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Abstract— In this study, we investigated the behavior of active
motor units identified via analysis of electromyographic (EMG)
signals recorded from the first dorsal interosseous (FDI) muscle
using a quadrifilar needle electrode. Data was collected from
control subjects and patients with both lower (LMN) and upper
(UMN) motor neuron dominant forms of amyotrophic lateral
sclerosis (ALS). EMG recordings were gathered during isometric
contractions reaching 20 or 50 % of the force output produced
during a maximum voluntary contraction (MVC). Recordings
were analyzed using available EMG decomposition software
(EMGLAB). Results showed differences in mean motor unit
firing rates between patients with ALS and control subjects.
Differences were also observed between patients with LMN- and
UMN-dominant forms of ALS. Motor unit substitution was
observed in patients despite the contractions lasting just a few
seconds. Finally, we observed that motor unit action potential
(MUAP) waveforms recorded from patients were more complex
than those recorded from control subjects as often observed in
motor neuron diseases.
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l. INTRODUCTION

Amyotrophic lateral sclerosis (ALS), also known as Lou
Gehrig’s disease, is a neurodegenerative disease that affects
both the lower (LMN) and upper (UMN) motor neurons. ALS
is typically seen in individuals 40 to 70 years old, with a slight
male predominance. It is estimated that in the US alone, about
30,000 people are affected by ALS and more than 5,000
people are newly diagnosed each year. It can be difficult to
diagnose ALS in the early stages of the disease because its
symptoms may mimic other disorders. To date, the cause of
ALS has not been determined thus making the search for a
cure very difficult.

In order to detect small changes in the rate of disease
progression, multiple outcome measures are normally
used [1]. The neurophysiologic measures that have been
utilized to date are: (1) the compound motor action potential
(CMAP) amplitude, (2)the motor unit number estimate
(MUNE), and (3) the neurophysiologic index derived from
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motor nerve conduction study parameters [2]. Both the CMAP
amplitude and the MUNE decline over time in ALS [1]. All of
the measures mentioned above are sensitive to changes in the
number of motor units, which decreases as the disease
progresses. However, these measures do not allow one to
assess the firing characteristics of the motor units. Since
functional impairment in ALS is caused by muscle weakness
(i.e. the inability to generate force), and given that in addition
to motor unit number, the motor unit firing rate characteristics
influence the generation of muscle force, it is important to
study the firing rate characteristics of the remaining motor
units (in addition to their number) in order to fully understand
the etiology of muscle weakness in ALS.

Il.  METHODS

A. Subject Recruitments

Eight control subjects, 56.6 + 7.7 years of age (mean + SD)
were enrolled in the study. Each control subject was examined
by a practicing physiatrist for exclusion criteria including
neuromuscular disorders and the use of medications that could
affect muscle activity. Six subjects 52 + 5.3 years of age
(mean + SD) with ALS were also recruited in the study.
Individuals with ALS were recruited among patients routinely
examined at the EMG clinic, Massachusetts General Hospital.
Patients met clinical and electro-diagnostic criteria for definite
ALS. Four patients had dominant LMN dysfunction and two
had dominant UMN dysfunction. The Revised ALS
Functional Rating scale (ALSFRS-R), a standard clinical
assessment tool based on interviewing and clinically observing
patients, was administered. Also, a muscle stretch reflex
assessment was performed. Biceps, triceps, brachioradialis,
knee and ankle reflexes were tested using standard physical
examination techniques and graded using a scale ranging from
0 to 4. The modified Ashworth scale, a standard clinical
assessment tool for assessing spasticity, was used to evaluate
elbow flexor spasticity. Finally, a nerve conduction test was
performed on all subjects (including both control subjects and
ALS patients.).
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Figure 1. Motor unit data collection. A) Needle insertion. B) Equipment
used during the EMG data collection. C) The trapezoidal trajectory that
subjects traced during an isometric muscle contraction. D) Raw EMG
data for three of the channels recorded using the quadrifilar needle.

B. Experimental Setup

A device to monitor index finger abduction force was used
(Figure 1). The device was adjustable and accommodated
different hand sizes. Two force transducers were used to
provide subjects with feedback concerning abduction and
flexion of the index finger. The acquisition system was set up
with a first screen utilized to help the researcher conducting
the data collection to inspect the quality of the data and a
second screen to provide subjects with a template of the force
trajectory to be followed during testing. A set of speakers was
used for feedback to the researcher as well. Sound generated
by the EMG signal, in addition to visual feedback, was used to
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Figure 2. The quadrifilar needle electrode utilized to record motor unit
action potential waveforms
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Figure 3. The left panel shows a polyphasic MUAP waveform

representative of the recordings we gathered from patients with ALS. The

right panel shows a MUAP waveform representative of our observations
in control subjects.
assess whether we were recording high quality EMG data.

A 25-gauge stainless steel quadrifilar needle electrode was
used to record electromyographic (EMG) signals. The
quadrifilar needle electrode was composed of four electrodes
made of platinum wires with diameter of 50 m. The wires
were fed through the cannula of the needle and reached a side
port where the electrodes were arranged in a 2x2 array with
inter-electrode distance of 200 m (Figure 2). Four channels
(differentially amplified) of EMG data were recorded.

Data was sampled at 25 kHz using a 16-bit acquisition card
(NI6035E). When active muscle fibers were within the
detection volume of the quadrifilar needle electrode, motor
unit action potential (MUAP) waveforms were recorded.
MUAPs related to different motor units were marked by
different shapes and amplitude values, due to the orientation of
each recording area relative to the propagation of the electric
field associated with the presence of depolarized zones
traveling along the muscle fibers.

Time

C. Protocol

All study procedures were approved by the local ethical
committee. All subjects provided written informed consent
before taking part in the study. EMG data was recorded from
the first dorsal interosseous (FDI) muscle of the right hand. A
quadrifilar needle electrode was inserted into the FDI muscle
(approximately 0.25-0.5 cm deep) and positioned in a manner
so as to obtain MUAP recordings that were assessed (via
visual inspection) to be suitable for the analysis of motor unit
firing rate characteristics. Based on our experience, we
considered the uniqueness of the MUAP waveforms
associated with each motor unit and the consistency of the
MUAP shapes over time to predict the number of motor units
whose firing rate characteristics could be derived. Subjects
abducted their index finger in order to activate the FDI muscle
while tracing a trapezoidal template (a ramp up and a ramp
down were set with a slope of 10% MVC/s) displayed on a
computer screen as shown in Figure 1. The plateau of the
trapezoidal trajectory lasted for 15 s for the 20% MVC tests
and 5 s for the 50% MVC tests. Subjects rested for at least one
minute after each contraction.
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