THE MUSCULOSKELETAL ULTRASOUND EXAMINATION

l. INTRODUCTION

The clinical aspects contained in specific sections of this guideline (Introduction, Supervision and Interpretation
of Ultrasound Examination, Specifications for Individual Examinations, and Equipment Specifications) were
developed collaboratively by the American College of Radiology (ACR), the American Institute of Ultrasound in
Medicine (AIUM), the Society for Pediatric Radiology (SPR), and the Society of Radiologists in Ultrasound
(SRU). Recommendations for physician requirements, written request for the examination, procedure
documentation, and quality control vary among the organizations and are addressed by each separatels guideline
has been developed to assist practitioners performing a musculoskeletal (MSK) ultrasound examination. While it
is not possible to detect every abnormality, adherence to the following guideline will maximize the probability of
detecting most abnormalities that occur.

1. INDICATIONS

Indications for musculoskeletal ultrasound include, but are not limited to:
Pain or dysfunction.

Soft tissue or bone injury.

Tendon or ligament pathology.

Arthritis, synovitis, or crystal deposition disease.
Intra-articular bodies.

Joint effusion.

Nerve entrapment, injury, neuropathy, mass, or subluxation.
Evaluation of soft tissue masses, swelling, or fluid collections.
Detection of foreign bodies in the superficial soft tissues.

10 Planning and guiding for an invasive procedure.

11. Congenital or developmental anomalies.

12. Postoperative or postprocedural evaluation.
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MSK ultrasound should be performed when there is a valid medical reason. There are no absolute
contraindications.

1. EQUIPMENT SPECIFICATIONS

Musculoskeletal ultrasound should be performed with high-resolution linear array transducers with a broad
bandwidth. Frequencies between 7.5 and 12 MHz are generally preferred, with frequencies lower and higher
required for deep and very superficial structures, respectively. Transducers with a small footprint should be used
in assessing smaller structures, (e.g., interphalangeal joints). Linear array transducers accentuate anisotropy due to
the lack of divergent beam geometry. Color and power Doppler are valuable in assessing hyperemia in
inflammatory or reparative tissue, determining the vascularity of a soft tissue mass, differentiating cystic lesions
from vessels, and assisting in ultrasound-guided biopsy and aspiration. Doppler frequencies should be set to
optimize flow detection. Tissue harmonic imaging, compound imaging, and extended field of view may all be
useful in musculoskeletal ultrasound. Water bath technique can be employed to evaluate amenable
musculoskeletal anatomy. Contralateral imaging can be very helpful and should be employed.

The examiner should hold the transducer near its footprint and spread the other fingers out to stabilize the
transducer on the skin surface (or in the case of water bath technique in close proximity to the skin surface). This
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stability is essential when the instrument is places on prominences such as the Achilles tendon and medial
malleolus and allows the small controlled movements needed to differentiate pathologic findings from anisotropy.

Anisotropy is an artifact produced by the linear configuration of tendons whereby hypoechoic change is seen if
the transducer is slightly angulated. This artifact can mimic hypoechoic tendinopathy, but careful minor changes to
transducer angulation make anisotropy disappear whereas true pathologic findings do not. Anisotropy can be
beneficial for confirming tendon position because the artifact can be produced in the linear tendon while the
surrounding nonlinear echogenic fat is not affected, increasing contrast between the two structures.

Active or passive movement can be used for dynamic evaluation of all tendons for tear severity and abnormal
movement due to subluxation and adhesive tenosynovitis. Interrogation with power Doppler technique is
performed if tendon abnormality is seen, although the exact significance of neovascularity is not clear. Typically
however, power Doppler flow is not normally seen with tendons and ligaments, and the presence of power
Doppler flow suggests neovascularity. Power Doppler settings are set to optimize low flow, and gain is reduced
and increased until signal from adjacent bone is eliminated. Excessive transducer pressure and tendon tension can
compress and artificially eliminate neovascularity. During Doppler assessment, the tendon should be in a relaxed
position, contrary to the tensed position in which tendons are typically evaluated for tears and tendinopathy.

Tendinopathy (tendinosis) demonstrated with hypoechoic/heterogeneous areas (persist with varying angles of
insonation to verify not related to anisotropy artifact), enlarged tendon, indistinct margins, intrasubstance
tears/cystic degeneration, dystrophic calcification or ossification, may demonstrate increased vascularity.

Tendon tears are typically associated with background tendinopathy, which weakens the tendon sufficiently to
allow a chronic tear to progress or a relatively minor injury to precipitate complete disruption. Tendon margins
can be separated by fluid, hematoma, and herniated adjacent tissues. If the torn margins remain apposed, the
presence of edge artifact suggests a tear is present, and separation if confirmed with dynamic movement
(provocative maneuver to lengthen/stretch the tendon).

Attention to structures adjacent to the tendons regarding mass effect or impingement, including for example bony
spurring.

Assessment of cartilage when applicable to distinguish pattern of calcium deposition should be documented.

History taking checklist

Current symptoms: Pain, Stiffness, Swelling, Pattern of joint involvement

Evolution: Acute or chronic? Associated events, Response to treatment

Involvement of other systems: Skin, eye, lung or kidney symptoms? Malaise, weight loss, fevers, night sweats?
Impact on patient's lifestyle: Patient's needs/aspirations, Ability to adapt to functional loss

Screening questions:Do you have any pain or stiffness in your muscles, joints or back? Can you dress yourself
completely without any difficulty? Can you walk up and down stairs without any difficulty?

V. SPECIFICATIONS FOR INDIVIDUAL EXAMINATIONS

Depending on the clinical request and the patient’s presentation, the ultrasound examination can involve a
complete assessment of a joint or anatomic region or it can be focused on a specific structure of interest. If a
focused study is performed, it is essential to have a full understanding of the relevant abnormalities, including
those that may correspond to the patient’s symptoms.

General ultrasound scanning principles apply. Transverse and longitudinal views should always be obtained with
the transducer parallel (that is, ultrasound beam perpendicular) to the axis of the region of interest to minimize
artifact. Abnormalities should be measured in orthogonal planes. Patient positioning for specific examinations
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may vary depending on the indication, clinical condition, and patient’s age.

