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1. Introduction 

The purpose of this chapter is to propose a mathematical relationship between EMG 
excitation recorded from muscles in opposition to, or in coordination with each other. The 
concept of correlating co-activation between muscles with EMG parameters is not new. 
Cowan et al. (1998) investigated the use of the Pearson Product-Moment correlation 
coefficient to quantify muscle co-activation using electromyography. They concluded that 
this method shows promise for describing side differences in diplegics and for assessing the 
effects of physical therapy and other interventions. Careful reading of this work shows that 
only "select" intervals of the EMG data were compared. These intervals were selected on the 
basis of "burst activity" of one muscle. This selection is done by hand and for large quantities 
of data, typical of a gait laboratory, would be labor intensive. In our laboratory the authors 
have found the Pearson Product-Moment unable to distinguish between two noisy signals 
from inactive muscles and two that are fully active. Using insights from the literature 
review, presented below, this chapter will propose an alternative, continuous function for 
describing muscle interaction over any and all portions of a gait cycle. 

2. Background 

The history of the development of EMG's as an assessment tool follows closely the 
development of mathematics over the last century and a half. In an extensive review, Reaz et 
al.(2006) traces this history from Francesco Redi’s documentation of electrical activity in a 
muscle in 1666, to its present use as a controlling mechanism for modern human computer 
interaction. Most of the mathematical analysis applied to EMG signals concerns itself with the 
relationship between various parameters of the signal and the forces generated in the muscle. 
In its simplest form, an isometric contraction results in electrical activity in the muscle. De 
Luca (1997) states that while a simple equation describing this relationship would be extremely 
useful, such a simple relationship does not exist. In spite of this, numerous researchers have 
applied a countless variety of methods to the extraction of force from EMG signals. 
Christensen et. al. (1986) compared the number of zero crossings with force production and 
found a linear relationship up to 50% of a maximum voluntary contraction. At low levels of 
maximum contraction the number of spikes was found to increase with increasing force 
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(Haas, 1926). At higher force levels, the mean rectified value of the signal was found to 
exhibit linearity with force (Fuglsang-Frederiksen, 1981). Other investigators turned to the 
frequency domain and demonstrated an inverse relationship between force and frequency 
(Ronager et al,  1989). At the same time it has been shown that mean power frequency 
increases with increasing force (Li & Sakamoto, 1996). A study in 1999 showed that the 
median frequency increases with force up to a point equal to 50% of the maximum 
contraction (Bernardi M, et al. 1999). In a review article on surface EMG and muscle force, 
Disselhorst-Klug, et al. (2009) conclude that muscle force can be estimated from EMG 
signals in geometrically well-defined situations during isometric contractions. 
When limb motion and coordination are involved the relationship between (dynamic) EMG 
and force takes on greater dimensions of complexity. There are three basic types of data 
utilization involved in the study of dynamic EMG. Most common is the interest in the 
presence or absence of the particular muscle’s activity during a portion of some movement, 
for example a gait cycle. A second interest is in the envelope shape of the EMG waveform 
over an entire movement. Lastly, there is the interest in relating the force generated by a 
muscle to itself (at some other part of the movement) or to some other muscle (Rechtien, et 
al. 1999). In order for the EMG representation of forces to be related to one another, each 
must be normalized to some standard value. 
Burden (2002) gives an extensive review of research, performed over the last two and a half 
decades, on normalization methods. The author identifies eight methods of normalization. Of 
these eight, two are of the most interest: first, a method whereby an EMG signal is divided by 
the maximum of itself (Peak Task, PT), and a second (Mean Task, MT) whereby an EMG signal 
is divided by the mean of itself. The author reports that, with respect to other more complex 
methods, both the PT and the MT methods reduced inter-individual variability, and improves 
the sensitivity of surface electromyography as a diagnostic gait analysis tool. The use of these 
methods also increases the effect size and hence the power of statistical comparisons between 
groups in relation to the output from other methods. The drawbacks of these methods are, first 
in the case of PT, the selected maxima could easily be an artifact in the recording of the signal. 
In the second method, normalizing to the mean of the signal could easily result in the existence 
of normalized EMG points in excess of 100%. If these points are attenuated to 1.00 as is often 
the case, the normalized task EMGs may not reveal the proportion of an individual’s muscle 
activation capacity required to perform a specific task. 
To compare EMG patterns between muscles groups, it is necessary to use a time-
normalization technique so that a point-by-point comparison of EMG activity is possible. 
Carollo JJ & Matthews (2002) suggest that this can be done by breaking the EMG pattern up 
into individual stride cycles, which are considered the period between successive heel-
strikes in the same leg. The individual EMG stride patterns are then time normalized, 
expressed as a percentage of total cycle. In a review paper on muscle coordination, (Hug, 
2011) finds fault with this method because of the variability of the point of toe-off (between 
58 and 63% of the gait cycle). To correct this, Sadeghi et al. (2000) and Decker et al. (2007) 
use “curve registration” or “Procrustes analysis” methods, respectively. Curve registration 
relies on finding the peak points in the joint power curves and aligning gait cycles 
accordingly. The Procrustes method describes curve shape and shape change in a 
mathematical and statistical framework, independent of time and size factors. Thus the 
method normalizes both time and stride magnitude at the same time. 
Hodges & Bui (1996) state that, in order to allow comparisons between muscles, 
experimental conditions and subjects or subject groups, accuracy of onset determination is 
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crucial. Onset is most often recognized as the point where the EMG values cross and remain 
above a pre-chosen threshold value. The choice of this threshold value varies among 
researchers. Some place it at two standard deviations above the noise level (Micera et al. 
1998). Lidierth (1986) added to this method by specifying that the threshold value be 
exceeded, and remain so, for a specific time constant. Others use a percentage of the peak 
EMG, and report that this percentage varies from 15 to 25% of the maximum signal (Staude, 
2001). More sophisticated methods evaluate statistical properties of the measured EMG 
signal before and after a possible change in excitation level (Staude & Wolf, 1999). 
De Luca (1997) suggests that, at least in the case of the threshold method, off time be found 
as the opposite of on time, that is when the amplitude falls below the same percentage of 
maximal contraction. He further suggests that when comparing on and off times of two 
muscles, that a 10ms window of error is the best that can be expected.  
Having extracted a measure of force from the EMG signal by whatever means, and 
knowing when a muscle is active or inactive, attention turns toward the comparison of 
activity in two or more groups of muscles. The most elementary technique for the 
examination of two coordinating muscles groups is the visual inspection of the raw EMG 
signal together with appropriate graphics of the joint angles. Conclusions drawn from 
such observations are subjective at best, thus a more quantitative method is needed 
(Kleissen et al. 1998). 
De Luca (1997) defines two parameters that are commonly used to represent the EMG 
signal: the average rectified value and the root mean square value:  

