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A beginner’s guide to peripheral nerve 
ultrasound
Jung Im Seok

Department of Neurology, School of Medicine, Catholic University of Daegu, Daegu, Korea 

Ultrasonography is currently being developed as a tool for evaluating peripheral neuropathy. 
It is one of the painless and least-invasive methods of medical diagnostic testing that yields 
anatomic views of the nerves and their surrounding structures. Here I first describe the equip-
ment settings and technique for nerve ultrasound along with typical sonographic findings 
for normal nerves. I then address frequently used parameters for nerve measurements that 
facilitate diagnoses of focal and generalized neuropathies.
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INTRODUCTION

Making a diagnosis of peripheral neuropathy is supported by electrodiagnosis (EDX). Al-
though EDX is a standard diagnostic test, it has two major disadvantages: (1) the inability 
to provide anatomic information and (2) discomfort experienced by patients. In contrast, 
neuromuscular ultrasonography is completely safe and complements EDX well by visu-
alizing both the peripheral nerves and surrounding structures, thereby providing useful 
information that cannot be obtained using EDX alone. Although this visualization is also 
possible using magnetic resonance imaging, that technique is expensive and often not 
readily available. Clinicians can use ultrasound to rapidly scan several nerves of interest 
and evaluate them in real time. This article introduces peripheral nerve ultrasound and 
gives an overview of the examination technique, normal sonographic findings for nerves, 
and key measurements.

EQUIPMENT SETTINGS

The imaging resolution of ultrasonography is directly proportional to the frequency of 
the transducer, while the depth of penetration is inversely proportional to the frequency.1 
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A high-frequency transducer is utilized in evaluations of 
neuromuscular disorders. Frequencies of around 10 MHz 
are usually sufficient for muscles, while nerve ultrasound 
requires higher frequencies (usually 12-18 MHz) to achieve 
optimal imaging. Linear-array transducers are normally used 
in neuromuscular ultrasound and provide good resolution 
at the image edges (Fig. 1A). In addition, footprint (hockey 
stick) transducers are useful for accessing confined areas 
that are restricted by anatomic structures, such as adjacent 
bone (Fig. 1B). Moreover, such transducers are small enough 
to fit within a restricted contact area, such as the hands and 
feet. 

Nerve size measurements and evaluations of the intraneu-
ral blood flow are necessary to confirm nerve pathology. The 
application of power Doppler imaging and software for the 

measurement of the cross-sectional areas (CSAs) of nerves 
facilitates these assessments. Current ultrasound systems 
have multiple preset parameter values that optimize the 
device settings for different body parts. For example, the 
musculoskeletal preset is designed to give good contrast 
resolution and sharp detail in areas with muscles and nerves, 
and clinicians can access this preset (if available) by simply 
pressing a button on the ultrasound equipment. Below we 
consider an ultrasound system that has the basic require-
ments of a high-frequency linear-array transducer, the ability 
to measure diameters and CSAs, and the power Doppler 
imaging mode.

ULTRASOUND SCANNING TECHNIQUES

Position 
During examinations of median and ulnar nerves, the elbow 
is flexed to 80-90° with the forearm supinated in a seated 
position (Fig. 2A). In the case of the ulnar nerve, some clini-
cians prefer a supine position with the elbow flexed at 90° 
and the hand over the head (Fig. 3A). The median and ulnar 
nerves are usually first scanned from the wrist. The radial 
nerve is traced in a seated position with the forearm pro-
nated and the elbow moderately flexed (Fig. 4A). The radial 
nerve is also evaluated in a supine position with the elbow 
slightly flexed and the shoulder adducted and internally 
rotated, so that the examiner can reach the posterior arm. 
The tracing usually starts from the spinal groove. The fibular 
nerve is first scanned from the fibular head, and so access is 
facilitated in the lateral decubitus position. The tibial nerve, 

A B

Fig. 1. The two types of ultrasound transducers specialized for muscu-
loskeletal applications: linear array (A) and hockey stick (B).

