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Abstract

Introduction: Motor neuron loss is the primary pathologic feature of amyotrophic lateral sclerosis (ALS). An
estimate of the number of surviving motor units (MUs) represents a direct measure of the disease state in ALS. The
objective of the study is to compare MU number estimation (MUNE) using the multipoint stimulation method
(MPS) and compound muscle action potentials (CMAP) amplitude in patients with ALS.

Methods: Twenty-eight patients with ALS with a disease duration of 3–48 months were studied. Nerve conduction
study of the median, ulnar, tibial, common peroneal, and sural nerves were done. Besides, electromyography (EMG)
of cranio-bulbar, cervical, thoracic and lumbosacral muscles, and MPS-MUNE.

Results: MUNE is decreased in patients with ALS. MUNE was positively correlated with CMAP amplitude, medical
research council (MRC) scale, and ALS functional rating scale (ALS-FRS). On the contrary, MUNE was negatively correlated
with MUAP duration. Case detection by the MUNE methods was high as compared to that of CMAP amplitude.

Conclusions: MUNE is highly specific and more sensitive than CMAP amplitude in detecting the neurophysiologic
abnormalities in patients with ALS. Case detection by MUNE is three times more than CMAP amplitudes. The rate of
decline of motor units using the MPS-MUNE is more sensitive than the MRC score and ALSFRS-R when expressed as the
percentage change from baseline.
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Introduction
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disorder. It is characterized by progressive degeneration
and loss of motor neurons in the anterior horn cells
of the spinal cord, motor nuclei of the brainstem, and
the descending pathways within the corticospinal tracts [1].
In cases of rapid progression of the disease, the motor

neuron or axon loss would be indicated as weakness and

wasting. On the other hand, when the disorder is slowly
progressive, loss of more than 50–80% of motor units
(MUs) may occur with little or no clinically apparent
weakness [2].
Verification of lower motor neuron abnormalities for

definite ALS requires needle EMG in the muscles of at
least three of four anatomic regions [3]. If abnormalities
are not identified in any one area, but suspicion for an
ALS remains high, the needle evaluation must expand. It
may ultimately include an examination of muscles in all
four regions [4], and this may increase patient discom-
fort and anxiety.
Using the principles of the revised El Escorial criteria,

EMG evidence of acute denervation is limited to the
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presence of fibrillation or positive sharp waves. This
constraint may not be as apparent in bulbar muscles
or those muscles of normal bulk and strength which
contribute to the fact that 22% of patients die from
ALS without being assigned a level of certainty
about the disease higher than the “clinically possible
ALS” category [5].
Motor unit action potential (MUAP) recruitment ana-

lysis is a crucial aspect of the needle EMG examination
where the majority of patients with ALS demonstrate
recruitment abnormalities, even those examined during
the early course of the disease [6].
Measurement of weakness is not a sufficient measure

of the number of MUs because the surviving motor
neurons keep pace with cell loss through collateral
sprouting. The addition of new collaterals maintains
muscle maximum compound muscle action potential
(CMAP) amplitude [7], until late in the disease where
collateral reinnervation is no longer able to provide full
functional compensation creating MU instability [8].
Thus, normal CMAP amplitudes might mistakenly
suggest that motor neuron loss has not occurred yet [9]
and does not give the necessary information about the
degree of MU loss [10]. Though, some studies reveal the
CMAP amplitude is the only parameter with the advantage
to demonstrate the progression of disease objectively in
both ALS patients with poor and good prognosis [11].
Motor unit number estimate (MUNE) is a more

reliable, physiologic technique than the CMAP amplitude
in quantifying the numbers of MUs innervating an
individual muscle and measure disease progression [4].
Therefore, it is an indirect measure of motor neuron loss,
rather than a means of primary pathology. It can identify
that the number of MUs may be well below average, in
the presence of normal CMAP amplitudes [12].
The study aims to ameliorate the MUNE and CMAP

amplitude in assessing the number of MU loss in
patients with ALS.

