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ELECTROMYOGRAPHY (EMG) HANDS ON

Chairperson: Jun Kimura, USA

09:00 MOTOR NERVE CONDUCTION STUDIES
Jun Kimura, USA

10:30 Coffee Break

11:00 SENSORY NERVE CONDUCTION STUDIES
Nazha Birouk, Morocco

12:30 Lunch Break

14:30 REPETITIVE NERVE STIMULATION
William J. Litchy, USA

16:00 Coffee Break

16:30 REFLEXES AND LATE RESPONSES
Josep Valls-Sole, Spain
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Principles and Practice

1) Hx & Px before EDx

2) Watch twitch, then measure
3) Distal vs Proximal Shocks

4) Linear or Nonlinear Changes

5) Short and Long of NCS

DIFFERENTIAL DIAGNOSIS OF WEAKNESS




Median Nerve

Carpal Tunnel Syndrome Systemic Disease
Ulnar Nerve [ Diabetic
Cubital Tunnel Syndrome Urernic
r Mononeuropathy Radial Nerve Paraneoplastic
Saturday Night Palsy Paraproteinemic
Peroneal Nerve Critical Tlness
Fibular Head Compression
Tihial Nerve Autoimmune
Baxter Neuropathy CIDP
GBS
Neuropathy ——Polyneuropath; AMAN
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Demyelination
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Hereditary
| Mononeuropathy CMT
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Axonal Degeneration ~  Refsum )
Vasculitis Porphyria
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HIV Neuropathy
Lyme Disease

Terminal Latency
I Nerve conduction
2 Neuromusculor fransmission

3 Muscle conduction preceeding
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HXx:

72 year-old Chinese woman

Progressive numbness
& weakness involving

Digits 1-3 on left (03/09)
Digits 1-3 on right (07/08)
Feet and toes, bilateral (01/09)

5/27/09

Palm | W
\ 71 year old Chinese woman
with multiple myeloma
Wrist  f———""_1T""
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Median nerve stimulation
MNAP SNAP
(index)




Median nerve stimulation
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COMPRESSION NEUROPATHY
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flerent neuron

F Waves— Left Median Nerve
C.J. Aug.23, 1973

.
Alpha motor neuran

Recurrent collateral branch

Motor end plate

Neuromuscular spindle
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10-17-19
Tibial Nerve

< «
> > P
ECTOPIC EPHAPTIC
ICNONLEL;\.'T.&E'RSlr-{ DISCHARGE ACTIVATION

NCS: Long and Short of It

1) Short distances magnify focal
abnormality despite increased
measurement error.

2) Long distances, though
insensitive to focal lesions,
yield better for diffuse process
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EMG FINDINGS
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1) Muscle Fiber
Insertional Positive Waves
Myotonic Discharge
Fibrillation Potential

Positive Sharp Waves
Complex Repetitive Discharge
End-plate Noise
End-plate Spikes

2)- Lower Motor Neuron
Fasciculation Potential
Myokymic Discharge
Neuromyotonic Discharge
Cramp Discharges
Hemifacial Spasm
Hemimasticatory Spasm

3) Upper Motor Neuron
Stiffman Syndrome
Involuntary Movement




Sensory Nerve Conduction

Prof. Nazha Birouk
Service de Neurophysiologie Clinique
Hopital des Spécialités, CHU Ibn Sina
Rabat, Morocco
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General considerations

Large diameter sensory nerve fibers examination
Stimulation and response on the nerve

2 methods :

— Orthodromic : response proximally to stimulation

— Antidromic : response distally to stimulation

Skin preparation
Skin temperature
Signal averager : about 20 to 40 responses

Sensory CNAP

Distance (d)
(mm)
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Sensory CNAP

Peak latency (ms)

|\ - -
I —
I . (uv)
| ]
«>

Onset Duration (ms)
latency

NCV (m/sec) = d (S-R) (mm

Latency (msec)

Media nerve

Sensory nerve conduction across the carpal tunnel

Inching test

20 pv
1ms
Transcarpal sensory conduction velocity with
orthodromic stimulation
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4t digit, Median-Ulnar nerve

Comparison of median/ulnar latencies with 4th digit ring
stimulation and recording at the wrist

