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Electromyography (EMG) and Nerve Conduction Studies (NCS) have been the standard of 
electrodiagnostic medicine care for the last 50 years. Recent developments in high-frequency 
ultrasound imaging technology have resulted in neuromuscular ultrasound (NMUS) becoming 
another important component of neurodiagnostic evaluations. 

Francis Walker, MD, is a neurologist and professor of neurology at the Wake Forest School of 
Medicine Department of Neurology. His research in movement disorders has helped pioneer 
the development of neuromuscular ultrasound as a sophisticated, low-cost diagnostic tool 
(Wake Forest). “The rate of discovery of new indications for neuromuscular ultrasound,” writes 
Francis Walker, “the endurance of previously discovered indications, the continued evolution 
of instrumentation, its non-invasiveness, and the growing use of ultrasound for 
different neuromuscular disorders by experts in electrodiagnostic medicine makes a 
compelling case for imaging in clinical neurophysiology laboratories” 
(Walker, et al., 2018).

Cadwell Whitepaper

The Case for 
Neuromuscular Ultrasound



4 5

Neuromuscular ultrasound as a diagnostic tool
Neuromuscular ultrasound can be used to investigate suspected neuromuscular disorders and diseases, 
including muscle weakness, fatigue, myalgia, hypotonia, and motor developmental delay (Pillen et al., 2003). 
Carpal tunnel syndrome is “the best understood, easiest to image, and most frequently encountered focal 
neuropathy,” (Walker, et al., 2018) and is a good place to start the neuromuscular ultrasound journey.

Myopathies 
With ultrasound, you can visualize focal abnormalities affecting deeper layers of muscle and show muscle 
changes. A survey of experts (Walker, et al., 2018) shows that ultrasound or “ultrasound first” is used in more than 
half of cases indicating inflammatory myopathies, and even more frequently for: 

• diaphragm paresis
• hypertrophic neuropathies
• suspected masses or tumors
• brachial plexopathy
• entrapment 
• traumatic neuropathies
• unexplained muscle atrophy
• motor neuron disease
• chronic inflammatory neuropathies
• patients who are phobic or unable to tolerate electrodiagnostic studies

Neuropathies
Ultrasound can confirm the precise location of a traumatic nerve injury and assess nerve continuity. In patients 
with normal or abnormal electrophysiological studies, NMUS can help detect:

• Subtle structural anomalies, including nerve entrapment, tumors, cysts, accessory muscles, and anatomic 
landmarks and other nerve pathology (Yoon et al., 2010).

• Anatomical changes including altered dimensions like nerve enlargement and loss of internal fascicular 
architecture, reduction in nerve echogenicity, and vascularity (Cartwright & Walker, 2013).

Identify unexpected findings
Neuromuscular ultrasound lends visibility to: 

• Unexpected anatomic lesions, cysts, lipomas, tumors, or foreign bodies that may be “electrodiagnostically 
indistinguishable from common entrapment” (Walker, et al., 2018).

• Injuries, including nerve stretch, compression from hematoma, transection, projectile penetration, or muscle 
tear (Zywiel et al., 2011).

• Nerve injury symptoms that manifest at another site, and “Undesired positioning of the nerve, excessive 
mobility or subluxation, kinking, persistent focal notching and post-surgical scarring” (Gruber et al., 2015).

• Normal results. “Patients anxious to find the cause of their symptoms, particularly if electrodiagnostic studies 
are negative, are often reassured by ultrasound, even if it too yields negative results” (Walker, et al., 2018).
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Neuromuscular ultrasound  
complements electrodiagnostic results
Ultrasound can help diagnose common entrapment neuropathies and localize other nerve problems. Combined 
with EMG or NCS, NMUS can increase your diagnostic certainty quickly, safely, and without discomfort. 

With ultrasound, you can:
• Provide important information when electrical responses are absent, when natural or surgical anatomical 

variations are present, when inching is not possible, and when neuromuscular dysfunction is not severe 
enough to be detected electrically. 

• Provide additional evidence of focal neuropathies or myopathies independent of electrophysiological 
findings, especially when electrodiagnostic studies are borderline, non-localizing, unusual, or even normal in 
symptomatic patients (Gans & Van Alfen, 2017). 

• Enhance NCS when short segment NCS are not always possible (Deimel et al., 2013).
• Test muscles that cannot be easily accessed with EMG, and in uncooperative patients, such as children 

and critical care patients.
• Increase diagnostic certainty. Comprehensively and efficiently screen, evaluate, and facilitate the treatment 

of patients with suspected neurological disorders (Mah, 2018).
• Establish structural baselines that can be used for restudy if treatment fails (Walker, et al., 2018), or when 

variants are identified that can complicate NCS interpretation (Gans & Van Alfen, 2017).
• Guide needle placement in normal and electrically silent atrophic muscles, muscles that are difficult to 

reach or are in close proximity to vital organs such as the diaphragm (Boon et al., 2014) and in “Patients with 
poorly palpable landmarks related to obesity, prior spinal surgery, and other difficult clinical circumstances” 
(Soni et al., 2016).

