a tendon above the superior extensor
retinaculum.

The extensor hallucis longus tendon is
eccentric and lies on the anterior aspect of
the muscle, passes deep to the superior
extensor retinaculum and through the infe-
rior extensor retinaculum inserting into the
dorsal aspect of the base of the distal pha-
lanx of the hallux.

In proximity of the metatarsophalan-
geal joint, a thin prolongation merges from
each side of the tendon and covers the dor-
sal surface of the joint. An expansion
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from the medial side of the tendon usually
attaches on the base of the proximal
phalanx.

In the distal third of the leg, the extensor
hallucis longus tendon crosses the tendon
of the extensor digitorum longus.

The extensor hallucis longus muscle is
innervated by the deep fibular nerve and
vascularized by the anterior tibial vessels
which course between it and the tibialis
anterior.

The extensor hallucis longus muscle
works in synergy with the other extensor of
the big toe (the extensor hallucis brevis
muscle), pulling the toe upwards and
extending the phalanges of the hallux. The
extensor hallucis longus also plays a role in
the dorsiflexion of the ankle joint.

17.1.3 Extensor Digitorum Longus

The extensor digitorum longus muscle lies
lateral and deep to the tibialis anterior mus-
cle and medial to the peroneus brevis
muscle.

It is a pennate muscle arising from sev-
eral structures such as the lateral tibial con-
dyle, the upper part of the anterior surface
of the shaft of the fibula, the upper part of
the interosseous membrane, the deep sur-
face of the fascia cruris and the anterior
crural intermuscular septum.

The extensor digitorum longus is ser-
viced by the deep peroneal nerve and the
anterior tibial artery, which, in the upper
part of the leg, courses between the exten-
sor digitorum and the tibialis anterior
muscles.

a long distal tendon which passes behind
the superior and the inferior extensor reti-
naculum together with the Peroneus tertius,
an additional fifth tendon present in about
90 % of the people running towards the lat-
eral foot edge and inserting at the fifth
metatarsal bone. The peroneus tertius is a
small muscle, laying laterally to the exten-
sor digitorum longus and is considered as a
part of it.

The extensor digitorum longus tendon
divides into four parts, running towards the
corresponding small toe and inserting into
the second and third phalanges.

The tendons to the second, third and
fourth toes, on the lateral side of the
metatarsophalangeal joints, combine with
one of the extensor digitorum brevis ten-
dons to form a broad dorsal aponeurosis,
which covers the dorsal surface of the
proximal phalanx. At the interphalangeal
joint, it divides into three slips: the cen-
tral one is inserted into the base of the
middle phalanx and the two laterals are
inserted into the base of the distal
phalanx.

Variations within the extensor digitorum
longus muscle are not uncommon and
include attachment also to the hallux.

When the extensor digitorum longus
muscle is in contraction, it causes the exten-
sion of the lateral four toes and the dorsiflex-
ion of the foot. In addition, it is responsible
for a powerful eversion (pronation).

17.2 Ultrasound Examination

Technique

149

The patient is seated on the examination bed
with the knee flexed about 20-45°, and the
plantar surface of the foot lies flat on the table
(Fig. 17.2).

The extensor digitorum longus fibres
course downwards along the anterior aspect
of the lower leg and near the ankle turn into
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Palpate the tibial tuberosity on the anterior
aspect of the tibia, which can be considered an
important bony landmark, and place the probe on
it in an axial position.

Move the transducer slightly lateral and iden-
tify the myotendinous junction of the tibialis
anterior near the patellar tendon (Fig. 17.3).

Rotate the probe by 90° to evaluate on a lon-
gitudinal plane the proximal attachment of the
tibialis anterior tendon on the tibial tuberosity
(Fig. 17.4).

Replace the probe in a transverse plane and
shift it caudally and lateral to identify the cortical
surface of the fibula and the anterior tibial crest in
the same scan (Fig. 17.5).

The cortex of the tibia and fibula are identified
as continuous hyperechoic lines with posterior
shadowing.