Median compone

Ulnar component

N < 0.5 msec

Median nerve
4t digit-wrist
Carpal tunnel syndrome

e

Ulnar Nerve

Compariso

above the elbow:
Stimulation at the wrist. Same distances
Usual difference on normal subject < 0,7 msec

Mixed potentials
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n of median/ulnar latencies 3
Latency difference of 1.3 msec

Ulnar nerve compression at the elbow
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Radial Nerve

Antidromic

Orthodromic

Antidromic

Musculocutaneous nerve
(lateral antebrachial cutaneous nerve)

Medial Antebrachial Cutaneous Nerve
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e Girl, 16 years

¢ Since 1 year : Neuropathic pain in the right UL + slight motor
disability in right hand

c7
apophysomegaly

_ Right median nerve (ll) | Right ulnar nerve m

Motor response Low Amplitude Low Amplitude -

Sensory response  Normal Absent Absent

Brachial plexus

Ulnar s. (DS)

Ulnar m. (ADM)
Ulnar m.(FDI)
Ulnar s.(D5)
Median m.(APB)

Brachial plexus e
examination using the L rbompr A /
) Framboids - G5 1 g =
sensory potentials = ,
S

| steeal armarior Tierase .
ooy M 8.7

> Lateral antebrachial cutaneous nerve : C5-C6
:_;a e st e o s s (141 PERIE] : @9

4 - e marvated el el mecacien »>median : l-wrist : C6

»>median : lll-wrist : C7

»>ulnar : V-wrist : C8

»>medial antebrachial cutaneous nerve : C8-T1
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Brachial plexus lesion examination using the
sensory potentials

Upper trunk (C5-C6)

Altered potentials:
¢ LABCN 100% des cas
¢ median | 100%
¢ median Il 20%
¢ median Il 10%
* radial 60%

Potentials always normal:
e MABCN
e ulnar (V)

Brachial plexus lesion examination using the
sensory potentials

middle trunk (C6-C7)

Altered potentials:
¢ median Il 80%
¢ median Il 70%
¢ radial 40%

Potentials always normal:
* median |
e LABCN
¢ MABCN
e ulnar (V)

Brachial plexus lesion examination using the
sensory potentials

lower trunk (C7-C8-T1)

Altered potentials:
¢ MABCN 100%
¢ ulnar 100%
¢ median 111 20%

Potentials always normal:
e medianland Il
* LABCN
o radial
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Lumbosacral
plexus

Sural Nerve

Antidromic method

Plexus : S1
Sciatic nerve
Tibial nerve

Tibial nerve (1)

Sensory nerve conduction of plantar nerves
(Oh’s method)

Tarsal Tunnel Syndrome
Tibial nerve

Sciatic nerve

Plexus : S1, S2
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Tibial nerve (2)

Mixed nerve conduction of the plantar
nerves (Saeed & Gatens)

Tarsal Tunnel Syndrome
Tibial nerve

Sciatic nerve

Plexus : S1, S2

Superficial peroneal nerve

50 V]
(20 mgec

Lat : 2,04 msec
. Amp :26.8 p\
+ NEV : 45 m/sec

Plexus : L5
Sciatic Nerve
Common peroneal nerve

Saphenous Nerve (1)

Wainapel’s method (antidromic)

Femoral nerve
Plexus: L2, L3, L4

24



Saphenous Nerve (2)

Antidromic

Femoral nerve

Senden’s method (orthodromic) Pl 2 13 14
exus: L2, L3,

Interpretation of sensory nerve
conduction data

Parameter Axonal Segmental
degeneration demyelination

Amplitude 4 oroften absent N, |, or absent
Duration N M or rarely dispersion
Conduction velocity Nor N

Polyneuropathy (PN)

¢ Axonal length dependent PN : sensory responses more
alerted in the lower limbs : Low amplitudes or absent

* Demyelinating PN : sensory responses often more altered
in the upper limbs : reduced NCV, Low amplitude or absent

Hereditary NP of CMT type : Sensory responses often
absent usually contrasting with normal clinical sensory
examination (or few clinical sensory signs)

¢ Small fibers sensory neuropathy : Normal sensory
responses.