• Impact surgical intervention. Ultrasound can bridge the gap between establishing a diagnosis and 
identifying patients likely to respond to surgical intervention (Ferrante, 2017). Neuromuscular ultrasound can 
help:

• Identify patients who require future (Hanna, 2017) or urgent (Walker, et al., 2018) surgical evaluation.
• Predict surgical intervention results (Beekman et al., 2004).
• Pre-operatively localize nerves, guide diagnostic or preoperative anesthetic blocks, or even avoid the 

need for surgical exploration of suspected entrapment (Hanna, 2017). 
• Reduce the risks and expense of intervention (Walker, et al., 2018).

• Differentiate between clinically similar diseases; muscle involvement and chronicity in neuropathies; and 
affected and unaffected fascicles (Winter et al., 2017) and fasciculation detection in motor neurons, especially 
in the diagnosis and evaluation of ALS (Grimm et al., 2015).

• Detect critical illness early, thus improving standards of care (Hobson-Webb et al., 2018).
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Screen patients safely and painlessly 
Ultrasound is better tolerated than 
needle EMG, especially in children, 

needle-phobic, pain-intolerant 
(Hellmann et al., 2005) and critically ill 

patients (Latronico & Bolton, 2011). 

Reduce needle sticks 
Screen with NMUS before subjecting 
patients to more invasive techniques 

such as EMG, muscle biopsy, radiation, 
or sedation. Use NMUS to narrow down 
differential diagnoses, identify promising 

muscles for EMG sampling, reduce the 
number of muscles that need to be 
tested (Caress, 2017) and reduce the 

number of needle placements 
during EMG. 

Save time with concurrent testing 
Accurate diagnosis soon after onset 

often leads to a more effective 
management strategy. 

Build trust 
“Sometimes, after performing an 

ultrasound, enough trust is built with 
the examiner to allow for limited 

additional electrodiagnostic studies” 
(Walker, et al., 2018).

Reassure patients of normal results 
“It can demonstrate to the patient that 

nothing is apparent by ultrasound 
which can be quite reassuring” 

(Walker, et al., 2018).

Help define anatomy 
Ultrasound can be used to guide EMG 

and NCS studies for nerves or muscles in 
unusual locations, to evaluate pathology 

secondary to the variant anatomy 
(Walker, et al., 2018), and to help guide 
interventions around vital structures.

Provide real-time visualization 
of neuromuscular blood flow, fascicular 

and vascular anatomy and mobility (Park 
et al., 2018), and the surgical removal of 

nerve tumors (Simon et al., 2014).

Advantages of ultrasound
Ultrasound in conjunction with electrodiagnosis can help confirm the presence of disease, 

determine treatment plans, and assist with biopsy guidance (Walker, et al., 2018). Early diagnosis 
with ultrasound is especially relevant in ALS, MS, and other neuromuscular diseases (Mah, 2018). 

From early detection to critically ill patients, NMUS is a safe, non-invasive, and comfortable screening 
tool. Ultrasound is more affordable than CT, more comfortable than MRI, eliminates the risk of 
radiation, and is safe to use with metal implants. Ultrasound eliminates the risks of sedation in 

children or claustrophobic patients, and is such a patient-friendly screening tool that it “may be 
sufficient for diagnosis in some disorders or suitably informative to obviate the need for EMG 
or nerve conduction studies [… and] may also help in determining if there is a need for other 

types of testing” (Walker, et al., 2018). 
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Other Applications of Ultrasound
Needle Guidance
“Ultrasound is a proven tool for guiding local anesthetic injections and soft tissue biopsies, so it is not surprising 
that ultrasound is also effective for guiding botulinum toxin injections” (Walker, et al., 2018). Ultrasound-guided 
injections help improve clinical outcomes, enhance patient safety, and save procedural time.  Ultrasound use 
with needles is correlated with patient-reported improvement in pain scores (Lee, 2017).

Biopsies 
Ultrasound helps determine optimal muscle biopsy site, helps avoid vessels and nerves using Doppler evaluation 
before and after a biopsy, minimizes complications, and offers comparable tissue sample results with less 
invasion than open biopsy (O’Sullivan et al., 2006). Ultrasound-guided needle EMG helps distinguish proximal 
muscles (Wininger et al., 2015). 

Conclusion 
Clinical neurophysiologists will need to train in NMUS and acquire a device to develop skills in its use. Mastery 
of all applications is not necessary. Walker recommends that you master “one indication along with one 
nerve segment and relevant muscles. Once this is done, the technique can gradually spread to more nerve 
segments, muscles, indications, and members in a laboratory.”  The experts he surveyed “mastered one nerve, 
one muscle, and one indication at a time, and now, there are ample courses and literature to guide newcomers 
to acquire expertise relatively quickly [...] For those readers who practice electrodiagnosis and who wish to 
form an independent opinion on the usefulness of neuromuscular ultrasound, we suggest that they borrow an 
instrument and simply look for themselves” (Walker, et al., 2018).
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