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Abstract

Targeted ultrasound of the median, ulnar, and radial nerves is a well-established technique for suspected upper extremity
peripheral neuropathy. However, sonographic imaging of the brachial plexus and smaller peripheral nerve branches is more
technically difficult and the anatomy is less familiar to many radiologists. As imaging techniques improve, many clinicians refer
patients for imaging of previously less-familiar structures. In addition, some patients may present with injuries that could involve
local neurovascular structures. Finally, patients presenting with isolated peripheral neuropathies may be referred for perineural
injections with local anesthetic for diagnostic purposes, or steroid for therapeutic reasons. This requires sonologists to have a firm
understanding of the courses of these nerves and the surrounding anatomic landmarks that can be used to accurately identify and
characterize them. We discuss clinical syndromes referable to specific peripheral nerve branches in the upper extremity, the

relevant anatomy, and sonographic technique.
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Introduction

The major peripheral nerves of the upper extremity may be
injured by tumor, penetrating trauma, iatrogenic causes, or in
the setting of overuse syndromes. Ultrasound has the capabil-
ity to identify subtle peripheral nerve abnormalities in the
absence of electrodiagnostic findings, such as in clinically
diagnosed carpal tunnel syndrome [1]. Nerve entrapment
within fibro-osseous tunnels such as Guyon’s canal and the
cubital and carpal tunnels are well known entities to most
radiologists who routinely perform musculoskeletal ultra-
sound [2]. Additionally, the relatively large caliber of these
nerves makes them readily identifiable [3]. In contradistinc-
tion, the brachial plexus and upper extremity peripheral nerve
branch anatomy is more complicated and less commonly en-
countered in daily clinical practice. Furthermore, the small
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caliber of peripheral nerve branches makes them more diffi-
cult to identify and differentiate from surrounding tissues.
Normal peripheral nerves may be readily identified by their
characteristic echotexture, differentiating them from surround-
ing connective tissue, tendons, and vessels. High-frequency
(12-18 MHz) linear transducers optimize spatial resolution
when evaluating these superficial structures. Occasionally,
the authors have found that the added spatial resolution of a
higher frequency transducer, such as a 24-MHz transducer
(Toshiba Aplio 1800, Irvine, CA, USA) may provide addition-
al information about the fascicular architecture of superficial
peripheral nerves or their surrounding structures. Small foot-
print transducers such as a “hockey stick” transducer may be
helpful when evaluating nerve branches in the hand or wrist
where the surface anatomy complicates use of a standard lin-
ear transducer. Hypoechoic fascicles are surrounded by
hyperechoic epineurium and perineurium. In short axis this
results in a honeycombed, fasciculated appearance, which
helps distinguish nerves from surrounding connective and soft
tissue (Fig. 1a). Once a nerve is identified in short axis, it is
best followed proximally or distally in short axis. A site of
suspected pathology can then be further characterized by im-
aging the nerve in long axis [3]. In the long axis, normal
nerves demonstrate a parallel arrangement of tubular
hypoechoic fascicles with interspersed linear areas of

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00256-018-3028-z&domain=pdf
mailto:jonathan.youngner@northwestern.edu

Skeletal Radiol (2019) 48:57-74

Cranial - A—

| ——
Median
Nerve

Fig. 1T Normal sonographic appearance of a nerve. Transverse (a) and
longitudinal (b) sonographic images of the median nerve (arrowheads)
obtained at the level of the wrist with a 24-MHz transducer demonstrate
the normal honeycombed, fasciculated appearance typical of peripheral
nerves

echogenic connective tissue (Fig. 1b). This distinct
echotexture allows differentiation from tendons, that appear
more fibrillated and hyperechoic. Peripheral nerve pathology
may manifest as abnormal course or caliber, disrupted fascic-
ular architecture or echogenicity, or frank discontinuity of a
nerve [4]. It should be noted that anisotropy is a potential
pitfall when imaging peripheral nerves. Proper sonographic
technique requires a perpendicular angle of insonation with
respect to the nerve. If the nerve is imaged even slightly off
of the perpendicular, fewer sound waves are reflected back to
the transducer resulting in a falsely hypoechoic appearance of
the nerve [5]. Finally, comparison to the contralateral, asymp-
tomatic upper extremity may enhance the sonologist’s diag-
nostic confidence regarding a particular finding associated
with the nerve of interest [6].

Peripheral nerve evaluation with ultrasound may be more
limited when imaging deep structures, possibly necessitating a
lower frequency probe. Furthermore, gas, bone, and surgical
material may create artifact that obscures evaluation of the
target nerve. Knowledge of sonographic landmarks, particu-
larly osseous landmarks, can aid in identifying peripheral
nerves and guiding procedures, such as image-guided periph-
eral nerve blocks. In cases of motor nerve pathology, the mus-
cles supplied by a particular affected nerve may become
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atrophied and fatty infiltrated, which can be detected
sonographically. Thus, the distribution of affected muscles
can suggest a particular peripheral neuropathy even if the
nerve of interest demonstrates a normal sonographic appear-
ance. We describe the relevant anatomic landmarks that may
be utilized to evaluate less commonly assessed upper extrem-
ity peripheral nerve branches and present cases of peripheral
nerve pathology along with a discussion of their associated
clinical syndromes.