25



Case 1

Hajar, 8 years, CMT1A (duplication PMP22) a
Onset at 2 years, Typical CMT phenotype, moderate disability, No
clinical sensory signs

Motor Nerve Conduction

Median (R/L)  Peroneal (R/L) Tibial (R/L)

DML (ms) 21/18.4 0/36.3 0/30.6
Amplitude D (mV) 0.1/0.2 0/0.2 0/0.16
Amplitude P(mV)  0.07/0.2 0/0.2 0/0.10
NCV (m/s) 58/6 0/6 0/62

Sensory Nerve Conduction

Median (R) Sural (R/'L) Ulnar (L)

Amplitude (uV) 0.6 0/0 0
NCV (m/s) 19 0/0 0
Case 2

Rayan, 4 years, Recurrent CIDP since 6 months
Complete clinical recovery after steroids therapy

Motor nerve conduction

Median R Peroneal (L) Tibial (R)
DML (ms) 53 7.7 6.1
Amplitude D (mV) 2.8 0.5 0.5
Amplitude P (mV) 2.7 0.5 0.2

D TD D
NVC (m/s) 16.7 23 20

Sensory nerve conduction

Median R Ulnar L Sural R
Amplitude (nV) 0.5 0 4
NCV (m/s) 30 0 31
Conclusion

* |Important step in ENMG test
e Rigorous technique is necessary :
— Skin preparation and temperature
— Electrodes placement
— Eliminate artifacts sources...
* Nerves examined routinely : Normal values for
each laboratory

* Nerves examined occasionally : comparison
with other side often useful
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Repetitive Stimulation

William J. Litchy, M.D.
Department of Neurology
Mayo Clinic
Rochester, MN

Litchy.william@mayo.edu

MAYO.
CLINIC
Pre-synaptic
Synaptic Cleft
Post-synaptic
MAYO
CLiNie
* Pre-synaptic
* Synaptic Vesicles  +Ion Channels

* Acetylcholine +Na+
* (5-10,000) -
*Quanta Kt

*Ions
*Ca?*, Mg?* * Voltage

e . atp gated
* Proteoglycan L
* Active Zones
*Voltage Gated P/Q
MAYO
CLiNIc
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NM] Anatomy

¢ Synaptic Cleft
® Small space

® Acetylcholinesterase
(AChE)

® Two functional
sites

* 5000
molecules/sec

¢ Controls ACh content

MAYO
CLINIC

NM] Anatomy

* Post-synaptic
* Acetylcholine Receptors
* 5subunits
°© 1¢1p,15,2a
*  asubunitbinds ACh
* 2 ACh for channel opening

* Produce non propagating
potentials

* End Plate Potential (EPP)
* Na* gated ion channels
* EPP activates opening
* Produces action potential

© MuSK Receptors

MAYO
CLINIC

NM] Physiology

Cpaning
retagegied
e thane

Depsl iz

| et ptrt
@
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NM] Physiology

Action Potential

/ (axon)

Action Potential

/ (Muscle)

Post synaptic

| /‘\4/ depolarization

- / «——1 Ca? current
—W' - Pre-synaptic
Dv«tl:mn -

MAYO
CLINIC Rt poteni

NM] Physiology

Threshold

| | The minimum post synaptic depolarization to

produce an action potential.

Safety Factor

Satery Fanm
1- The difference between the depolarization caused

T by AChR activation and the depolarization
required to activate Na 1.4 receptors.

MAYO
CLINIC

@

W e

MAYO
CLINIC

W
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Techniques for Evaluation
of NM]J

Routine Nerve Conduction Studies

||~ Repetitive Nerve Stimulation (RNS)
Needle Electromyography

I Single Fiber EMG

End-plate potential analysis

MAYO
CLINIC

NM]J Evaluation

# Microphysiology
# SFEMG

Sensitivity 4 RNS

4 Needle EMG

Specificity

MAYO
CLINIC

@

Technique for RNS
Patient Preparation

Recording Electrodes
. Stimulating Electrodes
Equipment Instrument

Immobilizing joint

Clinically Involved
Reliable

Nerve/Muscle Examined Reproducible
Patient Comfort

Physician Comfort

MAYO
CLINIC

W

30



Nerve/Muscle Choice

Muscle | Stimulation Site | Adimtiges Disadvantages | Tumobdistion

Stimulation Parameters

Duration

Strength
Frequency
Number of Stimuli

Measurements

Decrement

Increment

Facilitation

Post activation exhaustion
Decrement Repair

Repetitive Stimulation
Decrement
!' T * * 2 ms E{f&;::gé;m gj;‘:’mﬂrz !
| TS|
|
i
“ Decrement = (f-4)/1=% “
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Repetitive Stimulation
Facilitation

| —= —
/ Facilitation

The change in the amplitude (area) of the first response in
Nic g .
3 one set compared to the first response in a second set.