A. Specifications of the Shoulder Examination

Patients should be examined in the sitting position when possible, preferably on a rotating seat. Examination of
the shoulder should be tailored to the patient’s clinical circumstances and range of motion. Color and power
Doppler may be useful in detecting hyperemia within the joint or surrounding structures. Bony landmarks for
examination include clavicle, acromion/scapula, coracoid process. Manipulate humerus to position non-fixed soft
tissue structures around these impediments.

The long head of the biceps tendon should be examined with the forearm in supination and resting on the thigh or
with the arm in slight external rotation. The tendon is examined in a transverse plane (short axis), where it
emerges from under the acromion, to the musculotendinous junction distally. Three transverse (short axis) images
of the long head biceps tendon acquired, first at level of intertubercular groove (round), next slightly higher with
probe slightly oblique (superior aspect of intertubercular groove, see portion of subscapularis), and third more
superior and even more obligue movement of probe to image at level of rotator cuff interval (visualize biceps
tendon free of osseous margins of groove, portions of subscapularis and supraspinatus tendon seen on each side
and overlying more superficial coracohumeral ligament). Longitudinal views (long axis) should also be obtained.
These views should be used to detect fluid or intra-articular loose bodies within the bicipital tendon sheath, and to
determine whether the tendon is properly positioned within the bicipital groove, subluxated, dislocated, or torn. If
fluid identified along the biceps tendon sheath, pressure applied to assess whether this elicits the patient’s pain (if
trace fluid seen along the biceps tendon sheath without patient discomfort, then this is considered
physiologic/normal). Move probe more superiorly with probe angled toward superior aspect of glenoid to evaluate
the intraarticular segment of the biceps tendon (which appears hypoechoic at this location) and can measure
thickness.

The rotator cuff should be examined for signs of tear, tendinosis, and/or calcification. Both long axis and short
axis views of each tendon should be obtained.

To examine the subscapularis tendon, the elbow remains at the side while the arm is placed in external rotation
(forearm/hand moved outward laterally). The subscapularis is imaged from the musculotendinous junction to the
insertion on the lesser tuberosity of the humerus (image from cranial to caudal to ensure the entire tendon is
assessed). Dynamic evaluation as the patient moves from internal to external rotation may be helpful. In addition,
sagittal (short axis) imaging of the subscapularis tendon obtained.

To examine the supraspinatus tendon, the arm can be extended posteriorly, and the palmar aspect of the hand can
be placed against the superior aspect of the iliac wing with the elbow flexed and directed toward midline (instruct
patient to place the hand on the hip with elbow straight back). Other positioning techniques also may be helpful
(forearm behind back, hand on back).

To scan the supraspinatus and infraspinatus tendons along their long axis, it is important to orient the transducer
approximately 45 degrees between the sagittal and coronal planes to obtain a longitudinal view (basically in a
plane drawn from the contralateral shoulder to the ipsilateral hip; along line with shaft of humerus). The
transducer then should be moved anteriorly and posteriorly to completely visualize the tendons. May need to also
move slightly more medial/more lateral to assess the extent of the visualized supraspinatus and infraspinatus
tendons. To orient oneself, the biceps tendon can be located just anterior to the supraspinatus tendon. To image
the anterior fibers infraspinatus tendon in this approach may need transducer slightly more oblique given
orientation of the tendon and the arm completely behind patient’s back to open the acoustic window.

Abduction maneuver performed to evaluate for subacromial impingement with tranducer placed stationary in
location including lateral margin of the acromion, supraspinatus tendon, and humeral head. Evalute for
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subacromial/subdeltoid bursa, rotator cuff tendon calcification preventing J)roper abduction due to imPfi_ngement
between the acromion and humeral head (which should normally slide under the acromion without difficulty
during abduction).

Short axis views of the tendons should be obtained by rotating the probe 90 degrees to the long axis (basically in a
plane drawn from the ipsilateral shoulder to the contralateral hip; perpendicular to humerus shaft). The tendons
are visualized by sweeping medially to the acromion and laterally to their insertions on the greater tuberosity of
the humerus.

Arm neutral or extended forward, with hand across body for posterior approach. Above the bony scapular spine
can visualize supraspinatus muscle. Below the scapular spine are located the infraspinatus and teres minor; in
sagittal position can see the grooves along scapula body for each muscle. The more posterior aspect of the
infraspinatus and teres minor tendons should be examined by placing the transducer at the level of the
glenohumeral joint below the scapular spine from a posterior approach while the forearm rests on the thigh with
the hand supinated. Internal and external rotation of the arm is helpful in identifying the infraspinatus muscle and
its tendon and in detecting small joint effusions. To visualize the teres minor tendon, the medial edge of the probe
should be angled slightly inferiorly. The posterior glenoid labrum (echogenic structure) is assessed. Evaluate for
paralabral cyst.

Throughout the examination of the rotator cuff, the cuff should be compressed with the transducer to detect
nonretracted tears (“herniation” of deltoid into tear defect). In evaluating rotator cuff tears, comparison with the
contralateral side may be useful. Dynamic evaluation of the rotator cuff also is useful — for example, to evaluate
the rotator cuff for impingement or assess cuff tear extent. In patients with a rotator cuff tear, the supraspinatus,
infraspinatus, and teres minor muscles should be examined for atrophy that may alter surgical management.

During the rotator cuff examination, the subacromial-subdeltoid bursa should be examined for the presence of
bursal thickening or fluid. It is also important to evaluate the glenchumeral joint with the probe placed in the
transverse plane from a posterior approach to evaluate for effusions, intra-articular loose bodies, synovitis, or
bony abnormalities. If symptoms warrant, the suprascapular notch and spinoglenoid notch also may be evaluated.

The acromioclavicular joint should be evaluated in its entirety with the probe placed at the apex of the shoulder,
bridging the acromion and distal clavicle. Evaluate for synovial/capsular thickening, joint fluid, or bony spurring.
“Scarf” test performed by asking patient to touch opposite shoulder with hand to evaluate for joint space widening
or offset, which would suggest acromioclavicular joint instability.

