
Contents

PART I: B A S IC S  O F  
E L E C T R O D IA G N O S IS  1

1 A n a to m ic  B a sis  fo r  L o c a liz a tio n  3

1. In tro d u c tio n  3
2. C ranial N erves 5 

Trigeminal Nerve 5 
Facial N erve 6 
Accessory Nerve 6

3. A n terio r and  P osterio r R am i 7
4. C ervical and  B rachial Plexuses 9  

Phrenic Nerve 9
Dorsal Scapular Nerve 10 
Suprascapular N erve 10 
U pper and  Lower Subscapular N erve 10 
Thoracodorsal Nerve 11 
M usculocutaneous Nerve 11 
Axillary Nerve 11

5. Principal N erves o f  the U pper L im b 12 
Radial Nerve 12

M edian Nerve 13
U lnar N erve 14
G eneral Rules and Anomalies 14

6. L u m b ar Plexus and
its P rincipal N erves 14 

Iliohypogastric Nerve 15 
Ilioinguinal N erve 15 
G enitofem oral Nerve 15 
Lateral Femoral C utaneous Nerve 
Femoral Nerve 15 
Saphenous N erve 16 
O bturator N erve 17

7. Sacral Plexus and
its P rincipal N erves 17 

Superior and Inferior 
Gluteal Nerves 17 

Sciatic Nerve 17 
C om m on Peroneal Nerve 17 
Tibial N erve 19 
Sural N erve 20 
Pudendal Nerve 20



2 E lec tr ica l P r o p e r tie s  o f  N e r v e  an d  
M u sc le  2 2

1. In tro d u c tio n  22
2. T ransm em brane Po ten tia l 23 

Ionic C oncentration  o f  Cells 23 
N ernst Equation 23 
Sodium -Potassium  Pum p 24 
Goldm an-Hodgkin-K atz Equation 25

3. G enera l C haracteris tics o f  an
A ction  P o ten tia l 25 

All-or-None Response 25 
Local C urren t 27 
A fter-Potential 27

4. V olum e C o n d u c tio n  an d  W aveform  27 
Diphasic Recording o f  Action Potential 27 
Effect o f  Volume C onduction 28 
Analysis o f Triphasic Waveform 29 
Near-Field and  Far-Field Potentials 31

3 E le c tr o n ic  S y stem s 34

1. In tro d u c tio n  34
2. E lectrodes 35

Preparation o f  N eedle Electrodes 35 
Types o f  E lectrodes 35 

Surface Electrodes 35 
S tandard or Coaxial Needle 36 
Bipolar C oncentric N eedle 37 
M onopolar N eedle 37 
Single Fiber Needle 37 
M acroelectrodes 37 
M ultielectrodes 38 
Flexible W ire 38 
Glass M icroelectrodes 38

3. E lec trode  A m plifiers 38 
Differential Amplifiers 38
C om m on M ode Rejection Interference 38 
M eans o f  Reducing Interference 39 
Input Im pedance 39 
Frequency Response 39

4. V isual and  A ud ito ry  D isplays 40 
Delay Line 40
M ultiple-Channel Recording 40 
Storage Oscilloscope 40 
Loudspeaker 40

5. A rtifacts 41 
E lectrode Noise 41 
Amplifier N oise 42 
Defective Amplifier 42

M ovem ent A rtifact 43 
E lectrostatic and  Electromagnetic 

Interference 43 
Radio and  M obile Phone Interference 44

6. S tim ula to rs 4 4
Electrical Stim ulation Requirem ents 44 
Stimulus Isolation 44
C onstant Voltage versus C onstant Current 45 
M agnetic C oil Stim ulation 45

P A R T  II :  N E R V E  C O N D U C T IO N  
S T U D I E S  4 7

4  A n a to m y  an d  P h y s io lo g y  o f  th e  
P er ip h era l N e r v e  and  T y p e s  o f  N erv e  
P a th o lo g y  4 9

1. In tro d u c tio n  49
2. A natom y o f  th e  P eripheral N erve 50 

Gross Anatomy 50
Myelinated and U nm yelinated Fibers 50 
Axonal T ransport 52

3. P hysio logy o f  N erve C o n d u c tio n  52 
Transm em brane Potential 52 
G eneration and  Propagation of

A ction Potential 52 
Factors D eterm ining the 

C onduction  Velocity 53
4. T ypes o f  N erve F ibers 54 

Classification o f  Never Fibers 54 
M odality D ependency o f  Nerve

C onduction  55 
In Vitro Recording and Fiber D iameter 55 
Analysis o f  N erve A ction Potentials 56

5. C lassification o f  N erve In juries 57 
Neurapraxia and C onduction Failure 58 
Axonotm esis and W allerian Degeneration 59 
N eurotm esis and Nerve Regeneration 61

6. T ypes o f  N eu ropa th ic  D iso rders 63 
Axonal D egeneration 63 
Segmental D emyelination 64
Clinical Consequences of Demyelination 66

5 P r in c ip le s  o fN e r v e  C o n d u c tio n  
S tu d ie s  74

1. In tro d u c tio n  74
2. E lectrical S tim ula tion  o f  the N erve 75 

C athode and A node 75
Types o f  Stim ulators 75

xviii • Contents



Stimulus Intensity and Possible Risk 75 
C ontrol o f  Shock Artifact 76

3. R ecord ing  o f  M uscle and
N erve P o ten tia ls 77 

Surface and N eedle Electrodes 77 
Sweep Speed and Amplification 77 
Averaging Technique 78 
Display and Storage o f  R ecorded Signals 78