Myasthenia Gravis Protocol

*Warm patient

*Select muscle

*Routine nerve conduction study
*Repetitive stimulation--2Hz

* Exercise--short/long

*Post exercise: immediate, 30,60,120,180

Myasthenia Gravis

32



Criteria for Abnormality

* Amount of Decrement
* Amplitude >10% (1% to 4™ response)
¢ Pattern of Abnormality

eLargest decrement between 1% and 4" response
*Decrement repairs with exercise

*Evidence of post activation exhaustion

¢ Found with more then one nerve

MAYO
CLINIC

Results for Myasthenia
Gravis

® Overall
®Class 15-17 %
® Class II- IV 53 -100%

® Specific Nerve
¢ Ulnar < Radial < Accessory < Nasalis < Axillary

MAYO

CiNie
@
REPETITIVE NERVE STIMULATION
NERVE MUSCLE DECREMENT RESPONSE
ADDUCTOR DIGITI i
AR b 2%
h
. _Jsm
Toe
wuscuLo-
SUTANEOUS BICEPS 10% /\/, smv
Sme
ACCESSORY  TRAPEZIUS 31% M_
smy
i Sme
AXILLARY DELTOD 62%
s
i
1 5ms
FAGIAL NASALIS w LN
e
Zms
MAYO.
e
@y
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Technical Considerations

Patient
Temperature
Medication

Technical

Over/under stimulation
Choice of nerve

©

Lambert-Eaton
Myasthenic Syndrome

WA - |Bef0re Exercise |

LI\ Immediately after
exercise

. 30 seconds after
exercise

SS— 1 Minute after
exercise

Nie
W

Single Fiber EMG

i R T | Foot Switch Aalyze  [EEEITI
r | nama: 21 N ¢ Rejected

(| om0 Fowgmaer 0w |
all | ¢ e FO: 00 SO 0.00
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)
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3
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Single Fiber EMG

Concentric Needle
\ Width  Length  Area
— - 150p 550 0.07 mm?
— 5 25p 254 0.0005mm2
Single Fiber Needle

MAYO
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Concentric Needle
Recordings

¢ Advantages
® Available

¢ Inexpensive
°® Easy
¢ Disadvantages
¢ Technically more difficult

¢ More difficult to record single fiber potentials

Single Fiber Potentials

Characteristics of

® Amplitude >100 uVolt

® Risetime 75-200 uS

MAYO
CLINIC

W

® Duration 1-3 msec
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Characteristics of
Single Fiber Pairs

toir— Dewe v w1 | Bocking Dutector O / ]
| [ o o 2 Aoceplod | Fepcied
[ 7] 1
[QE=T. Rate [N

FO: 00 80 000

e

— L e ¥

MCD -- The calculation of the consecutive interpotential
4ae | interval differences and then take the mean value.

Jitter Measurement

em e ] | Biocking Detecior._ On /R

| Ins Mo 3 Acepled | Repded
if 1] Frngrae s |
| i ) FO 00 SO 0.00
|—__—‘_-N 2 i
| [ = o
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SFEMG - Blocking
A measure of the number of times a motor
unit fires and a muscle fiber is not activated
Not present in normal muscles
Occurs when jitter is large
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SFEMG - Blocking

MAYO
CLINIC

Jitter-Myasthenia Gravis

SO0 OV oAy o O o=
Trig -625uv  Trg2 -egluv  POS 716 us

MAYO
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SFEMG - Fiber Density

* A measure of the number of muscle fiber potentials
recorded on a single recording area.

*Normally between 1.3 and 1.8.

*Increases with age

*Increases in disorders with de/re-innervation

MAYO — | ==
CLINIC

W
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SFEMG -- Stimulated

® Technique
* Nerve branch stimulated
* Record single fiber potential from muscle
¢ Stimulate at different frequencies
¢ Record Jitter (MCD)

® Advantages
® Any muscle
¢ Does not require cooperation of patient
¢ Can be performed with patient (child) sedated
* Can be performed quickly

® Disadvantages
¢ Technically very demanding
* Requires additional skills
¢ Technical errors
¢ Record incorrect potentials
¢ Stimulate at incorrect frequencies

. . .
0. Requires different reference values
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Josep Valls-Solé.
Neurology Department
Hospital Clinic.

