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An EMG Integrator for Muscle Activity Studies
in Ambulatory Subjects

CHARLES G. BURGAR anp JOHN D. RUGH

Abstract— A portable digital integrator is described for the measure-
ment of electromyographic activity in the natural environment. Inte-
grated muscle activity exceeding an adjustable threshold is accumulated
and displayed on a seven digit LED readout in uV - s. Technical speci-
fications, schematic diagram, and application examples are provided.

INTRODUCTION

Several musculoskeletal pain syndromes are believed to be a
result of prolonged or excessive muscle activity [1]-[4]. Mus-
cle hyperactivity is attributed to stressful life situations, habits,
or one of several other factors such as bad posture, occupa-
tional demands, drug side effects, or cognitively mediated brac-
ing. Experimental studies in the laboratory support the rela-
tionships between muscle hyperactivity and pain [5]-[8];
however, measurements in a patient’s natural environment are
necessary to verify these results.

Physiological data may be recorded in the patient’s natural
environment through several techniques. Telemetry systems
have been described [9]-[11] which provide continuous ana-
log data suitable for display on a chart recorder or storage on
magnetic tape at the receiving station. Another technique in-
volves the use of small FM tape recorders carried by the patient
in his natural environment [12]-[15]. While these two re-
cording technigques provide detailed data, they are not always
convenient. The investigator is commonly faced with large
amounts of data to analyze and the cost of most telemetry or
FM recorder techniques often limits the investigator to studies
of one or two subjects at a time. Finally, many musculoskele-
tal pain syndromes are cyclic in nature and therefore, may be
several weeks or even months between exacerbations of the
symptoms. [t is difficult to justify devoting an elaborate re-
cording system to one patient for such long periods.

. Long-term investigations of muscle activity and myofascial
pain carried out in our laboratory required an unobtrusive,
portable, yet inexpensive EMG recorder which could be used by
subjects in their natural environment over several weeks or
months., Large numbers of subjects were {o be recorded over
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extended periods and thus, simplicity of data reduction and
analysis were essential. Preliminary studies indicated that cost
effective data reduction could be achieved by integrating the
raw EMG over specific time intervals before recording and by
having patients record their own data. Rugh and Solberg [16]
and Rugh [17], [18] described a portable EMG recording sys-
tem employing an electrochemical integrator (£ cell) for re-
cording nocturnal muscle activity. While this instrument was
found adequate for recording nocturnal EMG, the time re-
quired for the E-cell integrator to be “read out” made it im-
practical for daytime use where repeated readings were to be
made. This paper describes a pocket-sized EMG integrator
with a digital display for rapid readout.

INSTRUMENT DESCRIPTION

The portable EMG integrator provides a seven-digit LED
display of integrated muscle electrical activity. The instru-
ment is calibrated to read in uV - s of muscle activity over time
intervals ranging from a few seconds to 12 h. For simplicity of
operation, only two front panel controls were made accessible
to the subject: a power switch, which also serves to reset the
digital integrator, and a push-button switch to read the display.
A commercial portable timer [19] is used to signal the subject
to record the reading at selected intervals. A threshold circuit
is included which may be preset to eliminate postural muscle
activity from the recordings when desired. The threshold is
adjustable from 1 to 60 puV (average). The integrator accu-
mulates total EMG activity whenever it exceeds the threshold
and is linear (£5 percent) from 10 to 200 uV (180 Hz sinewave
input).

Instrument-technical specifications and transfer functions
were assessed using the test procedures described previously
by us [20].

The input impedance is greater than 2 M{2 at 180 Hz. The
frequency response is 100-310 Hz at the -3 dB points. Fil-
ter rolloff exceeds 12 dB per octave (36 dB per decade). Over-
all amplitude gain is 2000 (66 dB, *1 dB). Input equivalent
noise is less than 2 gV (rms). Sixty Hz suppression exceeds 90
dB. The common-mode rejection ratio at 60 Hz exceeds 80
dB, and at the geometric mean of the passband, exceeds 70
dB. Battery current consumption is less than 7 mA at 9 V.
The overall physical dimensions are 3.0 X 59X 1.1in (7.5 X
15 X 2.8 ¢cm), and the unit weighs 5.8 oz (164 g).

Greneral Circuit Description

The block diagram shown in Fig. 1 gives a simelified view of
instrument design. A differential amplifier is used to amplify
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