4. M o to r N erve C o n d u c tio n  78 
Stim ulation and Recording 78 
Calculation of C onduction  Velocity 80 
Waveform Analysis 80
Types o f  A bnormalities 81

5. Sensory  N erve C o n d u c tio n  88 
Stim ulation and Recording 88 
Latency and C onduction  Velocity 88 
Waveform Analysis 89
Types o f  A bnormalities 90

6. N erve C o n d u c tio n  in  the
C linical D o m ain  90 

Variation am ong Different 
Nerve Segments 90 

Effects o f  Tem perature 91 
Height and O ther Factors 91 
Clinical Values and Lim itations 92

6 A sse s s m e n t  o f  In d iv id u a l N e r v e s  9 9

1. In troduc tion  100
2. C ranial N erves 100 

Spinal Accessory Nerve 100 
Mylohyoid and Lingual Nerves 100 
Hypoglossal Nerve 101

3. C om m only  T ested  N erves
in the U pper L im b 101 

M edian N erve 101 
M otor Studies 101 
Sensory Studies 103 
Inching Technique 108 

Ulnar N erve 111 
M otor Studies 111 
Sensory Studies 115 
Inching Technique 116 

Radial Nerve 116 
M otor Studies 116 
Sensory Studies 118 
Inching Technique 118

4. N erves in  th e  C ervical
and  Thoracic R egion  118 

Phrenic Nerve 118

G reater A uricular Nerve 119
Cervical Spinal N erve 119
Brachial Plexus 120
M usculocutaneous Nerve 122
Long Thoracic Nerve 124
Lateral Antebrachial C utaneous N erve 124
M edial Antebrachial C utaneous N erve 124
Posterior Antebrachial C utaneous N erve 125
Intercostal Nerves 125

5. C om m on ly  T ested  N erves
in  the L ow er L im b 126 

Tibial Nerve 126 
M otor Studies 126 
Sensory Studies 126 

D eep and Superficial Peroneal N erve 128 
M otor Studies 128 
Sensory Studies 129 

Sural N erve 133
6. O th e r  N erves

in th e  L um bosacral R egion  134 
Lumbosacral Plexus 134 
Femoral N erve 135 
Saphenous N erve 136 
Lateral Femoral C utaneous N erve 136 
Posterior Femoral C utaneous N erve 137 
Pudendal Nerve 137 
Dorsal N erve o f  the Penis 137 
O ther Nerves 138

P A R T  H I :  L A T E  R E S P O N S E , R E F L E X , 
A N D  O T H E R  M E T H O D S  1 4 7

7  T he F W ave a n d  th e  A  W ave 149

1. In tro d u c tio n  149
2. Physio logy o f  the F Wave 150 

R ecurrent Activation o f  the M otoneuron 150 
Frequency o f  Backfiring 150
Large and  Small M otoneurons 152 
M easure o f  A nterior H orn Cell 

Excitability 152
3. F-W ave A nalyses 153 

R ecording and M easurem ent 153 
Distal versus Proximal Stim ulation 156 
Central Latency 157
F-Wave C onduction  Velocity 158 
F Ratio 158

4. U ses o f  F W aves as a C linical Test 159 
Principles and Practice 159

C ontents  • xix



N orm al Values 159 
D isorders Associated with 

F-Wave A bnorm alities 162 
H ereditary M otor Sensory Neuropathy 162 
Guillain-Barré Syndrom e 163 
Diabetic, Uremic, and O ther 

N europathies 165 
Entrapm ent and Com pression 

Syndrom es 168 
Plexopathy 168 
Radiculopathy 169 
Flaccid Paralysis 169 
O ther D isorders 170

5. A  W aves and  R ela ted  R esponses 170 
Basic Types o f  A  Wave 170 
Physiologic Characteristics 171 
Late M otor Response 172 
Repetitive Discharges 173 
D isorders Associated w ith A Waves 173

8 S tu d ie s  o f  th e  F acia l N e r v e  and  
th e  B lin k  R eflex  180

1. In tro d u c tio n  180
2. S tim ulation  o f  the Facial N erve 182
3. S tim ulation  o f  the T rigem inal N erve 183 

C om ponents o f  Blink Reflex 183 
Electrically Elicited Responses 184 
M echanically Evoked Responses 185 
O ther Types o f  Stimuli 186

4. A bnorm alities o f  R1 C o m p o n en t 186 
D irect Involvement o f  the Reflex Arc 186 
Effect o f  Lesions outside

the Reflex Pathway 188 
Degree of Slowing and R /D  Ratio 188

5. A bnorm alities o f  R 2  C o m p o n en t 188 
Involvement o f Polysynaptic Pathways 188 
Level o f Consciousness and Perception 190 
Altered Excitability o f  Interneurons 191

6. C linical A pplications 193 
N orm al Values 193
Lesions of the Trigeminal N erve 193 
Bell’s Palsy 193
Synkinesis o f Facial Muscles 197 
Hemifacial Spasm 198 
Acoustic N eurom a 198 
Polyneuropathy 198
Lesions in the Brainstem and Spinal C ord 199 
M ultiple Sclerosis 200