Barcelona. Spain
jvalls@clinic.ub.es

| ELECTRODIAGNOSIS OF THE NERVOUS SYSTEM IN HUMANS

Cerebral cortex ‘ 3
1: Sensory nerve
| l\glgégr ‘l:‘_SOIna;gg:nsory | conducti?;n
7
4 2: Evoked
Brainstem potentials
MOtor-sensory L.
Motor 3: EEG activity
tract 4: Cortical
Spinal 2 stimulation
COT . 5: Motor nerve
Propriospinal conduction
integration . Repetitive
stimulation
Needle
electromyography
6: Needle
5 motoneuron E)%rtsal electromyography
Motor anglia
endplate I eane 1 7: Short and long-

latency reflexes

Somatosensory
receptors

REFLEXES INVOLVING MUSCLE RESPONSES ‘

Stimuli Resting condition Sustained muscle contraction
Mechanical Tendon jerk (T wave)
Electrical Hreflex i

-la afferents

Electrical Blink reflex (R1, R2, R3) Cutaneo-muscular reflex (E)
-Cutaneous Voluntary potential (V)
Masseteric inhibitory reflex (MIR)

-Cutaneous C reflex (C wave) Long latency reflexes (LLR)

-Mixed Nociceptive withdrawal (RIIT)
Palmomental
Vibration Tonic vibration reflex (TVR)
Muscle stretch Stretch reflex (M2, M3)

Muscle shortening || Shortening reaction (SR)
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SHORT LATENCY RESPONSES TO
SEGMENTAL AFFERENTS

MONOSYNAPTIC REFLEX RESPONSES AND THEIR
CIRCUITS AND INTEGRATION SITES

H wave Ia afferents
Alpha motoneurons

T wave Gamma motoneurons
Muscle spindles and Ia afferents
Alpha motoneurons

Soleus
H wave

dorsal root
ganglion

—
/A e
['T1 rec%

Techniques for recording the soleus H reflex
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H reflex

M wave H wave .
Recruitment curve
6000
direction | f———
of the 5000
increase
in S 4000 |
stimulus é §
intensity / %3 3000
<
2000 -
T 1000 1
S . 0+
‘E’“\ 45678 910111213141516
10 ms
Intensity (mA)
A B - D

20 25 30

Stimulus intansity (mA)

Non-reflex responses
Axon Reflex

Rebound in a
collateral branch

F wave
Rebound in the
o motoneuron

stimulation )
point AN

Stimuli in the motor nerve can elicit long latency action potentials
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Axon reflex responses
triggered in EDB by
electrical stimulation
of the peroneal

nerve in a patient with
axonal regeneration
after proximal

sciatic nerve lesion

fibula head ankle

stimulation  stimulation
i /.
L L )

"7 fibula head
__ stimulation

~ ankle
. stimulation

superimposition

The utility of the H reflex and F waves

in clinical practice

Peripheral nervous system

Polineuropathies
Focal lesions
Radiculopathies

Central nervous system

Spasticity
Dystonia
Rigidity and

other disorders of

propriospinal interneurons

The H reflex in
polyneuropathies

The
soleus
H reflex
in
clinical
practice

Healthy
subject

Peripheral

P ——\ - —
———
————

(axonal
damage)

N

Peripheral
neuropathy
(demyelinating
damage)
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Absence of vastus medialis T and
H waves in a L4 radiculopathy

Impaired side

T wave H wave
H

e direction

of the

T
A o increase

U\/\/\_ﬁ in
stimulus
}"— U\’/M intensity

Healthy side ,T“’V

direction

A~
" | ofthe
V_—/\/; increase
in

stimulus

]’T———W m intensity

Generation |
in distal
points |

Post-potential
discharges in the
peroneal nerve

Generation
in proximal
points

Results from a patient A Left soleus
with S1 radiculopathy v N W
e
—_— A H reflex
B Right soleus
(/—/\/—/\/“—‘—“‘—‘ _‘_‘ O Ve

Ankle  Axon reflex som
Left soleus
SNAPS

Right sural

1ms

Left sural
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Gerilovsky et al., 1975

Neurofiziologia,

Schieppati et al.,
Hum Neurobiol, 1986; 5: 59-66

i

e

Somsec.

