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Neurography, 
Introduction and update

Stålberg

Requirements of methods used 
in nerve conduction studies

Requirements of methods used 
in nerve conduction studies

 Simple and standardized
 Little discomfort for the patient
 Low cost
 Optimal sensitivity and specificity
 Reference values available
 Examiner should be familiar with 

method
 Tailored to the problem at hand

What physiological and anatomical 
functions motor neurography reflects

What physiological and anatomical 
functions motor neurography reflects

Amplitude 1. Number of Mus
2. Size of Mus
3. Diameter of muscle fibres
4. Dispersion of CV

Conduction velocity 1. State of the myelin
2. Axon diameter (MU size)

Duration 1. Dispersion of CV
Distal latency 1. CV in distal segment

2. Length of distal segment
3. Nm transmission time

Decay 1. Dispersion of CV
2. Conduction block

Disposable surface electrodes

80 mm

Ulnar nerve Ulnar nerve
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Median nerve

X

Radial nerve

Fibular nerve Tibial nerve

E0

E2

E1

Generation of the CMAP

E0

E2

E1

Generation of the CMAP
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E0

E2

E1

Generation of the CMAP

APB routine dist stim

Normal bipolar (APB-thumb)

APB - remote

Thumb - remote

4.7 mV

5.4 mV

1.2 mV

APB: Contribution from adjacent 
muscles; (red trace)

5 ms

Stålberg ©

E0

4.5 mV

5.7 mV

4.5 mV

APB routine, prox stim

APB: Contribution from forearm flexors(green 
arrow) at prox stim

5 ms

Normal bipolar (APB-dig I)

APB - remote

Dig I - remote

Stålberg ©

E0

4.5 mV

5.7 mV

4.5 mV

APB prox

APB: Contribution from remote muscles; here 
(red trace) from prox muscles at prox stim

5 ms

Normal bipolar (APB-dig I)

APB - remote

Dig I - remote

Stålberg ©

E0

E0

Generation of the CMAP

E0E0

E2

E1

Generation of the CMAP
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E0E0

Generation of the CMAP

ADM dist

8.8 mV

6.8 mV

5.1 mV

5 ms

ADM: Note that the 2nd peak in normal recordings is 
generated by the ref el (red trace)

Normal bipolar (ADM-dig V)

ADM - remote

Dig V - remote

Stålberg ©

E0

dist11mV 4mV 36%

2.4 mV 1.3 mV 50%

prox

AH-big toe

big toe - remote

AH- remote

calc 3-2

”AH”: Contribution from remote muscles; 
foot muscles at dist stim

Stålberg ©

AH-big toe

Big toe-remote

AH-remote

Trace 3-2

AH-big toe

calc 3-2

AH-big toe

Big toe-remote

AH-remote

Trace 3-2

TA-tendon

TA-patella

TA-remote

Tendon-remote

Patella-remote

3 ms/div, 5mV/div

Tibialis anterior

Musculocutaneous

X

stim

Parameters of importance for 
neurography

•Technical
–Electrode type

–Electrode position

–Reference electrode position

–Muscle length

–Stim-rec distance

–Stim strength

–Distance (sensory)

–Temperature

–Volume conduction
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Parameters of importance for 
neurography

•Biological
–# axons

–Size of MU

–N-m transmission

–Axonal diameter

–Myelination

Effect of electrode type

Effect of muscle length on the M waveEffect of muscle length on the M wave

increasing 
flexion of 
thumb

Recording from thenar muscles - median nerve

Effect of stim-rec 
distance

MOTOR

SENSORY
antidromic

-49%

-45%

(8cm)

(14cm)

22cm

8cm

22cm

8cm

Same stim sites

Dealing with stimulus artefact

2. ground electrode between 
stimulating  and recording 
electrodes

3. rotation of the anode of the 
stimulating electrode

1. poor initial baseline

4. biphasic stim pulse

Remote muscle activity, volume conduction

58025

Tib ant

EDB dist

EDB prox
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MCS - parameters to measure
Motor nerve conduction study

Amplitude:
# of axons
n-m transmission
muscle volumeConduction velocity

Distal
latency

nerve

muscle

Conduction block

muscle

Motor conduction block in 
Guillain Barré syndrome

ankle

knee

MCV F-waves

Peroneal nerve

Practical criteria of conduction block 
Uppsala

• Motor decay abnormal without dispersion

– Arm: >25% decay and <15% dispersion
– Leg:  
– Fibular nerve >30% decay and <30% dispersion
– Tibial nerve > 55% decay and <45% dispersion

• Reduced number of F waves

Block vs temporal dispersion (TD)

• Block is associated with weakness
• TD not associated with weakness
• Block is associated with IVIg response
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Demyelination

x
muscle

Demyelinating neuropathy

median nerve in a patient with HMSN 1

Demyelinating neuropathy

• CV reduced to < 60% mean velocity 
– median nerve CV < 38 m/s

• distal latency > 7 ms

• normal or reduced amplitudes

Ulnar nerve short segment study

Retroepicondylar ulnar nerve lesion Slimmer’s palsy
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Axonal degeneration

muscle

Axonal neuropathy, 
focal or generalized

• Reduced motor and sensory amplitudes
• Conduction velocity normal or slightly reduced

– median motor > 40 m/s

• Distal latency normal or slightly prolonged
• No decay

Axonal neuropathy, uremic Axonal neuropathy, uremic

Demyelinating or axonal neuropathy?
Velocity vs Amplitude

velocity

amplitude

axonal

demyelinating

velocity

Stålberg

normal

uln entrapment

CIDP

CMT

Examples of CMAPS



Neurography, principles, Stålberg

9

cont´d

Distal, general or proximal slowing
Prox slowing

MUSCLE

Intermed 
slowing

MUSCLE

Distal slowing

MUSCLEMUSCLE

General length 
dependent slowing

Dispersion in CIDP

Sensory recordings

Orthodromic vs. antidromic SCSOrthodromic vs. antidromic SCS

: less painful
: larger amplitude
 muscle artifact in 

mixed nerves

: no muscle artifact
 more painful
 lower amplitude

Antidromic Ortodromic

Sensory recordings
Types of recording electrodes
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Generation of the sensory action potential, SNAP Effect of inter-electrode distance 
or reduced cond vel

Winkler, Stålberg

Latency

Positive peak

Negative peak

CV to first positive peak

Amplitude

baseline

1. 2. 3.

4.

Phase cancellation 

sensory motor

Temperature sensory, antidromic dig III

20o

31o

20

lat

lat

ampl

ampl
20o
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Radial nerve - antidromic Median nerve - antidromic

Median nerve - orthodromic Sural nerve

140 mm

Sup Peroneal leg-ankle
152

Sup Peroneal lateral br

140 mm

153
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Sup Peroneal medial br

140 mm

154
Per prof sensory ankle-webspace 1-2

Medial and lateral plantar nerves