A CB D

Fig. 2. Normal sonographic anatomy of the median nerve at different levels. (A) The elbow was flexed to 80-90° with the forearm in full supination in 
a seated position. (B) Transverse image shows the median nerve (arrow) at the proximal tunnel (at the scaphoid-pisiform level). (C) The median nerve 
(arrow) lies between the flexor digitorum profundus and the flexor digitorum superficialis at the forearm. (D) The median nerve (arrow) lies close to the 
brachial artery (open arrowhead) at the distal third of the upper arm. BB, biceps brachii; Br, brachialis; H, humerus; fdp, flexor digitorum profundus; fds, 
flexor digitorum superficialis; fcr, flexor carpi radialis; S, scaphoid; P, pisiform; u, ulnar nerve; a, ulnar artery.
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which passes down the midline of the popliteal fossa, is im-
aged best when the patient is lying in a prone position on a 
bed.

Landmarks 
The following anatomic landmarks are useful when per-
forming neuromuscular ultrasound: the median nerve at the 
wrist is found in the carpal tunnel (Fig. 2B), the median nerve 

is found between the superficial and deep flexor muscles in 
the forearm (Fig. 2C), the median nerve is located close to 
the brachial artery in the upper arm (Fig. 2D), the ulnar nerve 
at the wrist is located medial to the ulnar artery (Fig. 3B), the 
ulnar nerve at the elbow is located close to the medial epi-
condyle (Fig. 3C), the radial nerve courses through the radial 
groove (Fig. 4B), the brachial plexus is located between the 
anterior and middle scalene muscles, the fibular nerve goes 
around the fibular head, and the tibial nerve at the ankle 
is located close to the posterior tibial artery.2 It is advisable 
to start scanning from one of these anatomic landmarks. 
Once the nerve has been identified, it can be traced in the 
proximal and distal directions to find the region of interest. 
Although all major nerves can be easily found and visualized 
using these landmarks, having knowledge of the regional 
anatomy and topography is crucial in the assessments.

Transducer handling
The transducer is held perpendicular to the nerve to ensure 
accurate measurements and the correct resolution. If the 
transducer is not perpendicular to the nerve, the CSA can 
be overestimated. It is also important to not apply the trans-
ducer using too much pressure when scanning, since com-
pression by the transducer can cause changes in shape, size, 
and echogenicity. This can be avoided by using generous 
amounts of ultrasound gel. 

SONOGRAPHIC FINDINGS FOR NORMAL 
NERVES

Nerves have a distinct architecture consisting of fascicles 
that are surrounded by the epineurium (Fig. 5A). In a trans-
verse view, the normal echo pattern has a honeycomb ap-
pearance because the dark punctuate areas are distributed 
throughout a hyperechoic background resembling the 
shape of honeycomb.3 The dark punctuate areas correspond 
to the nerve fascicles and the hyperechoic background cor-
responds to the epineurium. However, a normal nerve often 
appears hypoechoic depending on its type and location. 
For example, the roots, trunks, and cords normally appear as 
hypoechoic and the normal ulnar nerve appears hypoechoic 
at the elbow. Normal nerves are oval to round in shape in 
the transverse plane, and appear as long tubular structures 

A

B

C

Fig. 3. Normal sonographic anatomy of the ulnar nerve at different 
levels. (A) The elbow was flexed at 90° in a supine position. (B) Trans-
verse image shows the ulnar nerve (arrow) at the proximal tunnel (at 
the scaphoid-pisiform level). The ulnar artery and nerve run lateral to 
the pisiform. (C) Transverse image shows the ulnar nerve (arrow) at the 
medial epicondyle-olecranon level. m, median nerve; a, ulnar artery; S, 
scaphoid; P, pisiform; O, olecranon; ME, medial epicondyle.
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with a mixture of parallel hypoechoic and hyperechoic lines 
in the longitudinal plane.