W allenberg Syndrom e 201 
Facial H ypoesthesia 201 
O ther Disorders 201

9 H , T , a n d  M a sse ter  R eflex es  and  
th e  S ile n t  P e r io d  2 0 8

1. In tro d u c tio n  208
2. H  Reflex and  T  Reflex 209 

H Reflex versus F Wave 209 
Recording Procedures of

the Soleus H Reflex 210 
Studies o f  Excitability 211 
Paired-Shock Techniques 213 
Clinical Applications 213

3. T he M asseter and  P terygo id  Reflex 216 
M ethods and Norm al Values 216 
Clinical Applications 217 
Masseteric Silent Period 217

4. The T o n ic  V ibration  Reflex 218 
N orm al and Abnorm al Responses 219 
Clinical Applications 219

5. The S ilent Period  and
L ong-L atency Reflex 219 

Silent Period 219 
Physiologic M echanisms 220 
Potentials That Break through

the Silent Period 221
6. O th e r  Reflexes 222

10  O th e r  T ech n iq u e s  To A s s e s s  th e  
P er ip h era l N e r v e  235

1. S tud ies o f  th e  A utonom ic
N ervous System  236 

Heart-Rate Variation with Breathing 236 
Valsalva Ratio 236 
Response to  Change in Posture 236 
Sympathetic Skin Response 237

2. M o to r U nit N u m b er E stim ates 238 
C om pound Muscle Action Potential 239 
Sampling o f  Single M otor Unit Potential 239 
M ethods for Q uantitative Assessments 239 
N orm al Values and  Clinical Application 241

3. A ssessm en t o f  R efrac to ry  Period  after
Supram axim al S tim ulation  241 

Absolute and Relative Refractory Period 242 
Paired Shock and Collision Technique 242 
Changes in A m plitude versus Latency 243 
Super and Subexcitable Phases 247

XX • Contents



4. T hreshold  Tracking after
S ub th resho ld  S tim ula tion  247 

Classical Strength-D uration C urve 247 
Threshold M easurem ent 248 
Strength-D uration T im e C onstant 249 
Effect of Subthreshold C onditioning 249 
Latent A ddition with

Brief C onditioning 250 
Accom m odations with

Prolonged C onditioning 251 
Electrotonus and Threshold E lectrotonus 251 
Techniques to  Measure

Threshold Electrotonus 252 
Application o f  Threshold M easurem ents 253 
Clinical A ssessments 254

5. A dd itional Evaluation o f
N erve F unc tion  255 

M icroneurography 255 
Quantitative Sensory Testing 256 
Thermography 257 
O ther Techniques 257

11 F acts, F a llac ies , a n d  F a n c ies  o f  
N e r v e  C o n d u c tio n  S tu d ie s  2 7 4

1. In tro d u c tio n  274
2. C om m on  T echnical P roblem s 275 

Stimulating System 275 
Recording System 276

3. Spread o f  S tim ulation  C u rren t 276 
Stimulation o f  the Facial Nerve 277 
Axillary Stimulation and

Collision Technique 277 
Palmar Stim ulation o f  the Median 

and U lnar N erve 279
4. A nom alies as Sources o f  E rro r 281 

M artin-G ruber Anastom osis 281 
Anomalies o f  the H and 286 
Accessory Deep Peroneal N erve 287 
O ther Anomalies o f  the Lower Lim b 288

5. C o n d u ctio n  B lock Versus
Phase C ancella tions 288 

Physiologic Temporal D ispersion 288 
Pathologic Temporal D ispersion 289 
M odel for Phase Cancellation 290 
D etection of C onduction  Block 294

6. C ollision T echniques and
W aveform  Analysis 296 

D istribution o f  C onduction  Velocities 296

Collision Block o f  Fast or Slow Fibers 298 
Volitionaiiy Generated Nerve Im pulses 300

7. L ong  and  S h o rt o f  N erve
C o n d u c tio n  S tud ies 300 

Inching Technique for Short Segm ent 300 
Late Responses for Long Segm ent 302 
Reliability and Reproducibility 302 
Clinical C onsideration 303

P A R T  IV : E L E C T R O ­
M Y O G R A P H Y  3 1 3

12 A n a to m y  a n d  P h y s io lo g y  o f  
th e  S k e le ta l M u sc le  3 1 5

1. In tro d u c tio n  315
2. F unc tiona l A natom y 316 

Gross A natom y o f  Muscles 316 
Excitability and C onductivity  316 
Myofibrils and M yofilaments 316 
M echanism o f  C ontraction 316

3. T ypes o f  M uscle F ibers 317 
Type 1 and  Type II Fibers 318 
Fast and Slow Twitch Fibers 318 
Fast and Slow M uscles 319
Injury, D enervation, and Innervation 319

4. S tretch-Sensitive R eceptors 321 
A natom y o f  M uscle Spindles 321 
Function o f  M uscle Spindles 322 
Golgi Tendon O rgan 323

5. A natom y o f  th e  M o to r  U n it 323 
Innervation Ratio 323 
D istribution o f  M uscle Fibers 325

6. Physiology o f  th e  M o to r U n it 326 
Size Principles and R ecruitm ent 326 
Twitch Characteristics 327
Rate Coding 327

