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Chapter 14
Ultrasound-Guided Interventions
Ronald S. Adler
INTRODUCTION
The real-time nature of ultrasound makes it ideally suited to providing guidance for a variety of musculoskeletal
interventions.1,2,3,4,5,6,7,8,9 Continuous observation of the needle ensures accurate needle placement and appropriate distribution
of the injected and/or aspirated material. Needles can be positioned close to neurovascular bundles without damaging nerves or
vessels. The potential deleterious effects of not attaining proper needle placement during corticosteroid administration are well
documented10,11,12,13,14,15,16,17 and are discussed later.
The current generation of high-frequency small parts transducers allows excellent depiction of soft tissue details and articular
surfaces, particularly in the hand, wrist, foot, and ankle,18 facilitating exact needle insertion into non-distended structures, such as
joints, tendon sheaths, or bursae. Injected fluid produces a contrast effect, which improves delineation of adjacent structures (e.g.,
labral morphology) and shows the distribution of the injected material.19,20 The advent of newer technology that permits image
registration to other modalities, such as computed tomography or magnetic resonance imaging (MRI), is expected to enhance
further the role of ultrasound in performing a broad variety of interventions.21 Ultrasound guidance to target sites of maximal
tendon and/or muscle pathology has been used to administer growth factors using platelet-rich plasma (PRP) or autologous
blood.22,23,24,25,26 A brief discussion of these newer applications will be included. Ultrasound guidance does not involve ionizing
radiation, and this is an advantage in the pediatric population and during pregnancy.
Following a discussion of sonographic technique, ultrasound-guided interventions in the musculoskeletal system will be reviewed
with particular attention to injections of joints, tendon sheaths, bursae, and ganglion cysts, with an emphasis on the most
commonly requested procedures. Newer applications will also be discussed, such as perineural injections/ablations and
intratendinous therapy. Finally, the utility of ultrasound guidance in performing soft tissue biopsies will be discussed.
ULTRASOUND-GUIDED THERAPEUTIC INJECTIONS/ASPIRATIONS
The most common clinical indication for ultrasound-guided injections generally relates to pain that has failed to respond to
conservative measures, regardless of the anatomic site. The pain may be the result of a chronic repetitive injury in the work
environment, a sports-related injury, or injury from an underlying inflammatory disorder, such as rheumatoid arthritis. This chapter
presents illustrative examples of the most relevant studies, without dwelling on the specific clinical entities.
TECHNICAL CONSIDERATIONS
Diagnostic examinations and subsequent therapeutic interventions are often performed using either linear or curved phased array
transducers, depending on depth and local geometry. Needle selection is based on specific anatomic conditions (i.e., depth and size
of the region of interest). I employ a freehand technique in which the basic principle is to ensure that the needle is visualized as a
specular reflector.7,8 This relies on orienting the needle to be perpendicular (or nearly so) to the insonating beam (Fig. 14.1). The
needle then becomes a specular reflector, often having a strong ringdown artifact. Needle guides are available and may be of value,
but I have found that a freehand technique allows greater flexibility in adjusting needle position. Needle visualization can be
enhanced by injecting a small amount of anesthetic and observing the consequent moving echoes in either grayscale or color flow
imaging.1

Patient positioning to ensure comfort and optimal visualization of the anatomy should first be assessed. Tendons are anisotropic27;
therefore, the transducer should be oriented to maximize tendon echogenicity to avoid misinterpretation as tendinopathy, complex
fluid, or synovium. An offset may be required at the skin entry point of the needle relative to the transducer
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to provide appropriate needle orientation. Deep structures such as deep flexor tendons of the hip are often better imaged using a
curved or sector transducer, operating at center frequencies of approximately 3.5 to 7.5 MHz. Superficial, linearly oriented
structures, such as tendons in the wrist or ankle, are best approached using a linear array transducer with higher center frequencies
(>10 MHz). Transducers with a small footprint (“hockey stick”) are particularly well suited to superficial injections. These factors
should be assessed prior to skin preparation.
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Figure 14.1. Needle as a specular reflector. The needle (short arrow) has been placed in the subdeltoid bursa (long arrow) which is
distended following an injection of long-acting steroid and local anesthetic. Note the reverberation artefact, thin echogenic lines
parallel to the needle, that is typical of metallic artifact.
The immiscible nature of the steroid-anesthetic mixture may produce temporary contrast effect (Fig. 14.2). In vitro experiments
suggest that this property is due to alterations in acoustic impedance by the scattering material formed by the suspension of steroid
in an aqueous background, resulting in an approximate increase in echo intensity of 20 dB.20 This increases the conspicuity of the
delivered agent during real time and helps to define the distribution of the delivered agent during the injection.
Tip:

Choose transducer geometry and entry site to visualize the needle as a specular reflector.
Orient transducer to maximize tendon echogenicity (anisotropy).
Injected corticosteroid/anesthetic suspension often displays a contrast effect, which can help localize injected mixture.

