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Electrodiagnostic medicine stands as a cornerstone of clinical neurology and physical medicine, providing essential 

insights into the functional integrity of the peripheral nervous system and skeletal muscles. The discipline is 

primarily comprised of two synergistic components: Nerve Conduction Studies (NCS) and Electromyography 

(EMG). For clinicians, the transition from theoretical knowledge to practical application requires a profound 

understanding of human anatomy, specifically the spatial relationships between peripheral nerves, muscle bellies, 

and bony landmarks. This is where the Atlas of Electromyography, particularly the seminal works by A. Arturo

Leis and Vicente C. Trapani, becomes an indispensable resource. This guide explores the technical methodologies,

anatomical frameworks, and clinical standards required to master these diagnostic modalities.

The Theoretical Framework of Electrodiagnostic Medicine

To appreciate the utility of a myoanatomic atlas, one must first understand the biophysical principles of

electrodiagnosis. The peripheral nervous system transmits signals via action potentials—brief electrical impulses

generated by the movement of ions across the axonal membrane. When these signals reach the neuromuscular

junction, they trigger a cascade of events leading to muscle fiber contraction.

Neurophysiology of Nerve Conduction

Nerve conduction studies involve the artificial stimulation of a peripheral nerve and the recording of the resulting

electrical response. This response is categorized into two main types:

•  Compound Muscle Action Potential (CMAP): A summation of all individual muscle fiber action potentials 

within a muscle, recorded following the stimulation of its motor nerve.

•  Sensory Nerve Action Potential (SNAP): A summation of individual sensory axonal potentials recorded from a 

sensory nerve.

Key metrics derived from these studies include latency (the time taken for the impulse to travel from stimulus to 

recording site), amplitude (a reflection of the number of viable axons or muscle fibers), and conduction velocity

(the speed of the impulse, calculated as distance divided by time).

The Motor Unit and EMG

Electromyography, specifically needle EMG, involves inserting a fine-needle electrode directly into a muscle to 

record its electrical activity. The fundamental unit of study is the Motor Unit, which consists of a single lower motor 

neuron and all the muscle fibers it innervates. The electrical signature of this unit is the Motor Unit Action 

Potential (MUAP). By analyzing MUAPs during rest and voluntary contraction, clinicians can differentiate between

neurogenic disorders (nerve damage) and myogenic disorders (primary muscle disease).

Technical Analysis: Myoanatomy and Needle Placement

The core value of an Atlas of Electromyographylies in its ability to translate complex anatomy into actionable

clinical procedures. Successful needle insertion requires precision to avoid neurovascular bundles while ensuring



the electrode is positioned within the optimal portion of the target muscle.

Anatomical Landmarks and Insertion Points

A high-quality atlas provides detailed illustrations of skeletal muscles, emphasizing their origins, insertions, and 

nerve supply. For example, when evaluating the Abductor Pollicis Brevis (APB)—a critical muscle for diagnosing

Carpal Tunnel Syndrome—the clinician must identify the midpoint of the first metacarpal bone. The atlas guides the

needle insertion to this specific site, ensuring that the recording is representative of the median nerve's function.

The Role of Voluntary Activation Maneuvers

To confirm correct needle placement and assess the recruitment of motor units, clinicians use voluntary 

activation maneuvers. These are specific movements the patient is asked to perform. For instance:

•  Deltoid: Abduction of the arm at the shoulder.

•  Tibialis Anterior: Dorsiflexion of the foot.

•  First Dorsal Interosseous: Abduction of the index finger.

The atlas serves as a field guide for these maneuvers, providing instructions on how to position the patient and

which specific movement will isolate the muscle of interest, thereby reducing electrical interference from adjacent

muscles (crosstalk).

Comparative Evaluation: NCS vs. Needle EMG

While often performed together, NCS and EMG provide different sets of data. The following table highlights the

primary differences and technical requirements for each.