The interosseous membrane can be seen as a
thin concave hyperechoic layer between the tibial
and fibular cortex and opposite to the tibialis pos-
terior muscle.

Power Doppler could be useful in order to
identify the anterior neurovascular bundle and
the passage of the anterior tibial vessel through
the interosseous membrane (Fig. 17.6).

At this level, it is possible to demonstrate the
large muscular belly of the tibialis anterior
characterized by a thick central aponeurosis
(Fig. 17.7).

el

Fig. 17.2 Leg position to evaluate the anterior leg
compartment

Fig. 17.3 (a) Probe position to evaluate the myotendinous junction of the tibialis anterior muscle on axial plane;
(b) US axial scan: the myotendinous junction (MJT) lies lateral to the patellar tendon (PT). TT tibial tuberosity
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Fig.17.4 (a)Probe position to evaluate the myotendinous
junction of the tibialis anterior muscle on longitudinal
plane; (b) US longitudinal scan shows the myotendinous

2, .
e

Fig. 17.5 (a) Probe position to evaluate the anterior leg
compartment at the proximal third of the leg on axial
plane. (b) US axial scan at the proximal third of the leg
illustrates the relationship between the tibialis anterior

This muscle is covered by a thin echogenic
fascia (crural fascia) that continues with the ante-
rior fascia of the leg.

A focused evaluation of the integrity of this
structure is mandatory if muscle hernia is sus-
pected. A squatting position can be useful to
demonstrate the herniation of the muscle and the
focal defect of the fascia.

junction (*) and the proximal insertion of the tibialis ante-

rior (TA) on the tibial tuberosity (77)

(TA), the extensor digitorum longus (EDL) and the pero-
nei muscles (P). The interosseous membrane (*) appears
as a hyperechoic line, which extends between the tibia (7)
and the fibula (F). TP tibialis posterior muscle

Longitudinal US scan with the probe oriented
perpendicular to the skin, in the sagittal plane, is
useful to visualize the muscle belly on its long
axis. The central aponeurosis appears as a hyper-
echoic structure that continues from the extra
muscular tendon and extends into the muscle
dividing in two unipennate halves, above and
below the aponeurosis (Fig. 17.8).
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At this level, we can measure the muscular
thickness and pennation angle (see Chap. 4).

Fig. 17.6 US axial scan at the proximal third of the leg.
Power Doppler is useful to identify the anterior tibial
artery at the level of the interosseous membrane. 7A tibi-
alis anterior muscle, 7 tibia, F fibula

Fig. 17.7 US axial scan at the proximal third of the leg.
Note the large muscular belly of the tibialis anterior mus-
cle (TA) and the thick central aponeurosis (arrowheads).
T tibia, F fibula
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Ask the patient to contract the muscle with
dorsiflexion of the foot to evaluate the increasing
of the pennation angle.

Always remember to move the transducer
caudally following the tibialis anterior muscle
belly until the myotendinous junction (Figs. 17.9
and 17.10).

Then place the transducer on the proximal
middle third of the tibial shaft and shift the probe
laterally to examine the extensor digitorum lon-
gus muscle belly on an axial scan. In this scan,
the extensor digitorum longus muscle is located
laterally to the tibialis anterior muscle (Fig. 17.5).

Then move the transducer caudally, always in
a transversal plane, until the middle of the leg to
visualize the extensor hallucis longus muscle
which arises at this level (Fig. 17.11).

If the extensor hallucis longus and the exten-
sor digitorum longus muscles are not well sepa-
rated, an active or passive muscular contraction
can be helpful to distinguish them.

Always remember to move the transducer
caudally following the extensor digitorum longus
and the extensor hallucis longus muscle bellies
until the myotendinous junction (Figs. 17.12 and
17.13).

Rotate the probe by 90° to assess the internal
structure of each muscle belly (Fig. 17.14).

Place the transducer over the dorsum of the
ankle to examine the extensor tendon group in
the axial plane. In this scan, it is possible to visu-
alize, from medial to lateral, the tibialis anterior,
the extensor hallucis longus and the extensor
digitorum longus tendons. Always examine these
structures from the myotendinous junction to
their distal insertion (Fig. 17.15).