INJECTION TECHNIQUE
Sterile technique is essential. The skin is cleaned with an iodine or alcohol-based solution and may be covered with a sterile drape
(Fig. 14.3). The transducer is immersed in iodine-based solution and surrounded by a sterile drape or placed into a sterile probe
cover. A drape can also be placed over portions of the ultrasound unit, although many radiologists keep drapes to a minimum or
avoid them completely. One percent lidocaine is used for local anesthesia. Once the needle is in position, the procedure is
undertaken while imaging in real time. Depending on anatomic location and personal preference, a 1.5″ blue (25G), brown (22G),
or green (21G) needle, or a 22G spinal needle with a stylet is used to administer the anesthetic/corticosteroid mixture, generally
consisting of long-acting anesthetic and one of the standard injectable corticosteroid derivatives. Several steroid solutions with
different properties regarding duration in the soft tissues and potential untoward effects are available (see below).
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Figure 14.2. Contrast effect: Tenosynovitis of extensor hallucis longus tendon sheath in the dorsum of the foot. A: Shows a 22G
needle in the fluid-distended tendon sheath prior to aspiration. The needle is positioned perpendicular to the long axis of the tendon
(short-axis approach). B: Following aspiration, the tendon sheath was injected with a therapeutic mixture consisting of
triamcinolone and local anesthetic. Notice the low-level echoes produced by therapeutic mixture during the injection as a result of
the differences in acoustic impedance within the injected suspension. N, needle.
P. 305
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Figure 14.3. Sterile setup during injection of the plantar fascia. The transducer is cleaned and draped as is the area of interest. The
drape should be positioned to allow adequate room for placement of the transducer on the skin surface and overlying the target
anatomy.
It is convenient to distinguish two separate approaches to performing injections, long axis and short axis, which relate to needle
orientation relative to the structure to be injected. The long-axis approach refers to needle placement in the plane parallel to the
structure of interest (Fig. 14.4). Examples include longitudinal imaging of the hip to display a hip effusion and employing this as
the plane in which to direct the needle for ultrasound-guided aspiration. The short-axis approach refers to needle entry in the plane
perpendicular to the long axis of a structure (Fig. 14.5). Examples include injecting the retrocalcaneal bursa using a lateral
approach. The short-axis approach works well when performing injections/aspirations in small joints and tendon sheaths of the
hand and foot. The long-axis approach appears better suited to deep joint injections, such as the hip or shoulder. It is important to
recognize, however, that such approaches serve merely as guidelines and that there is no unique method that necessarily applies to
any specific injection.
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Figure 14.4. Long-axis approach: Patient with labral tear and groin pain referred for a hip injection. A: Therapeutic injection of the
hip is typically performed using a long-axis technique. The needle (N) is advanced to the femoral head-neck junction. A small
injection of anesthetic may be used to confirm position. FH, femoral head; FN, femoral neck.
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Figure 14.5. Short-axis approach. Patient with achillodynia, during injection of the retrocalcaneal bursa. The Achilles tendon (T) is
seen in short axis. A 25G needle (N) is positioned perpendicular to the Achilles tendon into the distended retrocalcaneal bursa
(short-axis approach). The distended bursa (B) contains numerous low-level echoes due to the inherent contrast effect of the
therapeutic mixture.
INJECTION MATERIALS
Most injections use long-acting corticosteroid in combination with local anesthetic in relatively small volumes. A detailed review
of these agents is beyond the scope of the current chapter. Injectable steroids usually come in crystalline form, associated with a
slower rate of absorption, or a soluble form, characterized by rapid absorption.27,28,29,30 Examples of the former are triamcinolone
and methylprednisolone, whereas commonly used examples of the latter are betamethasone and dexamethasone. Because of their
rapid resorption, soluble preparations may be preferable in superficial structures where subcutaneous fat atrophy and/or skin
depigmentation are potential complications. In the case of the crystalline agents, a reactive inflammatory response or flushing
response may occur, and patients should be warned that they may experience severe pain in the 2 to 3 days following the injection.
The soluble forms are not typically associated with these complications, but crystalline forms are usually preferred because they
are long-acting. A painful steroid “flare” is less likely with
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triamcinolone than methylprednisolone, but skin depigmentation and fat atrophy are more likely with triamcinolone. Patients with
diabetes should be cautioned that they may develop transient hyperglycemia that can last for 5 to 10 days.
The most significant complications associated with injectable steroid use in the musculoskeletal system relate to chondrolysis
(when used in weight-bearing joints), skin depigmentation, fat necrosis, and impaired healing response (when used in soft tissues).
The latter has been associated with tendon, ligament, and plantar fascia rupture.10,11,12,13,14,15,16,17 As the most commonly used
mixtures contain insoluble particles, a systemic injection could theoretically result in an embolic phenomenon, and this has been
implicated as a mechanism for neurological complications associated with transforaminal injections.31 I have not encountered this
as a complication when performing injections in the appendicular skeletal system.
The most commonly used anesthetics are lidocaine and bupivacaine (i.e., Marcaine).17,31,32 They are both local injectable
anesthetics, but differ in the onset and duration of action. Lidocaine has rapid onset (seconds) and short duration (1 to 2 hours).
Bupivacaine becomes effective in 5 to 10 minutes and generally lasts 4 to 6 hours. Potential adverse reactions include
neurotoxicity, cardiotoxicity, and allergic reactions,30 but are rare when used in small doses under image guidance and avoiding
intravascular injection. Recent studies also report that bupivacaine is associated with chondrolysis when used for intra-articular
applications. This effect has only been seen during constant infusions at arthroscopy and in vitro. Chondrolysis is not likely to be
an issue when used in the small volumes typically employed during injections in the musculoskeletal system, although 0.5%
ropivacaine would provide a potentially safer alternative.
Tip:

Patients should be warned that they may experience severe pain in the 2 to 3 days following the injection (flare response)
with crystalline-based corticosteroid.
Patients with diabetes should be cautioned that they may develop a transient hyperglycemia that lasts 5 to 10 days following
steroid injection.