Feature Nerve Conduction Studies (NCS) Needle Electromyography (EMG)

Primary Target Peripheral Nerves (Axons/Myelin) Motor Units and Muscle Fibers

Electrodes Surface electrodes (usually) Needle (monopolar or concentric)

Stimulation External electrical stimulus required Patient's voluntary effort

Metrics Latency, Amplitude, Velocity, F-waves Insertional activity, Spontaneous 
activity, MUAP morphology

Clinical Focus Demyelination, Axon loss, Focal 
entrapment

Denervation, Reinnervation, Myopathy

The Evolution of the Electronic Myoanatomic Atlas

The transition from traditional printed texts to the Electronic Myoanatomic Atlas for Clinical Electromyography

has revolutionized training and clinical practice. Digital platforms offer several advantages over their paper

predecessors:

1.  Interactive Visualization: Users can toggle between layers of anatomy, moving from superficial skin and 

fascia to deep musculature and bone.

2.  Dynamic Maneuver Guides: Integration of video clips showing the exact voluntary activation maneuvers 

facilitates faster learning for residents.

3.  Searchability: Rapid access to specific nerves or muscles during a live clinical exam improves workflow 

efficiency.

4.  Integration with EDX Systems: Modern electronic atlases can sometimes be integrated directly into the 

software of the EMG machine, providing a real-time reference guide during the procedure.

Standardized Procedural Workflow for Upper Extremity Evaluation

To demonstrate the practical application of atlas-guided electromyography, let us examine the technical workflow for 

evaluating a suspected Ulnar Neuropathy at the Elbow (Cubital Tunnel Syndrome).

Step 1: Nerve Conduction Studies

The clinician begins by stimulating the ulnar nerve at the wrist, below the elbow, and above the elbow. Recording 

electrodes are placed over the Abductor Digiti Minimi (ADM). A significant drop in conduction velocity or

amplitude across the elbow segment indicates focal compression.

Step 2: Identifying the Target Muscles in the Atlas

The clinician consults the Atlas of Electromyography to locate muscles innervated by the ulnar nerve distal and 

proximal to the suspected lesion. Key muscles include the First Dorsal Interosseous (FDI) and the Flexor Carpi 

Ulnaris (FCU).

Step 3: Needle Insertion and MUAP Analysis

Using the atlas's insertion points, the clinician inserts the needle into the FDI. The patient is asked to abduct the

index finger. The clinician observes for:

•  Fibrillation Potentials and Positive Sharp Waves: Indications of active denervation.



•  Reduced Recruitment: A decrease in the number of motor units firing, suggesting axonal loss.

•  Large, Polyphasic MUAPs: Indications of chronic reinnervation.

Step 4: Comparison with Non-Ulnar Muscles

To rule out a more proximal lesion (like a C8 radiculopathy), the clinician must also examine muscles innervated by 

other nerves but the same spinal level, such as the Abductor Pollicis Brevis (Median nerve, C8-T1). The atlas

provides the necessary anatomical differentiation to ensure diagnostic accuracy.

Common Technical Challenges and Troubleshooting

Electrodiagnostic studies are highly sensitive to technical errors. Mastery of the subject requires the ability to

identify and mitigate these challenges.

Temperature Effects

One of the most frequent errors in NCS is failing to account for limb temperature. Cold limbs slow down nerve

conduction velocity and increase amplitude. Clinicians must ensure the skin temperature is at least 32°C (89.6°F)

for the upper extremities and 30°C (86°F) for the lower extremities. If the limb is cold, it must be warmed, or a

mathematical correction factor must be applied (typically 1.5–2.5 m/s per degree Celsius).

Electrode Impedance and Noise

High skin impedance can lead to significant electrical noise, obscuring small SNAPs or MUAPs. Proper skin 

preparation using alcohol or abrasive paste is essential. In needle EMG, 60-cycle interferencefrom nearby

electronic devices can be minimized by ensuring the patient and the machine are properly grounded.

Volume Conduction Artifacts

Volume conduction occurs when the electrical signal from a distant muscle is picked up by the recording electrodes. 

This is particularly problematic in the hand, where muscles are crowded together. Using the Atlas of Nerve 

Conduction Studies and Electromyographyhelps clinicians choose the most isolated recording sites to minimize

this artifact.