At this level, also examine the deep peroneal
nerve, which runs on the medial side of the ante-
rior tibial artery (Fig. 17.16).

Fig. 17.8 EFV US longitudinal scan of the tibialis anterior muscle (7A) from the tibial tuberosity (77). Note the thick
central aponeurosis (arrowheads) that appears as a hyperechoic structure into the muscular belly
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Fig.17.9 (a) Probe position to evaluate the myotendinous junction of tibialis anterior muscle (TA) on an axial scan. (b)
US axial scan of the myotendinous junction (*) of TA. T tibia

Fig. 17.10 (a) Probe position to evaluate the myotendinous junction of the tibialis anterior muscle (7A) on a longitu-
dinal scan. (b) US longitudinal scan of the myotendinous junction (*) of TA

Focus On
The deep peroneal nerve (deep fibular
nerve) originates from the common fibular
nerve near the neck of the fibula, between
the fibula and upper part of the peroneus
longus.

The deep fibular nerve travels in the
anterior compartment of the leg on the ante-
rior surface of the interosseous membrane.

It passes inferomedially, deep to
extensor digitorum longus and, at the
middle of the leg, comes in relation with
the anterior tibial artery.

It runs initially lateral to the anterior tib-
ial artery, but in proximity of the ankle joint
it crosses over to run on the medial side.

At this level, the extensor hallucis lon-
gus muscle and tendon and the inferior
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Fig. 17.11 (a) Probe position to evaluate the anterior leg
compartment at the distal third of the leg on axial plane.

(b) US axial scan at the distal third of the leg. At this level,
the myotendinous junction of the tibialis anterior (7A) may

Fig. 17.12 (a) US axial scan of the myotendinous junc-
tion (*) of the extensor digitorum longus (EDL) muscle
(b) US longitudinal scan of the myotendinous junction (*)
of the extensor digitorum longus (EDL) muscle. EHL
extensor hallucis longus muscle

be evaluated. The extensor hallucis longus muscle (EHL)
lies between the myotendinous junction of the tibialis ante-
rior (TA) and the extensor digitorum longus muscle (EDL)
belly. T tibia, F fibula, * interosseous membrane

Fig. 17.13 (a) US axial scan of the myotendinous junc-
tion (*) of the extensor hallucis longus (EHL) muscle (b)
US longitudinal scan of the myotendinous junction (*) of
the extensor hallucis longus (EHL) muscle. T tibia, Ta
talus
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Fig. 17.14 Anatomical scheme correlated to EFV US
axial scans at different levels of the anterior compart-
ment of leg muscles. (a) Proximal anterior compart-
ment. EFV axial scan visualizes the relationship
between the peroneus muscles (P) and the extensor
muscles. The tibialis anterior muscle (TA) lies just lat-
eral to the tibial crest and medial to the extensor digito-
rum longus muscle (EDL). The interosseous membrane
(¥) appears as a hyperechoic layer which separates TA
from the tibialis posterior muscle (7P). (b) Middle third

extensor retinaculum overly ventrally the
nerve that passes through the anterior tarsal
tunnel (the space located between the infe-
rior extensor retinaculum and the fascia
overlying the talus and the navicular
bones).

Just under the inferior extensor retinac-
ulum, the deep peroneal nerve divides into
lateral and medial terminal branches.

of leg anterior compartment. EFV axial scan shows TA
myotendinous junction with its oval tendon anterior to
the tibial edge. Note the EDL and extensor hallucis lon-
gus (EHL) muscle bellies. (¢) Distal anterior compart-
ment of the leg. EFV US axial scan evaluates the
relationship between the peroneus muscle (P) and the
extensor muscle at the distal third of the leg. The pero-
neus brevis and peroneus longus are not well separated.
T tibia, F fibula

