Mechanomyography signal relationship between time x frequency domain
using FES application: preliminary results
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Abstract
The goal of this study is to investigate the relationship of the time x frequency domain for a spinal cord-injured
volunteer (SCIV) and a healthy volunteer (HV). The test was performed with one HV and one SCIV with bipolar
monophasic square wave, pulse active period of 100µs and frequency of 1kHz, and burst active interval of 3ms with
frequency set to 50Hz applied to the femoral nerve. The MMG sensor was placed on the belly of rectus femoris muscle
and RMS and MF MMG features of the three axes (X, Y and Z) were plotted using linear regression so as to find the
relation between them during the protocol. The normalized RMS values of SCIV were greater than HV data and this is
related to FES stimuli amplitude applied to SCIV. The slope of the MMG signal presented a different behavior what
suggests difference between the volunteers. The slope was steeper for SCIV than HV, probably due to the fast lower
power contraction ability and the motor unit recruitment decrease. The preliminary results show that MMG signal can
distinguish muscle fiber type of HV and SCIV.
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Introduction
Mechanomyography (MMG) is used for measuring
muscle oscillations [1]. The MMG signal can be
analyzed both in temporal and spectral domain [2].
By functional electrical stimulation (FES) it is
possible to generate muscle movement [3], in a
spinal cord-injured volunteer (SCIV) as well as in
healthy volunteer (HV).
The literature suggests that subjects with SCIV
suffer reduction in the trophism and decrease in the
production of slow muscle fibers due to the
voluntary contraction inactivation [4-5]. These
factors contribute to the decrease of force
production ability [6]. The aim of this study is to
investigate the relationship of the time x frequency
domain for a SCIV and a HV.

Material and Methods
Subjects
The study was approved by PUCPR human
research ethics committee (No. 2416/08). The test
was performed with one HV and one SCIV
(complete injury level T8).

Electrical stimulation
FES was applied in the rectus femoris muscle of
both volunteers (bipolar monophasic square wave,

pulse active period of 100µs [7-8] and frequency of
1kHz, and burst active interval of 3ms [9] with
frequency set to 50Hz). Self-adhesive stimulation
electrodes (5x9cm) were placed in supra-patellar
and the femoral triangle regions.

General procedures
An electrogoniometer was used in the acquisition
of the knee angle. MMG sensor was placed with
double-face tape on the muscle belly. The MMG
sensor was built with a high sensitivity Freescale
MMA7260Q triaxial accelerometer (800mV/G at
1,5G; G, gravitational acceleration) and placed on
the belly of the rectus femoris. Electronic circuits
allowed 10x amplification and 4-40Hz band-pass
filtering (3rd order Butterworth), focusing the
MMG spectral content (Silva and Chau) [10]. A
LabVIEW™ program was coded to acquire MMG
signals. All signals and volunteers data were saved
into European Data Format (EDF) files. The data
acquisition board was a Data Translation™ DT300
series with 1kHz sampling rate. Volunteers were
positioned on an adapted bench (70° hip and 90°
knee angles; 0º was the maximum extension
angle). The stimulus amplitude employed in the
protocol allowed raising the knee from 90º to 40º
of flexion (HV: 90V e SCIV: 156V). After a rest
period of 5min, a single repetition was performed
using FES (5s rise and 15s plateau). For MMG

analysis, 1s windows were measured and root
mean square (RMS) and median frequency (MF)
parameters were calculated, respectively, in time
and frequency domains. The RMS and MF values
of the three axes (X, Y and Z) were plotted in the
Cartesian plane. A regression line was obtained to
relate the behavior of one variable to another.

Results
Fig. 1A shows the regression lines of the MF and
RMS values of the three axes (X, Y and Z) for
SCIV and HV and Fig. 1B shows MMG sensor’s
axes orientation drawl. Table1 shows the equation
slopes of regression lines and their correlation
coefficients.

A

Z

B
X
Y

Fig. 1: (A) Regression lines estimated from X, Y, and Z MMG RMS and MF data of SCIV and HV; (B) MMG sensor’s
axes orientation.

Table 1: Slope and correlation coefficients of X, Y and Z
axes and angle linear regression (RMS x MF)
Slope
X
Y
Z
SCI -0.99 -1.23 -1.38
HI -0.14 -0.32 -0.35
SCIV – Spinal cord-injured
volunteer

Correlation coefficient
X
Y
Z
0.73
0.81
0.75
0.47
0.80
0.67
volunteer; HV – healthy

Discussion
The comparison between the two volunteers
revealed that the RMS values of SCIV were greater
than HV data, which could be related to the
amplitude of the FES applied to SCIV due to the
atrophy and reduction in types I and II fibers [11].
The coefficients shown in Table 1 indicate a strong
correlation (R >0.7) for SCIV (axes X, Y and Z)
and moderate (X and Z axes) and strong (axis Y)
for HV volunteers. The slope suggests a different
behavior of the MMG signal between the two
volunteers. The slope was steeper for SCIV than
HV, suggesting fast lower power contraction
ability, firing rate and motor unit recruitment
decrease. Probably, in addition to the SCIV
voluntary muscle contraction inactivity, the MMG
signal diverse behavior would be related to crossbridges dynamic differences and to the Ca++
transient [12]. The differences in the slope between

HV and SCIV (Table 1) can be associated with the
decrease in the slow muscle fibers for SCIV [4-5].
It is indicating the MMG capability to distinguish
the fiber muscle type.

Conclusions
Evidences suggest changes in muscle fibers
recruitment pattern between the volunteers and that
MMG signal can distinguish the type of muscle
fiber of HV and SCIV. The results from studies
with HV cannot be extrapolated to the SCIV
population due the fiber type pattern, thus
requiring specific studies of FES applied to SCIV.
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