INJECTION OF JOINTS
Injection techniques are also discussed in the appropriate anatomical chapters.
Small Joint Injections
A high-frequency linear transducer is used for hand, wrist, elbow, foot, and ankle injections.5,6,33 A short-axis approach is often
technically easier for small joints. The needle should enter the skin parallel to the plane of the joint space. Superficial joints usually
appear as separations between the normally continuous specular echoes produced by cortical surfaces. As is true in other
fluidcontaining structures, the presence of an effusion is a helpful feature in visualizing the needle as it enters the joint.
The short-axis approach entails scanning across the joint and looking for the transition from one cortical surface to the next,
marking the skin (with a surgical marker), then placing a needle into the joint using ultrasound guidance. When imaging the joint
in long axis, using this approach, the needle is seen in cross section (Fig. 14.6). If the needle does not appear within the joint, it
may be necessary to “walk” the needle tip into the joint. It is important to recognize that the skin entry site acts as a fulcrum.
Moving the needle hub proximally results in the tip moving caudally. Ideally, adjustments should require only minimal needle
excursions. Needle position is confirmed by injecting a small amount of local anesthetic that should run away from the needle tip
and distend the joint with fluid and echoes. If fluid pools around the needle tip, it is unlikely to be intra-articular. Small joints
generally accommodate 0.5 to 1 mL; therefore it is important not to inject too much local anesthetic before the therapeutic mixture.
It is convenient to employ a mixture of 1 mL (40 mg) of triamcinolone or methylprednisolone with 1 mL of long-acting anesthetic.
Alternatively, the two are injected separately with a small volume of local anesthetic first to show that the needle is intra-articular,
then the steroid. In this way the amount of injected corticosteroid is controlled. For small joints, 10 to 15 mg (0.5 to 0.75 mL) is
usually adequate. For medium-sized joints (e.g., radiocapitellar joint), a larger volume (1 to 2 mL) of this mixture is often
beneficial. When betamethasone or dexamethasone is used, one should be cognizant of dose equivalents. Betamethasone usually is
distributed in multidose vials with concentrations of 6 mg/mL. Two milliliters of betamethasone has similar efficacy to 1 mL of
triamcinolone or methylprednisolone. Dexamethasone is distributed in 1 mL vials (4 mg/mL), equivalent to 40 mg of either
triamcinolone or methylprednisolone.
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The short-axis approach works well in the metatarsophalangeal (MTP)/metacarpophalangeal and interphalangeal joints, midfoot,
ankle, and elbow. Occasionally, a long-axis approach may be efficacious, as in the radiocarpal joint, lateral gutter of the ankle (Fig.
14.7), and dorsal midfoot when it is possible to insert the needle tip just deep to the joint capsule without having to incline the
needle steeply. Ultrasound guidance helps to negotiate osteophytes and joint bodies. It allows identification of capsular
outpouching, thereby affording a more convenient indirect approach into a joint than slipping a needle into a small joint space.
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Figure 14.6. Short-axis approach: Small joint injection. A: Image depicts the dorsal recess of the second MTP joint seen in long axis
in a patient with metatarsalgia. A punctate echogenic focus with mild ringdown artifact (arrow) corresponds to a 25G 1.5″ needle
seen in cross section. The metatarsal head (M) and proximal phalanx (P) are labeled. B: Rotating the transducer 90 degrees shows
the needle in long axis in the plane of the joint. C: The image shows distention of the dorsal capsule during injection. The needle
(arrow) is now more conspicuous due to the overlying intra-articular fluid.
Large Joint Injections
Shoulder
A long-axis approach and a 22G spinal needle are used when performing injections of large joints such as the shoulder or hip (Fig.
14.8).34,35 A greater volume is usually injected, typically 5 mL of the steroid/anesthetic mixture. In most cases the injectate
contains 1 to 2 mL (40 to 80 mg) of triamcinolone or methylprednisolone. In the case of adhesive capsulitis, significantly larger
volumes of local anesthetic (5 to 10 mL) may be added to provide additional joint distension (hydrodistention), which may
promote lysis of focal adhesions. A posterior approach to the glenohumeral joint with the patient in a decubitus position, the
shoulder to be injected upward, and the arm placed in cross adduction is generally used. An intermediate frequency linear or
curved transducer suffices in the majority of cases. A linear transducer often results in better anatomic detail than curved arrays.
The posterior recess of the glenohumeral joint is usually well seen with the patient in the decubitus position. The hypoechoic
articular cartilage overlying the humeral head, echogenic posterior labrum, thin echogenic posterior capsule, and overlying
infraspinatus muscle belly are identified. I use a long-axis approach with the needle directed from superolateral toward the joint
and deep to the echogenic joint capsule. Others prefer the opposite direction. A test injection with 1% lidocaine shows bright
echoes filling the posterior recess or distributed along
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the articular cartilage if the needle is intra-articular. Pooling of fluid at the needle tip indicates an extra-articular injection, and the
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needle should be repositioned.

Figure 14.7. Long-axis view of the dorsal aspect of the wrist in a patient with wrist pain and swelling and a history of pseudogout.
Image shows distension of the dorsal compartment (arrows) by fluid and soft tissue. R, radius; L, lunate; C, capitate. With the wrist
in mild palmar flexion, a 1.5″ 25G needle (N) is placed into the distended dorsal recess of the wrist using a long-axis approach for
therapeutic injection.
Hip
The hip is also approached in long axis with the transducer placed over the proximal anterior thigh at the level of the joint (Fig.
14.4), similar to the approach looking for an effusion. Ideally, the anterior capsule is imaged at the head-neck junction of the femur.
In this approach, the scan plane is lateral to the neurovascular bundle. The needle is directed into the joint while maintaining its
position in the scan plane of the transducer. A test injection of 1% lidocaine confirms the intra-articular needle position, and the
therapeutic injection follows, using a similar mixture to the shoulder.
Fibrous Joints
Fibrous joints, such as the acromioclavicular joint, can be injected using ultrasound guidance (Fig. 14.9).34 A short-axis technique
is employed similar to that in the foot. The transducer is placed sagittally on the clavicle and then moved laterally until the
echogenic clavicle is replaced by the hypoechoic disc of the joint. The majority of fibrous joint injections are performed using a
1.5″ hypodermic needle. The joint has a small capacity and will accept only 0.5 to 1 mL of fluid. The volume of the test injection
should therefore be minimal otherwise it may not be possible to inject the full therapeutic dose of 10 to 20 mg corticosteroid. This
approach is also useful in the sternoclavicular joint and pubic symphysis.
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Figure 14.8. Glenohumeral joint injection: Long-axis approach. A: A 25G needle (N) has been positioned deep to the posterior
capsule during a glenohumeral joint injection. H, humeral head; G, glenoid; I, infraspinatus; D, deltoid. B: During the injection,
there is fluid distension of the posterior recess of the joint. The posterior capsule is more conspicuous (arrows).
Tip:

Most small joints of the hand and foot can be injected using a short-axis approach with 10 to 15 mg long-acting
corticosteroid.
Shoulder and hip joints can be injected using a long-axis approach with 40 to 80 mg of long-acting corticosteroid.
Hydrodistention in combination with corticosteroid may be of value in adhesive capsulitis.

Superficial Peritendinous/Periarticular Injections
Peritendinous injections of anesthetic and long-acting corticosteroid are effective in tenosynovitis in the hand, foot, and ankle. The
tendons are superficial and well-imaged on ultrasound. Ultrasound guidance is effective in ensuring that the injection is correctly
placed. Bursae and ganglia can also be injected.
Foot and Ankle
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The most commonly requested peritendinous injections in the foot and ankle are for chronic achillodynia or medial or lateral ankle
pain due to posterior tibial or peroneal tendinosis/tenosynovitis, respectively.33 Less commonly, patients are referred to
differentiate the pain of posterior impingement from stenosing tenosynovitis of the flexor hallucis longus (FHL) tendon, which
may be difficult to distinguish clinically. Patients with plantar foot pain due to plantar fasciitis or forefoot pain from Morton
neuroma are also frequently referred for ultrasound-guided injections.
Many patients with achillodynia have pain referable to the enthesis, with associated retrocalcaneal bursitis and Achilles tendinosis.
Injection of 10 to 20 mg of methylprednisolone or triamcinolone may help to alleviate local pain and inflammation in the deep
retrocalcaneal bursa. The patient is scanned prone with the ankle in mild dorsiflexion using a 10 MHz or higher frequency linear
transducer. A 1.5″ hypodermic needle usually suffices using a short-axis approach. The deep retrocalcaneal bursa is usually well
seen and can also be injected using a short-axis approach from the lateral aspect of the tendo Achilles. Distension of the bursa by
injecting a small amount of anesthetic confirms that the needle is correctly placed, and the steroid is then injected. I have had
limited success
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in treating central Achilles tendinosis with peritendinous injections, superficial to the paratenon. It is generally taught that steroid
injections into tendons are probably best avoided because of the possible risk of tendon rupture although there is no good evidence
of the risk. Alternative approaches include intratendinous procedures (discussed below) such as dry needling. Intratendinous
vascularity is seen in symptomatic tendinosis and may be amenable to injection of sclerosant such as polidocanol into
peritendinous (but not intratendinous) vessels.36 Brisement using high-volume (40 to 50 mL) injections of saline or local anesthetic
are said to break adhesions between the tendon and the paratenon and promote healing.37 The needle is slipped between tendon
and paratenon using a long-axis or short-axis approach, and a small test injection is made. If the needle is correctly positioned, the
fluid will strip the paratenon from the tendon, and the full volume of fluid is then injected.