Methods
A prospective two-center study was conducted at the de-
partments of Neurology and Neurophysiology / Baghdad
Teaching Hospital and Al-Imamain Al-Kadhimyain Med-
ical City, Baghdad, Iraq for the period from Sept. 2017 till
Feb. 2018. The Iraqi Board for Medical Specialization ap-
proved the study (Decision No. 860; Date 12/2/2018). Writ-
ten informed consent was obtained from all individual
participants included in the study.
Twenty-eight patients with ALS (either known cases

or they were diagnosed during our workout) comprised
12 females and 16 males aged 55.2 ± 12.312 years (24–
69 years) with a duration of illness ranging from 3 to
48 months were studied. Patients with spinal muscular

atrophy, progressive muscular atrophy, and Hirayama
disease were excluded from the study.
Another 28 healthy subjects comprised of 13 females

and 15 males aged 55.5 ± 11.12 years (range 24–65
years) serve as the control group.
Patients with ALS were subjected to a detailed

history and clinical neurological examination adopting
the El Escorial criteria [13]. Accordingly, nine patients
fulfilled the criteria for definite ALS, 19 patients met
the criteria for probable ALS, and none of them
fulfilled the requirements for possible ALS. They were
scored using the revised ALS Functional Rating scale
(ALSFRS-R) which denotes 12 items (each of 5 scores
from 0 to 4) [14]. Key muscles from the upper and
lower extremities were evaluated using the Medical
Research Council (MRC) scale against the examiner’s
resistance and grading the patient’s strength on a 0 to
5 scale accordingly [15].
Neurophysiologic testing was done using Keypoint

(Medtronic, Denmark) and Cadwell (USA) electromyog-
raphy machines. The motor nerve conduction study of
the median, ulnar, tibial, and fibular nerves and sensory
nerve conduction study of the median, ulnar, and sural
nerves were examined and the F wave latency of either
lower limb following the standard methods [16]. The
MRC scale and electromyographic activity were studied
from the first dorsal interosseous (FDI) muscle. Twenty
motor unit action potentials (MUAPs) were analyzed for
duration and amplitude during minimal volitional effort.
This is assessed by instructing the patient to make only
a very gentle (low level) contraction of the muscle under
investigation where single (first) MUP can be clearly
differentiated on the monitor screen as it achieves a
stable and fairly regular firing rate at 5–7 Hz.
A multipoint stimulation (MPS-MUNE) method was

used at the asymptomatic side or the less severely
affected side (if any) by stimulating the ulnar nerve and
recording from the abductor digiti minimi (ADM). The
ulnar nerve was stimulated at three sites; 2 cm proximal
to the wrist crease, 4 cm proximal to the first site, and 1
cm proximal to the ulnar groove at the elbow. At each
side, we adjust the intensity at which we obtain the all
or non-potential response which represent the single
motor unit potential (SMUP). After recording one
SMUP with a minimum amplitude of ≥ 25 μV, the
stimulus intensity increased gradually by 4 mA for 10
times to have 10 SMUP at each site. The number of
stimulations at each site should not be less than 4 and
can be up to 10. We did this procedure for each of the 3
sites of the nerve for each patient.
In severely affected patients with less than 10 SMUPs,

as many as possible of SMUPs were recorded. MUNE
can be calculated by dividing the supramaximal CMAP
amplitude by the average amplitude of the ~ 10 SMUPs.
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The CMAP amplitude recorded from ADM muscle
was measured from baseline to negative peak, and the
CMAP with the highest amplitude is recorded.

