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In 1991

It was one of the best decisions in my life !



Motor unit

Motor unit poten7al

Motor Unit Number Es7mate

Renewed interest
in the early 1990s

• Initial MUNE : McComas et al , 1971

• Macro EMG : de Koning et al, 1988
• Statistical method : Daube, 1988
• Computer MUNE : Galea et al, 1991
• MPS : Doherty et al, 1993
• STA : Bomberg, 1993
• F-response : Stashuk et al, 1994



General principle in 2 steps

1. Average MU size es/ma/on

from a 10-20 MU sample

Twitch MUP

2. Supramaximal Twitch or CMAP size measurement

MUNE = 2
1



Fundamental principle in 2 steps

Alan McComas

Incremental s7mula7on
- percutaneous nerve s/mula/on
- short s/mula/on dura/on : 0.05 ms
- increased by 0.1 mA increment

=> individual & sequencial motor axon ac7va7on

Ini7al MUNE technique based on incremental s7mula7on
- only 1 s/mula/on site/point 
- 10 succesive increments 

=> average MUP size
=> supramaximal CMAP size/average MUP size = MUNE



Motor unit number es-mate

Niagara falls (Canada)

Alan McComas



Alan McComas

Alterna,on

• The ac'va'on of MU does not occur in an all-or-nothing manner

• It occurs with a probability ranging from 0 to 100% based on the 
intensity of the s'mulus



Alan McComas

Alterna,on

• The ac'va'on of MU does not occur in an all-or-nothing manner

• It occurs with a probability ranging from 0 to 100% based on the 
intensity of the s'mulus

3 mA

MU1



Alan McComas

Alterna,on

• The ac'va'on of MU does not occur in an all-or-nothing manner

• It occurs with a probability ranging from 0 to 100% based on the 
intensity of the s'mulus

5 mA

MU1+MU2



Alan McComas

Alternation

• The activation of MU does not occur in an all-or-nothing manner

• It occurs with a probability ranging from 0 to 100% based on the 
intensity of the stimulus

6 mA

MU1+MU2+MU3
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Alterna,on

• The ac'va'on of MU does not occur in an all-or-nothing manner

• It occurs with a probability ranging from 0 to 100% based on the 
intensity of the s'mulus

6 mA

MU1+MU2+MU4



Alan McComas

Alterna,on

• The ac'va'on of MU does not occur in an all-or-nothing manner

• It occurs with a probability ranging from 0 to 100% based on the 
intensity of the s'mulus

6 mA

MU1+MU2+MU3+MU4



Alan McComas

Alterna,on

• The activation of MU does not occur in an all-or-nothing manner

• It occurs with a probability ranging from 0 to 100% based on the 
intensity of the stimulus

9 mA

MU1+MU2+MU3+MU4+MU5

• 5 MU ac'vated
• 6 dis'nct motor responses

=> underes'ma'on of average MUP size
=> overes'ma'on of MUNE



MPS -> AMPSIncremental s7mula7on
- percutaneous nerve s/mula/on
- short s/mula/on dura/on : 0.05 ms
- increased by 0.1 mA increment

Mul7ple point s7mula7on method (Brown & Milner-Brown, 1976; Doherty et al, 1993)
- 10 s/mula/on sites/points along the course of the nerve 
- only 1 increment at each site
- OUen difficult to evoke 10 dis/nct motor units at 10 different s/mula/on sites, 
par/cularly when the number of motor units is low =>

Adapted mul7ple point s7mula7on method 
(Kadrie et al, 1976; validated by Wang & Delwaide, 1995)
- 4-5 s7mula7on sites/point along the course of the nerve
- 2-3 increments at each site, free of alterna7on (criteria)

MUP activated in an all-or-nothing manner 
Motor axons recruited 
- with distinct thresholds,
- in an orderly and reproducible manner 
- without any fractionation of the motor 
response to successive stimuli. 



Incremental 
stimulation

AMPS method

8 cm

2
3

4

1

Average
MU size
125 μV.ms

CMAP size = 18,140 μV.ms
MUNE = 145 MU

To ensure that the motor 
units activated at different 
stimulation points are 
distinct from each other, the 
morphology of each motor 
unit potential is 
reconstructed using a trace 
subtraction program



Convergent validity (n = 54) Test-retest reliability (n = 10) MUNE vs Age (n = 59)

Single MU 
F-wave

-1.4% MU/year



MUNE, MUP & CMAP size 
in ALS pa7ents (n = 22)

MUNE vs MUP size in ALS patients (n = 22)



Single MU F-wave Single MU F-wave CV vs Age

Prominent loss with age
of the largest and fastest
conduc7ng MU

The conduction velocity of motor units
decreased significantly with age
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Ctrl (n = 15) ALS (n = 15)

8 ALS/15 > 10%
Decrement max = 35 %
p < 0.0005

Decrements at the beginning of the study
(median nerve at the wrist)

Decrement may be used as predictor of further drop in CMAP size



Ctrl (n = 15) ALS (n = 15)

Percent change of MUNE at T4, compared to T0
may be used as predictor of percent change of
MUNE at T12, compared to T0

If percent change of MUNE at T4, compared to T0 
is > 20%
=> percent change of MUNE at T12, compared to T0
will be > 50%

STll among paTents with ALS :



Ctrl (n = 15) ALS (n = 15)