13 E lec tr o m y o g ra p h y  an d  O th e r  M ea su res  
o f  M u sc le  F u n c tio n  3 3 3

1. In tro d u c tio n  333
2. P rincip les o f  E lectrom yography 334  

Physiologic Basis 334 
C ontraindications and Precautions 335 
Recording Techniques 336

3. Insertional A ctiv ity  336 
O rigin and Characteristics 336 
Clinical Significance 336

C ontents  • xxi



4. E ndplate A ctivities 337 
Endplate N oise 337 
Endplate Spike 339

5. M o to r U n it Po ten tia l 339 
M otor U nit Profile 339 
A m plitude 340
Rise Tim e 341 
D uration 341 
Area 341
Phases and Satellite Potential 342

6. Q uan tita tive  M easu rem en ts 342 
M ethods o f  Assessm ent 342 
Selection and Analysis 342 
A utom ated M ethods 344 
Frequency Spectrum  344

7. D ischarge P attern  o f  M o to r  U nits 345 
R ecruitm ent 345
Interference Pattern 347
M easurem ents o f  Turns and A m plitude 347

8. O th e r  M easures o f  M uscle F u n c tio n  348 
M uscle Fiber C onduction  Velocity 348 
Recovery Cycles of

M uscle Fibers 349 
Integrated Electrical Activity and 

M uscle Force 349 
M uscle C ontraction  and Fatigue 350 
Kinesiology and M otor Control 350 
A coustic Signals 350 
Sonographic Imaging 351 
M agnetic Resonance Imaging 351 
Electrical Im pedance Myography 351

1 4  T y p e s  o f  E lec tr o m y o g ra p h ic  
A b n o r m a lit ie s  361

1. In tro d u c tio n  361
2. In sertiona l A ctiv ity  363

Decreased versus Prolonged Activity 363 
Insertional Positive Waves 363

3. M yoton ic  D ischarge 365
Positive versus Negative Discharge 366 
Pathophysiology 367

4. S po n tan eo u s A ctivities 367 
Excitability o f  D enervated M uscle Fibers 367 
Fibrillation Potentials 368
Positive Sharp Waves 368 
Complex Repetitive Discharges 371 
Fasciculation Potentials 372

Myokymic and N eurom yotonic 
Discharges 375 

C ontinuous Muscle Fiber Activity 376 
C ram ps 376
Types o f  Spontaneous Discharges 376 
Clinical In terpretation  377

5. M o to r  U n it P o ten tia ls 378 
Types o f A bnormalities 378 
Lower M otoneuron versus

M yopathic D isorders 380
6. R ecru itm en t P attern  383 

U pper M otoneuron D isorders 383 
Lower M otoneuron D isorders 384 
M yopathy 384
Involuntary M ovem ent 385

15 E x a m in a tio n  o f  N o n lim b  M u sc le s  393

1. In tro d u c tio n  393
2. M uscles o f  th e  Face, L arynx, and  N eck  393 

Facial Muscles 394
Laryngeal and Nuchal Muscles 395 
Diaphragm 395

3. E xtraocu lar M uscles 396 
Recording Technique 396
U nique Properties o f  Extraocular Muscles 397 
Neurogenic Extraocular Palsy 397 
M yopathy and  M yasthenia Gravis 398

4. T runcal M uscu la tu re  398 
A bdom inal Muscles 398 
Paraspinal Muscles 399

5. A nal S ph inc te r 400 
Indications and Techniques 400 
Resting and Voluntary Activities 400 
Central versus Peripheral Paralysis 401

16 S in g le -F ib e r  a n d  M acro  
E lec tr o m y o g ra p h y  4 0 6

1. In tro d u c tio n  406
2. R ecord ing  A pparatus 407 

Electrode Characteristics 407 
Amplifier Settings 408

3. Single-Fiber Poten tia l 408 
R ecording Procedures 408 
R ecom m ended Criteria 409

4. F iber D ensity  409
Definition and Clinical Interpretation 409 
D eterm ination o f  Fiber Density 411 
D uration and M ean Interspike Intervals 411

xxii • Contents



5. J itte r  and  B locking 411
Definition and Clinical Interpretation 411
D eterm ination o fjitte r 413
Normal and Abnorm al Jitter Values 413

6. Use o f  C o n cen tric  N eedles for
J itte r  R ecord ing  415

7. M acro  E lectrom yography 415
8. C linical Values and  L im ita tions 417  

M otoneuron Disease 417 
Peripheral N europathy 420 
Disorders o f  N eurom uscular

Transmission 420 
M yopathy 421 
O ther Disorders 423

P A R T  V: N E U R O M U S C U L A R  
T R A N S M I S S I O N  A N D  M U S C L E  
E X C IT A B IL IT Y  4 2 9

17 A n a to m y  a n d  P h y s io lo g y  o f  th e  
N eu ro m u scu la r  J u n c t io n  431

1. In tro d u c tio n  432
2. A natom y o f  the

N eu ro m u scu la rju n c tio n  432  
Endplate 432 
Synaptic Vesicles 433 
A cetylcholine Receptors 434

3. Electrical A ctiv ity  a t th e  E ndp late  434  
M iniature Endplate Potential 434
Events Related to  Nerve A ction Potential 435 
Endplate Potential 435