Ultrasound is very useful in evaluating infants with glenohumeral dysplasia. These infants are examined in a
decubitus position, and older children are examined seated. The shoulder is scanned from a posterior approach to
evaluate the relationship between the humeral head and glenoid, as well as the shape of the posterior glenoid.
Both static and dynamic images are obtained. The shoulder is scanned through the full range of internal to
external rotation. Posterior subluxation is assessed visually and by measuring the a angle, which is the angle
between the posterior margin of the scapula and the line drawn tangentially to the humeral head and posterior
edge of the glenoid. The normal value of the a angle is 30 degrees or less. The clavicle and proximal humerus are
also evaluated for fracture [4].

B. Specification of an Elbow Examination

The patient is seated with the arm extended and the hand in supination, resting on a table, and the examiner sitting
in front of the patient. The elbow may also be examined with the patient supine and the examiner on the same side
as the elbow of interest. The examination is divided into 4 quadrants: anterior, medial, lateral, and posterior. The
examination may involve a complete assessment of one or more of the 4 quadrants or be focused to a specific
structure, depending on the clinical presentation. Color and power Doppler may be useful in detecting hyperemia
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within the joint or surrounding structures.

1. Anterior

The anterior joint space and other recesses of the elbow are assessed for effusion, synovial proliferation,
and loose bodies. Longitudinal and transverse scanning of the anterior humeroradial and humeroulnar
joints and coronoid and radial fossae is performed to assess the articular cartilage and cortical bone. The
annular recess of the neck of the radius is scanned dynamically with the patient alternatively supinating
and pronating the forearm. The same dynamic assessment can be made for the biceps tendon and its
attachment to the radial bicipital tuberosity. Evaluation of the brachialis muscle, the adjacent radial and
brachial vessels, and the median and radial nerves can also be performed as clinically warranted.

2. Lateral
The patient extends the arm and places both palms together, or if the patient is supine the forearm is
placed across the abdomen. This position allows assessment of the lateral epicondyle and the attachments
of the common extensor tendon, as well as the more proximal attachments of the extensor carpi radialis
longus and brachioradialis. The hand is then pronated with the transducer on the posterolateral aspect of
the elbow to scan the radial collateral ligament.

3. Medial

The hand is placed in supination, or if the patient is supine, the upper limb is placed in abduction and
external rotation to expose the medial side of the elbow. The medial epicondyle, common flexor tendon,
and ulnar collateral ligament are scanned in both planes. The ulnar nerve is visualized in the cubital tunnel
between the olecranon process and medial epicondyle. Static examination of the ulnar nerve may be
facilitated by placing the elbow in an extended position. Dynamic subluxation of the ulnar nerve is
assessed by imaging with flexion and extension of the elbow. Dynamic examination with valgus stress is
performed to assess integrity of the ulnar collateral ligament. During stress testing, the elbow must be
slightly flexed to disengage the olecranon from the olecranon fossa.

4. Posterior
The palm is placed down on the table, or if the patient is supine the forearm is placed across the abdomen,
with the elbow flexed to 90 degrees. The posterior joint space, triceps tendon, olecranon process, and
olecranon bursa are assessed.

C. Specifications of the Wrist and Hand Examination

The patient sits with hands resting on a table placed anteriorly or on a pillow placed on the patient’s thighs.
Alternatively, the examination can be performed with the patient supine. The volar examination requires the
wrists to be placed flat or in mild dorsiflexion with palm up, and during both ulnar and radial deviation to
delineate all the necessary anatomy. The dorsal scan requires the wrist to be placed palm down with mild volar
flexion. The examination may involve a complete assessment of one or more of the 3 anatomic regions described
below or is focused to a specific structure, depending on the clinical presentation. Color and power Doppler may
be useful in detecting hyperemia within the joint or surrounding structures.

1. Volar
Transverse and longitudinal images should be obtained from the volar wrist crease to the thenar muscles.
The transducer will require angulation to compensate for the normal contour of the wrist. The flexor
retinaculum, flexor digitorum profundus, and superficialis tendons and the adjacent flexor pollicis longus
tendon should be identified within the carpal tunnel. Dynamic imaging with flexion and extension of the
fingers will demonstrate normal motion of these tendons. The median nerve lies superficial to these
tendons and deep to the flexor retinaculum and it moves with the tendons but with less amplitude on
dynamic imaging. The distal end of the median nerve is tapered and divides into multiple divisions for the
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hand. The palmaris longus tendon lies superficial to the retinaculum. On the radial side of the wrist, the
flexor carpi radialis longus tendon lies within its own canal. It is important to evaluate the region of the
flexor carpi radialis and the radial artery for occult ganglion cysts, which typically originate from the
radiocarpal joint capsule. On the ulnar side, branches of the ulnar nerve and artery lie within Guyon’s
canal. The flexor carpi ulnaris tendon and pisiform bone border the ulnar aspect of Guyon’s canal. All of
the tendons can be followed to their sites of insertion if clinically indicated.

2. Ulnar
Placing the transducer transversely on the ulnar styloid and moving distally will allow visualization of the
triangular fibrocartilage complex (TFCC) in its long axis. The transducer is then moved 90 degrees to
view the short axis of the TFCC. The ulnomeniscal homologue may be seen just deep to the extensor
carpi ulnaris tendon. This tendon should be viewed in supination and pronation to assess for subluxation.

3. Dorsal

Structures are very superficial on the dorsal surface, and a high frequency transducer is required with or
without the use of a standoff pad. The extensor retinaculum divides the dorsal aspect of the wrist into 6
compartments, which accommodate 9 tendons. These tendons are examined in their short axes initially
and then in their long axes in static and dynamic mode, the latter being performed with flexion and
extension of the fingers. The tendons can be followed to their sites of insertion when clinically indicated.
Moving the transducer transversely distal to Lister’s tubercle identifies the dorsal aspect of the
scapholunate ligament, a site of symptomatic ligament tears and ganglion cysts. The remaining intercarpal
ligaments are not routinely assessed. In patients with suspected inflammatory arthritis, the dorsal
radiocarpal, midcarpal, metacarpophalangeal, and, if symptomatic, the proximal interphalangeal joints are
evaluated from the volar and dorsal aspects in both the longitudinal and transverse planes for effusion,
synovial hypertrophy, and bony erosions. Other joints of the wrist and hand are similarly evaluated as
clinically indicated.