Ultrasound-guided peripheral nerve
perineural injections

Ultrasound-guided perineural injection of local anesthetic is a
well-established technique amongst anesthesiologists to
achieve regional anesthesia for upper extremity surgery [7].
Radiologists also often perform upper extremity peripheral
nerve perineural injections for diagnostic purposes utilizing
local anesthetic or for therapeutic purposes utilizing steroids.
Standard sterile technique, including draping the ultrasound
transducer with a sterile cover, is utilized for these injections.
We typically utilize a 25-gauge needle for these injections,
although a 22-gauge spinal needle may occasionally be used
if a longer needle trajectory is necessary. The nerve in question
may be identified utilizing the landmarks and techniques
discussed in this review. Next, the needle trajectory should
be determined with care to avoid vessels, tendons, and other
vital structures that could be injured during needle insertion.

Two needle approaches commonly used are the “in-plane”
and “out-of-plane” techniques. The “in-plane” technique in-
volves positioning the ultrasound probe transversely with re-
spect to the nerve so that a “short-axis” view of the nerve is
obtained. The needle tip is then advanced in parallel to the
probe’s long axis (Fig. 2a). The “out-of-plane” approach in-
volves advancing the needle perpendicular to the probe’s long
axis. The “in-plane” approach is preferred because the entire
length of the needle is visualized during the injection (Fig. 2b).
With the “out-of-plane” approach, only the needle tip is well
visualized, appearing as an echogenic “dot”, and the depth of
the needle is more difficult to accurately assess [8].
Occasionally, a small anatomic window due to adjacent vas-
cular structures or other regional anatomy precludes the longer
needle trajectory required by the “in-plane” approach. In these
cases, the “out-of-plane” approach is a valuable technique for
proceduralists, for example when accessing the small joints of
the hands (Fig. 2f). The authors routinely utilize color Doppler
in order to distinguish small vessels from peripheral nerve
branches.

Once the needle trajectory is determined, 1% lidocaine may
be used to achieve cutaneous/subcutaneous anesthesia and the
needle should be advanced to a perineural location with the
needle bevel facing the nerve. We typically perform a
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Fig. 2 Perineural injection in a
42-year-old male with
Wartenberg’s syndrome who was
referred for perineural steroid
injection. a Transducer and
needle positioning for perineural
injection of the superficial branch
of the radial nerve utilizing the “in
plane” approach. b “In plane”
approach with a 22-gauge needle
(short arrows) demonstrates
perineural location of the needle
in order to perform a test injection
around the nerve (long arrow). ¢
Test injection with 1% lidocaine
demonstrates a small hypoechoic
collection (short arrow) adjacent
to the superficial branch of the
radial nerve confirming the needle
tip’s perineural location (long
arrow). d, e Injection of a mixture
of 1% lidocaine and 40 mg
triamcinolone results in a
hypoechoic halo (short arrows)
surrounding the nerve with the
needle tip (long arrow) in a
perineural location. f Transducer
and needle positioning for “out of
plane” approach to the
metacarpophalangeal joint

perineural test injection with 1% lidocaine to confirm free
epineural flow of injectate (Fig. 2c). The patient should not
experience pain at any point during the procedure, which
could indicate intraneural positioning of the needle. If this
occurs, the needle tip should be adjusted in order to achieve
epineural positioning before proceeding. Once epineural po-
sitioning of the needle tip is confirmed, the injection may be
performed with longer acting local anesthetic and/or steroids
[9]. Anesthesiologists typically inject a volume of 3—5 ml to
achieve regional anesthesia [8]. Smaller volumes are typically
required for diagnostic or therapeutic purposes. The desired
result is a hypoechoic halo of injectate surrounding the nerve.
Repositioning of the needle may be required to achieve cir-
cumferential perineural injection.

Corticosteroid selection may differ between institutions al-
though triamcinolone and betamethasone are most commonly
utilized. Although both preparations contain particulate ste-
roids, betamethasone also comprises a soluble component.
While this increased solubility may decrease potential
cutaneous/subcutaneous side effects, it also decreases duration

of activity in the soft tissues [10]. The authors prefer to include
triamcinolone in our perineural injections due to its longer
duration of activity in the perineural soft tissues. At our insti-
tution, we typically inject 1-2 ml of .75% bupivacaine for
diagnostic purposes or a 2 ml mixture of .75% bupivacaine
and 40 mg triamcinolone for therapeutic injections.