  2RMS 1 /= n x i   

Here x is a sample point with the sum taken over sample size n. 
For comparison purposes Fukuda et al.(2010) state that the RMS value is prefered because it 
is a parameter that better reflects the levels of muscle activity at rest and during contraction, 
and for this reason, it is one of the most widely used in scientific studies. A slightly more 
complex method of analysis was reviewed by Fuglsang-Frederiksen (2000). When 
comparing the activation of different muscles, he found that the turns/amplitude analysis 
method was more useful than other methods. Turns analysis consists of counting the 
number of positive and negative potential changes exceeding 100υv ("turns") and their 
amplitudes. The turns ratio is computed by dividing the mean amplitude (of the turns) by 
the number of turns. The method was used by Garcia et al.(1980) as a quantitative 
assessment of the degree of involvement of antagonist muscles.  
In a variation on the turns counting method, Jeleń & Sławińska (1996) compared the 
activation of two muscles using a spike counting method. This method counts the number of 
times the EMG signal crosses a "noise level" threshold. These authors showed that this count 
is in good agreement with muscle activity. 
Area under the EMG curve has been used successfully to compare co-contraction. In a 
unique normalization scheme, reported by Poon & Hui-Chan (2009), EMG co-contraction 
ratios were calculated as ratios of the antagonist EMG area to the total agonist-plus-
antagonist EMG areas. The authors claim this technique allowed the comparison of data 
obtained on different days for within- or between-subjects. 
Work presented in the next section will demonstrate that the method to be outlined in this 
chapter is quite similar to Poon's (Poon & Hui-Chan, 2009). However a simple mathematical 
construct reveals that the author's ratio is not unique: 
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    A / A  a B / B  b     