4. E xcita tion -C on trac tion  C oup ling  435 
G eneration o f  M uscle A ction Potential 435 
Transverse and Longitudinal Tubules

and Triad 436 
Role o f  Calcium  Ions 436

5. A bnorm alities o f
N eurom uscu lar T ransm ission  437  

Postsynaptic Defect in 
M yasthenia Gravis 437 

Experim ental M odels in Animal 438 
Presynaptic Defect in Lambert-Eaton 

M yasthenic Syndrom e 439 
Pathophysiology o f  Congenital 

M yasthenic Syndrom es 439 
Effect o f  Toxins and Chem icals 439

6. T im e C ourse  o f
N eu ro m u scu la r T ransm ission  440 

Repetitive Discharges after 
Single Stim ulation 440 

Effects o f  Paired or
Repetitive Stim ulation 440 

N eurom uscular Depression and 
Facilitation 440 

N orm al Recovery Cycle by Paired Stimuli 441 
Effects o f  Disease States 442 
Posttetanic Potentiation and Exhaustion 443

18 R e p e tit iv e  N e r v e  S tim u la t io n  and  
E x erc ise  T ests  4 4 9

1. In tro d u c tio n  449
2. M eth o d s  an d  T echnical Factors 450  

Belly-Tendon Recording 450 
M ovem ent-Induced Artifacts 450 
Tem perature and O th e r Factors 451

3. C om m on ly  U sed  N erves and  M uscles 452  
Distal versus Proximal Muscle 452
U pper Lim b and Shoulder Girdle 453
Lower Lim b 453
Face 454
O th e r Muscles 454

4. R ecovery  C urves by  Paired S tim ula tion  454  
Short Interstim ulus Intervals 454
Long Interstim ulus Intervals 454

5. D ecrem en t a t Slow R ates o f  S tim ulation  454 
N orm al Muscles 454
M yasthenia Gravis 455
O th er N eurom uscular Disorders 456

6. In crem en t a t Fast Rates o f  Stim ulation 457 
N orm al Muscles 457
M yasthenic Syndrom e and Botulism 458 
O ther N eurom uscular D isorders 459

7. Effect o f  T etan ic  C o n trac tio n  459  
Use o f  Sustained Stim ulation 459 
Posttetanic Potentiation 460 
Posttetanic Exhaustion 466

8. E xercise T ests fo r
M yogenic D iso rders  467 

Muscle Glycogenosis 467 
M yotonia 468 
Paramyotonia Congenita and 

Periodic Paralysis 468 
Cram p-Fasciculation Syndrom e 468

C ontents  • xxiii



P A R T  V I :  S O M A T O S E N S O R Y  A N D  
M O T O R  E V O K E D  P O T E N T IA L S  A N D  
M O N IT O R IN G  P R O C E D U R E S  4 7 5  

19 S o m a to se n so r y  E vok ed  P o te n tia l 4 7 7

1. In tro d u c tio n  477
2. T echn iques an d  G enera l P rincip les 478 

Stim ulation 478
Recording 478 
Averaging Procedure 479

3. F ield T heo ry  480
Near-Field versus Far-Field Potential 480 
Animal and Flum an Studies 481 
C oncept o f  Junctional Potential 481 
Clinical Im plications 484

4. N eura l S ources o f  V arious Peaks 486 
N om enclature 486
M edian and Ulnar Nerves 486 
Tibial and Peroneal N erves 493 
Trigeminal Nerve 494 
Pudendal N erve 497 
O th e r Nerves 498 
D ermatomal Stim ulation 498

5. Pathw ays for S om atosenso ry  P otentials 498 
Peripheral Inputs and Their Interaction 498 
Nociceptive Evoked Potentials 499 
Central M echanisms for Integration 501 
M easurem ent o f  C onduction  Tim e 502

6. C linical A pplication  504
C om m on Derivations and  Norm al Values 504 

Nerves o f  U pper Limb 504 
Nerves o f  Lower Lim b 506 

Clinical Values and Lim itations 507 
Peripheral N europathy 508 
Spinal C ord  and Brainstem Lesions 509 
Multiple Sclerosis 509 
Stroke 510 
M yoclonus 510 
O ther D isorders 510

2 0  M o to r  E vok ed  P o te n tia ls  5 2 5

1. In tro d u c tio n  526
2. E lectrical S tim ula tion  o f  the Brain

an d  Spinal C ord  526 
Animal Experim ents 526 
D Waves and I Waves 526 
Technical C onsideration 527 
Clinical Studies and Lim itations 528

3. T ranscranial M agnetic  S tim ulation  528 
Design o f  the M agnetic Coil 528 
Discharge Pattern o f M otoneurons 528 
Effect o f  M otor Imagery and

Voluntary Effort 530
4. S tud ies o f  th e  P eripheral N erve 535 

Stim ulator Characteristics 535 
Proximal Nerve Segm ent 535 
Cranial Nerves 536

5. C en tra l C o n d u c tio n  T im e  537 
M ethod and N orm al Values 537 
Use o f  R oo t Stim ulation 537 
Calculation Based on F Wave 538 
Triple Stim ulation Technique 538

6. M o d u la tio n  o f  C o rtica l E xcitability  538 
Cortical M apping and

M otor Reorganization 538 
Cortically Induced Silent Period 540 
C onditioning and Testing Paradigm 540 
Repetitive Transcranial Stimulation 541 
Paired Associative Stim ulation 542