The patient may experience numbness and/or weakness in
the expected nerve distribution, indicating a successful injec-
tion. The risk of direct nerve damage should be discussed with
the patient; however, adhering to the technique and precau-
tions we describe here mitigates this risk. Cosmetic consider-
ations should also be discussed with the patient, particularly
when performing perineural injections close to the skin sur-
face. As the needle is withdrawn, leakage of steroid into the
subcutaneous tissues could potentially result in atrophy of the
subcutaneous fat or alterations in skin pigmentation [10].
Although rare, the authors mitigate this potential risk by flush-
ing the needle with additional local anesthetic at the conclu-
sion of the injection.
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Fig. 3 Brachial Plexus. a Anatomy. b Transverse sonographic image of a
normal brachial plexus demonstrates the relatively diminutive and
symmetric anterior and posterior processes of the C6 vertebral body
(arrows). ¢ Transverse transducer positioning at the level of C7. d
Corresponding sonographic image at the C7 level demonstrates the
characteristic enlarged posterior process (arrow). e Transverse image of
the brachial plexus (arrows) at the level of the interscalene groove. f
Sonographic image at the periclavicular level demonstrates the
subclavian artery (SA) with overlying “cap” of a normal brachial plexus
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(arrow). g A 35-year-old woman presented with left neck pain and
swelling. Targeted ultrasound demonstrates asymmetric enlargement of
the left brachial plexus fascicles (arrow) as they exit the interscalene
groove. h Normal caliber right brachial plexus fascicles (arrow) as they
exit the interscalene groove on the unaffected side in the same patient. i A
23-year-old man presented for evaluation after suspected posttraumatic
plexopathy and suspected nerve root traction injury. Ultrasound
demonstrates a thickened and hypoechoic left C5 nerve root (arrows). j
Normal caliber C6 nerve root in the same patient (arrows)
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Fig. 4 Spinal accessory nerve a
Anatomy. b Transducer
positioned transversely with
respect to the SAN. ¢
Corresponding sonographic
image demonstrates a normal
SAN (arrow) traversing the
posterior triangle of the neck
between the sternocleidomastoid
muscle (SCM) and trapezius
muscle (TRAP). d 45-year-old
male who suffered severe, but
clinically incomplete left SAN
injury during resection of a
sebaceous cyst. Ultrasound of the
left posterior triangle oriented in
long axis with respect to the nerve
demonstrates focal enlargement
(long arrows) and suspected
discontinuity (short arrows) of

Accessory
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Omohyoid
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the SAN. Intraoperatively, the
region of interest was
characterized as a neuroma-in-
continuity, electrical stimulation
of the nerve demonstrated
preserved nerve function, and
neurolysis was performed

Specific nerves
Brachial plexus

The complex anatomy of the brachial plexus can be daunting
for even the experienced sonographer. Standard brachial plex-
us anatomy comprises the ventral rami of the C5-T1 nerve
roots, which then exit the cervical vertebral foramina and enter
a groove between the anterior and middle scalene muscles.
Peripherally they divide proximally into superior, middle,
and inferior trunks (Fig. 3a). Nerve roots C5 and C6 contribute
to the superior trunk, combining near the middle scalene mus-
cle’s medial border. The C7 root forms the middle trunk and
roots C8 and T1 combine to form the inferior trunk. Each
trunk divides into anterior and posterior divisions as they pass
posterior to the mid clavicle, through the interscalene groove.
The divisions combine to form lateral, posterior, and medial
cords, which are named due to their relationship with respect
to the axillary artery. The lateral cord comprises the anterior
divisions of the superior and middle trunks; the posterior cord
comprises the posterior divisions of all three trunks, and the
medial cord comprises the anterior division of the inferior
trunk. Finally, the terminal branches emerge from the cords.
Specifically, the musculocutaneous nerve and lateral portion
of the median nerve arise from the lateral cord, the radial and
axillary nerves arise from the posterior cord, and the ulnar

nerve and medial portion of the median nerve arise from the
medial cord [11]. It should be noted that brachial plexus anat-
omy is highly variable, and may even vary from side to side in
the same patient. A study of spontaneously aborted human
fetuses demonstrated almost 54% variation from the standard
brachial plexus anatomy with contributions from C4 and T2
accounting for the most common variants [12]. Other com-
mon variations include a C7 contribution to the
musculocutaneous nerve, the musculocutaneous nerve con-
tributing to the median nerve, or the long thoracic nerve pierc-
ing the middle scalene muscle [13].

Brachial plexopathy typically manifests with ipsilateral up-
per extremity pain, paresthesias, or weakness. The brachial
plexus may be affected by a variety of underlying pathologies
including inflammatory disorders such as idiopathic brachial
neuritis (Parsonage—Turner syndrome), mass effect from met-
astatic disease or other tumors, intrinsic tumors of the brachial
plexus such as nerve sheath tumors, radiation therapy, and
trauma. Pain and motor weakness are the predominant clinical
findings for many brachial plexopathies. Sensory symptoms
may predominate in the setting of radiation-induced
plexopathy and thoracic outlet syndrome [14].