Let: B = 2 * A    and  b = 2 * a 
If "A" in the above equation is antagonist EMG area and "a" is agonist area, it is possible to 
conceive of another muscle group such that antagonist area "B" is twice that of "A" and 
agonist muscle "b" is twice the area of "a". The calculation for both muscles groups will 
produce the same co-contraction ratio, however a clinician, observing the muscle group's 
behavior, would find the two levels of co-contraction to be quite different. The authors of 
this chapter will assert that it is not possible to represent the co-activation of two muscles by 
a single parameter. One must consider the activation of both relative to the normalized 
value and the ratio of each to the other. 
The next level of sophistication in the analysis of EMG data is the examination of the frequency 
content of the signal. Several parameters are obtained from the power spectrum (the Fourier 
transformation of the EMG signal). The mean frequency is defined as the mathematical mean 
of the spectrum curve, the total power is the integral under the spectrum curve, and the 
median frequency is defined as the parameter that divides the total power area into two equal 
parts. Finally the peak power is the maximum value of the total power spectrum curve. 
The most commonly used parameter in the frequency domain is the median frequency. 
Hermens et al.(1992) report that this parameter deviates from its normal value in a number 
of neuromuscular disorders, therefore the parameter is often used in clinical settings. In a 
comparative study this parameter, like the turns ratio and the spike count, would be 
calculated for each muscle group and then compared using a statistic such as the ANOVA 
or a paired t-test (Lam, 2005). A slight variation on this is the mean power frequency which 
is found by dividing the summed product of the frequency and power by the summed 
power. Feltham et al. (2010) used this parameter to demonstrate differences in co-
contraction levels between the right and left sides in children with spastic hemiparetic 
cerebral palsy and both arms of typically developing children. In the case of the other two 
variables peak power has been shown to be related to muscle fiber conduction velocity and 
total power to muscle force (Li & Sakamoto, 1996; Farina et al. 2004).  
Among the newest methods of EMG analysis are those involving wavelet analysis, which 
examines both the frequency and time domain combined. A wavelet transform is a Fourier 
transform performed on a particular section of an EMG signal. Further, the time width (or 
window) of the “section” can be dependent on the frequency content of that section. That is, 
the window is narrowed for high frequencies and widened for low frequencies. Karlsson et 
al.(2009) define this as a mathematical microscope in which different parts of the signal can 
be observed by adjusting the focus. When testing children with cerebral palsy, Prosser et 
al.(2010) point out that wavelet analysis eliminates the need for amplitude normalizations. 
This is beneficial because many of these subjects cannot make a maximal contraction. 
In a paper presented at the IEEE conference on Engineering in Medicine and Biology 
Dantas, et al.(2010) compared Fourier analysis with wavelet transform analysis. They point 
out that Fourier analysis assumes signal stationarity, which is unlikely during dynamic 
contractions. Wavelet based methods of signal analysis do not assume stationarity and may 
be more appropriate for joint time-frequency domain analysis. 
The nature of the Fourier analysis is that it transforms the signal into a series of sine-cosine 
functions and is therefore especially well adapted for analyzing periodic signals. Herein lies 
its major drawback, EMG signals are not only non-stationary, but non-periodic, “fractal” 
and seemingly chaotic. Borg (2000) points out, that instead of decomposing and 
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reconstructing a signal in terms of the sines and cosines functions, wavelet analysis allows 
the use of an array of waveforms such as: saw tooth functions, rectangle waves (Walsh 
functions), or finite time pulses. In a paper published last year, Bentelas (2010) demonstrated 
how the Continuous Wavelet Transform (CWT) is mathematically similar to surface EMG 
signals with noise and is therefore the favorite candidate for analyzing these signals.  
The wavelet transform method has been applied with increasing success. In a paper on the 
ergonomics of driving,  Moshou et al. (2000) clearly demonstrate the ability to remove noise 
from the EMG signal. As a result, small coordinated muscle activity of the shoulder can be 
observed, that would otherwise have been hidden in the noise. The use of this method to 
investigate dynamic muscle dysfunction in children with cerebral palsy has lead to clear 
distinctions between this population and the normally developing group (Wakeling et al. 
2007). Lauer et al. (2007) expanded on this and were able to show differences in levels of co-
contraction between the less and more involved side. 

