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Abstract - In this study, we investigated the behavior of active 
motor units identified via analysis of electro myographic (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 upper (UMN) and lower 
(LMN) 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 processed using freely available EMG decomposition 
software (EMGLAB). Results showed differences in mean motor 
unit firing rates and variability between ALS patients and 
control subjects. Differences in mean motor unit firing rates and 
variability were also observed between ALS patients with LMN­
and UMN-dominant forms of ALS. 
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I. INTRODUCTION 

Amyotrophic lateral sclerosis (ALS), also known as Lou 
Gehrig's disease, is a neurodegenerative disease that affects 
both the upper (UMN) and lower (LMN) motor neurons. 
Typically, ALS is 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. ALS can be 
difficult to diagnose in the early stages of the disease because 
its symptoms may mimic other disorders. To date, the cause of 
ALS has not been identified thus making the search for a cure 
very difficult. 

Since functional impairment in ALS is caused by muscle 
weakness (i.e. the inability to generate force), and given that 
motor unit number as well as the motor unit firing rate 
characteristics influence the generation of muscle force, it 
appears to be important to study the firing rate characteristics 
of the remaining motor units in order to gain further insight in 
the etiology of muscle weakness in patients with ALS. 

II. METHODS 

A. Subjects Recruitment 

Eight control subjects, 56.6 ± 7.7 years of age (mean ± SD) 
were enrolled in the study. Control subjects were 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) that met clinical and electro-diagnostic criteria 
for definite ALS were also recruited in the study. 

B. Experimental Setup 

We assembled a device to monitor index finger abduction 
force while recording EMG data (Figure I). The device was 
made adjustable to accommodate different hand sizes. Two 
force transducers provided subjects with visual feedback 
relating to the index finger abduction and flexion forces. We 
used speakers to assess the quality of the recordings as well. 
The sound was generated by using the EMG signal as input to 
the loudspeakers. High pitch sounds were considered as 
associated with high quality EMG data since the EMG 
decomposition is typically more reliable when motor unit 
action potential (MUAP) waveforms show sharp edges. 
A 25-gauge stainless steel quadrifilar needle electrode was 
used to record electromyographic (EMG) signals. The needle 
electrode was composed of four platinum wire electrodes, 
each 50 f.1m in diameter. The wires, fed through the cannula of 
the needle, reached a side port and were arranged in a 2x2 
array with inter-electrode distance of 200 f.1m. Four channels 

Figure I: Motor unit data collection. A) Needle insertion. B) Equipment 
used in data collection. C) The trapezoidal trajectory that subjects traced 
during isometric muscle contractions. D) Raw EMG data for three of the 
channels recorded using the quadrifilar electrode. 
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