Several key landmarks serve to simplify sonographic eval-
uation of the brachial plexus. The cervical spine transverse
processes have anterior and posterior tubercles, between
which the nerve roots pass as they exit the spinal canal. The
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Fig. 5 Musculocutaneous Nerve
a Anatomy b Transducer
positioned transversely with
respect to the musculocutaneous
nerve in the upper arm. ¢
Longitudinal sonographic image
of the musculocutaneous nerve

a

Musculocutaneous
Nerve

Coracobrachialis
Muscle

Lateral Antebrachial
Cutaneous Nerve

(arrows) in the mid upper arm Brachialis
coursing between the biceps and Muscle
brachialis muscles. d Transverse
sonographic image above the
level of the elbow demonstrates a
normal musculocutaneous nerve
(arrow) lateral to the biceps
tendon (BT). e A 43-year-old
male presented with a palpable ifﬁ
abnormality of the proximal 1
upper arm. Longitudinal

}—\

sonographic image over the

palpable abnormality
demonstrates an ovoid mass
(short arrows) in continuity with
the musculocutaneous nerve
(long arrows). f Corresponding
axial T2 fat-saturated MR image
demonstrates the mass (arrow)
located along the coracobrachialis
muscle. The patient decided to be
treated conservatively precluding
a pathologic diagnosis, however
the mass demonstrates a
hyperintense rim and central
hypointense signal consistent
with a “target” sign typical of
peripheral nerve sheath tumors.
At a histologic level, the
hyperintense rim is thought to
comprise hypocellular Antoni
type B cells while the central
hypointense signal is a result of
more cellular Antoni type A cells
[19]

mid and lower cervical vertebrae typically demonstrate ante-
rior and posterior processes that are similar in size (Fig. 3b).
However, the C7 transverse process is recognizable since it
has a larger posterior process and a diminutive anterior pro-
cess (Fig. 3d). This morphology helps orient the sonographer
to the appropriate cervical spine level when assessing brachial
plexus pathology. More distally, the brachial plexus can be
identified in the interscalene groove with the middle scalene
muscle located posterior to the anterior scalene [15] (Fig. 3e).
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In the periclavicular region, the nerves of the brachial plexus
form a “cap” over the artery, and can be found slightly cranial
and posterior to the subclavian artery (Fig. 3f).

Spinal accessory nerve (SAN)

This motor nerve innervates the sternocleidomastoid (SCM)
and trapezius muscles. Due to its superficial location, iatro-
genic nerve injury may result from neck dissection. The nerve
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Fig. 6 LABN. a Transducer
positioned transversely with
respect to the nerve in the
antecubital fossa. b Transverse
sonographic image obtained with
a 24-MHz transducer
demonstrating a normal LABN
(arrow) deep to the cephalic vein
(CV) and superficial to the biceps
tendon (BT). ¢ Longitudinal
sonographic image in a 38-year-
old male who presented with
suspected lateral antebrachial
cutaneous nerve injury following
venipuncture due to paresthesias
in the expected nerve distribution.
A normal appearing nerve is
identified deep to the cephalic
vein, however a focal hypoechoic
segment (arrow) indicates the site
of injury. d Transverse
sonographic image in the same
patient demonstrates the
abnormal segment (arrow). The
patient reported paresthesias with
graded compression over this
region, further supporting the
clinical significance of this
finding. e Comparison to the
asymptomatic contralateral side in
the same patient demonstrates a
normal caliber nerve (arrowhead)
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is intentionally resected during radical neck dissection, which
can result in significant functional impairment [16]. Trapezius
muscle atrophy may lead to shoulder girdle depression, scap-
ular dyskinesis, and reduced active shoulder abduction. The
SCM acts to elevate the rib cage during activities such as
breathing. It also rotates the head to the contralateral side
and flexes the head to the ipsilateral side. Dysfunction of this
nerve can lead to an inability to rotate or flex the head to the
side and difficulties in respiration [17]. SCM weakness is a
sign of more superior SAN injury above the level of the pos-
terior triangle. [18]. SAN sparing procedures such as modified
radical and selective neck dissection aim to avoid these com-
plications, although the nerve may be unintentionally injured
during these surgeries as well. Direct blunt or penetrating
trauma may also result in SAN impairment [16].

The SAN descends from the jugular foramen into the pos-
terior triangle of the neck. This anatomic space is bounded
superiorly by the confluence of the SCM and trapezius mus-
cle, anteriorly by the SCM, posteriorly by the trapezius mus-
cle, and inferiorly by the clavicle (Fig. 4a). Sonographically,
the SAN can be found at the lateral posterior border of the
SCM where it enters the posterior triangle and courses inferi-
orly between the SCM and the levator scapulae muscle.

. -~
Ulnar g

Distally, the SAN travels along the anterior border of the tra-
pezius muscle in the lower third of the neck (Fig. 4c) [16].

Musculocutaneous nerve

The musculocutaneous nerve is one of the terminal branches
of the lateral cord, generally receiving C5 and C6 nerve root
fibers (Fig. 5a). It is a mixed sensory and motor nerve and
provides motor innervation to the coracobrachialis, brachialis,
and biceps brachii muscles before piercing the antebrachial
fascia. After arising from the lateral cord, the nerve pierces
the coracobrachialis muscle where it may be entrapped. It is
susceptible to traction injuries, resulting in biceps brachii and
brachialis muscle weakness and difficulties in elbow flexion
[20]. More distally, it courses between the brachialis and bi-
ceps brachii muscles (Fig. 5¢). On ultrasound, the nerve can be
identified as it emerges between the brachialis and biceps
brachii muscles and then courses lateral to the biceps brachii
tendon above the level of the elbow (Fig. 5d). This nerve has a
number of variations, such as receiving a contribution from
the C7 nerve root as well as communicating with the median
nerve. In a small number of patients the nerve may even be
absent [21]. To perform a perineural injection the patient can
be positioned with the arm abducted to 90 degrees and slightly
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Fig. 7 Median Nerve a Anatomy a
b Transverse sonographic image
just above the elbow
demonstrates a normal median
nerve (arrow) between the biceps
and brachialis muscles. ¢
Transducer positioned
transversely with respect to the
median nerve at the level of the
elbow. d Corresponding
transverse sonographic image
obtained with a 24-MHz
transducer at the level of the el-
bow demonstrates a normal
median nerve (arrowheads)
coursing between the humeral and
ulnar (short arrows) heads of the
pronator teres muscle. e
Longitudinal sonographic image
obtained with a 24-MHz