Statistical analysis
Statistical analysis was performed using IBM-SPSS
(statistical package for Social Sciences) version 25.
Normal distribution of the data was assessed with the
Kolmogorov-Smirnov test and variance homogeneity
were evaluated with the Levene test. An independent
t test was used to analyze the difference between ALS
patients and control groups concerning age, MUNE,
CMAP amplitude, and SMUP. Chi-square test tests
the association between gender with disease progression
and age with disease progression.
Pearson’s correlation examined the relationship be-

tween reduced FDI clinical function (as evaluated by the
MRC scale and number of MUs calculated by MUNE);
the relation between the MRC score and CMAP ampli-
tude values, and the relation between disease duration,
MUNE, MUAP parameters in FDI and SMUP.
ROC curve was used in the context of discrimination

between MUNE and CMAP amplitude in detecting MU
loss. According to this curve, the area under the curve
(AUC), the sensitivity and specificity, and cut-off values
were calculated.
The p value of ≤ 0.05 was considered statistically

significant.

Results
The characteristics and neurophysiologic data of the
ALS group (Table 1) illustrate that the CMAP amplitude
was 4.68 ± 3.14 mV, which is significantly (p < 0.001)
lower than 23.4 ± 8.6 mV of the control group. Similarly,
the MUNE of the patients with ALS was 107.89 ± 53.7,
which is significantly reduced (p < 0.001) as compared
to the 241.47 ± 47.6 of the control group.
On the contrary, the average SMUP area of patients

with ALS was 4.8 ± 2.9, a significantly higher value
(p < 0.001) than 0.1 ± 0.04 of the control group.
Likewise, the SMUP amplitude of the patients with
ALS was 85.7 ± 67.1 μV versus 49.05 ± 8.5 μV (p = 0.003)
of the control group (Table 2).
A positive correlation (r = 0.513, p = 0.005) was dem-

onstrated between the decreased number of MUs in
ADM muscle (calculated by MUNE) and reduced FDI
muscle clinical function (evaluated by the MRC scale).
Similarly, the reduced CMAP amplitude was positively
correlated (r = 0.520; p = 0.007) with reduced FDI
muscle function (evaluated by the MRC scale). Likewise,
a positive correlation between CMAP amplitude and
MUNE of ADM muscle (r = 0.621; p = 0.001). More-
over, the ALS-FRS was positively correlated (r = 0.398;
p = 0.04) with MUNE of ADM muscle (Fig. 1).

On the contrary, the reduced FDI muscle clinical func-
tion (evaluated by MRC scale) was negatively correlated
(r = − 0.609; p = 0.001) with MUAP duration of FDI.
The ALS-FRS was negatively correlated (r = − 0.552;
0.002) with MUAP duration of FDI muscle. The MUAP
duration was also negatively correlated (r = − 0.540;
p = 0.003) with MUNE of ADM muscle.
The ALS disease duration was positively correlated

(r = 0.852; p = 0.011) with the MUAP duration of
the FDI muscle (Fig. 2).

Table 1 The characteristics and clinical data of the patients

Character/parameter

Age (years) 55.2 ± 12.312 (range 24–69)

Gender

Females
Males

Disease duration (months)

12 (42.8%)
16 (57.2%)
3 - 48

El Escorial criteria

Definite
Probable
Possible

9 (32.1%)
19 (67.9%)
0 (0%)

Disease duration

Slow
Rapid

23 (82.1%)
5 (17.9%)

Region of the disease onset

Lower limbs
Upper limbs

14 (50%)
12 (42.9%)

Bulbar 2 (7.1%)

Associated disease

None
Bilateral carpal tunnel syndrome
Liver transplantation
Ulnar neuropathy
Peripheral neuropathy
Cervical spine surgery
Lumber spine surgery

ALS functional rating scale
MRC score for FDI muscle

20 (71.4%)
3 (10.7%)
1 (3.6%)
1 (3.6%)
1 (3.6%)
1 (3.6%)
1 (3.6%)
36.79 ± 8.556 (range 13–46)
3.43

Mean MUAP duration of FDI muscle
Normal lower limb F wave
F repeater

21.1 ms
23 (82.1%)
5 (17.9%)

FDI first dorsal interosseous, MUAP motor unit action potentials, data are
presented in mean ± SD or range or number (%)