3. Methodology 

With the above review in mind, the authors propose a method of comparing two EMG signals. 
While most of the illustrations presented will be of raw or stylized raw EMG data, the method 
will be demonstrated to work equally as well on filtered, enveloped data. The method begins 
with a full wave rectification of surface EMGs recorded as gait data. The gait data presented 
here will be from multiple walks; each walk will have been cut into cycles beginning and 
ending either at toe-off or heel-strike and then pieced together end to end (i.e. toe-off to toe-off 
or heel-strike to heel-strike). For simplified illustrative purposes only one cycle will be 
presented, however all mean values will have been calculated over the entire ensemble. 
The method of normalization is a combination of both the “Peak Task” and “Mean Task” 
methods of (Burden, 2002). Figure 1, below, is an illustration of the method. For illustrative 
purposes a stylized EMG signal is presented. The signal consists of two sine waves, of different  
 

 
Fig. 1. Normalization method stylized EMG data constructed  from several sin waves is used 
to demonstrate a method of normalization. 
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amplitude and frequency summed together. The timing of half a “wave” will be considered 
one tenth of a gait cycle. For the normalization process, a set of points are found such that they 
are the upper 1/10 of all samples in the particular gait cycles of interest. The mean of these 
samples (in the illustrative case 80 points are found to have a mean of 7.8 volts) is taken as the 
normalizing value. All points in the ensemble are then divided by this mean. The result of this 
division will be a signal with several points that have a value higher than unity. These will be 
considered artifacts and set to the value one. The signal is then multiplied by 100. After this 
multiplication, all values below 20 are considered to be noise and are set to zero. 
The comparison of two muscle excitations requires the defining of two parameters. The first 
of these parameters will be called the “Excitation Index”. If it can be imagined for a moment 
that, for a tenth of a gait cycle, the EMG were at maximum potential, the signal over that 
time period would be a full ten volts. The normalized value would be 100 over the entire 
time period (tp). The integration of this full excitation would equal the area of a rectangle  
(100 x tp). When two signals are involved, both maximally on for the same time period (tp), 
the total possible area under both signals is (200 x tp). This will be considered the 
“standard” Excitation. The excitation index will be defined as the sum of the integration of 
the two EMG signals over a tenth of a gait cycle divided by that tenth's “standard”. It should 
be noted here, that tp is not a constant and is likely to vary over each gait cycle, as a result a 
“Standard Excitation” must be calculated for each tenth cycle. 
The second parameter to be defined will be called the co-activation ratio. This ratio will be 
defined simply as the smaller of the two integrated EMG signals divided by the larger. The 
result will always be a number between zero and one. An illustration of the calculation of 
the two parameters is presented in figure 2. In this case the second EMG signal is  
 

 
Note: 
#1 Area under the rectangle equals the total area of a 1/10 gait cycle. Twice this area is the maximum 
integral of the combined EMG signals (The Standard Excitation (SE)). 
#2 Bar Height = The ratio of the sum of the integral of both EMG signals / SE.  
#3 Point Value = Ratio of the two "stylized" EMG signals in "B" above. 

Fig. 2. Stylized assessment method 

www.intechopen.com



A Critical Review and Proposed Improvement in  
the Assessment of Muscle Interactions Using Surface EMG 

 