D. Specifications of a Hip Examination

Depending on the patient’s habitus, a lower frequency transducer may be required to scan the hip. However, the
operator should use the highest possible frequency that provides adequate penetration. The patient is placed
supine to examine the anterior hip and turned as necessary to visualize the posterior, medial and/ or lateral hip.
The examination may involve a complete assessment of one or more of the 4 anatomic regions of the hip
described below, or be focused to on a specific structure depending on the clinical presentation. Color and power
Doppler may be useful in detecting hyperemia within the joint or surrounding structures.

1. Anterior

A sagittal oblique plane parallel to the long axis of the femoral neck is used for evaluating the femoral
head, neck, joint effusion, and synovitis. The sagittal plane is used for the labrum, the iliopsoas tendon
and bursa, the femoral vessels, and the sartorius and rectus femoris muscles. The above structures are then
scanned in the transverse plane, perpendicular to the original scan plane. When a “snapping hip” is
suspected, dynamic scanning is performed over the region of interest using the same movement that the
patient describes as precipitating the complaint. The “snapping hip” is usually related to the iliopsoas
tendon as it passes anteriorly over the superior pubic bone or laterally where the iliotibial tract crosses the
greater trochanter.

2. Lateral
In the lateral decubitus position, with the symptomatic side up, transverse and longitudinal scans of the
greater trochanter, greater trochanteric bursa, gluteus medius, gluteus maximus, gluteus minimus, and
tensor fascia lata should be performed. An iliotibial tract that snaps over the greater trochanter can be
assessed in this position using dynamic flexion-extension.
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3. Medial
The hip is placed in external rotation with 45-degree knee flexion (frog-leg position). The distal iliopsoas
tendon, due to its oblique course, may be better seen in this position. The adductor muscles are imaged in
their long axis with the probe in a sagittal oblique orientation, with short axis images obtained
perpendicular to this plane. In addition, the pubic bone and symphysis and the distal rectus abdominis
insertion should be evaluated.

4. Posterior
The patient is prone with the legs extended. Transverse and longitudinal views of the glutei, hamstrings,
and sciatic nerve are obtained. The glutei are imaged obliquely from origin to greater trochanter (gluteus
medius and minimus) and linea aspera (gluteus maximus). The sciatic nerve is scanned in its short axis
from its exit at the greater sciatic foramen, deep to the gluteus maximus. It can be followed distally,
midway between the ischial tuberosity and the greater trochanter, lying superficial to the quadratus
femoris muscle.

E. Specifications of a Prosthetic Hip Examination

The hip is assessed for joint effusions and extra-articular fluid collections, often as part of an ultrasound-guided
procedure for fluid aspiration in the clinical scenario of possible prosthetic joint infection. The region of the
greater trochanter and iliopsoas are evaluated for fluid collections or tendon abnormalities such as tendinosis or
tear of the iliopsoas, gluteus medius, and gluteus minimus tendons. Evaluation for inguinal or femoral hernia
should be performed depending on patient’s location of symptoms.

F. Specifications of a Knee Examination

The examination is divided into 4 quadrants. The examination may involve a complete assessment of one or more
of the 4 quadrants of the knee described below, or be focused to a specific structure depending on the clinical
presentation. Color and power Doppler may be useful in detecting hyperemia within the joint or surrounding
structures.

1. Anterior
The patient is supine with knee flexed to 30 degrees. Longitudinal and transverse scans of the quadriceps
and patellar tendons, patellar retinacula, and suprapatellar recess are obtained. The distal femoral
trochlear cartilage can be assessed with the probe placed in the suprapatellar space in the transverse plane
and with the knee in maximal flexion. Longitudinal views of the cartilage over the medial and lateral
femoral condyles are added as indicated. The prepatellar, superficial, and deep infrapatellar bursae are
also evaluated.

2. Medial

The patient remains supine with slight flexion of the knee and hip and with slight external rotation of the
hip. Alternatively, the patient may be placed in the lateral decubitus position. The medial joint space is
examined. The medial collateral ligament, the pes anserine tendons and bursa, and the medial patellar
retinaculum are scanned in both planes. The anterior horn and body of the medial meniscus may be
identified in this position, particularly with valgus stress. If meniscal pathology is suspected either
clinically or by ultrasound, further imaging with magnetic resonance imaging (MRI) or computed
tomography (CT) arthrography if there are contraindications to MRI is advised.

3. Lateral
The patient remains supine with the ipsilateral leg internally rotated or in a lateral decubitus position. A
pillow may be placed between the knees for comfort. From posterior to anterior the biceps femoris
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tendon, fibular collateral ligament, popliteal tendon (tendon originates at lateral femur sulcus notch then
courses obliquely inferiorly with muscle belly located between the posterior aspect of the tibia and the
tibial artery and vein) and iliotibial band are scanned. The lateral patellar retinaculum can also be assessed
in this position (as well as in the anterior position). The joint line is scanned for lateral meniscal
pathology, with varus stress applied as needed.

4. Posterior
The patient lies prone with the leg extended. The popliteal fossa, semimembranosus, medial and lateral
gastrocnemius muscles, tendons, and bursae are assessed. To confirm the diagnosis of a popliteal cyst, the
comma shaped extension toward the posterior joint has to be visualized sonographically in the posterior
transverse scan between the medial head of gastrocnemius and semimembranosus tendon. In addition, the
posterior horns of both menisci can be evaluated. The posterior cruciate ligament may be identifiable in a
sagittal oblique plane in this position.