7. O th e r  T echn iques fo r
M o tio n  Physio logy 542 

M ovem ent-Related Cortical Potentials 542 
Jerk-Locked Back Averaging 544

8. C linical A pp lica tion  544
Clinical Practice and Safety Issues 544 
N orm al Values 545 
M ultiple Sclerosis 546 
M otoneuron Disease 547 
Epilepsy 548 
Stroke 548
M ovem ent Disorders 549 
Ataxia 550 
M yelopathies 550
N europathies and Radiculopathies 551 
O ther Disorders 551

21 In tra o p era tiv e  M o n ito r in g  5 7 3

1. In tro d u c tio n  573
2. G enera l P rincip les 574 

Effect o f  A nesthetic A gents 574 
Stim ulation Technique 574 
M ixed Nerve A ction Potential 575 
C om pound M uscle Action Potential 575 
Electromyography 576

3. P eripheral N ervous System  576 
Cranial Nerves 576

xxiv • Contents



Limb Nerves, Plexus, and  Roots 577 
Tethered Cord 578 
Pedicle Screw Placem ent 580 
Selective Dorsal Rhizotomy 580

4. Spinal C o rd  Surgery 583
Cortical Som atosensory Evoked Potential 583 
Spinal Som atosensory Evoked Potential 583 
Transcranial Electric Stimulation 586 
Summ ary 587

5. C ortical a n d  S ubcortical M app ing  589
6. C onclusion  589

P A R T  V I I :  D IS O R D E R S  O F  S P IN A L
C O R D  A N D  P E R IP H E R A L  N E R V O U S
S Y S T E M  5 9 7

2 2  D ise a s e s  o f  th e  S p in a l C ord  5 9 9

1. In tro d u c tio n  600
2. M o toneu ron  D isease 600 

Etiology and Pathogenesis 600 
Am yotrophic Lateral Sclerosis 601 
Progressive Muscular A trophy 607 
Progressive Bulbar Palsy 607 
Primary Lateral Sclerosis 607 
H ereditary Spastic Paraplegia 608 
Familial D isorders with

Geographic Predilection 608
3. Spinal M uscular A trophy  608 

Infantile Spinal M uscular A trophy 609 
Juvenile Spinal M uscular A trophy 610 
Juvenile Progressive Bulbar Palsy 611 
Scapuloperoneal Spinal

M uscular A trophy 611 
Facioscapulohumeral Spinal 

M uscular A trophy 612 
Distal and Asym m etric Spinal 

M uscular A trophy 612 
Arthrogryposis Multiplex C ongenita 612 
Focal Amyotrophy 612 
Spinobulbar M uscular A trophy  

(K ennedy  s D isease) 613
4. C reutzfeld t-Jakob D isease 613
5. Poliom yelitis and

Polio-Like S yndrom e 614
6. Syringom yelia 616
7. M ultiple Sclerosis 617
8. O th e r  M yelopathies 617

2 3  R a d ic u lo p a th ie s  and  
P le x o p a th ie s  6 3 6

1. In tro d u c tio n  636
2. C ervical a n d  T horacic R oo ts 637 

Cervical Spondylosis 638 
H erniated Cervical Disc 638 
R oot Avulsion 638
Thoracic Radiculopathy 639

3. Brachial Plexus 639
Traumatic o r Compressive Lesions 640 
Idiopathic Brachial Plexopathy 641 
Familial Brachial Plexopathy 642 
N eoplastic versus

Radiation-Induced Plexopathy 643 
Cervical R ib and

Thoracic O utlet Syndrom e 643
4. L um bosacral R o o ts  644 

C onus Lesion 645 
C auda Equina Lesion 645 
H erniated Lum bar Disc 646 
Spinal Stenosis 647
R oot Avulsion 647

5. L um bosacral Plexus 647 
Idiopathic Lum bosacral Plexopathy 648 
Traum atic Lesions 648
N eoplastic versus

Radiation-Induced Lesions 648 
Vascular Lesions 649 
Electrophysiologic Studies 649

2 4  P o ly n e u r o p a th ie s  and  
M o n o n e u r o p a th ie s  M u lt ip le x  6 5 8

1. In tro d u c tio n  659
2. N eu ropa th ies A ssociated  W ith  G eneral

M edical C on d itio n s 662 
D iabetic N europathy 662 
Uremic N europathy 664 
N europathies in M alignant C onditions 665 
Vasculitic N europathy 666 
Sarcoid N europathy 667 
N europathy in Sjogren's Syndrom e 667 
Critical Illness N europathy 667 
O ther D isorders Associated with 

N europathies 668
3. Inflam m atory, Infective, and

D ysim m une N eu ropa th ies 669 
Im m une-M ediated N europathies 669

Contents  • XXV



Acute Inflam m atory Demyelinating 
Polyneuropathy 670 

Pathogenesis and  General 
Characteristics 670 

Clinical Features 670 
Electrophysiologic Findings 672 

Miller Fisher Syndrom e and Sensory Ataxic 
N europathy 673 

C hronic Inflam m atory Demyelinating 
Polyneuropathy 674 

Multifocal M otor N europathy w ith C onduction 
Block 677 

Acute M otor Axonal N europathy 680 
O th e r A utoim m une N europathies 681 
N europathies Associated with 

Paraproteinem ia 681 
M onoclonal G am m opathy 681 
M yelin-Associated Glycoprotein 

N europathy 683 
Systemic Amyloidosis 683 
Multiple M yeloma 684 
C ryoglobulinem ia 684 
Infective N europathies 684 