Figure 14.9. AC joint injection. A: Long-axis view of the acromioclavicular joint showing bony and capsular hypertrophic changes.
A, acromion; C, clavicle. B: A 25G 1.5″ needle (N) is positioned into the joint using a short-axis technique. The needle is seen as a
linear specular reflector when imaged in the plane of the joint. C: Following the injection and needle removal, the joint is filled with
echogenic material from the therapeutic mixture (arrow).
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Figure 14.10. Injection of posterior tibial tendon sheath in patient with medial ankle pain using a short-axis approach. A: A 1.5″ 25G
needle (N) is positioned in the tendon sheath of the posterior tibial tendon. The tendon (T) is seen in cross section with a small to
moderate amount of surrounding fluid (arrow). B: While observing in real time, injection of the therapeutic mixture displays a
contrast effect, confirming the appropriate deposition.
The posterior tibial or peroneal tendons are also approached in short axis (Fig. 14.10). Patients with pain in
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these distributions benefit from injections of 10 to 20 mg of methylprednisolone or triamcinolone into the tendon sheath. Tendon
sheath fluid facilitates the procedure and offers an easier target. Scanning prior to the procedure should assess the needle trajectory
relative to adjacent neurovascular structures that are better seen using color or power Doppler imaging. The posterior tibial nerve is
closely related to adjacent posterior tibial artery and veins, and is usually well seen proximal to its bifurcation into medial and
lateral plantar branches. Fluid is frequently seen in the posterior tibial tendon sheath, in the submalleolar region. The peroneal
tendons are less predictable. Power Doppler imaging in conjunction with real-time guidance can be beneficial in localizing areas of
inflammation for direct injection. In stenosing tenosynovitis, the tendons may be surrounded by a thickened retinaculum,
proliferative synovium, or scar tissue without fluid, and a test injection of local anesthetic to confirm position is invaluable.
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Figure 14.11. Flexor hallucis longus injection. A: Proton density axial image of the ankle depicting the posterior sulcus (short arrow)
for the FHL tendon. The tendon appears as a low signal intensity ellipse within the sulcus. The transducer (T, box) is positioned
along the posteromedial aspect of the ankle. The needle trajectory is denoted by the long arrow. In this way the needle is well seen
as a specular reflector, and the neurovascular structures overlying the tendon can be circumvented. Note that the needle enters the
skin along the lateral margin of the Achilles tendon. B: The corresponding ultrasound anatomy. The neurovascular structures are
labeled: Vein (v), artery (a), and nerve (n). C: The needle (N) is positioned along the deep margin of the tendon in its sulcus, and a
test injection is performed to ensure distention of the tendon sheath. D: Postinjection image shows fluid distention of the FHL
tendon sheath.
The FHL tendon poses a more challenging problem due to its close relation to the neurovascular bundle of the posterior medial
ankle. One helpful feature in FHL tendon sheath injections is that tendon sheath effusions tend to localize at the posterior recess of
the tibiotalar joint. The neurovascular bundle is easily circumvented by placing the needle lateral and the transducer medial to the
Achilles tendon (Fig. 14.11).38 This approach results in
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flexibility in needle placement, while maintaining the needle perpendicular to the insonating beam.
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Figure 14.12. Plantar fascia injection. The proximal medial band of the plantar fascia (PF) is mildly thickened and inhomogeneous.
A 1.5″ 25G needle (N) has been positioned superficial to the plantar fascia and a perifascial injection has been performed. The
injected material (arrows) is distributed along the superficial margin of the medial band. Calc, calcaneum.
Ultrasound features of plantar fasciitis include thickening of the medial band of the plantar fascia and fat pad edema. One treatment
option for severe plantar fasciitis is regional corticosteroid injection, typically performed using anatomic landmarks. Blind
injections into the heel have been associated with rupture of the plantar fascia and failure of the longitudinal arch.16 Ultrasound can
be used to guide a needle along the plantar margin of the fascia avoiding direct intrafascial injection.35,39 The plantar fascia is
imaged with the patient prone and the foot mildly dorsiflexed using a long-axis approach. The transducer is centered over the
medial band, which is most often implicated. A mark is placed over the posterior aspect of the heel and the needle is advanced
superficial to the plantar fascia, approximately to the margin of the medial tubercle (Fig. 14.12). I perform a perifascial injection
using this approach, monitoring the distribution of injected material in real time. Alternatively, a short-axis approach can be
employed from the medial aspect of the heel with the patient supine. This may be less painful than the long-axis approach. The
needle can be advanced both superficial and deep to the fascia (provided there is no preexisting tear) without necessarily
puncturing the fascia. An advantage of this technique is that most or all of the steroid can be injected deep to the fascia, possibly
reducing the risk of atrophy of the heel fat pad. Both long-axis and short-axis injections can be combined with dry needling or
intrafascial injections as an alternative or supplement to corticosteroid injections.