G. Specifications of an Ankle and Foot Examination

Ultrasound examination of the ankle is divided into 4 quadrants (anterior, medial, lateral and posterior). The
examination may involve a complete assessment of one of the 4 quadrants described below, or be focused to a
specific structure depending on the clinical presentation. Examination of the foot is most often focused to a
particular structure to answer the clinical question (for example, plantar fasciitis, Morton’s neuroma, or ganglion
cyst). Color and power Doppler may be useful in detecting hyperemia within the joint or surrounding structures.

1. Anterior

The patient lies supine with the knee flexed and the plantar aspect of the foot flat on the table. The
anterior tendons are assessed in long axis and short axis planes from their musculotendinous junctions to
their distal insertions. From medial to lateral, this tendon group includes the tibialis anterior, extensor
hallucis longus, extensor digitorum longus, and peroneus tertius tendons (the latter being congenitally
absent in some patients). The anterior joint recess is scanned for effusion, loose bodies, and synovial
thickening. The anterior joint capsule is attached to the anterior tibial margin and the neck of the talus,
and the hyaline cartilage of the talus appears as a thin hypoechoic line. The anterior inferior tibiofibular
ligament of the syndesmotic complex is assessed by moving the transducer proximally over the distal
tibia and fibula, superior and medial to the lateral malleolus, and scanning in an oblique plane.

2. Medial

The patient is placed in a lateral decubitus position with the medial ankle facing upward. The posterior
tibial, flexor digitorum longus, and flexor hallucis longus tendons (located in this order from anterior to
posterior) are initially scanned in the short axis plane proximal to the medial malleolus to identify each
tendon. They are then assessed in long axis and short axis planes from their proximal musculotendinous
junctions in the supramalleolar region to their distal insertions. To avoid anisotropy, the angulation of the
transducer must be adjusted continuously for the ultrasound beam to remain perpendicular to the tendons
as they curve under the medial malleolus. The same holds true when assessing the lateral aspect of the
ankle, as described below. The tibial nerve can be scanned by identifying it between the flexor digitorum
tendon anteriorly and the flexor hallucis longus tendon posteriorly, at the level of the malleolus. The
nerve can then be followed proximally and distally. The flexor hallucis longus may also be scanned in the
posterior position, medial to the Achilles tendon. The deltoid ligament is scanned longitudinally from its
attachment to the medial malleolus to the navicular, talus, and calcaneus.

3. Lateral
The patient is placed in a lateral decubitus position with the lateral ankle facing upward. The peroneus
brevis and longus tendons are identified proximal to the lateral malleolus in their short axis planes, and
they can then be assessed in long axis and short axis planes from their proximal (supramalleolar)
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musculotendinous junctions to their distal insertions. The peroneus longus can be followed in this manner
to the cuboid groove where it turns to course medially along the plantar aspect of the foot to insert on the
base of the first metatarsal and medial cuneiform. This latter aspect of the tendon can be scanned in the
prone position as clinically indicated. The peroneus brevis tendon is followed to its insertion on the base
of the fifth metatarsal. The peroneus brevis and longus tendons are assessed for subluxation using real
time images with dorsiflexion and eversion. Circumduction of the ankle can also be a helpful maneuver.
The lateral ligament complex is examined by placing the transducer on the tip of the lateral malleolus in
the following orientations: anterior and posterior horizontal oblique for the anterior and posterior
talofibular ligaments, and posterior vertical oblique for the calcaneofibular ligament. When intermittent
subluxation of the peroneal tendons is suspected clinically (retrofibular pain and clicking), perform
scanning at rest and during dorsiflexion and eversion of the foot against resistance, placing transducer in a
transverse plane over the peroneal tendons at the level of the lateral malleolus. Stress eversion can be
done while pushing with the examiner’s free hand on the forefoot of the patient to see subtle subluxation
or distension of the superior retinaculum.

4. Posterior

The patient is prone with feet extending over the end of the table. The Achilles tendon is scanned in the
long axis and short axis planes from the musculotendinous junctions (medial and lateral heads of the
gastrocnemius and soleus muscles) to the site of insertion on the posterior surface of the calcaneus.
Dynamic scanning with plantar and dorsiflexing may aid in the evaluation of tears. The plantaris tendon
lies along the medial aspect of the Achilles tendon and inserts on the posteromedial calcaneus. It should
be noted that this tendon may be absent as a normal variant but is often intact in the setting of a full-
thickness Achilles tendon tear. The retrocalcaneal bursa, between the Achilles and superior calcaneus, is
also assessed. Assessment for a superficial retro Achilles bursa is facilitated by floating the transducer on
ultrasound gel and evaluating for fluid within the subcutaneous tissues. The plantar fascia is scanned in
both long axis and short axis planes from its proximal origin on the medial calcaneal tubercle distally
where it divides and merges into the soft tissues.

5. Digital
In patients with suspected inflammatory arthritis, the metatarsophalangeal joints and, if symptomatic, the
proximal interphalangeal joints are evaluated from the plantar and dorsal aspects in both the longitudinal
and transverse planes for effusion, synovial hypertrophy, synovial hyperemia, and bony erosions. Other
joints of the foot are similarly evaluated as clinically indicated.

6. Interdigital

The patient is supine with the foot dorsiflexed 90 degrees to the ankle. Either a dorsal or plantar approach
can be used. The latter will be described here. The transducer is placed longitudinally on the plantar
aspect of the first interdigital space, and the examiner applies digital pressure on the dorsal surface. The
transducer is moved laterally with its center at the level of the metatarsal heads. The process is repeated
for the remaining interspaces and then repeated in the transverse plane. When a Morton’s neuroma is
clinically suspected, pressure can be applied to reproduce the patient’s symptoms. The intermetatarsal
bursa lies on the dorsal aspect of the interdigital nerve, and care must be taken to correctly identify a
neuroma and differentiate it from the bursa.