DIAGNOSTIC MEASUREMENTS

Nerve size
Accurate measurements of nerve sizes are essential because 
nerve swelling is the most helpful diagnostic marker for 
peripheral neuropathy.4 The diameter can be measured on 
longitudinal images, whereas the CSA, swelling ratio, and 
flattening ratio can be measured on transverse images. 
Moreover, averaging multiple measurements made of the 
same dimension can reduce variability.

The absolute value of the CSA is one of the most reliable 

parameters for diagnosing focal and generalized neurop-
athies.5 The CSA is measured by tracing just inside the 
echogenic rim of the nerve (Fig. 5B).5,6 For the ulnar nerve, 
positioning the elbow with flexion of more than 90° can 
decrease the CSA at the elbow, and so using a moderate 
flexion has been recommended.6 Knowledge of the normal 
nerve size at a given anatomic site is paramount for nerve 
ultrasound assessments, and so Table 1 lists the normal ref-
erence values of the CSA in the Korean population that have 
been measured at the sites where compression commonly 
occurs.7 The reported CSA cutoff value of the median nerve 
in the carpal tunnel is 9-15 mm2.8 The upper limit of the nor-
mal value for the CSA of the ulnar nerve at the level of the 
medial epicondyle is within the range of 8-10 mm2, which is 
less variable than that of the median nerve.9 

A B

Fig. 4. Normal sonographic anatomy of the radial nerve at the spiral groove. (A) The elbow was flexed moderately with the forearm pronated in a seat-
ed position. (B) The radial nerve (arrow) lies in close contact with the humerus. t, triceps; br, brachialis; H, humerus.

Fig. 5. Normal median nerve. (A) Transverse cross-sectional view of the median nerve (arrow) at the distal wrist crease in a healthy participant. (B) The 
tracing method performed just inside the hyperechoic rim for measuring the cross-sectional area of the median nerve. fcr, flexor carpi radialis tendon;  
S, scaphoid; P, pisiform.

A B
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The swelling ratio is defined as the difference between 
the CSAs at the affected site and an unaffected proximal site 
of the same nerve. In evaluations of carpal tunnel syndrome 
(CTS), the swelling ratio is obtained by dividing the CSA of 
the median nerve at the pisiform level by that at the fore-
arm level. This measurement may be useful for identifying 
entrapment neuropathy associated with polyneuropathy.10 
Because polyneuropathy itself can cause diffuse nerve en-
largement, the diagnostic accuracy is higher for the swelling 
ratio than for the CSA. The swelling ratio may also be less 
affected by the normal variations of the nerve CSA between 
individuals. The swelling ratio has differed between studies, 
with the mean value ranging from 1.34 to 1.53.11-13 

Another parameter for evaluating focal compressive neu-
ropathy is the flattening ratio, which is calculated by dividing 
the largest diameter of a nerve by its smallest diameter. This 
can be useful for detecting entrapment neuropathy because 

an affected nerve may show changes from a round or slight-
ly oval shape to a remarkably flattened oval shape at the site 
of compression. A previous study proposed that a flattening 
ratio exceeding 3 can be used to diagnose CTS.14

Nerve echogenicity
Normal nerve echogenicity appears as a honeycomb pattern 
induced by a mixture of nerve fascicules and connective 
tissue. In pathological conditions the nerve becomes hy-
poechoic, and the fascicular pattern is lost due to increased 
intraneural edema. However, the normal ulnar nerve also ap-
pears hypoechoic at the medial epicondyle due to the arc-
ing course.15 This observation may be helpful when evaluat-
ing ulnar nerve pathology in the cubital tunnel. Echogenicity 
is usually assessed subjectively by visually inspecting images. 
However, such visual assessments are operator-dependent, 
which makes objective grading of echogenicity impossible. 