Figure 14.13. Morton neuroma. A: Long-axis scan of plantar aspect of foot shows hypoechoic Morton neuroma (arrow) between
third and fourth metatarsal heads. B: The neuroma (long arrow) is now echogenic following insertion of a needle (short arrow) and
injection of a therapeutic mixture of long-acting steroid and local anesthetic.
Interdigital (Morton) neuromas, a common cause of forefoot pain especially in women, are hypoechoic masses that replace the
normal hyperechoic fat in the interdigital web spaces. Occasionally, an enlarged hypoechoic interdigital nerve is identified. The
second and/or third web spaces are most often involved. I generally inject Morton neuromas using a dorsal approach, while
imaging the neuroma in long axis (Fig. 14.13).40 This approach is well tolerated by the majority of patients. In certain instances,
plantar scanning with the foot in a “toes-up” position is preferred, such as with severe subluxation at the MTP joint. In either case,
the needle is positioned directly within the neuroma and/or adjacent intermetatarsal bursa if present, and a small volume of
therapeutic mixture is injected, similar to a small joint injection (i.e., 10 to 20 mg methylprednisolone or triamcinolone). The
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injection usually also fills the intermetatarsal bursa. The same basic approach applies for ablation therapy,9,41,42 which is
discussed in greater detail below.
Hand and Wrist
In the hand and wrist, de Quervain tenosynovitis, which involves the abductor pollicis longus and/or extensor
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pollicis brevis tendons, may respond to steroid injections (Fig. 14.14).43 Patients with rheumatoid and psoriatic arthritis commonly
experience severe tenosynovitis, which can lead to secondary tendon rupture and deformity. They may also benefit from steroid
injections.5,6 In either case, the approach is similar to superficial structures in the foot and ankle. A short-axis approach is taken in
which the surrounding neurovascular structures are avoided, and the appropriate tendon sheaths are injected. A septum may divide
the tendon sheath of abductor pollicis longus and extensor pollicis brevis. Care should be taken to ensure that the injected material
surrounds both tendons. Occasionally, separate injections into the two compartments are needed. In the majority of cases, the
amount of therapeutic mixture injected is similar to a small-to-medium-sized joint, depending on location. For cosmetic reasons,
methylprednisolone may be preferred to triamcinolone, or betamethasone or dexamethasone may be preferable to crystalline
preparations.

Figure 14.14. de Quervain tendinitis. A: Transverse sonogram of the first dorsal compartment shows a thickened hypoechoic
extensor retinaculum (arrows) producing a stenosing tenosynovitis B: Short-axis view of a 25G 1.5″ needle (N) deep to the abductor
pollicis longus tendon, obtained at the level of the radial styloid (R). C: Short-axis view of the abductor pollicis longus tendon
during injection. Fluid distends the tendon sheath (short arrows).
Tip:

Superficial tendon sheaths of the hand and foot can be injected using a short-axis approach.
Use 10 to 20 mg of long-acting corticosteroid in combination with long-acting anesthetic.
Power Doppler in combination with grayscale imaging helps to localize sites of maximum tendon pathology.
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INJECTION OF DEEP TENDONS
The most commonly requested deep tendon injections include the bicipital tendon sheath, iliopsoas tendon, gluteal tendon insertion
on the greater trochanter, and hamstring tendon origin.
Biceps Tendon
Anterior shoulder pain with radiation into the arm may be secondary to bicipital tendonitis and/or tenosynovitis.
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The biceps tendon can be palpated, but its sheath, if non-distended, may offer <2-mm clearance to place a needle and is easily
missed.44 This is complicated by the caudal extension of the subacromial-subdeltoid bursa, which may overlie the bicipital tendon
sheath. A blind injection could result in delivery of the therapeutic mixture into the bursa or tendon or outside the biceps tendon
sheath. Ultrasound guidance ensures that the therapeutic agent is injected into the biceps tendon sheath.34

Figure 14.15. Biceps—extra-articular approach. A: Transverse image of the extra-articular long head of biceps tendon. A 22G spinal
needle (N) has been advanced into the distended tendon sheath under ultrasound guidance. Note that the needle lies superficial to the
tendon. B: The image depicts progressive distension of the tendon sheath during injection, confirming appropriate positioning.
The patient is supine with the forearm supinated and the shoulder mildly elevated. The bicipital groove lies anteriorly. Using a
linear transducer, typically 7.5 MHz, the long head of biceps is scanned in short axis and a 25G 1.5″ or 22G spinal needle is
inserted laterally and guided into the tendon sheath (Figs. 14.15 and 14.16). If the bicipital tendon sheath contains fluid, the needle
is directed into the fluid. Otherwise, the needle is directed along the superficial margin of the tendon, and a test injection of local
anesthetic is used to confirm local distension of the sheath, followed by administration of long-acting corticosteroid. Fluid
distension of the sheath with superficially located microbubbles helps to confirm a successful injection. Alternatively, the needle
can be directed into the rotator interval, proximal to the transverse humeral ligament. This often results in reflux into the sheath as
well as distension of the rotator interval. This approach requires needle placement adjacent to the biceps tendon in the rotator
interval and “feeling” for lack of resistance during a test injection with local anesthetic and can be helpful if there is no fluid in the
biceps sheath.
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Figure 14.16. Biceps tendon-rotator interval. A: Transverse image of the distal intra-articular biceps tendon entering the rotator
interval shows no significant effusion. A 25G 1.5″ needle (N) is placed adjacent to the proximal biceps tendon (T) under
ultrasound guidance. A small test injection with local anesthetic confirms peritendinous location.
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Figure 14.16. (Continued) B: In postinjection images of the extra-articular biceps, there is fluid distention of the biceps tendon
sheath with the contrast effect (arrow) confirming retrograde flow of part of the therapeutic mixture. C: Transverse image of the
proximal rotator interval, near the biceps anchor, shows both micro-bubbles and contrast effect from the therapeutic mixture
(arrow), confirming forward flow of injected material.
Iliopsoas Tendon
The iliopsoas tendon lies superficial to and along the medial margin of the anterior capsule of the hip and the iliopectineal
eminence of the anterior acetabulum. It inserts on the lesser trochanter of the femur. The iliopsoas bursa frequently communicates
with the hip joint and lies deep to the tendon. The bursa may be distended due to underlying joint pathology or primary iliopsoas
bursitis. Bursitis and iliopsoas tendinosis in the absence of bursitis may require injection.45 A lower frequency transducer with
curved or sector geometry is often required. The neurovascular bundle lies medial and superficial to the tendon, so it is
advantageous to approach the tendon in short axis from the lateral margin of the hip using a 22G spinal needle, which is angled
deeply. A small test injection to confirm needle position shows fluid and/or microbubbles distending the bursa along the axis of the
tendon (Fig. 14.17), and 40 mg of methylprednisolone or triamcinolone are then injected.
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Figure 14.17. Iliopsoas bursa injection for clinically suspected iliopsoas tendinosis. A: Baseline image depicts the femoral head
(fh), iliopectineal eminence of the acetabulum (a), and iliopsoas tendon (t). B: A 22G spinal needle has been positioned deep to the
tendon at the level of the capsulolabral junction.
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Figure 14.17. (Continued) C: During injection, fluid appears both deep and superficial to the tendon within the bursa (arrows). This
image was obtained at a slightly more proximal location with the tendon superficial to the anterior acetabulum.
BURSAL AND GANGLION CYST INJECTIONS
Distended bursae provide anatomic targets for therapeutic injections. Injections are often requested for localized bursitis with or
without tendon abnormality. Examples include the retrocalcaneal, iliopsoas, greater trochanteric, or ischial bursae (Fig. 14.18).
Alternatively, bursitis or a distended synovial cyst or ganglion cyst may cause mechanical impingement of adjacent tendons and/or
neurovascular structures. Cyst decompression and administration of therapeutic agent may alleviate symptoms (Fig. 14.19).
Ultrasound guidance avoids intratendinous injections and adjacent neurovascular structures, and the needle may be redirected as
necessary in a multiloculated cyst (Fig. 14.20).46,47 The nature of the material aspirated is quite variable, ranging from watery
fluid to viscous jelly. In the case of a complex bursa, I often indicate that there may be minimal return so that the patient has a
realistic expectation that the procedure may not be successful. A synovial cyst often recurs within weeks to months, and aspiration
and injection may be more palliative than therapeutic until the underlying cause (e.g., osteoarthrosis) is tackled.
Ganglion/paralabral cyst fluid is often clear and highly viscous, giving rise to the particular hard nature of these cysts to palpation
and a larger bore needle, in some cases an 18G hypodermic or spinal needle, may be needed. I have found it helpful to use a lavage
technique similar to that employed in calcific tendinosis (below), employing either local anesthetic and/or a therapeutic
corticosteroid mixture as the lavage fluid. It is important to advise the patient that the cyst may recur after several months and
require either repeat aspiration or surgery. The long-term results from aspirating ganglion cysts at the wrist or doing nothing are
similar.
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Figure 14.18. Greater trochanteric bursa injection for lateral hip pain. A: Short-axis image of the greater trochanter showing the
lateral (L) and posterior (P) facets. A 22G spinal needle (N) has been positioned at the posterior facet corresponding to the
expected location of the greater trochanteric bursa. The injection was performed using a 9-MHz linear transducer for guidance. B:
Postinjection image using a 6-MHz curvilinear transducer shows distension of the bursa (b). The greater trochanter is labeled (gt).
It should be noted that multiple bursae may be evident in relationship to the abductor tendon insertions, which can be individually
targeted.
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Figure 14.19. Baker cyst. A 55-year-old female with swelling of the posterior medial aspect of the knee. A: A large Baker cyst is
present containing low-level echoes. The characteristic location of the cyst’s neck between the medial gastrocnemius (G) and
semimembranosus tendon (T) is evident. B: An 18G spinal needle (N) has been placed into the cyst under ultrasound guidance. C:
The cyst has been aspirated to near completion on the final image.
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Figure 14.20. Ganglion adjacent to nerve. A: Transverse colorized grayscale image of the ganglion cyst (C) and posterior
interosseus nerve (PIN, arrow). B: A 22G spinal needle (N) has been placed into the cyst under ultrasound guidance. C: Post-
aspiration image shows successful decompression of the cyst.
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Tip:

Ganglion and paralabral cyst fluid can be very viscous/gelatinous and may require a large bore needle.
Choose a needle trajectory to avoid neurovascular structures that may be in close proximity to the cysts (e.g., radial artery).
Patients should be advised as to the potential success of the procedure as well as possible recurrence.

CALCIFIC TENDONITIS
Symptomatic intra or peritendinous deposition of calcium hydroxyapatite often appears as a nodular echogenic mass within or
adjacent to the tendon and may or may not display posterior acoustic shadowing. Calcific tendonitis most often occurs in the
shoulder, but may occur elsewhere in the musculoskeletal system. Ultrasound-guided fragmentation and lavage have been
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described48,49,50 and excellent results reported. I first inject local anesthetic into the subdeltoid bursa for pain relief. An alternative
approach is to inject local anesthetic around the suprascapular nerve. I currently employ a single needle technique with the needle
acting as inflow for anesthetic and/or sterile saline, and also as an outflow for the resulting calcium solution (Fig. 14.21). It is my
experience that the elasticity of the pseudocapsule encasing the calcification is sufficient to decompress the calcific mass in the
majority of cases. A 10-cc syringe filled with anesthetic or sterile saline is used. Injection of small aliquots (1 to 2 cc) into the
lesion resulting in distension, followed by release of pressure and subsequent decompression back into the syringe, releases
calcium from the deposit. The returning fluid often has the appearance of a “puff of smoke,” as it contains progressive amounts of
calcific debris. As the syringe contents become progressively cloudy, fresh syringes are employed. Following multiple lavages and
extraction of the majority of the calcification, the needle is used to fenestrate the pseudocapsule and then inject anesthetic and
steroid mixture (typically 40 mg triamcinolone with 1 to 2 mL of long-acting anesthetic) into the subdeltoid bursa. If the
calcification is too small or fragmented to allow lavage and decompression, an effective technique is to fenestrate the calcium
deposit and make a peritendinous therapeutic injection.49 Double-needle techniques have been described using one needle to inject
and the other to aspirate. (Barbotage of the rotator cuff is also discussed in Chapter 3.

Figure 14.21. Calcific tendinosis of the shoulder. A: Globular echogenic calcification (arrows) along the bursal surface of the supra
and infraspinatus tendons seen in short axis, displays weak posterior acoustic shadowing. D, deltoid; HH, humeral head. B: A 20G
spinal needle (N) is positioned centrally within the calcification and a series of lavages and re-aspirations of the calcification are
performed while observing in real time. A central hypoechoic mixture within the calcification corresponds to progressively diluted
contents consisting of lavage fluid and calcium hydroxyapatite. Some reflux into the adjacent subdeltoid bursa (b) is present.
INTRATENDINOUS INJECTIONS/PERCUTANEOUS DRY NEEDLING TECHNIQUES
Intratendinous injection therapies are thought to promote a direct healing response. These techniques date back to as early as the
1930s in the case of prolotherapy and to the 1970s in the case of autologous blood/PRP injections.36 Ultrasound imaging is
believed to ensure optimal deposition of injected material and can be used to assess the distribution of injected material and the
response to therapy.
Prolotherapy has traditionally entailed the percutaneous injection of a proliferant, which is defined as any
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substance capable of producing cellular proliferation and collagen formation, thereby promoting healing.36,51,52,53