The lateral terminal branch (external
branch) passes across the tarsus anterolater-
ally and supplies the extensor digitorum
brevis and the extensor hallucis brevis mus-
cles. From the enlargement, it gives three
small interosseous branches (dorsal interos-
seous nerves) for the innervation of the tar-
sal joints and the metatarsophalangeal joints
of the second, third and fourth toes.
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Fig. 17.15 (a) Anatomical scheme of the extensor ten-
don group and extensor retinacula. SER superior extensor
retinaculum, /ER inferior extensor retinaculum. (b) Probe
position to evaluate the extensor tendon group in the axial

Fig. 17.16 US axial scan of the deep peroneal nerve
(arrowheads) at the level of the ankle joint. * anterior
tibial artery

The medial terminal branch (internal
branch) travels medial to the dorsalis pedis
artery along the dorsum of the foot. At the
first interosseous space, it divides into dor-
sal digital nerves, which provide sensory
innervation to the first webspace and the
adjacent dorsum of the foot between the
first and second toes.

plane. (¢) US axial scan of the extensor tendon group. 7A
tibialis anterior tendon, EDL extensor digitorum longus
tendon, EHL extensor hallucis longus tendon, arrow deep
peroneal nerve

The deep fibular nerve provides motor
innervation to the muscles of the anterior
compartment of the leg, the tibialis ante-
rior, extensor digitorum longus, extensor
hallucis longus and peroneus tertius
muscles.

It also provides sensory innervation to
the webspace between the hallux and sec-
ond digit.

Injury to the deep fibular nerve typi-
cally produces loss of dorsiflexion of the
foot (foot drop), loss of extension of the
toes and loss of sensation in the first
webspace.

Complete the examination with dynamics
scans in order to evaluate muscles and tendons
also during contraction.

Evaluate also the integrity of the superior and
inferior extensor retinacula and the relationship
between tendons and tibial bony surface at this
level (Figs. 17.17 and 17.18).
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Fig. 17.17 (a) Anatomical scheme of the extensor ten-
don group and extensor retinacula. SER superior extensor
retinaculum, /ER inferior extensor retinaculum. (b) Probe
position to evaluate the superior extensor retinaculum at

the level of the extensor hallucis longus tendon. (¢) US
axial scan of the superior extensor retinaculum (arrow-
heads) at the level of the extensor hallucis longus (EHL)
tendon

Fig. 17.18 (a) Anatomical scheme of the extensor ten-
don group and extensor retinacula. SER superior extensor
retinaculum, /ER inferior extensor retinaculum. (b) Probe
position to evaluate the inferior extensor retinaculum at

the level of the extensor digitorum longus tendon. (¢) US
axial scan of the superior inferior extensor retinaculum
(arrowheads) at the level of the extensor digitorum longus
tendon (EDL)
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17.3 Summary Table

Muscle Insertion

Tibialis anterior

Origin

Lateral surface of the
tibia and neighbouring
interosseous membrane
in the upper leg

Extensor hallucis ~ Distal aspect of the

Dorsal aspect of the
first metatarsal and
medial surface of the
medial cuneiform

Distal phalanx of the Deep fibular nerve

D. Orlandi and A. Arcidiacono

Innervation Action
Dorsiflexion and

inversion of the foot

Deep fibular nerve

Extension of the big toe

longus fibula and interosseous first toe and assists in
membrane dorsiflexion of the foot
at the ankle
Extensor digitorum Inferior aspect of lateral Distal phalanges of  Deep fibular nerve  Extension of toes and

longus tibial condyle, anterior
surface of the
interosseous membrane
and medial face of

fibula

fifth toes
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Enzo Silvestri and Claudio Mazzola

In this chapter we provide a series of images that serves as an orientation aid (a), pertinent
demonstrating cross-sectional anatomy of thigh anatomical scheme (b), and corresponding SE
compartments at different cranio-caudal levels. T1w axial MRI scan (c).