H. Specifications of a Peripheral Nerve Examination

Nerves have a fascicular pattern with hypoechoic longitudinal neuronal fascicles interspersed with hyperechoic
interfascicular epineurium. In addition, they have a hyperechoic superficial epineurium. As a nerve bifurcates
each fascicle enters one of the subdivisions without splitting. Nerves course adjacent to vessels and are readily
distinguished from the surrounding tendons with a dynamic examination, during which the nerve demonstrates
relatively little movement compared to the adjacent tendons. Nerves may become more hypoechoic as they pass
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through fibro-osseous tunnels, as the fascicles become more compact. Examination in the short axis plane is
usually preferred to assess the course of the nerve, as it may be difficult to separate the nerve itself from the
surrounding tendons and muscles on a longitudinal scan. Assessment at the level of fibro-osseous tunnels may
require dynamic examination. A statically dislocated nerve is readily identifiable on ultrasound, but an
intermittently subluxating nerve requires dynamic examination. Perhaps the most commonly subluxating nerve is
the ulnar nerve within the cubital tunnel (see elbow examination). Entrapment neuropathies also typically occur
within fibro-osseous tunnels, (e.g., cubital and Guyon tunnels for the ulnar nerve, carpal tunnel for the median
nerve, fibular neck for the common peroneal nerve, and the tarsal tunnel for the tibial nerve). Adjacent pathology
of tendons, soft tissues, and bone can be readily evaluated to determine the potential underlying cause of the nerve
dysfunction. In addition, congenital abnormalities, (e.g., accessory muscles or vessels) can be assessed.

I. Specifications of a Soft Tissue Mass Examination

The mass should be scanned in both long axis and short axis planes. Ultrasound is an excellent method for
differentiating solid from cystic masses. The mass should be measured in 3 orthogonal dimensions and its
relationship to surrounding structures, particularly joints, neurovascular bundles, and tendons, determined.
Compressibility of the lesion should be evaluated. Color or power Doppler evaluation may help to delineate
intralesional and extralesional vessels and vascularity of the mass.

J.  Specifications of Interventional Musculoskeletal Ultrasound

Ultrasound is an ideal imaging modality for image guidance of interventional procedures within the MSK system.
The usual standards for interventional procedures apply (i.e., review prior imaging, appropriate consent, local
anesthetic, sterile conditions). The use of a sterile drape that surrounds the prepped site, a sterile ultrasound probe
cover, and sterile gloves will lower risk of contamination and infection. Ultrasound provides direct visualization
of the needle, monitors the needle pathway, and shows the position of the needle within the target area. Direct
visualization of the needle allows the practitioner to avoid significant intralesional and extralesional vessels,
adjacent nerves, or other structures at risk.

Prior to any procedure, an ultrasound examination to characterize the target area and its relationship to
surrounding structures is performed. Color or power Doppler is useful to delineate any vessels within the target
zone. ldeally the shortest pathway to the region of interest should be selected, with consideration given to regional
neurovascular structures. The transducer is aligned in the same longitudinal plane as the needle. The needle can be
attached directly to the transducer or held free hand. Either way, the needle is visualized throughout the
procedure. Slight to and fro movement or injection of a small amount of sterile saline or air may be beneficial in
visualizing the needle. In cases of biopsy, focal areas of vascularity indicate viable tissue for pathological
examination.

K. Specifications for Ultrasound Examination for Detecting Foreign Bodies

Most foreign bodies are associated with an acoustic shadow or comet tail artifact. Foreign bodies also commonly
have a surrounding soft tissue reaction. Once a foreign body is detected, ultrasound can be used to demonstrate its
relationship to adjacent structures. In addition to a high frequency linear array transducer, detection of foreign
bodies in superficial subcutaneous tissues may require a standoff pad. Color and power Doppler may be useful in
detecting the tissue reaction that often surrounds a soft tissue foreign body. When available, 3D imaging may be
useful in localization.

Reference:
Ultrasound imaging in calcification of cartilage: US patterns.
A. Gout
1. soft tophus-like lesion: homogenously echoic “echotexture”.
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5.
6.

hard tophus-like lesion: hyperechoic band generating a posterior acoustic shadow.

mixed tophi: features of both soft and hard tophus.

double contour: focal or diffuse enhancement of the superficial articular cartilage layer
(independent from the deposition of MSU crystals), whose reflectivity is independent of the angle
of insonation.

hyperechoic spots: spots less than 1 mm in size with the same echogenicity of the bony cortex.
“snowstorm” appearance: hyperechoic spots in the synovial fluid floating within the joint cavity
in acute inflammation.

B. CPPD disease

1.
2.

3.

double contour: thin hyperechoic band (either focal or diffuse) within the cartilage layer.
“punctate punctate” pattern: hyperechoic rounded or amorphous-shaped areas in fibro-cartilage
or tendons.

homogeneous hyperechoic nodular or oval deposits in bursae or articular recesses.

C. Hydroxyapatite crystal deposition disease

1.

References:

hypoechoic pattern with associated posterior shadowing, even for calcification less than 2-3 mm.

1. European technical guidelines
Ankle: http://www.essr.org/html/img/pool/ankle.pdf

Shoulder: http://www.essr.org/html/img/pool/shoulder.pdf

Knee: http://www.essr.org/html/ima/pool/knee.pdf
Wrist: http://www.essr.org/html/ima/pool/wrist.pdf

Elbow: http://www.essr.org/html/img/pool/elbow.pdf

Hip: http://www.essr.org/html/img/pool/hip.pdf

2. AlIUM Musculoskeletal guidelines: http://www.aium.org/resources/quidelines/musculoskeletal.pdf

3. ACR Musculoskeletal guidelines:http://www.acr.org/~/media/ACR/Documents/PGTS/guidelines/US_Musculoskeletal.pdf

4. Understand basics of probe manipulation: https://www.youtube.com/watch?v=RskrESAGzec#t=47

5. Musculoskeletal ultrasound introduction: http://www.ultrasonix.com/webfm_send/810

6. Videos How to (*** must view/memorize) course:
*** 1. Dr. Nazarian MSK demo (multiple joints, great ideas):
https://www.youtube.com/watch?v=B3kpLtOkxzI

**+2_Dr. Buford 13 point shoulder ultrasound lecture:
https://www.youtube.com/watch?v=eglplbWagxA Another version

(https://www.youtube.com/watch?v=BVBomFIFYVK)