Coracobrachialis
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Brachialis
Muscle
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transducer at the level of the
elbow demonstrates a normal
median nerve (arrowheads)
coursing between the humeral and
ulnar heads of the pronator teres
muscle

externally rotated. The transducer is positioned along the short
axis of the arm to give a cross-sectional image of the nerve.
Once the nerve is identified the needle can be advanced using
an anterior/cephalic in-plane approach through the biceps
muscle to the margin of musculocutaneous nerve where the
local anesthetic/steroid is injected.

Lateral antebrachial cutaneous nerve (LABN)

The musculocutaneous nerve gives rise to the LABN, which
provides sensory innervation to the volar and radial aspects of
the forearm (Fig. 5a). Injury to this nerve during venipuncture,
distal humerus fracture, proximal radius fracture, and distal
biceps tendon rupture or repair may result in pain or paresthe-
sias along the lateral forearm. More proximal injury to the
musculocutaneous nerve may result in mixed motor and sen-
sory symptoms, with paresthesias along the distribution of the
LABN. The LABN is identified by first placing the transducer
transversely in the antecubital fossa and locating the biceps
tendon. The nerve can be seen along the lateral superficial
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margin of the biceps tendon and deep to the cephalic vein in
most cases [22] (Fig. 6b).

Pronator Teres syndrome

The median nerve is the other terminal branch of the lateral
cord (Fig. 7a). It travels lateral to the brachial artery in the
medial upper arm before entering the antecubital fossa deep
to the bicipital aponeurosis. The nerve can be identified prox-
imal to the elbow as it courses between the biceps brachii and
brachialis muscles (Fig. 7b). The nerve then courses between
the ulnar and humeral heads of the pronator teres muscle at the
level of the elbow (Fig. 7d, e). Compression at this location
may result in volar elbow or forearm paresthesias accompa-
nied by pain. Similar symptoms in the hand may affect the 1st
through 3rd digits and radial half of the 4th digit. Clinically,
hand symptoms may be confused with carpal tunnel syn-
drome, however, Tinel’s sign in the wrist may be absent in
patients with pronator teres syndrome [23]. Focal manual
compression over the pronator teres muscle may provoke
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Fig. 8 Anterior interosseous a
nerve. a Anatomy. b Transverse
sonographic image at the level of M::ir:g
the antecubital fossa demonstrates
a normal median nerve (arrow) Pm.?:::;
ulnar to the brachial artery (BA). ¢ Muscle
Transducer positioned Anteri

N nterior
transversely with respect to the Interosseous

AIN in the distal forearm. d

Nerve

Transverse sonographic image
more distally demonstrates a
normal AIN (arrow). e
Sonographic evaluation in a 50-
year-old male who presented after d){}%s £

a bicycle collision demonstrates a &d)

hypoechoic segment of the AIN - /

(long arrow) with normalization &&

distally (short arrow). £ Z f f y

Transverse sonographic i i 2
graphic image in I/ 7

the same patient at the level of the v,
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distal forearm demonstrates

increased echogenicity of the
pronator quadratus (arrow)
consistent with fatty infiltration
secondary to denervation

symptoms in the affected arm and reproducible symptoms
with resisted pronation of the forearm may provide further
clinical evidence to support the pronator teres as the site of
entrapment. Resisted elbow flexion with the elbow fully supi-
nated can assess whether the lacertus fibrosis is the site of
entrapment [24]. At the level of the elbow with the arm
abducted and supinated, the median nerve can be located me-
dial to the brachial artery. To perform a perineural injection the
transducer can be positioned transverse to the long axis of the

nerve in plane with the needle path. The needle can be ad-
vanced using an ulnar to radial approach to the surface of the
nerve where the medications can be delivered [25]. Similarly,
perineural injections of the median nerve can be performed
more distally in the mid-forearm, distal to the anterior
interosseous nerve and proximal to the palmar cutaneous
branch of the median nerve. Perineural injections may be
technically easier at this level than more proximal injections
since the nerve does not generally closely travel with adjacent
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Fig. 9 Palmar cutaneous branch

of median nerve a Anatomy b a
Transducer positioned Median
transversely with respect the Nerve
nerve proximal to the wrist. ¢ Flexor Carpi
Corresponding transverse Radialis
sonographic image at the level of Muscle
the distal forearm obtained with a

Palmar
24-MHz transducer demonstrates Cutaneous

a normal palmar cutaneous
branch (arrow) along the radial
aspect of the median nerve (MED
NV) and adjacent to the flexor
carpi radialis tendon (FCR). d
Transverse sonographic image in
a 35-year-old massage therapist
who presented with thenar
eminence pain, demonstrates an
enlarged, hypoechoic palmar
cutaneous branch (arrow),
asymmetric when compared to
the unaffected side (image not
shown)

Nerve

Flexor
Retinaculum

Palmaris
Longus
Muscle

D.C.Botos.2018
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vessels. Using a transverse, in-plane approach the needle is
advanced to the deeper margin of the nerve so that is directed
away from any regional arteries. Once a portion of the
injectate is administered the needle tip can be repositioned to
the more superficial surface of the nerve to allow circumfer-
ential perineural injection [26].

