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EMG and Nerve Conduction Studies

An extension of the Physical Examination

Quantitates nerve and/or muscle injury

Provides Useful Data Regarding Nerve 
Injury
Site

Type

Severity

Duration

Prognosis



Elements of the peripheral nervous system



Peripheral Nervous 
System Disorders:
Localization and Major 
Categories



Importance of EDX Studies

◼ Diagnosis

◼ Localization

◼ Assist in further testing (i.e. identify 
potential biopsy sites, imaging studies, 
spinal fluid analysis, blood work)

◼ Prognosis

◼ Use in Research













NCSs and EMG

Points to Remember

NCSs and EMG: assess physiology of 
nerve and muscle

Not all radiculopathies are structural

Neurologic consultation is best 
obtained before the testing is 
ordered

 If NCSs and EMG normal or non-
contributory, justification for 
neurologic consultation is greater 
than before testing



When to order NCSs and 

EMG

 Mononeuropathy

 Mononeuropathy 

Multiplex

 Radiculopathy

 Plexopathy (Brachial or 

Lumbosacral)

 Anterior Horn Cell 

Disorders

 Diffuse neuropathies

 Cranial neuropathies

 Neuromuscular 

Junction Disorders

 Myopathy 



When Not to order NCSs and 

EMG

Central Nervous System Disorders 
(spinal cord injury, …)

Multiple Sclerosis

 Total body fatigue, fibromyalgia

 Joint pain

Unexplained weakness (without a 
neurologic consultation)

 Failed back, S/P multiple neck and 
low back surgeries (abnormal EDX 
forever)



Types of nerve conduction 
studies

◼ Sensory: typically 
antidromic

◼ Typical nerves 
examined: Sural, 
ulnar, median, 
occasionally radial 
or superficial 
peroneal



Sensory NCS Parameters

 Onset and peak latencies

 Conduction velocity

 determined by velocity of a very few fast fibers

 Amplitude

 determined by the number of large sensory fibers 

activated



Normal Median Sensory 

Study

1 msec/div

Latency  CV      Amp

(msec) (m/s)    (uV)

Wrist-D2      2.2      58        44.1  



Motor NCS Parameters

 Distal Latency

 determined by conduction 

velocity of the nerve,  

neuromuscular junction & 

muscle

 Amplitude

 determined by number of 

muscle fibers activated

 Proximal conduction velocity

 determined by conduction 

velocity of the fastest fibers



Motor Nerve Conductions

◼ Vital part of EDX as this 
important for identifying 
demyelination, compression

◼ Need to do proximal and 
distal studies to evaluate for 
conduction velocity, 
conduction block, temporal 
dispersion

◼ Typical nerves: ulnar, 
median, peroneal, tibial.

◼ Less common: radial, 
femoral, phrenic, spinal 
accessory, facial





What is Peripheral 

Neuropathy?



F-waves and H-reflex

◼ Useful for identifying 
proximal segmental 
demyelination

◼ Can only be done 
when motor 
amplitude is > 1 mV

◼ Extremely height-
dependent



F Waves:  Normal Median



Needle Electromyography: Techniques

Needle electrode is inserted into the muscle

Needle is disposable, single use

Multiple muscles are accessible for examination

Combination of muscles tested

Dependent upon clinical question

Level of discomfort is mild



Needle Electromyography: Data

 Insertional Activity

 Spontaneous Activity

 Motor Unit Configuration

 Motor Unit Recruitment

 Interference Pattern



Needle Electromyography: Data

Motor Unit Configuration

 Single motor unit:  A motor axon and all its muscle fibers

 Motor Unit Configuration:  Amplitude, Duration, Morphology

 Muscle is volitionally activated at different force levels

 Needle recording properties enable assessment of single MUs

Motor Unit Recruitment

 Pattern of motor unit activation with increasing volitional activation

 Interference Patterns

Motor unit pattern with full voluntary activation



EMG:  Spontaneous Activity

Fibrillation 

Potentials
Positive Sharp Waves



EMG:  Spontaneous Activity

Fasciculation Potential







EMG:  Neurogenic Motor Unit

10 msec/div, timebase

2MV/vertical segment



EMG

Motor Unit Changes





PERIPHERAL NEUROPATHY

Mononeuropathy 

Polyneuropathy

Mononeuritis multiplex



Mononeuropathy

 Mononeuropathy refers to focal involvement of a single nerve trunk 

 Causes 

 Direct trauma, compression, and entrapment

 Ulnar Neuropathy -claw-hand deformity owing to wasting and weakness 

of many of the small hand muscles and hyperextension of the fingers at 

the metacarpophalangeal joints and flexion at the interphalangeal joints.