Every set of images includes a skeleton model

Fig.18.1 [ rectus abdomminis; 2 obliquus abdominis; 3 iliacus; 4 psoas major; 5 gluteus medius; 6 gluteus maximus;
7 erector spinae
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Fig.18.2 [ rectus abdomminis; 2 obliquus abdominis; 3 iliacus; 4 psoas major; 5 gluteus medius; 6 gluteus maximus;
7 erector spinae

|

Fig.18.3 [ rectus abdomminis; 2 obliquus abdominis; 3 iliacus; 4 psoas major; 5 gluteus minimus; 6 gluteus medius;
7 gluteus maximus
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Fig. 18.4 [ rectus abdomminis; 2 obliquus; 3 sartorius; 4 tensor fasciae latae; 5 iliacus; 6 psoas major; 7 gluteus
medius; 8 gluteus minimus; 9 gluteus maximus; /0 piriformis

Fig.18.5 1 rectus abdominis; 2 sartorius; 3 tensor fasciae  internus; // direct tendon (rectus femoris); /2 indirect
latae; 4 iliacus; 5 psoas major; 6 gluteus medius; 7 gluteus  tendon (rectus femoris)
minimus; 8§ gluteus maximus; 9 piriformis; /0 obturator
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Fig. 18.6 [ rectus abdominis; 2 sartorius; 3 tensor fasciae latae; 4 rectus femoris; 5 iliacus; 6 psoas major; 7 gluteus
medius; 8 gluteus maximus; 9 obturator internus; /0 gemellus superior; // piriformis

Fig. 18.7 [ sartorius; 2 tensor fascia lata; 3 rectus femoris; 4 iliopsoas; 5 pectineus; 6 gluteus minimus and medius; 7
vastus lateralis; 8 obturator internus; 9 Gemellus superior; /0 gluteus maximus
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Fig. 18.8 1 sartorius; 2 tensor fasciae latae; 3 rectus femoris; 4 vastus lateralis; 5 iliopsoas; 6 pectineus; 7 adductor
brevis; § obturator internus; 9 quadratus femoris; /0 gluteus maximus
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Fig. 18.9 [ sartorius; 2 tensor fasciae latae; 3 rectus /0 obturator internus; /] quadratus femoris; /2 gluteus
femoris; 4 vastus lateralis; 5 iliopsoas; 6 pectineus; maximus; /3 obturator externus; /4 hamstrings proximal
7 adductor longus; 8 adductor brevis; 9 adductor magnus;  tendon insertion; /5 ischiatic nerve
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Fig. 18.10 [ sartorius; 2 tensor fasciae latae; 3 rectus internus; /0 quadratus femoris; 7/ hamstrings conjoint
femoris; 4 vastus lateralis; 5 vastus intermedius; 6 pectin-  tendon; /2 semimembranosus tendon; /3 gluteus maxi-
eus; 7 adductor brevis; 8§ adductor magnus; 9 obturator  mus; /4 ischiatic nerve

Fig. 18.11 [ sartorius; 2 tensor fasciae latae; 3 rectus  magnus; /0 adductor magnus; /7 gracilis; /2 semitendi-
femoris; 4 vastus lateralis; 5 vastus intermedius; 6 ischiatic  nosus muscle and conjoint tendon; /3 semimembranosus
nerve; 7 adductor longus; 8 adductor brevis; 9 adductor  tendon; /4 gluteus maximus
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Fig. 18.12 [ sartorius; 2 tensor fasciae latae; 3 rectus adductor magnus; 70 gracilis; 7/ semitendinosus;
femoris; 4 vastus lateralis; 5 vastus intermedius; 6 adduc- /2 gluteus maximus; /3 ischiatic nerve
tor longus; 7 adductor brevis; 8 adductor magnus; 9

Fig.18.13 [ rectus femoris; 2 sartorius; 3 vastus lateralis; 4 vastus intermedius; 5 vastus medialis; 6 adductor longus;
7 adductor brevis; 8 adductor magnus; 9 gracilis; /0 gluteus maximus; // semitendinosus; /2 ischiatic nerve
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Fig. 18.14 [ rectus femoris; 2 sartorius; 3 vastus latera- /0 gluteus maximus; // semitendinosus; /2 biceps
lis; 4 vastus intermedius; 5 vastus medialis; 6 adductor femoris; /3 ischiatic nerve
longus; 7 adductor brevis; 8 adductor magnus; 9 gracilis;

