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Summary: We present a technique to combine muscle shortening and lengthening velocity information with electromyographic (EMG) profiles during gait.
A biomechanical model was developed s o that each muscle's length could be
readily calculated over time as a function of angles of the joints it crossed. The
velocity of shortening and lengthening of the muscle fiber was then calculated,
and with computer graphics this information was overlaid on the EMG profiles.
Thus, researchers and clinicians were not only able to interpret the processed
EMG signal as level of activity (tension) but also to gain insight as to the
muscles' role as generators (muscle shortening) or absorbers (muscle lengthening) of energy. Six common muscles are documented, using database profiles; soleus (SOL), medial gastrocnemius (MG), tibialis anterior (TA), vastus
lateralis (VL), rectus femoris (RF), and semitendinosus (ST). The protocol
thus demonstrates a relatively simple technique for calculating muscle fiber
velocity and for combining that velocity information with EMG activity profiles. Key Words: Gait-Electromyography-Concentric-Eccentric.

Electromyographic (EMG) signals in raw or processed form are routinely used in assessment of
muscle activation during gait. Processed versions of
the raw EMG signals such as the linear envelope
have been interpreted as estimates of the relative
tension within the muscle (7,13). These EMG profiles provide researchers with information about the
time-course of activity of the muscle but do not
reflect tension-velocity changes and the energy generationlabsorption role of each muscle over the gait
cycle. Frequently, joint angles are measured simultaneously with the EMG signal; this, combined with
our knowledge of anatomy, offers the potential for
estimating muscle length as a function of joint angles (2). We report an analytical technique for six
major lower limb muscles that allows muscle length
and therefore muscle velocity to be calculated from
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joint angle data. Computer graphic techniques are
used to overlay this information on the EMG profiles to allow more meaningful interpretation of
each muscle's function in gait. With this technique,
researchers and clinicians will be able to assess the
activity level of each muscle and simultaneously
evaluate the role of the muscle as a generator
(shortening velocity) or as an absorber (lengthening
velocity) of energy.

THEORY
Researchers and clinical assessors can process
the raw EMG signals from either surface or indwelling electrodes in many ways to obtain an analog
signal from which to interpret movement. The
choice of surface versus indwelling electrodes is a
subject of continuing argument. However, for superficial muscles, several advantages of surface
electrodes have been demonstrated. The obvious
ease of application of surface electrodes is evident,
and their reliability is greatly superior ( 4 3 ) . No
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valid study has yet been reported to demonstrate
the superiority of either surface or indwelling electrodes in terms of cross-talk. Processing the EMG
signals as a linear envelope (LE) has the strongest
physiologic basis, and arguments for such use have
been presented by many researchers 1,3,7,12,14). A
number of other processing schemes have been introduced (4) without presenting any physiologic basis. Figure 1 shows the similarity of a suitably chosen L E profile and a muscle tension waveform. The
L E processing involved has a transfer characteristic
similar to that relating the EMG signal to muscle
twitch. The twitch waveform is the impulse response of single motor unit (MU) in which the motor unit action potential (MUAP) can be considered
an impulselike neurologic input. The shape of the
twitch has been shown to have the frequency characteristics of a second-order critically damped system (6). Thus, the frequency characteristics of a
critically damped low-pass filter used in the L E processing could be chosen to mimic the twitch response. As shown in Fig. 1, second-order critically
damped filters with cutoff of 1 . 5 4 Hz mimic twitch
times from 106 to 40 ms, respectively. The input of
the filter is the full-wave-rectified EMG signal,
which is a summation of all detected MUAPs,
whereas the output of the filter mimics the summation of all twitch waveforms and therefore can be
considered a relative tension waveform for that
muscle. With suitable and somewhat complex calibrations (7), the absolute tension in each muscle can
be predicted, but such calibrations are too timeconsuming and impossible to achieve (because of a
loss of voluntary control) in most gait pathologies
(7). Nevertheless, we are challenged to derive the
most from the L E waveform as a relative tension
predictor; we provide additional information re-

garding the shortening and lengthening velocity of
the muscle.
The velocities of six muscles [tibialis anterior
(TA), soleus (SOL), medial gastrocnemius (MG),
vastus lateralis (VL), rectus femoris (RF), and
semitendinosus (ST)] were estimated with a model
that calculates muscle/tendon lengths using straight
lines (8,lO) between muscle origin and insertion (or
constraint locations, such as patella). The skeletal
model used for anatomic locations of origins, insertions, and constraint locations relative to each joint
were derived from a scaled model for adults of the
pelvis and lower limbs (10). We assume that the
tendons are sufficiently stiff not to lengthen appreciably; thus, the velocity of the origin-to-insertion
length was considered equal to the muscle fiber velocity. The fiber velocity in meters per second was
then divided by the resting fiber length to yield the
velocity in resting lengths per second (1,ls). The
resting length of each muscle was the length of the
contractile component, which was assumed to be
equal to its length when the body was in the anatomic position. The volume of each muscle must
remain constant when it shortens and lengthens.
Thus, with pennate muscles, the angle of pennation
increases when the muscle is shortened and decreases when it is lengthened (9). We also assumed
that active muscle and fiber lengths were proportional to body height. Thus, the reporting of fiber
velocity in Ids was applicable for both adults and
children.
The scaled model documented by White et al.
(10) was varied at each of the hip, knee, and ankle
joints; the muscle length was calculated as a fraction of 1, and yielded a nonlinear relationship between muscle length and joint angles. A third-order
regression curve was adequate to relate muscle
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FIG. 1. Relationship between muscle tension waveform and linear envelope (LE) processed electromyogram. The response of the critically damped lowpass filter mimics the twitch; thus, the low-pass filter
cut-off frequency can be chosen to model different
twitch times as shown.
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