Electrophysiology Lecture
1. List the events that occur during the distal latency in a motor nerve

Defined as the time from the stimulus affecting the nerve to the response (motor or sensory) being recorded, latency is usually measured in milliseconds (msec). Distal latency is that interval measured from the stimulation of the distal-most accessible site on the nerve. This finding does not give direct information on conduction velocities, because the distal segment often follows a tortuous route that cannot be measured. The measurement is useful, however, because it can be compared with normal data and indicate the relative conductivity of the segment of the nerve. In measuring the latency of the motor nerve, remember that a small portion of that time is due to the delay in neuromuscular transmission, whereas no such delay is present in sensory latencies.

2. Calculate a nerve conduction velocity using latencies and locations of 2 stimulation sites along the nerve
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3. Explain the differences in the size and shape of a compound motor action potential and sensory nerve action potential
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4. Define H-wave, F-wave and phase cancellation

H-WAVE:

The H-reflex is the electrical equivalent of the monosynaptic stretch reflex and is normally obtained in only a few muscles. It is elicited by selectively stimulating the Ia fibers of the posterior tibial or median nerve. Such stimulation can be accomplished by using slow (less than 1 pulse/second), long-duration (0.5-1 ms) stimuli with gradually increasing stimulation strength. 

The stimulus travels along the Ia fibers, through the dorsal root ganglion, and is transmitted across the central synapse to the anterior horn cell which fires it down along the alpha motor axon to the muscle. The result is a motor response, usually between 0.5 and 5 mv in amplitude, occurring at low stimulation strength, either before any direct motor response (M) is seen or with a small M preceding it. Understandably, the latency of this reflex is much longer than that of the M response, and a sweep of 5-10 ms/division is necessary to see it. 

The H-reflex can normally be seen in many muscles but is easily obtained in the soleus muscle (with posterior tibial nerve stimulation at the popliteal fossa), the flexor carpi radialis muscle (with median nerve stimulation at the elbow), and the quadriceps (with femoral nerve stimulation). 
Typically, it is first seen at low stimulation strength without any motor response preceding it. As the stimulation strength is increased, the direct motor response appears. With further increases in stimulation strengths, the M response becomes larger and the H-reflex decreases in amplitude. When the motor response becomes maximal, the H-reflex disappears and is replaced by a small late motor response, the F-wave.

F-WAVE

The F-wave is a long latency muscle action potential seen after supramaximal stimulation to a nerve. Although elicitable in a variety of muscles, it is best obtained in the small foot and hand muscles. It is generally accepted that the F-wave is elicited when the stimulus travels antidromically along the motor fibers and reaches the anterior horn cell at a critical time to depolarize it. The response is then fired down along the axon and causes a minimal contraction of the muscle. Unlike the H-reflex, the F-wave is always preceded by a motor response and its amplitude is rather small, usually in the range of 0.2-0.5 mv. 

The F-wave is a variable response and is obtained infrequently after nerve stimulation. Commonly, several supramaximal stimuli are needed before an F-response is seen since only few stimuli reach the anterior horn cell at the appropriate time to depolarize it. With supramaximal stimulation however, depolarization of the entire nerve helps spread the stimulus to the pool of anterior horn cells thus enhancing its chances to reach a greater number of anterior horn cells at the critical time and produce an F-wave. 

Because different anterior horn cells are activated at different times, the shape and latency of F-waves are different from one another. Conventionally, ten to twenty F-waves are obtained and the shortest latency F-wave among them is used. 

F-response is useful in assessing: radiculopathies, spinal processes, guillan-barre syndrome

Phase Cancellation
This occurs when after you stimulate the nerve proximally, the individual responses spread out, and therefore when the potential is measured downstream, the phases are no longer coherent, and the net amplitude is therefore decreased. Phase cancellation is normally seen in sensory nerves but not in motor nerves. 

5. Explain the effects of demyelination and axon loss on nerve conduction tests

DEMYELINATION

As a rule, latencies and conduction velocities are affected most. With few exceptions, the sensory fibers are affected first. The sensory nerve action potential's duration is increased, resulting in a low amplitude and prolonged distal latency. At a later stage, the motor fibers are affected essentially in the same fashion with decreased conduction velocities, usually 50 percent below normal values. 

In the entrapment or pressure neuropathies, the demyelination is focal, with the nerve remaining normal both above and below the lesion. When the nerve is stimulated above the entrapment or pressure area, the conduction velocity is slowed. Stimulation below the lesion, however, results in a normal velocity. 
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In distal entrapments, where stimulation below the lesion is either impossible or technically difficult, the findings are limited to a prolonged distal latency and a reduction of the sensory amplitude and, in time, of the motor response 

In incomplete demyelination, chunks of nerves can conduct at different rates, causing dispersion of the peak. 
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AXON LOSS:

Axonal loss results primarily in a decreased amplitude but relatively preserved distal latency
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6. Describe how repetitive stimulation and single fiber EMG can be used to test the reproducibility of conduction at the neuromuscular junction

Repetitive Stimulation:


In normal muscles, repetitive stimulation results in no drop in the CMAP(compound muscle action potential) amplitudes. Any drop of more than 10% measured between the 1st-4th stimulation is considered abnormal and indicated a neuromuscular junction block

Single Fiber EMG:


In normal muscles, 2 fibers activated by the same axon have consistent latencies. In Single Fiber EMG these latencies are measured and the variability in latencies is refered to as “jitter”. Increased jitter indicates and NMJ disorder. Once the jitter is sufficiently large, you can get a neuromuscular block, which is what’s measured by repetitive stimulation. Therefore, Single Fiber is much more sensitive than RS. 

7. Define EMG findings of positive waves, fibrillation potentials, polyphasia and recruitment

Positive waves and fibrillations are spontaneous activities measured at rest, and come from individual muscle fibers which are not connected to the nerve. They fire very regularly, and appear following nerve damage, but will disappear as time goes by and denervation occurs. Therefore the smaller the spontaneous activity, the older the lesion.
Recruitment refers to the number of motor units activated at varying levels of effort…the more effort you put in the more motor units are activated. The smaller axons typically fire first. 

Polyphasia is the finding of a large amplitude peak which indicates reinnervation. As time goes by, this amplitude will decrease. 

8. Explain the significance of EMG findings of positive waves, fibrillation potentials, polyphasia and recruitment. 

Positive waves and fibrillation potentials – indicate spontaneous activity following nerve damage. Decrease as time goes by. 

Recruitment – indicates motor unit functionality
Polyphasia – indicates reinnervation. 

9. Describe how EMG can be used to distinguish upper motor neuron lesions, lower motor neuron lesions, myopathy, and inflammatory myopathy (polymyositis). 

[image: image10.emf]
Sensory stimulation – the more proximally you stimulate the nerve, the more time the waveforms have to spread out, leading to phase cancellation





Motor stimulation – Same amplitude no matter where stimulated – no phase cancellation