Table 2 The differences in the MPS MUNE, CMAP amplitude,
and average SMUP area between ALS patients and control
group (independent t test)

Variable ALS patients
n = 28

Control group
n = 28

p value

CMAP amplitude (mV)
MPS MUNE
Average SMUP area %
SMUP amplitude (μV)

4.68 ± 3.14
107.89 ± 53.7
4.8 ± 2.9
85.7 ± 67.1

23.4 ± 8.6
243.47 ± 47.6
0.1 ± 0.04
49.05 ± 8.5

< 0.001
< 0.001
< 0.001
0.003

ALS amyotrophic lateral sclerosis, CMAP compound muscle action potential,
MPS MUNE multipoint stimulation motor unit number estimation, SMUP single
motor unit potential. (Ulnar nerve stimulation and recording from the
ADM muscle)
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No significant correlation was demonstrated between
the reduced function of FDI (evaluated by MRC scale)
and SMUP (r = − 0.250; p = 0.199) and between the
CMAP amplitude and MUAP duration of FDI muscle
(r = − 0.193; p = 0.344). Furthermore, no correlation
was noticed between the gender and the ALS disease
progression, MUNE of ADM muscle and each of the
onset region, disease duration, disease progression,
and MUAP duration (p > 0.05).
Case detection using the MUNE versus CMAP ampli-

tude (Table 3) demonstrate that the MUNE has high
sensitivity 80.8% and 95% specificity as compared to the
CMAP amplitude (30.8% sensitivity and 95% specificity).

Discussion
MUNE decrement in patients with ALS reflects the
dropout of MUs in the disease process. This finding was
also noticed by other researchers elsewhere [17, 18]. Not
surprisingly, the CMAP amplitude is significantly
reduced in patients with ALS reflecting a continuous
axonal loss. Moreover, the present study demonstrates a
significant positive correlation between the CMAP amp-
litude and MUNE values. This relationship was expected
because CMAP amplitude as a measure is used in the
calculation of MUNE values. This finding was in harmony
with the observation of other researchers [7].

In our study, CMAP amplitude was also significantly
correlated with the MRC scale. A finding was also
observed by Onesti et al. [11]. In ALS, the recruitment
frequency is increased because fewer anterior horn cells
are available to be activated as effort increases. When
recruitment is reduced (as low MRC scale) from a loss
of anterior horn cells, the number of MUs firing at any
given firing rate is reduced [4, 19]. On the other hand,
ALS-FRS was positively correlated with MUNE of ADM
muscle; this could be ascribed to the sufficient reinner-
vation despite clinical disease progression. Furthermore,
changes in MUNE values can be seen before clinically
detectable decreased force and atrophy [20].
On the contrary to the results of our study, Kristensen

et al. [21] demonstrate no significant correlation be-
tween ALSFRS-R and either of MUNE, MUAP duration,
or CMAP amplitude. Similarly, Jacobson et al. [7, 22]
found no relationship between ALS-FRS and all MUNE
methods except for MScan, yet, in their study, ALS-FRS
reflects the global function of all muscles tested while it
demonstrates the role of only one muscle in our study.
MUNE was positively correlated with the MRC score

and the clinical dysfunction measured by the ALSFRS-R
scale. This finding was in agreement with other
researchers, although using MUNIX instead of MUNE
as a measure [23, 24]. MUNE is calculated by dividing