 Carpal Tunnel Syndrome

 Tarsal Tunnel Syndrome

 Meralgia paresthetica -Lateral femoral cutaneous branch-Dysesthetic 

hyperpathia of lateral thigh

 Cranial Mononeuropathy 



DIAGNOSIS

 EMG-NCV:                                                                                            
Essential for: dignosis,localization ,severity of 
entrapment                                            

 Findings: coduction slowing, coduction block                               
denervation in affected muscles

 CT,MRI,radiography





NEUROGENIC   TOS

 Prevalence: Rare

 Sex : Female

 Site of entrapment: lower trunk

 Age :  13-73 (mean=32 y )

 Symptoms:  pain-tingling sensation-weakness

 Signs: weakness & atrophy –sensory loss

 X ray : bilateral cervical ribs

 MRI : deviation or distortion of nerves or vessel

 EDX 



ULNAR NEUROPATHY AT 
ELBOW

 Etiology :                                                                                    
chronic mechanical compression or stretch 
,ganglia, tumor ,fibrous band,accesory 
muscle,elbow fracture(tardy ulnar 
palsy),immobilized(anesthesia,coma)

 Clinical :                                                                            
1)symptoms: loss of dexterity,decreased 
grip&pinch strength,atrophy,pain                                                            
2)sign: benediction posture, froment’s 
sign,sensory loss

 DDX : C8-T1 radiculopathy ,lower trunk or 
medial cord plexopathy , ulnar n. at wrist





TTS

 Clinical:                                                               

 Symptoms: burning pain in the sole of the foot with 

or without heel pain                                   

 Signs: plantar sensory loss,wasting of foot muscles.

 Treatment : conservative - surgery



Carpal Tunnel Syndrome



Carpal Tunnel Syndrome

 Common conditions that can lead to 

carpal tunnel syndrome include 

obesity, pregnancy, hypothyroidism, 

arthritis, diabetes, and trauma.

 Amyloidosis  sarcoidosis, multiple 

myeloma and leukemia.

 Numbness and tingling of the hand in 

the distribution of the median nerve 

(the thumb, index, middle, and part of 

the fourth fingers)

 Weakness of the hand. 

 Decreased grip strength can lead to 

frequent dropping of objects from the 

hand



 Median nerve entrapment at the wrist is the most 

common of all entrapment neuropathies and, 

consequently, is one of the most frequent 

reasons for referral for an electrodiagnostic 

study.

 little correlation..



Clinical 

 Pain

 Paresthesia

 Weakness

 Provocation

 Sensory fibers early

 Significant functional motor impairment, unusual 

 Sensory exam

 Tinnel & phalen

 Motor exam

 Isolating the actions of the APB and OP (median-innervated 
muscles distal to the carpal tunnel) may be difficult because 
thumb abduction is also served by the abductor pollicis longus
(radial nerve) and thumb opposition by a combination of the 
deep head of the FPB (innervated by the ulnar nerve) and the FPL 
(innervated by the anterior interosseous nerve).



EDX 

DL       CV    Amp

(msec)  (m/s)  (mV)

Wrist-APB    3.2                  15.0

Elbow-Wrist 55      14.8



Grading 

 Minimal 

 Mild 

 Moderate 

 Severe 

 Extremely severe



Evaluation

 DM & Thyroid function as a routine evaluation



Meralgia paresthetica

 Painful mononeuropathy of the lateral femoral cutaneous nerve 

(LFCN)

 Due to focal entrapment of this nerve as it passes through the inguinal 

ligament.

 Diabetics , Pregnancy, tight clothing, and obesity

 Paresthesias and numbness of the upper lateral thigh area are the 

presenting symptoms

 The paresthesias may be quite painful.

 Symptoms are typically unilateral.