9 

represented as a full wave rectified sine wave whose frequency was set to the combined 
frequency of the first. In the case of the A'th tenth cycle both EMG signals are almost the same, 
however the area of a sin wave is not equal to a square wave. The height of the bars of the 
graph in the lower half of the figure represents this difference in area. In the case of “A” the 
area under the two stylized EMG signals is 0.6 of 60% of the “Standard Excitation”. The red 
dot represents the ratio of the two signals, slightly less than one because the two areas are 
almost equal. The B'th and C'th tenths can be similarly interpreted. The assessment system can 
be applied to the co-activation of two antagonistic muscles (better known as co-contraction) as 
shown in figure 3. This figure delineates the differences between co-contraction in a normally 
developing limb and one with hemiplegia. Clearly, in this gait cycle, there is almost no co-
contraction evidenced in the normally developing subject. This is not the case in the subject 
with hemiplegia. A quick review of the profiles reveals that, while the highest co-contraction 
occurs in the eight tenth of the gait cycle, the total excitation of both muscles is less than 10% of 
maximum. From the mean values it can be seen that, while the excitation index is just below 
9%, the co-activation ratio is just below 17% (the rounded off value). With these values 
presented, it is left to the clinician to decide if this co-activation is significant. 
 

 
Note: Means are calculated over 14 cycles (140 points). 

Fig. 3. Assessment of a Co-Contracting Muscle- This figure illustrates a clear difference 
between hemiplegia and normally developing gait cycles on a 1/10 cycle by cycle basis. 

Turning to the original motivation for this work, Figure 4 demonstrates the use of the 
assessment method to explore excitation in contralateral muscles. Our hypothesis states that 
if “mirrored excitation” exists, it is most likely to be seen at mid-stance/mid-swing, where 
the muscles of the “swinging” limb should be inactive and the supporting limb's muscles 
should be most active. While it is not the intent of this chapter to prove or disprove our 
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working hypothesis, some results will be presented in order to demonstrate the efficacy and 
efficiency of the method of assessment outlined and advocated. 
With regard to mirrored excitation, it is expected, that the excited muscle will be mirrored 
onto the inactive muscle. In the example below, for the normally developing subject, it can 
be seen that the co-activation ratio for this gait cycle is highest at mid-stance of both limbs. 
This is actually an atypical gait cycle, chosen so the numbers would be large enough to be 
seen on the graph. The mean values were in fact 0.07 on the left and 0.04 on the right. An 
examination of the means of these values over the 10 cycles, in the subject with hemiplegia, 
reveals a mean excitation index on the left of 0.14 (slightly higher than the value of the 
complete gait cycle) and a mean ratio of 0.44 (almost twice the value for the complete cycle). 
While the values at mid-stance on the right are 0.08 and 0.62 respectively. From this, one 
would conclude that there is an influence at left mid-stance, but without the greater 
excitation index at right mid-stance, information from other muscles would be needed to 
draw any conclusions. 
 

 
Note: Mid-stance (L & R MS) values are calculated from data taken between 1/20th cycle on either side 
of the mid-stance point.  

Fig. 4. Left and right side co-activation. 

The previous two graphics presented EMG data in raw, rectified, normalized form, with the 
assessment analysis being performed on this raw data. This is simply the authors' preference 
and should not be interpreted as the only way the analysis can be done. The next graphic, 
Figure 5, presents a comparison of the analysis performed on both raw and filtered data. To 
be noted here is the fact that both profiles, that of the excitation index and the co-activation 
ratio appear very much alike. The mean excitation index is slightly less (0.06 vs. 0.10) while 
the mean co-activation ratio is slightly greater (0.37 vs. 0.25). Each of these differences makes 

www.intechopen.com



A Critical Review and Proposed Improvement in  
the Assessment of Muscle Interactions Using Surface EMG 

 

11 

sense when considering what filtering does. By lowering the peak values of the EMG data, 
the excitation index has a smaller numerator and thus a smaller value for each 1/10 cycle. At 
the same time that peaks are made lower the data is spread over a larger region of time, this 
causes the regions with the higher peaks to take up greater area. Since the co-activation ratio 
is calculated by dividing the smaller number by the larger, an increase in the smaller 
number (in this case) is reflected by a larger ratio. 
 

 
Fig. 5. Raw and filtered EMG and their resulting parameters. 