Clinical Case Study: Evaluating Radial Nerve Palsy

A 45-year-old patient presents with "Saturday Night Palsy"—a clinical condition characterized by wrist drop

following prolonged compression of the radial nerve in the spiral groove of the humerus. The following technical

steps outline the diagnostic process.

NCS Findings

Stimulation of the radial nerve at the forearm and across the spiral groove shows a conduction block. The 

amplitude of the CMAP recorded at the Extensor Indicisis significantly lower when stimulating proximal to the

groove compared to distal stimulation.

EMG Strategy

The clinician uses the atlas to map out the radial-innervated muscles. They test the Brachioradialis (proximal to 

the injury site in many cases) and the Extensor Digitorum Communis (distal to the injury). If the Brachioradialis is 

normal but the distal muscles show denervation, the lesion is confirmed at the spiral groove. If the Triceps

(innervated higher up) also shows denervation, the lesion is likely in the axilla or represents a brachial plexus injury.

The Importance of the Preface and Methodological Standards



As noted in the Preface of the Atlas of Nerve Conduction Studies, the reliability of electrodiagnostic data

depends heavily on the standardization of techniques. Every practitioner must adhere to the same distances (e.g.,

a standard 8 cm distance between the stimulating and recording electrodes for the median sensory nerve). Without

these standards, the normative data provided in the atlas cannot be accurately applied to the patient's results.



Nerve Recording Muscle Standard Distance 
(cm)

Normal Latency 
(ms)

Normal Velocity (m/
s)

Median (Motor) APB 8.0 &lt; 4.4 &gt; 49

Ulnar (Motor) ADM 8.0 &lt; 3.3 &gt; 49

Peroneal (Motor) EDB 9.0 &lt; 6.5 &gt; 40

Sural (Sensory) Lateral Malleolus 14.0 &lt; 4.4 &gt; 40

The Role of Electromyography in Rehabilitation

Beyond diagnosis, EMG is a vital tool for rehabilitation specialists. It allows for the monitoring of recovery

following nerve repair surgery or severe trauma. By performing serial EMG exams, clinicians can detect the earliest

signs of reinnervation—nascent MUAPs—weeks or even months before clinical muscle strength returns. This

objective data is crucial for tailoring physical therapy programs and managing patient expectations.

The Visual Allure of Modern Atlases

Modern texts like the Atlas of Electromyographyby Leis and Trapani are often described as "visually alluring."

This is not merely an aesthetic choice but a pedagogical necessity. High-quality, multi-color illustrations that overlay

nerve pathways on top of skeletal and muscular structures allow for a spatial synthesis that is difficult to achieve

through text alone. The use of photography combined with anatomical drawings bridges the gap between the

cadaveric study and the living patient.

Future Directions in Myoanatomic Mapping

The field of electrodiagnosis is moving toward higher resolution and greater integration with other imaging 

modalities. Neuromuscular Ultrasoundis increasingly being used alongside EMG to provide a structural view of

the nerves. Future atlases are expected to be multi-modal, combining the electrical data of an EMG atlas with the

cross-sectional anatomy of an ultrasound guide.

Furthermore, the development of High-Density EMG (HD-EMG), which uses grids of electrodes to map the entire

surface of a muscle, will require even more sophisticated atlases. These tools will help clinicians understand the

spatial distribution of motor unit territories, leading to better treatments for conditions like focal dystonia through

precisely targeted botulinum toxin injections.

In summary, the Atlas of Electromyographyremains the bedrock of neurodiagnostic education. By providing a

meticulous guide to muscle origin, tendon insertion, and nerve localization, it ensures that the subtle electrical

signals recorded by the clinician are interpreted with the highest degree of anatomical accuracy. Whether for the

resident learning the ropes or the seasoned neurologist refining their technique, the integration of detailed

anatomical knowledge with electrophysiological principles is the only path to mastery in this complex and rewarding

field. The continued evolution of these resources, from printed pages to electronic platforms, ensures that the

demystification of peripheral nerve conditions will continue for future generations of medical professionals.
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