 Examination reveals numbness of the anterolateral thigh in all, or part 

of the area involved with the paresthesias

 Tapping over the upper and lateral aspects of the inguinal ligament or 

extending the thigh posteriorly, which stretches the nerve, may 

reproduce or worsen the paresthesias.



Length Dependent Motor and Sensory Polyneuropathy

Schaumburg 1983



Classification 

 Fiber type

 Small fiber neuropathy: NL EDX

 Large fiber neuropathy

 Pathology

 Axonal

 Demyelinating

 Function

 Motor

 Sensory

 Mixed 



Plexopathy: Selected 

Etiologies

Compression (CABG)

Inflammatory (Parsonage-Turner 
Syndrome)

Radiation Injury (Radiotherapy)

Traumatic Injury (Traction, laceration, 
missile)

Ischemia (Diabetic amyotrophy)



Motor neuron disease

 Painless motor symptoms

 Acquired

 Inherited



Radiculopathy

 Radiculopathy is one of the most frequent 
patterns seen in the EMG laboratory. Because 
the lesion is at the level of the root (i.e., proximal 
to the dorsal root ganglia), sensory NCSs are 
always normal

 Motor conductions are also generally normal, 
although CMAP amplitudes may be low in 
severe radiculopathy, when the muscle(s) used 
for recording is innervated by the involved nerve 
root

 With routine NCSs, this only occurs in the median 
and ulnar motor studies in C8–T1 radiculopathies, 
and in the peroneal and tibial motor studies in 
L5–S1 radiculopathies



 Because each nerve root innervates a segment 

of paraspinal muscles and several limb muscles, 

usually by way of several different peripheral 

nerves, a radiculopathy is recognized on needle 

EMG by neurogenic abnormalities in muscles 
that share the same nerve root innervation (i.e., 

myotomal pattern)

 Abnormalities are usually expected in distal and 

proximal limb muscles innervated by the same 

nerve root, but by different nerves



 In addition, abnormalities in the 
paraspinal muscles are useful, but not 
required, in helping to recognize a 
radiculopathy

 Similar to other axonal loss lesions, it is 
important to remember that the specific 
neurogenic abnormalities vary, 
depending on the time course of the 
radiculopathy ( at least 2 weeks)

 Following back surgery…



 In summary, two criteria are necessary to 

establish the diagnosis of radiculopathy

 The first is denervation in a segmental myotomal 

distribution (i.e., in muscles innervated by the 

same roots via more than one peripheral nerve), 
with or without denervation of the paraspinal 

muscles

 At least two muscles, and preferably more, 

should reveal evidence of denervation ( 

fibrillation potentials, decreased recruitment or 
abnormal MUAP morphology, or both)



 The second criterion is a normal SNAP in the 

corresponding dermatome

 For example, in a C7 radiculopathy, the flexor 

carpi radialis (median innervated C7 muscle) 

and triceps (radial innervated C7 muscle) may 

be abnormal on needle EMG, with or without the 

cervical paraspinal muscles, with the median 
SNAP (recording middle finger) being normal

 The only exception to this rule is in some rare 

cases of L5 radiculopathy, wherein the superficial 

peroneal SNAP may be absent or reduced in 

amplitude (less than 50 % of the contralateral 
superficial peroneal SNAP)



What to Expect From an 

EMG Report

 A clinically and physiologically relevant  interpretation/diagnosis

 An outline of the localization, severity, and acuity of the process

 Notation of other diagnoses that are detected/excluded

 Explanation of any technical problems



Summary: Utility of EMG/NCS

 Highly sensitive indicator of early nerve injury

 Detects dynamic and functional injury missed by MRI

 Provides information regarding chronicity of nerve injury

 Provides prognostic data

 Highly localizing

 Clarifies clinical scenarios when one disorder mimics another

 Identifies combined multi-site injury, avoiding missed diagnoses

 Identifies more global neuromuscular injury with focal onset

 Provides longitudinal data for charting course, response to 
therapy

 ** All dependent on a reliable laboratory with full repertoire of 
techniques



EMG “Pearls”

 Electrodiagnostic studies are a supplement to, and 
not a replacement, for the history and physical 
examination  

 Electrodiagnostic results are often time-dependent   

 Electrodiagnostic studies are not “standardized” 
investigations and may be modified by the 
practitioner to answer the diagnostic question




