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Abstract— Surface Electromyogram (SEMG) technology
provides a non-invasive way for rapid monitoring muscle
activities, but its poor spatial resolution and specificity limit its
application in clinic. To overcome these limitations, a
noninvasive muscle activity imaging (MAI) approach has been
developed and used to reconstruct internal muscle activities
from multi-channel SEMG recordings. A realistic geometric
hand model is developed from high-resolution MR images and a
distributed bioelectric dipole source model is employed to
describe the internal muscle activity space of the muscles. The
finite element method and weighted minimum norm method are
utilized solve the forward and inverse problems respectively
involved in the proposed MAI technique. A series of computer
simulations was conducted to test the performance of the
proposed MAI approach. Results show that reconstruction
results achieved by the MAI technique indeed provide us more
detailed and dynamic information of internal muscle activities,
which enhance our understanding of the mechanisms
underlying the surface EMG recordings.

1. INTRODUCTION

Muscle activity monitoring is frequently required for
diagnosing neuromuscular diseases and learning the
mechanisms of neuromuscular system. Intramuscular needle
EMG (iEMG) provides a way for monitoring the activities of
motor units invasively and has been used for both
neuromuscular research and clinical application [1-3]. Since
iEMG is an invasive painful procedure which requires high
clinical skills [2] and sometimes even considered as interferes
for muscle activity investigation [4], it’s not recommended in
many circumstances for neither research nor clinical
application.

Surface Electromyogram (sEMG) technology provides a
non-invasive way for rapid monitoring muscle activities [5].
Different from iEMG which uses needle electrode to acquire
the muscle activities near the needle tip, SEMG signal is
usually using multichannel surface electrodes to record the
superimposed action potentials of many muscle fibers
underneath covered skin surface which provides integral
information of the activities from motor units such as the time
of event or activity intensity. Since surface EMG signal is
composed of the superimposed action potentials of many
muscle fibers and is the general picture of muscle activation as
opposed to the activity of only a few fibers as observed using
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an inserted needle electrode in intramuscular EMG [6], it has
limitation in spatial resolution and specificity limits its
application in clinic [7-8]. To overcome this limitation, a
muscle activity imaging (MAI) technique is developed based
on a realistic geometric hand model in the present study to
localize and analyze single motor unit activities from high
density SEMG recordings.

II. METHODOLOGY

A. Realistic geometric hand muscle model
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Fig. 1: Realistic geometric model and corresponding finite
element model of part of right hand. Different anatomical
structures are shown in different colors.

A realistic geometric model of part of the right hand (Fig.
1) is developed for the present study from the high-resolution
MR images by using a subject-specific computational
modeling approach [9]. The model includes the skin, fat,
bones, the adductor pollicis brevis, the abductor pollicis brevis
(APB), the flexor pollicis brevis, the first dorsal interosseous
(FDI), and the first lumbrical muscles. The entire model
consists of 98,368 tetrahedron elements and 20,000 nodes.
The conductivity value of 2000 Q-cm, 225 Q-cm and 2000
Q-cm were set to the bones, muscles and fat tissue
respectively in the model [10].

B. Distributed dipole source model

The APB muscles are utilized as the active muscle groups
in the present study. The 3-dimentional (3D) internal muscle
activity space is described using a distributed dipole source
space model, in which we assume that the current dipoles are
evenly distributed over a fixed lattice covering the 3D APB
muscles [11-12]. A total number of 3323 electrical current
dipoles are evenly placed in the APB muscles with dipole
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length and dipole distance both set as 1mm, and the direction
of dipole moment is fixed along the muscle fiber direction for
each dipole. A total number of 64 (8x8) surface electrodes are
assumed over the skin for monitoring muscle activities in the
computer simulation, as shown in Fig. 1(al) and (a3).

C. Forward Solution

The forward problem can be stated by Poisson's equation
which is defined on the volume conductor [13].

V(ovg)=->1 I Q (1)

and the Neumann boundary conditions on the scalp S
0(V¢)‘ n=0 on S 2

where O is the conductivity tensor, 7 is the outward unit
normal to the scalp S, and ], the volume current densities due

to the presence of current sources. The unknown ¢ is the
electrical potential generated by the current sources.

A finite element solver which has been previously
validated [13] is employed to calculate the electrical field
within the 3D space of the hand model. Equation (1) can be
formulated in a matrix form as follows and the detailed
derivation can be found in our previous report [13].

K-®=G 3)

where K is the stiffness matrix which incorporates the
volume conductor model information, e.g. geometry and
conductivity, @ is the potential vector on the FE nodes, and G
is the load matrix due to the internal muscle activities.