The presentation of this data in a meaningful way so that different muscle groups among 
different subjects can be compared, is not a trivial matter. A method for plotting twenty points 
per muscle per gait cycle for several muscles of interest must not overwhelm the reader with 
data while at the same time allow a readily recognizable comparison of pertinent information. 
In the case of the authors, the interest is in comparing contralateral co-activation with co-
contraction in both limbs. At the least this involves three muscle groups, adding to this is the 
desire to compare these muscle groups at particular points in each gait cycle (mid-stance) thus 
adding an additional two comparison groups to the representation task.  
The method to be suggested here will utilize two distinct graphing methods; in the first, line 
graphs will present the excitation index and co-activation ratios in their pure calculated 
form. In the second, bar charts will compare normalized values of the excitation indices. It is 
felt that both are of value and both have a valid place. The bar charts provide an immediate 
means of comparing muscle groups within the same subject. Line graphs provide a means of 
comparing data across subject. 
To construct the graphs, the authors calculate a mean value of each parameter over the 
ensemble of gait cycles recorded for each subject. From each ensemble of muscle groups to 
be compared, the maximum muscle excitation index is chosen and all other excitation 

www.intechopen.com



 
EMG Methods for Evaluating Muscle and Nerve Function 

 

12

indices are normalized on this value. Each normalized value now represents the 
comparative excitation of each muscle group. Since the co-activation ratio represents the 
comparison of activation between the two muscles of a given group, multiplying the 
normalized excitation index by this ratio, preserves its comparative property between the 
groups. The process lends itself well to a graphical representation by means of a stacked 
column graph. Figure 6 presents a comparison of Gastrocnemius-Anterior Tibialis 
interaction in seven subjects with hemiplegic cerebral palsy. The data presented represent a 
number of interesting interactions between the groups. In the third, fourth and sixth subject, 
co-contraction is the dominant muscle activity. In the other 4, the dominant activity is the 
co-activation between the right and left sides. In two of the subjects (#1 and #7) this 
dominance is seen across the entire gait cycle, in the remaining two the dominance occurs 
only at the points of mid-stance. While the method of presenting the normalization of means 
clearly has its value in the intragroup comparison for a single subject, it can give misleading 
results when comparisons are made across subjects. To address the issue, data is presented 
as it was before normalization. These two added sets of data insures that a very strong 
excitation, when normalized to unity, is not seen as comparable to a weak excitation that 
might happen to the maximum value for another subject. 
 

 
Legend:  GAl = Gastroc-Tib left,  GAr = Gastroc-Tib right, CoCn = Co-contraction,   
Cntr = contralateral co-activation (measured over the complete cycle),  GG = Gastroc-Gastroc, Rmd = 
Right Mid-Stance, Lmd = Left Mid-Stance 
Bar charts are normalized data, line graphs are actual values. 

Fig. 6. Excitation indices and co-activation ratios for seven subjects 

In the example presented in Figure 6, maximum excitation is almost the same for subjects 1, 
2, 3, 4, and 7. Comparison of these subjects would be fairly reasonable. Comparison of these 
with subjects 5 and 6 becomes more problematic because their maximum excitations are 
clearly more intense. 
As a final step Figure 7, below, provides a comparison to data from three normally 
developing subjects for the same muscle groups. This graph demonstrates the value of both   
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Legend:  GAl = Gastroc-Tib left,  GAr = Gastroc-Tib right,   CoCn = Co-contraction,   
Cntr = contralateral co-activation (measured over the complete cycle),  GG = Gastroc-Gastroc,   
Rmd = Right Mid-Stance,  Lmd = Left Mid-Stance 
Bar charts are normalized data, line graphs are actual values. 

Fig. 7. Normalized mean excitation indices for three normally developing subjects 

the bar and line graphics. While the bar graphs suggest that it may not be unusual for co-
activation across the body to exist at mid-stance, the line graphs make it clear that it is not a 
dominant form of excitation. The most obvious difference between the normally developing 
subjects and those with hemiplegia are the obviously consistent indices and ratios seen in 
the normal developing subjects. All interaction in this data seem to be at about the same 
level. The slight elevation in excitation index of contralateral muscle groups of subject #1 
may not be indicative of all normal subjects, a larger subject population would be necessary 
to identify true trends in normal developing subjects. 
While the normalization method presented above may provide a good tool for visualization, 
the set of values calculated from tenths of a gait cycle should easily form the basis of a 
statistical analysis using a paired t-test or a two-way ANOVA. 