This has largely been confined to one of three substances: instead of, hypertonic dextrose (15% to 20%), sodium morrhuate, and
phenol. It is believed that they initiate an inflammatory response that ultimately promotes hypertrophy and strengthening of
tendons and ligaments, resulting in improved biomechanics and reduced pain. A variety of case series and randomized controlled
studies provide limited supportive evidence, although the precise mechanisms are not well understood.36 Dry needling (i.e.,
multiple needle perforations of the tendon without injection of therapeutic material) can promote a healing response, which has
been postulated to relate to the presence of micro hemorrhage with the release of platelets.54

Autologous blood or platelet concentrates derived from autologous blood take advantage of a variety of growth factors contained
within platelets that promote vascular and cellular proliferation. Platelet-rich plasma, in particular, allows for delivery of high
concentrations of these growth factors to the area of injury.55,56 Theoretically, PRP has the potential to improve tendon healing. It
contains a more concentrated amount of platelets than whole blood and includes many reparative growth factors such as platelet-
derived growth factor, transforming growth factor-beta, epidermal growth factor , and vascular endothelial growth factor. In a
human tenocyte model, de Mos et al.55 found that PRP accelerates the catabolic demarcation of traumatically injured tendon
matrices and promotes angiogenesis and formation of fibrovascular callus. Clinical studies have suggested that autologous blood or
PRP significantly improves healing in refractory tendinosis, although definitive studies showing the efficacy of either technique are
still lacking.22,23,24,26,56



1/22/2021

25/36

For the purposes of the current discussion, only injections using blood products will be discussed. Dry needling techniques have
been employed successfully in patients with lateral epicondylitis refractory to other conservative measures (Fig. 14.22).54

Autologous blood and PRP injections have been successfully used in the elbow and knee (Fig. 14.22).22,23 The advantage of
performing these procedures under ultrasound-guidance becomes evident when injecting tendons close to neurovascular structures,
such as the hamstring tendon origin (Fig. 14.23).
Dry needling techniques entail mechanical fenestration of the tendon employing a hypodermic or spinal needle. I often use a 22G
spinal needle. Ultrasound guidance permits targeting of regions of tendinosis and angiofibroblastic proliferation, thereby
promoting bleeding and induction of a subsequent inflammatory cascade to produce a healing response. The addition of 5 mL of
fresh autologous blood at the site of fenestration is believed to augment the release of bioactive growth factors associated with
tendon healing. In my own practice, I have largely replaced dry needling with PRP injections.

Figure 14.22. Lateral epicondylitis. A: Fluid-sensitive fat-suppressed coronal MR of the right elbow shows interstitial tear (arrow)
at common extensor origin. B: Longitudinal sonogram of the common extensor origin shows tendinosis with suggestion of tear
(arrow). C: A 22G 1.5″ needle within the tendon substance during a PRP injection. Increased echoes relate to micro-bubbles within
the injected material.
P. 319
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Figure 14.22. (Continued) D: Following needle removal, the tear is distended with injected blood products and becomes more
conspicuous (arrow). Micro-bubbles (short arrows) distally within the myotendinous junction show extent of spread of injected
material.
The PRP is prepared from autologous whole blood, which is centrifuged to concentrate platelets in the plasma. A concentration of
1,000,000 platelets per μL has been suggested to be the working definition of PRP; this represents a platelet concentration five
times higher than whole blood.56 Typical volumes of injectate vary according to the specific kit employed and the area injected,
but 3 to 5 mL of platelet concentrate is typical. As nonsteroidal anti-inflammatory drugs (NSAIDS) can act as platelet inhibitors, I
advise patients to refrain from using these agents 1 week before and 2 weeks following the procedure. It has also been suggested
that PRP should be performed in combination with an appropriate strengthening program, beginning 2 to 3 weeks after the
procedure. A more extensive discussion of these techniques is beyond the scope of the current chapter.
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Figure 14.23. Hamstring PRP injection. A: Marked tendinosis at the hamstring origin (arrow) on coronal proton density image. I,
ischium.
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Figure 14.23. (Continued) B: A 22G spinal needle (N) has been positioned in the hamstring tendon origin (T) in long axis while
mechanically fenestrating the tendon. C: During injection of the PRP, microbubbles within the injectate distribute throughout the
tendon often as far proximal as the myotendinous junction (arrows), providing an indirect measure of the distribution of injected
material within the tendon/muscle complex.
Tip:

Intratendinous injections of PRP should be performed in combination with intratendinous fenestration to promote bleeding
and initiate an inflammatory response.
Patients should avoid NSAIDS immediately, 1 week prior to and for 2 weeks following the procedure.

PERINEURAL INJECTIONS
Ultrasound has shown promise in evaluating and treating patients with painful lesions of peripheral nerves
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due to compressive neuropathies, such as in carpal or cubital tunnel syndromes, or in cases of post-traumatic/postsurgical
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neuromas.57,58,59 Injections include nerve blocks with long-acting anesthetic, therapeutic injections using an injectable steroid, or
neurolytic therapy with an agent that promotes cellular death such as absolute ethanol.60,61,62,63 A rapidly absorbed injectable
steroid, such as dexamethasone, may be preferable for superficial lesion to minimize potential complications such as
depigmentation or atrophy of the subcutaneous fat.
A thorough knowledge of the normal sonographic appearances of nerves and their anatomic course is a prerequisite.64 In the case
of small sensory nerves, which can be difficult to visualize, knowledge of the anatomic relationships of the nerves to adjacent
anatomic compartments is of value. Nerves are best visualized in short axis as clusters of hypoechoic fascicles with echogenic
septations (endoneurium), which have a surrounding echogenic epineurial sleeve. An enlarged hypoechoic nerve may indicate
neuritis. A focal hypoechoic nodule may represent a neuroma.
Ultrasound allows direct targeting of the perineural soft tissue or a neuroma for injection (Fig. 14.24). The nerve is best approached
in short axis, usually with a 1.5″ 25G needle or occasionally a spinal needle. In the case of a perineural injection, it is helpful to
position the needle in close proximity to the nerve, injecting small amounts of anesthetic until a clear-cut fluid plane outlining the
epineurium is evident. When this is achieved, the therapeutic mixture can be instilled. The same procedure is employed when
performing ultrasound-guided neurolytic therapy. I generally inject a mixture of long-acting anesthetic with a total of 0.5 to 1 mL
of absolute ethanol for peripheral nerve lesions. Absolute ethanol may require multiple injections and produce a marked
postinjection inflammatory response that can last for several days. The volume injected is variable and generally does not exceed 1
mL. Multiple small injections (0.25 to 0.5 mL) have been advocated for Morton neuromas.