2004

Liège convention center



ALS (n = 15)
Critical analysis of various counting methods



Ctrl (n = 15) ALS (n = 15)
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Chapter 14

Motor neuron disorders: novel electrophysiologic
approach (MUFDEC protocol)

F.C. Wanga,*, N. Le Forestierb, P. Gérarda, J.C. Willerb, V. Meiningerb,
D. Divea, A. Maertens de Noordhouta and P. Boucheb

aDepartment of Neurophysiology, CHU Liège, 4000 Liège, Belgium
bDepartment of Neurology and Neurophysiology, Pitié-Salpêtrière Hospital,

75651 Paris Cedex 13, France

1. Introduction

Primary lateral sclerosis (PLS), amyotrophic lat-
eral sclerosis (ALS) and X-linked spinobulbar
muscular atrophy (Kennedy’s disease) are disor-
ders characterized by progressive loss of upper
motor neurons (UMN), lower motor neurons
(LMN) or both. Clinically, PLS is usually consid-
ered to be a disorder of pure UMN loss, ALS
mixed UMN and LMN loss, and Kennedy’s dis-
ease a disorder of LMN loss. There are data sug-
gesting a degree of LMN loss in PLS, and little is
known about motor unit (MU) loss and its rate in
Kennedy’s disease. Motor unit number estimation
(MUNE) is a unique neurophysiological technique
that can directly assess LMN loss (Shefner, 2001).
It can be used with other neurophysiological tests
including a new neurophysiologic MUFDEC
protocol: MU ¼ MUNE (motor unit number

estimation), F ¼ F-wave responses, DE ¼ decre-
ment to repetitive stimulation, C ¼ CMAP
(compound muscle action potential) score. The
MUFDEC can indirectly assess the effects of
LMN and UMN loss. We report the results of
two studies applying these techniques and tests to
subjects with PLS, ALS and Kennedy’s disease.
The aims of study 1 were to document subclinical
LMN involvement in PLS, to compare the degree
of LMN loss involvement among the diseases,
and to measure respective rate of MU loss. The
aims of study 2 were to compare two MUNE
techniques, the adapted multipoint stimulation
(AMPS) and the statistical technique, and attempt
to explain differences by the other parameters
studied with the new MUFDEC neurophysiologic
protocol.

2. Subjects

2.1. Study 1

Data were collected from consecutive subjects with
ALS (n ¼ 16), PLS (n ¼ 8), andKennedy’s disease
(n ¼ 5). ALS subjects fulfilled revised El Escorial

*Correspondence to: Dr. François C. Wang, Médecine
Physique, Sart Tilman B35, 4000 Liège, Belgium.
Tel.: þ32-4-3667788; Fax: þ32-4-3667230;
E-mail: fc.wang@chu.ulg.ac.be

Motor Unit Number Estimation (MUNE) and Quantitative EMG
(Supplements to Clinical Neurophysiology, Vol. 60)
Editors: M.B. Bromberg
# 2009 Elsevier B.V. All rights reserved

Survival (n = 22) Canonical discriminant analysis
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AMPS vs Sta7s7cal method (n = 100)

• 120-300 sub-maximal stimuli
• If: - sub-maximal CMAP size 

distribution is Poisson
- all MUP are identical in size

• Variance = Mean

Réponses M sous-max.

Réponse M max.
Sub-maximal CMAP size

distribution

sub-maximal CMAP size variance
PUM size =

mean – minimal (CMAP size)

Based on alternation Poisson distribution

Dropouts by AMPS: 0%
Dropouts by the staSsScal method: 15%
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Unpublished data
Patients with a small reduction in MUNE between the 4th or 8th 
month and the baseline evaluation had significantly longer 
survival than patients with a MUNE reduction exceeding 30% at 
the 4th month or exceeding 40% at the 8th month

The Kaplan-Meier survival analysis



Interference pa^ern by surface EMG (S-SIP)
CMAP (percutaneous
nerve s/mula/on)

MUP number: N
MUP amplitude: A-PUM (mV)
MUP area: S-PUM (ms.mV)
MUP power: P-PUM (ms.mV2)

MUNIX
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Comparison Correlation

Comparative study between our counting method and the MUNIX procedure, both in 
healthy subjects and patients with motor neuron degeneration



11 university departments
Five operators were considered experienced because they had been pracScing the 
MUNIX technique several Smes a month for more than 3 years
Sum score = TA + ADM + APB + deltoïd results

A change in the MUNIX sum score 
more than 20% could be interpreted as 
a significant change of muscle 
innerva7on. 

Experienced raters

All raters

For the purpose of longitudinal pa7ent follow-up



Conclusions

• MUNE is always a relevant parameter, for instance for assessing the 
effectiveness of new treatments in spinal muscular atrophy

• AMPS is non-invasive, reliable and fast MUNE technique, applicable 
to any patient regardless of the reduction in number of motor units

• MUNIX : offers many benefits, may best be applied for tracking over 
time (Mandeville et al, 2023), but perhaps not enough benefits, as 
its primary developer continues to propose new procedures as 
STEPIX & AMPIX 
(Nandedkar et al, 2022)

• High- density S-EMG (van Dijk et al, 2008)
• MScanFit MUNE (Bostock, 2016) 

(Mandeville et al, 2023)

Healthy muscle Radiculopathy

(Sørensen et al, 2023)
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