4. Conclusion 

It has been the purpose of this chapter to present a method whereby the co-activation of two 
muscles can be compared and presented to the clinician in a meaningful way. It has been 
shown, with the use of both stylized EMG data, and real data from ongoing 
experimentation, that the method presented provides two unique numbers which 
completely define the state of excitation of a muscle group. It has been demonstrated further 
that this method overcomes the pitfalls of previous attempts. Among its attributes are the 
method's ability to deal with both active and inactive muscle activity and to easily fit into 
many standard gait analysis reports. 
The method begins with a normalization that combines two previously described methods. 
This combination of normalization on peak values and mean values of the data set itself 
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eliminates drawbacks of both methods. Additionally it eliminates the need for a maximal 
contraction which many of those in the cerebral palsy population cannot perform. 
The assessment method provides two numbers, the first, the Excitation Index, measures the 
activation of both muscles of interest in combination. The second number, the Co-activation 
Ratio, provides a measure of each muscle's excitation relative to the other. In combination, the 
two measures completely define the comparative excitation of any two muscles of interest.  
The chapter presents several graphical methods of presenting the assessment method so that it 
can be used to compare a single set of muscles in a gait analysis, or to compare multiple 
groups of muscles across a sample population. 
Although the data analyzed have largely been raw, unfiltered EMG data, the method can be 
applied equally as well to filtered "enveloped" data. In the case of one such analysis presented, 
while the mean values were somewhat different for filtered data, the overall profiles of both 
the excitation indices and the co-activation ratios remain consistent over the gait cycle 
presented. 
Finally the chapter has demonstrated that the method can be applied to ongoing research in 
the author's laboratory. The authors believe that this demonstrates the value of the method in a 
real application. 

5. References 

Bentales Y (2010) An Algorithm of Wavelets for the Pretreatment of EMG Biomedical 
Signals.  Contemporary Engineering Sciences, Vol. 3, No. 6, (2010) pp. 285 - 294, 
ISSN 1313-6569. 

Bernardi M, Felici F, Marchetti M, Montellanico F, Piacentini MF, & Solomonow M. (1999) 
Force generation performance and motor unit recruitment strategy in muscles of 
contralateral limbs. J Electromyogr Kinesiol Vol. 9, (1999) pp. 121–30, ISSN: 1050-
6411. 

Borg F. (2000) EMG and Wavelet Analysis – Part I. Technical Report HUR – FB 07/16/00. 1. 
HUR Ltd. 

Burden A. (2002) How should we normalize electromyograms obtained from healthy 
participants? What we have learned from over 25 years of research. Journal of 
Electromyogr Kinesiol. Vol. 20, (2010) pp. 1023–1035, ISSN: 1050-6411. 

Carollo JJ & Matthews D. (2002) Strategies for clinical motion analysis based on functional 
decomposition of the gait cycle, Phys. Med. Rehabil. Clin. N. Am., Vol. 13 (2002) pp. 
949–977, ISSN:1047-9651. 

Christensen H & Fuglsang-Frederiksen A. (1986) Power spectrum and turns analysis of 
EMG at different voluntary efforts in normal subjects. Electroencephalogr Clin 
Neurophysiol Vol. 64, No. 8, (Aug., 1986), pp. 528–35, ISSN: 0018-9294. 

Cowan MM, Stilling DS, Naumann S & Colborne GR. (1998) Quantification of antagonist 
muscle coactivation in children with spastic diplegia.  Clin. Anat. Vol. 11 No. 5. 
(May, 1998), pp. 314-9, ISSN:  0897-3806. 

Dantas JL, Camata TV, Brunetto MA, Moraes AC, AbrÃ£o T, & Altimari LR. (2010) Fourier 
and wavelet spectral analysis of EMG signals in isometric and dynamic maximal 
effort exercise.  Proceedings of the IEEE Eng Med Biol Soc. 2010:5979-82, (2010), 
ISBN: 978-1-4244-4123-5 

Decker L, Berge C, Renous S, & Penin X. (2007) An alternative approach to normalization 
and evaluation for gait patterns: Procrustes analysis applied to the cyclograms of 

www.intechopen.com



A Critical Review and Proposed Improvement in  
the Assessment of Muscle Interactions Using Surface EMG 

 

15 

sprinters and middle-distance runners. J Biomech, Vol. 40, No. 9 (Sept., 2007) pp. 
2078-87, ISSN: 0021-9290. 

