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Predictive Value of Manual Muscle Testing and Gait Analysis in Normal
Ankles by Dynamic Electromyography
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ABSTRACT

Eight muscies about the ankle of seven normal subjects
were assessed by electromyography (EMG) during man-
ual muscle testing (MMT) and walking. Three strength
levels (normal, fair, trace) and three gait velocities (free,
fast, slow) were tested. The muscles studied included the
gastrocnemius, soleus, posterior tibialis, flexor digitorum
longus, flexor hallucis longus, anterior tibialis, extensor
digitorum longus, and extensor hallucis longus. Relative
intensity of muscle action was quantitated visually (using
an eight-point scale based on amplitude and density of
the signal). The data showed that EMG activity increased
directly as more muscle force was required during the
different manual muscle test levels and increased walking
speeds. No MMT isolated activity to the specific muscle
thought being tested. Instead, there always was a syner-
gistic response. Both the gastrocnemius and soleus con-
tributed significantly to plantarflexion regardiess of knee
position. The intensity of muscle action during walking
related to the manual muscle test grades. Walking at the
normal free velocity (meters/min) required fair (grade 3)
muscle action. During slow gait the muscle functioned at
a poor (grade 2) level. Fast walking necessitated muscle
action midway between fair and normal, which was inter-
preted as good (grade 4).

Muscle function can be evaluated on qualitative and
quantitative scales. Qualitative scales show presence
and timing of muscular activity, while quantitative tech-
nigues measure intensity. Electromyography (EMG) is
a means of measuring action potential of motor units in
contracting muscle. Its main use has been on a quali-
tative rather than quantitative scale. Dynamic EMG has
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—proven useful to evaluate abnormalities by identifying
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the configuration and timing of the muscle’s electrical
activity during gait in patients with spastic and neuro-
muscular disorders.'®? In addition to dynamic EMG,
the timing of muscular activity during the gait cycle in
normal and abnormal subjects has been evaluated by
video, vector, and computer analysis.*1214.21:80-32 CGjinj-
cal decisions concerning surgical treatment are based
on assumptions about the force balance, even though
absolute values are not available. The ability and meth-
ods to meaningfully quantitate muscie action by dy-
namic EMG remain obscure. There is some controversy
whether EMG can be quantitated. Inman et al.?° felt
that there was no quantitative relationship between
EMG and tension if the muscie was changing in length.
Their findings that short muscle lengths produce maxi-
mal signal while the longest lengths produce a reduced
signal led them to this conclusion. However, the amount
of variation in the shorter arcs of motion used for
function was not evaluated. We feel that these changes
in length are sufficiently small to allow meaningful quan-
tification of muscular activity by dynamic EMG. This is
particularly true during the stance phase when most
activity is isometric or involves only 15° arc of motion
at a relatively slow rate.

Prior attempts to interpret muscle force by EMG
during submaximal exertion'" and gait'®'* use a scale
of amplitude only or statistical regression analysis.
Summation of action potentials involves an increase in
density by greater signal frequency as well as an in-
crease in amplitude. Computer analysis of raw EMG by
integration, rectification, and other modalities exists.®
These types of analysis require programming expertise,
finances, computer equipment, and time. For more
immediate quantitative interpretation of dynamic EMG
by clinicians a visual analysis system would be valuable.
Appropriate assessment of muscle action intensity
should consider density as well as amplitude of the
signal as both are modified by increased effort.

We feel that EMG can be used dynamically to quan-
tify muscle action during gait as well as manual muscle
testing (MMT). Muscle function can be measured in
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value by adding the amplitude and density scores, and
percentage was calculated by dividing this value by 8.
Scoring for all data was repeated during three separate
settings. As there were such minor discrepancies in
either the amplitude or density when compared, the
initial score was used. The data were normalized by
the investigators similar to rectification and integration
computer analysis.> To test the consistency of the
scale, a second method of quantification was used to
assess gait. A comparison of EMG signal at each of
the three velocities of gait to the MMT data was made.
For each muscle, maximal activity during the three gait
velocities was compared to activity during MMT. This

assessment was recorded as trace; less than, equal to,

greater than fair; or normal muscle grade.

RESULTS

The intensity of the EMG signal consistantly in-
creased with muscular effort during both the manual
muscle testing and walking at faster speeds (Tabie 2).

Manual Muscle Test Specificity

The difference between normal, fair, and trace MMT
grades were statistically significant (P < 0.001) for all
eight muscles tested as well as visibly distinct (Figs. 1-
3). Grade fair for the small muscles averaged 47% of
the grade normal effort. Higher values were found for
both the gastrocnemius and soleus (66%). There was

a recordable amount of activity at the trace level in.

most tests ranging from 4% to 19%.

None of the MMTs proved to be specific for the
designated muscle. Flexing the knee to differentiate
soleus and gastrocnemius action was ineffective. The
soieus was equally active in both tests, and knee flexion
reduced gastrocnemius activity only 15%. In addition,
maximum testing for every muscle was accompanied
by significant synergistic activity (average, 55% inten-
sity) (Table 3). Even the antagonistic FHL muscle evi-
denced a 31% activity level when AT was tested at
maximal effort.

Gait

While there was some . variation in the subjects’ cho-
sen gait, all of the velocities and cadences exhibited a
statistically significant (P < 0.001) difference comparing
fast, free, and slow:(Table 2). Their fast velocity aver-
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aged 116 meters/min, which was 137% of normal
walking velocity. Free walking, averaging 80 meters/
min, was 94% of normal velocity. During slow walking
the subjects averaged 56 meters/min, a reduction to
67% of normal velocity.

The intensity of activity by EMG increased consist-
ently in each muscle as the subjects walked faster. For
the gastrocnemius and soleus the incremental differ-
ence was less but still significant compared to the other
six muscles. The increase in absolute scores was sta-
tistically significant (P < 0.005) for the gastrocnemius
and soleus. The differences of intensity at the three
gait speeds among PT, FDL, AT, EDL, EHL, and FHL
were more significant (P < 0.001).

Manual Muscle Testing Equivalent to Gait

The three manual muscle tests showed distinctly
different EMG patterns (Figs. 1-3). While there were
individual differences, comparisons between the EMG
recorded at the varying gait velocities and the subjects
muscle test grades confirmed increased intensity of
muscle action at the faster walking speeds (Figs. 4 and
5). During fast walking the majority of the muscles (27)
evidenced greater EMG activity than the fair muscle
test value. Sixteen equaled fair and 12 were close to
normal muscle grade. Only one was less than fair (Table
4). When the subjects walked at their normal free
velocity, most muscle activity was equivalent to the fair
grade. (23), with equal numbers less than (15) and
greater than (15) fair (Table 4). Visual comparison of
electrical activity of the ankle muscles at the siow
speeds demonstrated a corresponding reduction in in-
tensity. During slow gait more muscle function was less
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Fig. 1. EMG activity of AT during trace level MMT.
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Fig. 2. EMG activity of AT during fair level MMT.
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Fig. 3. EMG activity of AT during maximum level MMT.

TABLE 2
Comparison-Velocity, % Normal, Cadence in Fast, Free, and Slow Gait
. Velocity averagé o . Cadence .

Gait speed (meters/min) % Normal velocity (steps/min) Stride length
Fast 116 137 134 1.670
Free. 80 94 110 1.483
Slow 56 67 91 1.235