HIV-Related N europathy 684 
D iphtheric N europathy 685 
N europathy in Leprosy 685 
O ther N europathies Associated with 

Infections 686
4. M etabolic  and  Toxic N eu ropa th ies 687 

N utritional N europathies 687 
Alcoholic N europathy 688
Toxic N europathies 688

5. In h e rited  N eu ropa th ies 690 
G enetic Classification o f  Inherited

N europathies 691 
Autosom al D om inant Charcot-M arie- 

Tooth  I (H ereditary M otor Sensory 
N europathy Type I) 693 

Autosom al D om inant Charcot-M arie- 
Tooth  II (H ereditary M otor Sensory 
N europathy Type II) 695 

Autosom al Recessive Charcot-M arie- 
Tooth  (Recessive H ereditary 
M otor Sensory N europathy) 696 

Х-Linked Charcot-M arie-Tooth 
(Х -Linked D om inant H ereditary 
M otor Sensory N europathy) 696 

H ereditary Neuropathy w ith Liability to 
Pressure Palsies 696

H ypertrophic Polyneuropathy of 
D ejerine Sottas (H ereditary M otor 
Sensory N europathy Type III) 697 

H ereditary Ataxic N europathy o f  Refsum 
(H ereditary  M otor Sensory 
N europathy Type IV) 697 

Spino-Cerebellar Ataxia 698 
Friedreich's Ataxia 698 
Porphyria 698 
Cerebral Lipidosis 699 
H ereditary Sensory and Autonom ic 

N europathy 699 
Lipoprotein N europathies 700 
G iant Axonal N europathy 700 
Fabry s Disease 701 
Familial Amyloid N europathy 701 
O th e r Inherited Neuropathies 701

2 5  M o n o n e u r o p a th ie s  an d  E n trap m en t  
S y n d r o m e s  7 5 6

1. In tro d u c tio n  757
2. C ran ial N erves 757 

Facial Nerve 758 
Trigeminal N erve 759 
Accessory Nerve 760 
O th e r Cranial Nerves 760

3. N erves in  th e  N eck  and
S hou lder G ird le  760 

Phrenic N erve 760 
Long Thoracic N erve 761 
Suprascapular N erve 761 
Dorsal Scapular N erve 761 
A nterior Thoracic N erve 761 
Axillary Nerve 761 
G reat Auricular Nerve 762 
M usculocutaneous N erve 762 
Antebrachial C utaneous 

N erve 762
4. R adial N erve 762

Proximal Sites o f  Involvement 762 
Posterior Interosseous 

N erve Syndrom e 763 
O th e r M anifestations 764

5. M edian  N erve 764  
Pronator Teres Syndrom e 764 
A nterior Interosseous Nerve

Syndrom e 765 
Carpal Tunnel Syndrom e 765 
Digital N erve E ntrapm ent 770

xxvi • Contents



6. U lnar N erve 770
Tardy U lnar Palsy and Cubital Tunnel 

Syndrom e 770 
Com pression at G uyon’s Canal 772 
Involvement o f  the Palmar Branch 773

7. N erves o f  the Pelvic G ird le  773 
Ilioinguinal Nerve 773 
G enitofem oral N erve 773 
Lateral, Anterior, and Posterior

Femoral C utaneous Nerves 773 
Femoral N erve 774 
Saphenous Nerve 774 
O bturator Nerve 775 
Superior and Inferior Gluteal Nerve 775 
Sciatic Nerve 775

8. C o m m o n  Peroneal N erve 776
9. T ibial N erve 777

10. Sural Enrve 778
11. P udendal N erve 778
12. O th e r M ononeu ropa th ie s 779 

H ypertrophic and Idiopathic
M ononeuropathy 779 

Postherpetic Neuralgia 779 
Occupational Entrapm ent Neuropathies 779 

Sports Injury 779
M usicians' Entrapm ent N europathy 779 
O thers 779 

Traumatic M ononeuropathy 780 
Perioperative M ononeuropathy 780 
Complex Regional Pain Syndrom e 780

P A R T  V I I I :  D IS O R D E R S  O F  
N E U R O M U S C U L A R  J U N C T I O N ,  
M U S C L E  D I S E A S E , A N D  A B N O R M A L  
M U S C L E  A C T IV IT Y  8 0 7  

2 6  M y a sth en ia  G ravis, M y a sth en ic  
S y n d ro m e, and  R e la ted  D iso r d e r s  8 0 9

1. In tro d u c tio n  809
2. M yasthenia Gravis 810 

Etiologic C onsiderations 810 
Clinical Signs and  Symptoms 811 
MuSK A ntibody-Positive M yasthenia 813 
M yasthenic and Cholinergic Crisis 813 
Electrophysiologic Test 813

3. M yasthen ic  Syndrom e 815 
Etiologic C onsiderations 815 
Clinical Signs and Sym ptom s 816

Electrophysiologic Tests 817
4. M yathen ia  in Infancy  817 

Transient Neonatal M yasthenia 817 
O ther Form s of Infantile M yasthenia 818

5. B otulism  821 
B otulinum Toxin 821
Clinical Signs and Sym ptom s 821 
Electrophysiologic Tests 822 
Therapeutic A pplications 822

6. O th e r  D iso rders  823 
Tick Paralysis 823
Effect o f  Drugs or Chem icals 823 
Lower M otoneuron D isorders 824 
Muscle Diseases 824