Anterior interosseous nerve (AIN)

The median nerve gives rise to the AIN between the heads of the
pronator teres muscle before it courses along the anterior
interosseous membrane (Fig. 8a). The AIN is a motor nerve
innervating the pronator quadratus, flexor pollicis longus, 2nd
and 3rd flexor digitorum longus muscles. Enlargement of the
bicipital bursa, repetitive elbow flexion, or compression between
the pronator teres muscle heads may irritate this nerve leading to
muscle weakness, denervation edema or atrophy, and inability to
appose the 1st and 2nd digits [27]. Muscle weakness as opposed
to paresthesias distinguishes this entity from pronator teres syn-
drome [24]. The transducer is placed transversely over the
antecubital fossa to identify the median nerve, which is seen
along the ulnar aspect of the brachial artery (Fig. 8b).
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Advancing the transducer distally enables visualization of the
AIN as it arises at the level of the pronator teres muscle.
Isolated atrophy and fatty infiltration of the pronator quadratus
muscle may be seen in patients with AIN pathology (Fig. 8f).

Palmar cutaneous branch of the median nerve

This nerve branch arises in the distal forearm between the
palmaris longus and flexor carpi radialis muscles before
emerging from the flexor retinaculum (Fig. 9a). The palmar
cutaneous branch most commonly arises 5 cm proximal to the
wrist and courses ulnar to the flexor carpi radialis tendon
between the flexor carpi radialis and palmaris longus tendons.
The palmar cutaneous branch usually arises from the volar/
radial surface of the median nerve. However, in a few people it
may arise from the ulnar surface [28]. Rarely, it has been
reported to cross the volar surface of the flexor carpi radialis
tendon so that is courses radial to the tendon [29]. It is a
sensory nerve innervating the mid proximal palm and thenar
eminence. The nerve may be injured by direct trauma due to
its superficial location and is also vulnerable to iatrogenic
injury during carpal tunnel release, resection of volar ganglia,
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Fig. 10 Recurrent branch of

median nerve a Anatomy b a
Transducer positioned Median
transversely with respect to the Nerve
recurrent branch. ¢ Recurrent
Corresponding 24-MHz Nerve
transverse sonographic image of a

normal recurrent branch (arrow)
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pollicis brevis muscle (FBP). d Pﬂﬁi)::‘i);
24-MHz longitudinal Brevis
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dives into the thenar musculature
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and tendon transfer. Hyperesthesias or sensory loss over the
thenar eminence may indicate injury to this nerve [30]. Due to
the fact that median nerve and palmar cutaneous branch pa-
thology may result in a similar distribution of sensory impair-
ment, ultrasound may help distinguish between these two en-
tities in order to better target therapeutic management. To
identify this branch, first identify the median nerve in the
forearm as it passes between the flexor digitorum superficialis
and flexor carpi radialis tendons (Fig. 9b). The palmar cuta-
neous branch arises from the radial aspect of the median
nerve. As with other peripheral nerve perineural injections,
the transducer is positioned along the short axis of the nerve
and the needle is advanced to the margin of the nerve using an
in-plane technique. Either a radial or ulnar needle approach
may be selected.

Recurrent (thenar) branch of median nerve

This branch typically arises distal to the flexor retinaculum
and provides motor innervation to the superficial head of the
flexor pollicis brevis, abductor pollicis brevis, opponens
pollicis, and occasionally the 1st dorsal interosseous muscle
(Fig. 10a). A variant origin of the nerve within the carpal

FPL Tendon T
-

AX

e —
(superficial Head)
—

_—

Rroximal

FPB (Deep Hectcl)

tunnel and trans-retinacular course of the nerve have been
described [31]. Carpal tunnel release and compression by gan-
glia may injure this nerve resulting in isolated wasting of the
thenar eminence [32]. Injury of this nerve can significantly
impact the thenar musculature and decrease opposition of
the thumb. The nerve is often referred to as the “million dollar
nerve” since iatrogenic injuries have led to large monetary
compensations following litigation. To identify this nerve,
the median nerve should be identified in the carpal tunnel.
The recurrent branch is usually found arising distal to the
flexor retinaculum and typically from the volar or radial as-
pects of the median nerve. Occasionally, it may originate from
the ulnar margin of the median nerve before entering the the-
nar musculature [31].

