2.4.6.02

A Data-Acquisition System for Combined EMG and Strength Measurements in
Research on Age-Associated Changes in the Neuromuscular System
Mark J. van Gilso, Robin A. Conwitt, E. Jeffrey Metter2, and Pierre J.M. Cluitmans3
'VTT Information Technology, P.O. Box 1206, FIN-33101 Tampere, Finland
tDept. of Neurology, Johns Hopkins Bayview Medical Center, Baltimore MD21224, USA
2NIH/NIIA Gerontology Research Center, 4940 Eastern Ave., BaltimoreMD2l224, USA
3Dept. of Medical Electrical Engineering, Eindhoven University of Technology,
P.O. Box 513,5600 MB Eindhoven, The Netherlands
Abstract: Changes in the neuromuscular system with
increasing age can lead to some degree of immobility in

the elderly. A way to investigate the mechanisms
underlying these changes is the simultaneous measurement of electromyography (EMG) and strength. EMG
recordings can be used to estimate the number of active
motor units (in this case using decomposition enhanced

spike-triggered averaging techniques), strength measurements can be used to assess how effectively motor units
are used to develop and maintain a certain force level.
The existing system configuration consists of two separate
stand-alone systerns that each record one quantity using
their own software. A data-acquisition system that is able

changes

in muscle and strength with

exercise. Among the

measurements are assessments of strength and nerve function
(from EMG). The strength measurement is being used to
determine the exercise response. It also allows assessment of

the contribution, characterization, and efficiency of motor
units used to maintain a certain force level. The EMG
measurements can be used estimate the number of active
motor units. EMG and strength measurements are performed
simultaneously using different stand-alone systems that use
their own proprietary software. To enable synchronization of
both measurements and easy integration of both signals, a
system that unifies the acquisition of both types of signals and
enables easy operation of the experiments was developed.

to record, display, and store EMG and force signals
synchronously on one system was developed.

INTRODUCTION

METHODS
Many different methods to estimate the number of motor

units
Increasing age changes in the neuromuscular system lead
to impairment in the functional properties of skeletal muscles
[1] and consequently may cause some degree of immobility.
Muscle atrophy, decline in muscle strength and power,
fatigue, and injury are generally accepted as inevitable

concomitants

of aging. The mechanisms underlying these
the degree to which these changes are

changes and

preventable and treatable are not fully understood.

With aging, the number and size of motor neurons and
also nerve conduction velocity decrease [2]. Loss of motor
neurons results in a change in the number and size of motor
units (a muscle unit consisting of a motor neuron and the
muscle fibers it innervates). With loss of a motor neuron, the
muscle fibers innervated by the neuron either atrophy or are
reinnervated from fiber sprouts from other motor units,
resulting in larger motor uniLs.
Studies have shown that elderly who remain physically
active have only moderate losses in skeletal muscle mass [3].
However, exactly how much of the decrease in muscle mass
consequence of aging, b) a reduction in physical
activity, or c) both is unknown. At the Gerontology Research
Center (Baltimore, USA) a study is underway to investigate
gender and age related effects in neural control of muscle
function and whether differences in neuromuscular function
are associated with differences in physical activity or
functional disability. This research concentrates on the vastus

is a) a

medialis muscle. The study includes 8 weeks of one-leg
strength training, 16 weeks of detraining and 24 weeks of
total body strength training in young and old volunteers. A
large variety of measurements are included to characterize

in

man exist (for an overview see, e.9., t4]).

Notwithstanding their differences, all these methods rely on
the same principle: determine the size of a property (force or
measurable potential) of an average motor unit and compare
this with the maximum size of that property for the entire
muscle. Dividing the latter by the former yields an estimate of
the number of active motor units present in a muscle.
In this study measurements are being done that make use
of the decomposition enhanced spike-triggered averaging
method [5]. This method involves using voluntary isometric
contraction to recruit motor units and the use of pattern
recognition techniques based on template matching to
decompose the recorded intra-muscular EMG signal to isolate

the EMG activity of a single motor unit (MU) from the
activity of other recruited motor units. The motor unit spike,
selected by the pattern recognition algorithm after careful
positioning of the needle electrode, is used as a trigger source
to synchronously ensemble-average surface EMG activity and

extract the surface-motor unit action potential (S-MUAP)

time-locked

with the chosen MU from the

asynchronous surface-detected

generally

EMG activity generated by

other MUs. The S-MUAPs from ten or more separate MUs
are then used to derive an average S-MUAP size. Parameter
values measured from the average S-MUAP are divided into

from the maximum
compound muscle action potential (M-potential) to obtain an
estimate of the number of MUs in the muscle. This method
has the advantages (as compared to other techniques) that it
requires less subject cooperation, it has the ability to study
proximal muscles as well as distal muscles, and it provides
information about individual motor unit firing patterns, mean
corresponding values measured