Fig. 1 Correlation between the MRC scale and the MUNE (upper left); MRC scale and the CMAP amplitude (top right); MUNE and CMAP amplitude
(lower left); MUNE and the ALS-FRS (bottom right)
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the maximal CMAP amplitude by the mean surface
SMUP [25]. In contrast, MUNIX is derived from a
mathematical model based on CMAP amplitude and
electromyographic surface interference patterns [26].
Yet, MUNE and MUNIX scores are inter-correlated
in patients with ALS [27].
No correlation was noticed between the MUNE and

disease progression which contradicts the results of Ahn
et al. [28] and Jacobsen et al. [29] because the latter
groups used the statistical MUNE and revealed that the
MUNE ratio of SW-MUNE was coincident with the
clinical rapidity of disease progression by ALS-FRS.
It was well known that ALS-FRS evaluated the disease

progression; unfortunately, our patients were not
followed neurophysiologically because of the short time-
table plus some of the patients skipped as they were re-
ferred from other centers. It worth saying that following

up the disease progression should be done using MUNE
in its different methods because it is more sensitive than
ALS-FRS as proved by several studies [20, 30].
MUNE of ADM muscle was negatively correlated with

MUAP duration of FDI muscle in our study. Jacobson
et al. [22] were the first to study the relation of MUNE
and MUAP duration in the same muscle, which is the
FDI. In their earlier trials, no correlation was observed
between MUAP parameters in the FDI muscle and
adapted MPS MUNE in ADM muscle, used more than
one MUNE method, and found that none of the MUNE
parameters correlated to MUAP duration or amplitude.
The limitation of that study was attributed to their use
of ADM muscle in MUNE and FDI muscle for MUAP
analyses. Although the ulnar nerve innervates both mus-
cles, the affection of the ADM and FDI may be different
because of the split hand phenomenon. The latter could

Table 3 Diagnostic sensitivity and specificity of MPS MUNE and CMAP amplitude in ALS patients

Factor Cut-off AUC Sensitivity Specificity Upper bound Lower bound p value

MUNE
CMAP amplitude

180.5
3.4

0.965
0.611

80.8%
30.8%

95%
95%

0.922
0.447

1.000
0.774

0.000*
0.203

AUC area under the curve, MPS MUNE multipoint stimulation motor unit number estimation, CMAP compound muscle action potentials. (Ulnar nerve stimulation
and recording from the ADM muscle)

Fig. 2 Correlation between the MRC scale and the MUAP duration (upper left); the ALSFRS and the MUAP duration (top right); MUAP duration and
MUNE (bottom left); the MUAP duration and disease duration
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explain why changes in MUAP parameters that occur in
the course of denervation and reinnervation does not
reflect the exact degree of MU damage.
The negative correlation between MUAP duration of

the FDI muscle and MRC score is supported by the
findings of Gawel et al. [23] who demonstrated no
correlation between MUAP parameters including ampli-
tude, duration, and muscle function assessment by the
MRC scale. Likewise, MUAP duration of the FDI muscle
was negatively correlated with ALS-FRS, which is in
harmony with the results of Jacobson et al. [22]. MUAP
with increased duration would reflect chronic denerv-
ation and reinnervation, which means some of the MUs
have died as revealed by a reduced ALS-FRS.
Case detection by the MUNE methods was high as

compared to that of CMAP amplitude reflected as high
sensitivity and specificity. Jacobsen et al [29] also
evaluate the MUNE method and MScan as a measure of
disease progression in ALS compared with CMAP amp-
litude and found MScan registered the largest decline
(8.7% per month), compared with MPS (3.4%), and
CMAP amplitude (2.0%). This low specificity and sensi-
tivity support the notable variation in normal values for
the CMAP amplitude and limited reproducibility with
retesting [12] as compared to the MUNE method.

Conclusion
MUNE is correlated well with CMAP amplitude, MUAP
duration, and functional scoring in patients with ALS.
MUNE methods are found to be highly specific and
more sensitive than CMAP amplitude in evaluating MU
loss in patients with ALS, case detection by MUNE is
three times more than CMAP amplitudes. Finally, the
rate of decline of MUs using the multipoint incremental
MUNE is more sensitive than that of MRC score and
ALSFRS-R, when expressed as the percentage change
from baseline.
The small number of patients is a limitation in this

study but is comparable with other similar studies and
did not allow us to do analyses for subgroups of patients
with differing disease onset (bulbar vs limb).
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