
Late resp, Stålberg

Stålberg 1

Late responses & Reflexes

•F-wave
•Repeaters
•A-wave
•CMAP followers
•H-reflex
•T-wave
•Blink-reflex
•Flexion-reflex
•Interlimb reflex
•C-wave

Stålberg
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Std.Dev = 4.18
Mean = 14.7
N = 152

Std.Dev = 3.31
Mean = 17.5
N = 196

Number of F-waves/20 stimuli in healthy subjects

Puuksa, Falck, Stålberg  unpubl

Mean =  15,7, range 3-20, -2,5SD= 6
SD = 3,74
N= 482

Mean = 18,1; range 1-20, -2,5 SD 10,4
SD 3,08
N= 485
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NERVE:  n.peroneus
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NERVE:  n.tibialis
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NERVE:  n.tibialis
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Std.Dev = 2.89
Mean =18.4
N = 125

Std.Dev = 5.07
Mean = 10.1
N = 121

Number of F-waves/20 stimuli in healthy subjects

Puuksa, Falck, Stålberg  unpubl

Mean 9,27, range 1-20, -2,5SD = 0
N= 221

Mean 18,04; range 1-20, -2,5SD=  8,84
N = 228
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Stålberg 2

F-waves – diabetic neuropathy

N Peroneus

F-waves - conduction block

Late responses (F-waves- H reflexes?) 
– in spasticity

Stålberg
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Pat with ALS

Generator site for late responses; 
distal axonal extra discharges

52.3 msec

26.4 msec
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Stålberg 3

Voluntary activity

all axons
stimulated

no impulses can pass

Principle of
impulse collision

Stålberg

PLS - ALS

64185

PLS - ALS

64185

PLS – ALS

64185

these are not repeaters, but H-reflexes

Intermediate responses

axon reflex extra discharge
(IDD)

ephaps M satellite

A waves and CMAP satellites
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Stålberg 4

A-waves (and repeater)

N Medianus

A-vågor

N Medianus

A-waves

N Tibialis

A-waves

N Tibialis
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Stålberg 5

Other mecahnism for late responses; 
CMAP satellites

Motor neurone

Single motor axon

Stimulation

Slow conduction in distal axons

CMAP-satellites, terminal slowing
PNP; Tib n. ankle and knee stim

5 ms

5 mV

A

1 mV

10 ms

BUlnar nerve Peroneal nerve

Cholinergic extradischarges (MUSK +) pronounced 
(A), slight (B)

Reflexes

Motor neurone

Single motor axon

Stimulation/activation Activation of skin receptors
muscle spindles, other receptors

Sensory ggl

Single motor axon

Reflexes

Motor neurone

Single motor axon

Stimulation/activation Activation of skin receptors
muscle spindles, other receptors

Sensory ggl

Single motor axon

Reflexes
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Stålberg 6

H-reflexes

N Tibialis

H-reflexes

N Medianus

Right

Left

H-reflex

•Stimulate Tibial nerve at the knee
stim strength low
duration 1.0 ms
frequency 0.5 Hz

•Record over soleus/lat gastrocnemius muscle

•Abnormal in:
S1 root
PNP
myelopathy

Engström -98

reg

stim

Recording from different branches of the 
facial nerve

Blinkreflex
n trig supraorbitalis 
n trig infraorbitalis
n trig mentalis
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Stålberg 7

Blink
Reflex
R1

Brown. Bolton, Aminoff, 2002

Blink
Reflex
R2

Brown. Bolton, Aminoff, 2002

Brown, Bolton, Aminoff, 2002

latency after CMAP

type immediate intermed late

not relaxed,submax stim x
extra discharges x
myotonic discharges(PEMD) x
A-waves x x (x)
CMAP-satellites x x (x)
F-waves x
H-reflex                                          x
flexion reflexes x
ILR x
C-waves x

Late components after the CMAP
Erik Stålberg, Uppsala Sweden