Fig.18.15 [ rectus femoris; 2 sartorius; 3 vastus lateralis; 4 vastus intermedius; 5 vastus medialis; 6 adductor longus;
7 adductor magnus; 8 gracilis; 9 biceps femoris; /0 semitendinosus; // semimembranosus; /2 ischiatic nerve
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Fig.18.16 [ rectus femoris; 2 vastus lateralis; 3 vastus intermedius; 4 vastus intermedius; 5 sartorius; 6 adductor lon-
gus; 7 adductor magnus; 8 gracilis; 9 biceps femoris; /0 semitendinosus; // semimembranosus; /2 ischiatic nerve

Fig.18.17 [ rectus femoris; 2 vastus lateralis; 3 vastus intermedius; 4 vastus intermedius; 5 sartorius; 6 adductor lon-
gus; 7 adductor magnus; 8 gracilis; 9 biceps femoris; /0 semitendinosus; // semimembranosus; /2 ischiatic nerve
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Fig. 18.18 [ rectus femoris; 2 vastus lateralis; 3 vastus intermedius; 4 vastus medialis; 5 sartorius; 6 ischiatic nerve;
7 adductor magnus; 8 gracilis; 9 biceps femoris; /0 semitendinosus; // semimembranosus

Fig. 18.19 [ rectus femoris; 2 vastus lateralis; 3 vastus  femoris (long head); 10 semitendinosus; // semimembra-
intermedius; 4 vastus medialis; 5 sartorius; 6 biceps femo-  nosus; /2 ischiatic nerve
ris (short head); 7 adductor magnus; 8 gracilis; 9 biceps
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Fig. 18.20 / rectus femoris; 2 vastus lateralis; 3 vastus  femoris (long head); 10 semitendinosus; // semimembra-
intermedius; 4 vastus medialis; 5 sartorius; 6 biceps femo-  nosus; /2 ischiatic nerve
ris (short head); 7 adductor magnus; 8 gracilis; 9 biceps

|\
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Fig. 18.21 [ rectus femoris; 2 vastus lateralis; 3 vastus  femoris (long head); 10 semitendinosus; // semimembra-

intermedius; 4 vastus medialis; 5 sartorius; 6 biceps femo-  nosus; /2 ischiatic nerve
ris (short head); 7 adductor magnus; 8 gracilis; 9 biceps
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Fig. 18.22 [ rectus femoris tendon; 2 vastus lateralis; 3 biceps femoris (long head); 10 semitendinosus; /7 semi-
vastus intermedius; 4 vastus medialis; 5 sartorius; 6 biceps  membranosus; /2 ischiatic nerve
femoris (short head); 7 adductor magnus; 8 gracilis; 9

l..

Fig.18.23 ] rectus femoris tendon; 2 vastus lateralis; 3 vastus intermedius; 4 vastus medialis; 5 sartorius; 6 biceps femo-
ris (short head); 7 biceps femoris (long head); 8 semimembranosus; 9 gracilis; /0 semitendinosus; // ischiatic nerve
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Fig.18.24 ] rectus femoris tendon; 2 vastus lateralis; 3 vastus medialis; 4 sartorius; 5 biceps femoris (short head); 6 biceps
femoris (long head); 7 semimembranosus; 8 gracilis; 9 semitendinosus myotendinous junction; /0 ischiatic nerve

Fig. 18.25 [ vastus lateralis; 2 vastus medialis; 3 sartorius; 4 biceps femoris; 5 semimembranosus; 6 gracilis tendon;
7 semitendinosus tendon; 8 quadriceps tendon; 9 ischiatic nerve
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Fig. 18.26 [ rotuleus tendon; 2 biceps femoris; 3 sartorius; 4 gastrocnemius (lateral head); 5 gastrocnemius (medial
head); 6 semimembranosus; 7 gracilis tendon; 8 semitendinosus tendon; 9 ischiatic nerve
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In this chapter we provide a series of images that serves as an orientation aid (a), pertinent
demonstrating cross-sectional anatomy of leg anatomical scheme (b), and corresponding SE
compartments at different cranio-caudal levels. T1w axial MRI scan (c).