Table 1. Normal reference values of the cross-sectional area

Nerve Site Mean SD Percentiles (2.5th, 97.5th) Range

Median Carpal tunnel 9.58 1.55 7.02, 12.58 6.48-12.68

Median Forearm 6.87 1.61 4.91, 10.19 4.91-10.09

Ulnar Wrist 4.72 0.91 3.21, 6.10 2.90-6.54

Ulnar Medial epicondyle 6.64 1.33 4.81, 8.89 4.81-8.89

Radial Spiral groove 6.48 1.68 4.22, 9.97 4.22-9.97

Peroneal Fibular head 12.35 3.55 7.02, 19.19 7.02-19.19

The reference range was determined as the mean ± 2 × SD for normally distributed data and between the 2.5th and 97.5th percentiles for nonnormally 
distributed data. All values are in mm2. 
Modified from Seok et al.7 with permission of the Korean Neurological Association.
SD, standard deviation.

Fig. 6. Ultrasonographic images of the median nerve with full mobility. (A) At rest, the median nerve (arrow) is the most-superficial structure. (B) The 
median nerve (arrow) dives deep into the flexor tendon when the fingers and wrist are flexed. T, tendon; fpl, flexor pollicis longus; fcr, flexor carpi radia-
lis.

A B
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Recent quantitative assessments of nerve echogenicity 
performed using different automatic methods have demon-
strated the superiority of these methods over subjective 
evaluations.16-18

Intraneural vascularity
There is no internal blood flow within normal nerves ob-
servable in color Doppler imaging, and so any detectable 
internal vascularity is considered abnormal. Compressive or 
inflammatory neuropathy can cause vascular congestion 
that increases the intraneural blood flow. Vascularity is as-
sessed by placing the power Doppler box over the nerve. 
Nonspecific color signal (noise) may flash unpredictably in 
the tissue when the imaging gain is increased, but only focal 
color flow signals synchronized with the arterial pulsation 
should be interpreted as evidence of blood flow. Similar to 
echogenicity, vascularity is also assessed subjectively. Quan-
titative analysis of intraneural blood flow using scientific im-
age processing software has been attempted for diagnosing 
CTS and stratifying its severity.19 

Mobility
The median and ulnar nerves are known to be mobile when 
the corresponding joint moves in flexion or extension. The 
median nerve moves within the carpal tunnel when the 
wrist and fingers perform active flexion. This movement can 
be observed in real time using a transducer placed at the 
level of the carpal tunnel, with the mobility rated as full, par-
tial, or absent. Full mobility is defined as the median nerve 
diving deep into the flexor tendons (Fig. 6), partial mobility 
is defined when the nerve makes a partial turn but does 
not dive below the tendons, and absent mobility is defined 
when no significant movement is detected. Several studies 
have found that compared with healthy individuals, patients 
with CTS show only partial or absent motion of the medi-
an nerve during joint flexion or extension.20-22 One study 
assessed the mobility of the median nerve in 160 wrists of 
healthy participants and observed full median nerve mobil-
ity in 78 wrists, partial mobility in 82 wrists, and no mobility 
in 0 wrists. This suggests that while partial mobility of the 
median nerve is not uncommon in healthy individuals, the 
absence of median nerve mobility may be indicative of an 
abnormality.23

During elbow flexion, the ulnar nerve can move from be-

hind the medial epicondyle. Subluxation involves the partial 
dislocation of the ulnar nerve from the retrocondylar groove 
to the tip of the medial aspect of the epicondyle. Dislocation 
is defined as the movement of the ulnar nerve anteriorly be-
yond the tip of the medial epicondyle. Such hypermobility 
of ulnar nerve at the elbow has reportedly been observed 
in 24.3-47.0% of healthy individuals.6,24 Although repetitive 
dislocation of the ulnar nerve may contribute to ulnar neu-
ropathy, the causal relationship between hypermobility and 
ulnar neuropathy is not unclear, and so further investigations 
are warranted.

CONCLUSIONS

Ultrasonography is often used in combination with EDX to 
not only facilitate the diagnosis of neuromuscular disease 
but also to assess its etiology. Although it has been used 
mostly in the diagnosis of focal neuropathies, the field of 
ultrasound has expanded to other neuromuscular diseases 
such as polyneuropathy and motor neuron disease. This 
article has described the basic elements of neuromuscular 
ultrasound in order to provide a practical beginner’s guide 
to neuromuscular ultrasound. 
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