Figure 14.24. Perineural injection. A: Postsurgical neuritis of the superficial peroneal nerve (arrow) following anterior compartment
release surgery. B: A 25G 1.5″ needle (N) is placed adjacent to the deep surface of the nerve under ultrasound guidance. A small test
injection with local anesthetic confirms perineural distribution. C: The needle has been removed following perineural injection with
0.75% bupivacaine and dexamethasone. Notice the distribution of injected material (short arrows) circumferentially about the nerve
(N).
When performing either radiofrequency (RF) ablations or cryoablations, it is recommended that a proximal nerve block is
performed before the ablative procedure.40,62,63,64 The cryo- or RF probe is placed either in the lesion or contiguous with the
nerve, and a variable number of applications are performed to obtain adequate intralesional coverage (Fig. 14.25). Potential
complications of
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RF and alcohol ablation include neuritis and neuroma formation. Pulse RF is postulated to be safer than traditional RF ablation. It
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is efficacious for cervical radicular pain, but in lumbar facet arthropathy and trigeminal neuropathy, results are not equal to
traditional RF ablation. The optimal method for performing RF ablation has not been fully elucidated.

Figure 14.25. Cryoablation. A 27-year-old female with development of scar encasement of the saphenous nerve following
arthroscopic surgery for meniscal repair. Patient had saphenous nerve neurectomy with development of perineural scarring at the
stump site within the adductor canal. A: Baseline FSE axial T1 MR scan depicts linear low signal intensity scar formation involving
the saphenous nerve (arrow). B: Transverse sonogram shows hypoechoic stump neuroma (arrow) corresponding to abnormality seen
on MR. C: A 17G trochar tip cryoablation probe (P) has been positioned into the stump neuroma. D: Formation of an ice ball
(arrows) at the probe tip is evident with the appearance of an irregular curvilinear reflector with dense posterior shadowing.
In an animal model, controlled cryoinjury to the nerves results in total degeneration of the myelin fibers. Non-myelin fibers and
vessels are less affected. Regeneration follows the injury, as the Schwann cell basal lamina is spared and provides the structure for
regeneration. When the endoneurium is spared, neuroma formation does not occur. Early regeneration begins 2 weeks after
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freezing. The time to total regeneration is related to the rate of axonal regrowth and the distance of the cryo-produced lesion from
the end organ.63,65,66 It is postulated that cryotherapy will have fewer negative outcomes than other methods of nerve ablation. I
perform cryoablation using a 17G trocar tip catheter positioned at the lesion with a co-axial technique.42 Once localized, the trocar
is removed and replaced by a cryo-probe followed typically by two to four freeze cycles of 3-minute duration with short (<1
minute) intervening passive thaw cycles. The goal is to encompass the entire lesion with ice. The principal complication is skin
necrosis, which can potentially occur for superficial lesions. This can usually be avoided by observing for ischemic changes that
appear as a transient blanching of the skin.
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Figure 14.26. Biopsy of recurrent malignant fibrous histiocytoma. A: Colorized grayscale image obtained in the right forearm shows
a hypoechoic mass deep to the ulnar artery (ua) and nerve (un), displacing the flexor carpi ulnaris muscle. B: A 12G biopsy needle
(N) with a 2-cm throw is used to obtain a core specimen. The needle is shown immediately following specimen acquisition
contained within the lesion and avoiding the neurovascular structures.
Tip:

Prior to perineural therapeutic injection, inject with local anesthetic to dissect a plane adjacent to epineurium.
Use of a co-axial technique can be of value in ablative therapy to minimize extralesional soft tissue damage.

ULTRASOUND-GUIDED SOFT TISSUE BIOPSIES
Ultrasound guidance has been advocated for percutaneous biopsies of soft tissue masses. Ultrasound-guided biopsies have high
sensitivity and specificity when compared to surgical pathology and long-term follow-up.67,68 Soft tissue extension of a bone
tumor is also amenable to percutaneous ultrasound-guided biopsy (Figs. 14.26 and 14.27). Biopsy of soft tissue masses should be
preceded by local staging and discussion with the surgical oncologist who will perform definitive surgery. The biopsy track should
be chosen to ensure that it does not compromise definitive surgery and will be excised at the time of surgery. The majority of
biopsies are performed using local
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anesthetic alone. Small peripheral biopsies (e.g., giant cell tumor of tendon sheath at the distal interphalangeal joint) may benefit
from a proximal regional nerve block to make the procedure more comfortable for the patient, although in most cases this is not
necessary. The principal advantages of ultrasound are the ability to localize potentially high-yield portions of the mass such as
solid or more vascular components as well as avoiding necrotic fluid-filled areas and neurovascular structures. An automatic or
semiautomatic biopsy gun with a cutting needle of at least 16G caliber is typically used (Fig. 14.28). The throw of the needle must
be selected to fall within the mass. Use of an introducer containing a trocar tip can be of value in minimizing trauma and
minimizing the possibility of tumor seeding of the biopsy track.
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Figure 14.27. A 35-year-old pregnant female with bone tumor diagnosed on limited radiographs of the forearm. To limit radiation
dose, ultrasound-guided biopsy was performed following discussion with the referring tumor surgeon. A: Long-axis view of the
ulnar diaphysis shows displacement of the periosteum by a soft tissue mass (arrows). In addition to the soft tissue mass, spicules of
periosteal new bone are seen in close relation to the native cortex.
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Figure 14.27. (Continued) B: Biopsy of the soft tissue component was performed using a 14G biopsy gun with a 1-cm throw.
Histologic diagnosis was periosteal osteosarcoma.
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Figure 14.28. Exposure of sample surface of cutting needle from a 16G biopsy gun. Activation of the cutting cylinder results in
capture of the specimen within the sample surface of the needle.
SUMMARY
Ultrasound provides several distinct advantages as a guidance method for therapeutic injections. Observing and adjusting the
needle position in real time ensures that therapeutic injections are delivered accurately and other structures such as neurovascular
bundles are avoided. As clinical examples have shown, the current generation of ultrasound scanners provides excellent depiction
of the relevant anatomy. The needle has a unique sonographic appearance and can be monitored in real time, as can the steroid-
anesthetic injection. The same principles apply to ultrasound-guided aspirations and biopsies. Given these advantages, ultrasound
guidance should be the method of choice to perform a large variety of guided musculoskeletal interventions.
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