T T T T T T 7T
-100 -80 -60 -40 -20 0 20

time (ms)

Pre-movement facilitation of the soleus H reflex

Supraspinal innervation

[
]
1
|
PAD. 1A interneurons, :

- H P.AD.
LSS
& -
|

H
1A am::x\ \ /".
1A afferents

>= excitation
«= inhibition

Presynaptic inhibition
Reciprocal Ia inhibition
Autogenic Ib inhibition
Recurrent (Renshaw) inhibition

A fast evaluation of
reciprocal inhibition in

the soleus H reflex

/\f Control

4 Ankle

i plantar
i .
A | ; flexion
|

' Ankle

dorsal
flexion

CRANIAL NERVE REFLEXES
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Left afferent pattern
—a A\ o~
R1 R2
R2e

AP

R2c
sLink [
REFLEX [

‘Supraorotai nerve Supraorota nere

S,

Right efferent pattern

Right side| ™ |
stimulus

Left side| ||/ Rl RAA

stimulus ,’ \/\-\AMRZ‘” " 5
//’ 4 ' \{j/V R1 R2
| [roos 8.5 mV
Bl 10 ms

r—~‘~J \
M{] CONTROL |

! SUBJECT
g

— \—m—v‘%‘w}&% ” — M“Wﬂl 0
iy A

Guillain-Barré Brainstem dysfunction
syndrome (OPCA)

‘Peripheral pattern’ ‘Central pattern’
The delay in R1 is relatively The R1 response is normal, whereas

more pronounced than the delay in R2  the R2 is absent, reduced or delayed

Muscle
primary Mesencephalic
afferents nucleus

Gasserian ganglia

NN
\\\\\\\//

Skin
primary
afferents

Mean latency: 7.0 ms
Interside differences:

Hopf H Muscle Nerve 1994; 17, 475-484.
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The startle reaction to an auditory stimulus

u'w T —

Arm movement

““JWW\J\WW

erst extensors

e

Deltoid

Sternocleidomastoid
s

W

Orbicularis oculi

Via auditiva ]

c S

AUDITORY NERVE | ."""-\. _’/

LT

Davis M, Gendelman DS, Tischler MD, Gendelman PM. A primary acoustic startle circuit: lesion and
stimulation studies. J Neurosci 1982;2:791-805,

SILENT PERIODS
AND

INHIBITORY REFLEXES
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‘ REFLEXES REQUIRING BACKGROUND CONTRACTION

original

02mv|

tifiod WN’\MMWWVWWMMM

Averaging 50 traces

Averaging 100-200 traces of rectified EMG

No contraction

Mild contraction

|

02mv|

Strong contraction

100 ms

Cutaneous nerve - silent period
[%MVC]

10 practundinn j“wwm

N
"
LY
%0 “\"\"}”mt\_j| Lw \H‘IW»V

50 NN

)
Stimulus

1 ‘S wave RII

Mixed nerve - silent period

thfv————v-w

Hreflex V
Fwave E2

f 20 ms
Stimulus 0.2mV
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threshold AHP EPSP

Motor unit 1 |-

* Motor unit 2 —

Motor unit 3

Motor unit 4

Motor unit 5~

IIIIIIIIIIIl I 1
woor !l T 11

Hlstqgrgm of response Silent Burst gt Rebound
motor unit discharges . .
period period

Mechanisms of generation of the silent period to mixed nerve stimuli

(a) (B) [(3] () (@) )
N |

R=Renshaw cell
M=a motoneuron

la=la reflex circuit 1 \Al V2
V=Voluntary drive stimulus (S) C
[H/F] Vm

CONCLUSIONS

The H reflex, T wave and F wave should be part of the
clinical studies of proximal nerve conduction when
suspecting polyneuropathies or radiculopathies

The blink reflex, jaw jerk and masseteric inhibitory reflex
are useful in the study of cranial nerves and brainstem lesions

The study of inhibitory reflexes requires modulation of
the EMG activity. The silent period to cutaneous afferents
differs from that to mixed nerve afferents.
Collision between antidromic impulses and descending volleys
explains the presence of bursts in the middle of the silent period
to mixed nerve stimuli
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