***3. Dr. Fajardo shoulder ultrasound:
https://www.youtube.com/watch?v=hOHy-Q-SirU

***4._Dr. Wang Calf and ankle: https://www.youtube.com/watch?v=CUmUjrJTBBY
***5. Dr. Nazarian knee ultrasound demo:
https://www.youtube.com/watch?v=cGVn-R_6nFk

***6. Dr. Fajardo finger ultrasound: https://www.youtube.com/watch?v=euvsTt7pGCY
***7. Dr. Fajardo athletic pubalgia: https://www.youtube.com/watch?v=Q7nXXVIWLAw
***8. Dr. Southam Foot, toe: https://www.youtube.com/watch?v=BX-BwSUV3Bg

***9. Dr. Lance Thigh, knee: https://www.youtube.com/watch?v=a88MNhn5J_|

Additional videos (most are real short under 5 minutes)

MCP/PIP joints: https://www.youtube.com/watch?v=THqUBTDkHjs

Anterior shoulder: https://www.youtube.com/watch?v=CPcjlYkdTK8

Lateral collateral ligament: https://www.youtube.com/watch?v=Kw10njQoTd4
Medial collateral ligament: https://www.youtube.com/watch?v=ZWXF3_rWvz0
Meniscus (body): https://www.youtube.com/watch?v=JTR-D3CU8KY
Quadriceps tendinosis: https://www.youtube.com/watch?v=D77y0fhfr7M

(tip: extension of knee can elicit supra patellar fluid)

Quadricepts tendon: https://www.youtube.com/watch?v=7Ep7SW8eHdg
Biceps tendon: https://www.youtube.com/watch?v=Lu8vcQQS0VY

Morton's neuroma: https://www.youtube.com/watch?v=CVGcbBKGEKY
Post-operative Achilles: https://www.youtube.com/watch?v=CTCPHkeazMc
AC joint impingement: https://www.youtube.com/watch?v=yb2EdTBdTYs
Median nerve impingements: https://iwww.youtube.com/watch?v=MSfydPMuUYA
(tip: flexion of 3rd and 4th digits result in movement of flexor

tendons; median nerve will not move)

AC joint: https://www.youtube.com/watch?v=BoSkci5FZhk

"Property of Radiologic Associates of Fredericksburg. Any distribution, publishing or exploitation of any content in this document is strictly prohibited. You may not

otherwise download, display, copy, reproduce, distribute, modify, perform, transfer, create derivative works from, sell or otherwise exploit any content, code, data

or materials from this document.”


http://www.essr.org/html/img/pool/ankle.pdf
http://www.essr.org/html/img/pool/shoulder.pdf
http://www.essr.org/html/img/pool/knee.pdf
http://www.essr.org/html/img/pool/wrist.pdf
http://www.essr.org/html/img/pool/elbow.pdf
http://www.essr.org/html/img/pool/hip.pdf
http://www.aium.org/resources/guidelines/musculoskeletal.pdf
http://www.acr.org/~/media/ACR/Documents/PGTS/guidelines/US_Musculoskeletal.pdf
https://www.youtube.com/watch?v=RskrEsAGzec#t=47
http://www.ultrasonix.com/webfm_send/810
https://www.youtube.com/watch?v=B3kpLt0kxzI
https://www.youtube.com/watch?v=eglplbWaqxA
https://www.youtube.com/watch?v=BVBomFIFYVk
https://www.youtube.com/watch?v=hOHy-Q-SirU
https://www.youtube.com/watch?v=CUmUjrJTBBY
https://www.youtube.com/watch?v=cGVn-R_6nFk
https://www.youtube.com/watch?v=euvsTt7pGCY
https://www.youtube.com/watch?v=Q7nXXVlWLAw
https://www.youtube.com/watch?v=BX-BwSUV3Bg
https://www.youtube.com/watch?v=a88MNhn5J_I
https://www.youtube.com/watch?v=THqUBTDkHjs
https://www.youtube.com/watch?v=CPcjlYkdTK8
https://www.youtube.com/watch?v=Kw10njQoTd4
https://www.youtube.com/watch?v=ZWXF3_rWvz0
https://www.youtube.com/watch?v=JTR-D3CU8KY
https://www.youtube.com/watch?v=D77y0fhfr7M
https://www.youtube.com/watch?v=7Ep7SW8eHdg
https://www.youtube.com/watch?v=Lu8vcQQS0VY
https://www.youtube.com/watch?v=CVGcbBkGEKYPost-operative
https://www.youtube.com/watch?v=CVGcbBkGEKYPost-operative
https://www.youtube.com/watch?v=CTCPHkeazMc
https://www.youtube.com/watch?v=yb2EdTBdTYs
https://www.youtube.com/watch?v=MSfydPMuUYA
https://www.youtube.com/watch?v=BoSkci5FZhk

Tarsal tunnel (medial ankle)l:

https://mwww.youtube.com/watch?v=b0asYpErMQQ (tip: flexion of 1st digit

will identify the FHL; note any bony abnormalities pushing tibial

nerve)

Glenohumeral joint: https://www.youtube.com/watch?v=grqp9YfPtyk

Patellar tendon: https://www.youtube.com/watch?v=Ba2I2LxU4AQ

Posterior labrum: https://iwww.youtube.com/watch?v=GuWIz-2aRBs (tip:

internal and external rotation used)

Infrapatellar enthesopathy: https://www.youtube.com/watch?v=gktRz3119dM
Rotator cuff tear: https://www.youtube.com/watch?v=xBDDIzoV5rM

Ankle overview (rheumatologist): https://www.youtube.com/watch?v=4f51cq3_aFQ
Supraspinatus: https://www.youtube.com/watch?v=pHBQ-_XPy2s (patient
position; instructor rocks probe in side to side, but could better

rock along long plane of probe to eliminate anisotropy; disregard his

probe notch position)

Infraspinatus: https://www.youtube.com/watch?v=JTHEgmsNEVU (patient
position; disregard his probe notch position)