Palmar branch of the ulnar nerve

This branch nerve arises from the ulnar nerve in the distal
forearm, approximately 5 cm proximal to the wrist
(Fig. 11a). It can be identified within Guyon’s canal, between
the pisiform medially and the ulnar artery laterally (Fig. 11c).
It then splits into deep motor and superficial sensory nerves
within Guyon’s canal [23]. Most commonly, this nerve may be
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Fig. 11 Palmar branch of ulnar a
nerve a Anatomy b Transducer
positioned transversely with
respect to the palmar branch. ¢ 24-
MHz transverse sonographic
image at the level of Guyon’s
canal demonstrates a normal
palmar branch (long arrow) radial
to the pisiform (PIS) and ulnar to
the radial artery (short arrow). d
Transverse sonographic image in
a 30-year-old male hockey player
who presented with pain and
numbness after direct trauma with
a hockey stick. The palmar branch
(arrow) is identified adjacent to a
partially hypoechoic mass. e
Color Doppler interrogation
demonstrates some residual flow
within a partially thrombosed

Brachial
Artery

Ulnar
Nerve

Ulnar
Artery

Palmar
Branch
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ulnar artery pseudoaneurysm
(arrowhead) with mass effect on
the palmar branch (arrow)

compressed by volar wrist ganglia. Usually these arise from
the pisotriquetral joint or less commonly from the intercarpal
joints [33]. Vascular lesions may also compress the nerve.
Injury to this nerve variably results in motor, sensory or mixed
symptoms depending on the level of injury [34].

Dorsal branch of the ulnar nerve

This branch arises in the distal forearm providing sensory
innervation to the dorsal 5th digit as well as the dorsal and
ulnar aspects of the 4th digit (Fig. 12a). Pain and paresthesias
may result from trauma, ulnar osteotomy, or open reduction/
internal fixation of ulnar fractures [35]. To identify this nerve,
the ulnar nerve must be identified first in the mid ulna, deep to
the flexor carpi ulnaris muscle (Fig. 12b). The nerve can then
be followed distally to identify the dorsal branch that arises
medially and courses along the medial aspect of the ulna
(Fig. 124d).
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Ulnar digital nerve of the thumb (bowler’s thumb)

This sensory ulnar nerve branch innervates the ulnar aspect of
the thumb (Fig. 13a). Repetitive compression of the nerve
may result in development of perineural fibrosis that can lead
to pain and paresthesias [36]. Bowlers are susceptible to this
syndrome due to repetitive thumb abduction or compression
stress on the thumb during release of the bowling ball. This

Fig. 12 Dorsal branch of ulnar nerve a Anatomy b Transverse P>
sonographic image at the level of the mid ulna demonstrates a normal
ulnar nerve (arrow) deep to the flexor carpi ulnaris muscle (FCU). ¢
Transducer positioned transversely with respect to the dorsal branch in
the distal forearm. d Corresponding transverse sonographic image
demonstrates a normal dorsal branch (DORS BR) arising from the ulnar
aspect of the ulnar nerve (UN). e, f A 40-year-old woman presented for
ultrasound evaluation after distal forearm fracture. Longitudinal and
transverse sonographic images of the dorsal branch demonstrate
hypoechoic, fusiform thickening consistent with a post-traumatic neuro-
ma (arrows). The distal nerve was poorly visualized and likely transected.
Proximally, the ulnar nerve demonstrated normal caliber and echotexture
(image not shown)
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may in turn lead to difficulties with hand grip, especially dur-
ing pinching movements involving the thumb. To see this
nerve one should identify the flexor pollicis longus tendon at
the 1st MCP joint and move the transducer slightly ulnar to the
tendon (Fig. 13c).

Superficial branch of the radial nerve (Wartenberg'’s
syndrome or cheiralgia paresthetica)

This radial nerve branch arises at the elbow, courses deep to
the brachioradialis muscle, and takes a superficial course in
the distal forearm (Fig. 14a). Near its branch point the nerve is
subfascial; however, it becomes more superficial by piercing
the superficial fascia to become subcutaneous. The point of
fascial penetration is about 8 cm proximal to the tip of the
distal radial styloid process although this varies between 5
and 12 cm [37]. It is a sensory nerve innervating the 1st-3rd
digits and radial aspect of the 4th digit. Radial fractures, frac-
ture reduction, or compression of the wrist by handcuffs or a
wristwatch may result in pain or paresthesias along the radial
aspect of the wrist and thumb. This can be caused by a pincer
effect between the brachioradialis and extensor carpi radialis
longus tendons with forearm pronation or by fascial bands

compressing the nerve. Intersection syndrome and De
Quervain’s tenosynovitis may present in a similar fashion,
and therefore sonography may be indicated to distinguish be-
tween these entities [38]. In order to identify this nerve, one
should first locate the radial nerve above the elbow between
the brachialis muscle medially and the brachioradialis lateral-
ly. Then, the nerve should be followed distally to its bifurca-
tion. The superficial branch courses deep to the brachioradialis
muscle [39] (Fig. 14b).

Prior to a perineural injection it should be determined
whether a subcutaneous or subfascial segment of the nerve
is involved. Additionally, the site at which the nerve pierces
the superficial fascia should be determined because the fascia
may block the free passage of injectate along the nerve. If the
precise site of neuropathy cannot be localized, some patients
may benefit from injecting both subfascial and subcutaneous
segments of the nerve [37].