Medical & Biological Engineering & Computing Vol. 34, Supplement 1,fart 2, 1996
The 1st Internationalbonference on Bioelectromagnetism, June 9-13, 1996, Tampere, Finland

273

firing rates and motor unit recruitment thresholds. Also,
analysis of the intra-muscular data allows for the
measurement of fiber densities, neuromuscular jitter, and

m30
.P*{

measurements are performed using

of the muscle to record the intramuscular EMG, the surface electrode (used to measure the SMUAPs) is placed over the motor point and the ground
electrode is placed near the recording electrode. The number
of active motor units is estimated at I}Vo and 3OVo of the
maximum voluntary contraction (MVC) level.
Sole use of the devices described has the disadvantages
that a) there is no synchronization between the recording
placed into the body

systems,

b) there exist different data files (in

different

formats) at different systems, c) the software in the Kin-Com
system was not designed with these kinds of measurernents in
mind and as such is not very easy to use, d) it is difficult to
use data recorded with the EMG system in other applications,

and e) this set-up is not suited for performing similar
experiments with other muscles (such äS, e.g., thenar
muscles). For this reason a system had to be developed that

unifies both measurements and does not have the
aforementioned disadvantages. In this system the recorded
EMG and force signals are time-locked, the sampling rate

is

high enough to allow for use of pattern recognition techniques

in the intra-muscular EMG, the signals can be filtered and
amplified, the data-files can easily be accessed for dataanalysis, artifact detection and rejection algorithms can be
incorporated, and the system allows for future modifications
and extensions. Also, because the system has to be easy to use
and the subject has to get feedback about the force level
he/she generates during the experiments, the presentation of
the signals is of importance.
RESULTS

The data-acquisition system was built using a personal
computer (486DX2 - 66MHz) and an ADC board (National
Instruments AT-MIO-16H) that records signals from the
intra-muscular electrode, surface electrodes and the Kin-com
load cell. Software was developed using Labview software

(National Instruments) running under MS-Windows 3.11.
EMG data-acquisition is performed at 5 or 10 kHz (selectable
by operator), force data-acquisition is performed at 200 Hz.
To be able to retrieve large amounts of data at high speed,
present them on a computer monitor, and store them on disk
circular buffering of data (read in using DMA) is employed.
The system can provide feedback to the operator as well

as the subject on the various signals. In Figure

I

a

screendump of a part of the software is presented. The upper
graph represents the recorded force, the two lower graphs the
surface and intra-muscular EMG signals. The graph of the
recorded force is of great importance to the subject as this
enables himlher to maintain a certain desired force level. The
EMG graphs are mainly used to check the signals measured
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Figure l: Screendump of the main window of the dataacquisition software package.

on their validity. This panel also provides controls to set
amplification factors, filter settings, desired sampling
frequencies etc. Actual processing of these signals to make
motor unit number estimations is performed on a separate
machine after the measurements have finished as this involves

complex calculations that are too time-consu.tring

to

be

performed on-line.

CONCLUSIONS

A

data-acquisition was developed that enables easy

recording of both the EMG and force generated by a subject
on a single system. This system can be used in research on
mechanisms underlying changes in the neuromuscular system
that occur with increasing age. At this stage the system is
specifically suited to perform measurements on the vastus
rnedialis muscle. Future enhancements can make the system

suitable

fbr

experiments concentrating oD, e.g., thenar

muscles. This would also involve implementation of artifact
detection and rejection algorithms to remove that artifacts that
play a role in strength measurements on these muscles, such
as body movement artifacts, pulse pressure wave artifacts, and
respiratory artifacts.
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