D. Inverse Solution

The relationship between the distributed dipole sources
and the surface measurements can be described as

D) =A*)(1) “)

where @(r) is a Mx1 vector containing the surface EMG
measurements at time instant ¢z, and M is the number of
recording sites. J(¢) is a Nx1 vector containing dipole current
densities at N grid points in the muscle activity source space at
time instant 7. A is a MxN transfer matrix relating the dipole
current densities and the surface EMG signals.

Weighted Minimum Norm (WMN) method is a widely
used regulation for solving ill-posed inverse problems in
source localization or imaging technologies. In a model
described by function (4), the WMN regulation can be used to
obtain the unique solution for inverse problem by

minimizing A = I & - AJIZ + Al W] I3 (5)
where || @ — AJ I3 is the error term in the least-squares sense,
and All W] 113 is the total energy of solutions in which W is the
weight matrix calculated from A and accounts for the
undesired depth dependence in this model, X is a
regularization parameter determined by using the L-curve
method [10].

C. Computer Simulation

The APB muscles were considered as the active muscle
groups in the present computer simulation study as an
example. The depolarized zone (muscle activity zone) with

the length of 4 mm was assumed for the simulated muscle
activities and around 300 evenly distributed current density
sources were used to model the muscle activity zone [10]. The
muscle activity zone was generated in the middle of the
muscle fiber groups and was assumed to propagate along the
muscle fibers to the two ends. Surface EMG measurements
were simulated by calculating the electrical potentials at each
recording site generated by internal activating dipoles at each
time instant. The simulated sSEMG measurements at the sites
of the 64 surface EMG electrodes were used to reconstruct the
internal muscle activities by using the MAI approach.

III. RESULTS

A series of computer simulations was conducted to test the
performance of the proposed MAI approach. Twelve times
instants were simulated in the present computer simulations
which allows the muscle activities propagate from the middle
of a muscle fiber to the two ends, as shown in red dots in Fig. 2
(al)-(al2). The simulated SEMG recordings generated by the
internal muscle activities at different time instants were
calculated by using the finite element method based on the
realistic geometric hand model, as shown in Fig. 2 (b1)-(b12).
The reconstructed muscle activities achieved from the
simulated SEMG recordings by using the MAI approach were
shown in green dots in Fig. 2 (c1)-(c12).
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Fig. 2: The MAI imaging results of the propagating muscle
activity zones. (al)-(al2) show real locations of the
propagating muscle activity zones, the assumed active muscle
fiber group is shown in blue color and muscle activity zones
are shown in red color. (b1)-(b12) show the skin surface EMG
mapping generated by the propagating muscle activity zones,
(c1)-(c12) show the reconstructed muscle activity zones in
green color.

The real muscle activities, simulated surface EMG mappings
and reconstructed muscle activities were enlarged and shown
in Fig. 3 to better illustrate the MAI results.
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Fig. 3: Enlarged figures shows the MAI results achieved at
the first two time instants. (al) and (a2) show the simulated
surface EMG mappings at the first two time instants, (b1l) and
(b2) show the real internal muscle activities (red dots) and the
reconstructed internal muscle activities (green dots).

IV. DIsScUSSION

Preliminary results demonstrate the feasibility of utilizing
the proposed MAI approach to accurately reconstruct internal
muscle activities from noninvasive surface EMG recordings.
As we can see from Fig. 2, when internal muscle activities
propagate from the middle of a muscle fiber to the two ends,
their locations at different time instants cannot be captured
form the surface EMG signals or mappings, even with
multi-channel or high-density surface EMG recordings. With
the help of the proposed MAI approach, the internal muscle
activities can be accurately reconstructed in the 3D space of
the muscles. This benefit was better demonstrated in Fig. 3.
The simulated surface EMG mappings at the first 2 time
instants are very similar in terms of pattern and magnitude,
and we cannot really tell the difference visually, but from the
reconstructed muscle actives, we can clearly see the muscle
activities at the 2nd time instant are lagers in size than them at
the 1 time instant.

Since the 3D current density source model is employed in
the MAI technique and the current density sources are evenly
distributed in the 3D muscle space, each current density
source stands for a certain amount of muscle volume.
Therefore, the volume of the internal activity zones can be
calculated by counting the number of current density sources
reconstructed by the MAI approach. As an example present in
Fig. 3, we can relatively estimate the volume of the internal
muscle zones with different length by using the MAI
approach although their surface EMG mappings do not tell us
any remarkable difference.

The capability of localizing and imaging internal activities
in muscle groups provide by the proposed MAI approach can
potentially help us better estimate crosstalk among multiple
muscle groups as well as to localize innervation zones of
motor points where motor branches enter the muscle belly for
toxin injection planning in treating patients with focal
spasticity.
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