Wrist overview (rheumatologist): https:/Awww.youtube.com/watch?v=txMGtvWb2XI
Hand overview (rheumatologist): https://www.youtube.com/watch?v=vjkspg2Esq0
Elbow, wrist, hand overview: https://www.youtube.com/watch?v=jZuBt5Fe_pk
Quadriceps, plantar fascia, overview:
https://www.youtube.com/watch?v=zXuJACZ3QAM

Hamstring tendon: https://www.youtube.com/watch?v=RoGaudmQJL8

Hamstring tendon: https://www.youtube.com/watch?v=RSd4yz9TU84

7. GENERAL MSK
Common Tendon Injuries: http://www.ajronline.org/doi/full/10.2214/AJR.09.2808
Musculoskeletal sonography Pitfalls:
http://www.ajronline.org/doi/full/10.2214/AJR.09.2712
lllustrated Tuturial MSK Sonography:
http://www.ajronline.org/doi/full/10.2214/ajr.175.3.1750637
http://www.ajronline.org/doi/full/10.2214/ajr.175.4.1751071
http://www.ajronline.org/doi/full/10.2214/ajr.175.5.1751313
http://www.ajronline.org/doi/full/10.2214/ajr.175.6.1751711
Nerve entrapment syndromes:
http://www.ajronline.org/doi/full/10.2214/AJR.10.4817
Snapping syndromes (emphasis Dynamic sonography):
http://www.ajronline.org/doi/full/10.2214/AJR.11.7817
Guidelines MSK ultrasound in Rheumatology:
http://ard.bmj.com/content/60/7/641.long

8. RHEUMATOLOGY ULTRASOUND:
Diagnosis gout by ultrasound:
http://rheumatology.oxfordjournals.org/content/46/7/1116.full
Crystal-related arthropathies:
http://www.clinexprheumatol.org/article.asp?a=3111
Gout: http://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=10&sqi=2&ved=0CHkQFjAJ&url=http%3A%2F%2Fwww.researchgate.net%2Fpublicatio
n%2F5853079_Diagnostic_imaging_of gout_comparison_of_high-resolution_US_versus_conventional X-
ray%2Ffile%2F60b7d523aa38e49587.pdf&ei=NPCQU7W7IMuxyATP4ICACQ&uUsg=AFQ]CNGOrcEJFPZMyrULtVS1DTiPGW30AA&sig2=-
OQrtUmFcL_0dQVPh8cbBg&bvm=bv.68445247.d.b2U
CPPD: http:/libir.tmu.edu.tw/bitstream/987654321/574/1/H-11.pdf
CPPD: http://211.144.68.84:9998/91keshi/Public/File/14/77-3/pdf/1-s2.0-S1297319X09002437-main.pdf
CPPD: http://pubs.rsna.org/doi/pdf/10.1148/2.1.40
Rheumatoid Arthritis Hands:
http://www.ajronline.org/doi/full/10.2214/AJR.11.7291
Chronic wrist pain Arthritis Algorithm (ultrasound = extraarticular
evaluation): http://ard.bmj.com/content/58/11/665.full
Rheumatologist indications for ultrasound:
http://www.clinexprheumatol.org/article.asp?a=2806

9. ANKLE RELATED:
Normal Ankle Sonography: http://www.ajronline.org/doi/full/10.2214/AJR.08.1316
Achilles Tendon Ultrasound Technique:
http://www.ajronline.org/doi/full/10.2214/AJR.09.3111
Ultrasound Ankle Ligaments and Tendons:
http://www.ajronline.org/doi/abs/10.2214/AJR.09.4067
Ultrasound assisted-triage in ER trauma ankle:
http://www.sciencedirect.com/science/article/pii/S0735675713006074

10. FOOT RELATED:
Morton's Neuroma: http://www.ajronline.org/doi/abs/10.2214/AJR.09.3110
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11. SHOULDER RELATED
Shoulder ultrasound: http://www.ajronline.org/doi/full/10.2214/AJR.09.3229
Ultrasound Shoulder Asymptomatic findings:
http://www.ajronline.org/doi/abs/10.2214/AJR.11.6971
Dynamic Shoulder Impingement:
http://www.ajronline.org/doi/full/10.2214/AJR.05.0528
Sonography Long Head Biceps Tendon:
http://www.ajronline.org/doi/full/10.2214/AJR.10.5012

12. ELBOW RELATED:
Elbow ultrasound:
http://www.jefferson.edu/jurei/ultrasound_conf10/files/Musculoskeletal/Nazarian/Ultrasound_of_the Elbow.pdf
Sonography Lateral Epicondylitis:
http://www.ajronline.org/doi/full/10.2214/ajr.176.3.1760777
Sonograpahy Distal Biceps Tendon Tear:
http://www.ajronline.org/doi/full/10.2214/ajr.175.4.1751081
Sonography Distal Biceps Tendon Surgical corrleation:
http://www.ajronline.org/doi/full/10.2214/AJR.11.7302
AJR video Elbow: http://www.ajronline.org/doi/full/10.2214/AJR.12.9280
Ultrasound elbow: http://pubs.rsna.org/doi/abs/10.1148/rg.334125059

13. HAND/WRIST RELATED
Sonography of Finger:
http://www.ajronline.org/doi/full/10.2214/ajr.178.6.1781451
Sonography Masses Wrist and Hand:
http://www.ajronline.org/doi/full/10.2214/AJR.07.4003
Normal wrist and hand: http:/pubs.rsna.org/doi/full/10.1148/rg.256055028

14. KNEE RELATED:
Ultrasound Knee: http://www.ajronline.org/doi/abs/10.2214/AJR.13.11483
Sonography Knee: http://www.ncbi.nIm.nih.gov/pmc/articles/PMC3553228/
Sonography Patellar Tendon:
http://www.ajronline.org/doi/full/10.2214/ajr.176.6.1761535
Ultrasound knee Rheumatology:
http://www.medultrason.ro/assets/Magazines/Medultrason-2012-vol14-no4/08lagnocco.pdf

15. GROIN RELATED:
Sonography Inguinal regional Hernias:
http://www.ajronline.org/doi/full/10.2214/AJR.05.1813
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