Posterior interosseous nerve (PIN) syndrome

The deep motor branch of the radial nerve arises at the elbow
adjacent to the lateral epicondyle. It pierces the supinator mus-
cle and is referred to as the PIN after exiting the deep head of

Fig. 13 Ulnar digital nerve of the a
thumb a Anatomy b Transducer

positioned transversely with Ulnar
respect to the ulnar digital nerve. ¢ Nerve
Transverse sonographic image Digital
demonstrates a normal ulnar N?:r‘:e

. of the
digital nerve (arrow) along the Thumb

ulnar aspect of the flexor pollicis
longus tendon (FT). d
Longitudinal sonographic image
in a 70-year-old male skier and
tennis player with ulnar-sided
paresthesias over the thumb
demonstrates abnormal
thickening of the ulnar digital
nerve
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Fig. 14 Superficial branch of
radial nerve a Anatomy b
Sonographic image distal to the
radial nerve bifurcation
demonstrates a normal superficial
branch (arrow) deep to the
brachioradialis muscle. ¢
Transducer positioned
transversely with respect to the
superficial branch in the distal
forearm. d, e Transverse and
longitudinal sonographic images
in a 58-year-old man who
presented with pain and
paresthesias after remote injury
demonstrates focal enlargement
of the superficial branch (arrows)
consistent with a post-traumatic
neuroma-in-continuity. f More
proximal transverse sonographic
image in the same patient dem-
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Brachioradialis
Muscle

Superficial
Nerve
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Brachioradialis

onstrates normal caliber of the
superficial branch (arrow)

the muscle after which it courses distally along the
interosseous membrane to innervate the extensor muscles of
the forearm. Compression of the nerve typically occurs at a
tendinous thickening of the supinator muscle superficial head,
referred to as the arcade of Frohse. Space occupying lesions
such as ganglia and the leash of Henry, an arcade of recurrent

g
NeUroma .

radial artery branches that is slightly distal to the arcade of
Frohse, may also result in PIN syndrome (Fig. 15a). The syn-
drome primarily consists of extensor muscle weakness in the
forearm. Affected patients may have difficulty maintaining
finger extension and radial deviation of the wrist may occur
during wrist extension due to extensor carpi ulnaris
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denervation. Pain may or may not accompany the motor  to usual treatments for lateral epicondylitis. This entity has
symptoms. When a patient experiences pain it often occurs  been referred to as “radial tunnel syndrome” [39]. In order
laterally and can mimic lateral epicondylitis that is recalcitrant  to find the PIN, first identify the radial nerve above the elbow
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< Fig. 15 Posterior interosseous nerve. a Anatomy with points of potential

compression. b 24-MHz transverse sonographic image at the level of the
radial nerve bifurcation demonstrates a normal PIN (long arrow) and
normal superficial branch (short arrow). ¢ Transducer positioned trans-
versely with respect to the PIN just distal to the elbow. d Longitudinal and
e transverse sonographic images of a normal PIN (arrow) at the level of
the arcade of Frohse. f Longitudinal sonographic image of the PIN in a
43-year-old man who presented with reduced grip strength and inability
to extend the wrist demonstrates diffuse enlargement of the nerve from its
origin to the arcade of Frohse (arrow). The nerve normalizes distally. g
Transverse sonographic image in the same patient demonstrates the thick-
ened PIN and adjacent normal caliber superficial branch

and follow it distally to its bifurcation into superficial and deep
branches (Fig. 15b). The deep branch is the posterior
interosseous nerve and can be seen piercing the arcade of
Frohse (Figs 15d, e) [40]. It is important to follow the nerve
distal to the supinator muscle to detect the second most com-
mon site of impingement at the leash of Henry.

In order to perform a perineural injection, the patient
should be either supine or seated with the elbow slightly
flexed and the thumb directed upward. The nerve should be
localized in short axis between the heads of the supinator
muscle and a medial to lateral, in-plane approach can be used
at the site of flattening.

Conclusions

Sonographic evaluation of upper extremity peripheral
nerve branches presents a challenge to radiologists. The
relevant anatomy is complex and targeted evaluation of
these small nerve branches is not routinely requested by
referring physicians. Furthermore, the clinical syndromes
associated with upper extremity peripheral nerve branch
pathology are uncommonly encountered in daily practice
and may be unfamiliar to many radiologists. A landmark-
based anatomic approach enables relatively expedient
sonographic identification of these nerve branches.
Knowledge of these specific clinical syndromes enables
the sonographer to customize the exam and increases the
possibility of identifying clinically relevant nerve pathol-
ogy. In this manner, a targeted evaluation may be tailored
for each individual patient, thus increasing the efficacy
and relevance of the diagnostic ultrasound examination.
Furthermore, these landmarks may be utilized when
performing ultrasound-guided perineural steroid or local
anesthetic injections. It should be noted that variant nerve
anatomy is relatively common. The landmark-based ap-
proach discussed in this review refers to standard anatomy
and a tailored sonographic assessment in any individual
patient may differ from the guidelines presented in this
review.
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