27  M y o p a th ie s  841

1. In tro d u c tio n  842
2. M uscular D ystrophy  843 

D uchenne M uscular D ystrophy 843 
Becker Type M uscular D ystrophy 845 
Facioscapulohum eral

M uscular D ystrophy  846 
Lim b-Girdle M uscular D ystrophy 847 
O culopharyngeal M uscular D ystrophy 849 
Late-O nset Distal M yopathy 850 
Dysferin-Deficient D ystrophy 850 
O th e r Distral M yopathies 850 
Emery-Dreifuss Scapuloperoneal 

Syndrom e 850 
Congenital M uscular D ystrophy 851 
O ther D ystrophies 851

3. C ongenita l M yopathy  852 
C entral C ore Disease 852 
Nem aline M yopathy 852 
M yotubular o r Centronuclear

M yopathy 853 
Congenital Fiber Type D isproportion 854 
O th e r C ongenital M yopathies 854

4. M etabo lic  M yopathy  854 
Acid M altase Deficiency

(T ype II G lycogenosis) 855 
D ebrancher Deficiency

(T ype III Glycogenosis) 855 
M uscle Phosphorylase Deficiency 

(T ype V Glycogenosis) 856 
Muscle Phosphofructokinase Deficiency 

(Type VII G lycogenosis) 857 
Disorders o f  Lipid M etabolism  857 
M itochondrial Disease 858

Contents • ХХѴ ІІ



M alignant H ypertherm ia or 
H yperpyrexia 860 

Toxic M yopathies 860
5. E n d o crin e  M yopathy  862 

Thyroid M yopathy 862 
Parathyroid Disease 862 
Adrenal and Pituitary Disease 862

6. M yositis 863
Derm atom yositis and Polymyositis 863 
Inclusion Body Myositis 866 
O ther Myositis 867

7. O th e r  M yopathies 868 
Critical Illness M yopathy 868 
M yopathies Associated w ith  G eneral Medical

C onditions 868

2 8  N e u r o m u sc u la r  D is e a s e s  C h aracter ized  
B y A b n o rm a l M u sc le  A c t iv it ie s  8 9 0

1. In tro d u c tio n  891
2. M yotonia  891

M yotonic D ystrophy Type I 893 
M yotonic D ystrophy Type II 895 
M yotonia C ongenita 895 
H ereditary Sodium C hannelopathies 896 

Potassium-Aggravated M yotonia 896 
Paramyotonia Congenita 896 
Hyperkalem ic Periodic Paralysis 897 
Hypokalem ic Periodic Paralysis 898 
O ther Periodic Paralysis 899

3. M uscle A ctivities w ith o u t
A ction  P o ten tia ls 899 

C ontracture 899 
Rippling Muscle Disease and 

M yoedem a 899
4. Schw artz-Jam pel Syndrom e 900
5. M yokym ia 900
6. N eu rom yoton ia  901
7. C ram ps and  R elated  D iso rders 902
8. T etanus 903
9. T etany  904

10. H em ifaical and
H em im astica to ry  Spasm  904

11. Stiff-Person S yndrom e 906
12. D yston ia  and  B otulinus Toxin

T herapy  907

13. M yoclonus 909
14. M irro r M ovem en t 910
15. Restless Leg S yndrom e 910
16. T rem o r 911

P A R T  IX : IN T E R P R E T A T IO N  O F  
S T U D Y  R E S U L T S  9 3 3

29 S tu d ies  for th e  P ed iatric  and  
G eriatric P op u la tion  935

1. In tro d u c tio n  935
2. P ractical A pproach  936
3. M atu ra tional Process and  A ging 937  

Nerve Axons and Myelin Sheath 937  
Type 1 and Type II Muscle Fibers 940

4. N erve C o n d u c tio n  S tud ies 941
5. Late R esponses 943
6. Blink Reflex 943
7 . T ests o f  N eurom uscu lar

T ransm ission 946
8. E lectrom yography 947
9. Som atosensory  and  M oto r

Evoked Potentials 948
10. The F loppy  In fan t 949

3 0  D ata  A n a ly s is  and  R ep o r tin g  9 5 5

1. In tro d u c tio n  955
2. A cquisition  o f  R eference Values 955  

C ontrol Values 955
Statistical Analysis 956 
False-Positive and

False-Negative Results 956
3. E xpert System s and  Q uality

D evelopm en t 956  
K andid 956  
Esteem 957  
M unin 957
Interlaboratory C om m unication 958

4. R eports to  th e  R eferring Physicians 958  
G eneral C onsiderations 958
Tabular Presentation o f  Data 959  
Sum m ary o f  Findings 959  
Concluding Rem arks 959

5. E thical C onsidera tions in
C linical Practice 967

xxviii • Contents



P A R T  X: A P P E N D IC E S  9 6 9  A p p en d ix  3 H istor ica l R ev iew  1027

A p p en d ix  1 M y otom e, N o rm a l V alues fo r  A p p en d ix  4  A A E E  G lo ssa ry  o f  T erm s
N erv e  C o n d u c tio n  S tu d ies , and  in  E lec tro d ia g n o stic
D V D  D escr ip tio n  971  M ed ic in e  10 3 7

A p p en d ix  2  F u n d am en ta ls o f  Index 1093
E lec tro n ics  1009

Contents  • xxix