Every set of images includes a skeleton model
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Fig. 19.1 [ patellar ligament; 2 biceps femoris tendon; 3 semimembranosus tendon; 4 gastrocnemius lateralis (a) and
medialis (b); 5 popliteus tendon; 6 semitendinosus tendon; 7 gracilis tendon; 8 sartorius tendon; 9 Hoffa’s fat pad
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Fig. 19.2 [ patellar ligament; 2 biceps femoris tendon; 3 popliteus; 4 gastrocnemius lateralis (a) and medialis
(b); 5 semimembranosus tendon; 6 semitendinosus tendon; 7 gracilis tendon; § sartorius tendon

Fig. 19.3 / tibialis anterior; 2 extensor hallucis; 3 extensor digitorum; 4 patellar ligament; 5 popliteus; 6 soleus;
7 gastrocnemius lateralis (a) and medialis (b); 8 pes anserinum
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Fig. 19.4 ] tibialis anterior; 2 extensor digitorum and hallucis; 3 peroneus longus; 4 tibialis posterior; 5 popliteus; 6
soleus; 7 gastrocnemius lateralis () and medialis (b)

Fig. 19.5 [ tibialis anterior; 2 extensor digitorum and hallucis; 3 peroneus longus; 4 tibialis posterior; 5 soleus;
6 gastrocnemius lateralis (@) and medialis (b)
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2 @

Fig. 19.6 [ tibialis anterior; 2 extensor digitorum and hallucis; 3 peroneus longus; 4 tibialis posterior; 5 soleus;
6 gastrocnemius lateralis (a) and medialis (b)

Fig. 19.7 | tibialis anterior; 2 extensor digitorum and hallucis; 3 peroneus longus and brevis; 4 tibialis posterior;
5 flexor digitorum longus; 6 soleus; 7 gastrocnemius lateralis () and medialis (b)



19 Leg Compartments 179

Fig. 19.8 [ tibialis anterior; 2 extensor hallucis; 3 peroneus longus; 4 peroneus brevis; 6 flexor digitorum longus;
7 tibialis posterior; 8 soleus; 9 gastrocnemius

Fig. 19.9 | tibialis anterior; 2 extensor hallucis; 3 extensor digitorum longus; 4 peroneus longus; 5 peroneus brevis;
6 flexor hallucis longus; 7 tibialis posterior; 8 flexor digitorum longus; 9 soleus
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Fig. 19.10 1 tibialis anterior; 2 extensor hallucis; 3 extensor digitorum longus; 4 peroneus longus; 5 peroneus brevis;
6 flexor hallucis longus; 7 tibialis posterior; 8 flexor digitorum longus; 9 soleus

Fig. 19.11 1 tibialis anterior; 2 extensor hallucis; 3 extensor digitorum longus; 4 peroneus longus; 5 peroneus brevis;
6 flexor hallucis longus; 7 tibialis posterior; 8 flexor digitorum longus; 9 soleus
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Fig. 19.12 ] tibialis anterior tendon; 2 extensor hallucis; 3 extensor digitorum longus; 4 peroneus longus tendon;
5 peroneus brevis; 6 flexor hallucis longus; 7 tibialis posterior; 8 flexor digitorum longus; 9 Achilles tendon and soleus

Fig. 19.13 [ tibialis anterior tendon; 2 extensor hallucis; 3 extensor digitorum longus; 4 peroneus longus tendon; 5 pero-
neus brevis; 6 flexor hallucis longus; 7 flexor digitorum longus; & tibialis posterior tendon; 9 Achilles tendon and soleus
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Fig. 19.14 | tibialis anterior tendon; 2 extensor hallucis; 3 extensor digitorum longus; 4 peroneus longus tendon;
5 peroneus brevis; 6 flexor hallucis longus; 7 flexor digitorum longus; 8 tibialis posterior tendon; 9 Achilles tendon
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