De Luca CJ. (1997) The use of surface electromyography in biomechanics. Journal of Applied 
Biomechanics, Vol. 13, No. 2, (May, 2006), pp. 135-163, ISSN: 1065-8483. 

Disselhorst-Klug C, Schmitz-Rode T, & Rau G. (2009) Surface electromyography and muscle 
force: limits in sEMG-force relationship and new approaches for applications. Clin 
Biomech (Bristol, Avon), Vol. 24, No. 3 (Mar., 2009) pp. 225-35, ISSN: 0268-0033. 

Farina D, Merletti R, & Enoka RM (2004) The extraction of neural strategies from the surface 
EMG. J Appl Physiol Vol. 96 (2004) pp. 1486-1495, ISSN: 8750-7587 

Feltham MG, Ledebt A, Deconinck FJ, & Savelsbergh GJ (2010) Assessment of 
neuromuscular activation of the upper limbs in children with spastic hemiparetic 
cerebral palsy during a dynamical task. J Electromyogr Kinesiol. 2010 Jun; Vol. 20, 
No. 3 (Jun, 2010) pp. 448-56, ISSN: 1050-6411. 

Fuglsang-Frederiksen A (2000) The utility of interference pattern analysis. Muscle Nerve,  
Vol. 23, No. 1 (Jan, 2000) pp. 18-36, ISSN: 0148-639X. 

Fuglsang-Frederiksen A. (1981) Electrical activity and force during voluntary contraction of 
normal and diseased muscle. Acta Neurol Scand, Vol. 63(Suppl. 83), (1981) pp. 1–60, 
ISSN: 0065-1427. 

Fukuda TY, Echeimberg JO, Pompeu JE, Lucareli PRG, Garbelotti S, Gimenes RO, & 
Apolinário A (2010) Root Mean Square Value of the Electromyographic Signal in 
the Isometric Torque of the Quadriceps, Hamstrings and Brachial Biceps Muscles in 
Female Subjects, J. Applied Research, Vol. 10, No. 1 (2010) pp. 32-39, ISSN: 1537-064X. 

Garcia HA, Milner-Brown HS, & Fisher MA (1980) "Turns" analysis in the physiological 
evaluation of neuromuscular disorders. J Neurol Neurosurg Psychiatry Vol. 43 (1980) 
pp. 1091-1097, ISSN: 0022-3050. 

Haas E. (1926) Uber die Art der Tatigkeit unserer Muskeln beim Haltenverschieden 
schwerer Gewichte. Pflugers Archiv fur die gesamte,  Physiologie, Vol. 212, (1926) 
pp. 651–6, ISSN as 0031-6768 

Hermens HJ, Bruggena TAM, Batena CTM, Rutten WLC & Boom HBK (1992) The median 
frequency of the surface EMG power spectrum in relation to motor unit firing and 
action potential properties, Electromyogr Kinesiol. Vol. 2, No. 1, (1992) pp 15-25, 
ISSN: 1050-6411. 

Hodges PW & Bui BH (1996) A comparison of computer-based methods for determination 
of onset of muscle contraction using electromyography. Electroenceph. Clin. 
Neurophysiol. Vol. 101 (1996) pp. 511–519, ISSN: 1388-2457. 

Hug F (2011) Can muscle coordination be precisely studied by surface electromyography? J 
Electromyogr Kinesiol. Vol. 21, No. 1 (Feb, 2011) pp. 1-12, ISSN: 1050-6411. 

Jeleń P & Sławińska U (1996) Estimation of the distribution of the EMG signal amplitude, 
Acta Neurobiol Exp (Wars). Vol. 56, No. 1 (1996) pp. 189-96, ISSN: 0065-1400. 

Karlsson JS, Roeleveld K, Granlund C, Holtermann A & Ostlund N (2009) Signal processing 
of the surface electromyogram to gain insight into neuromuscular physiology. 
Philos Transact A Math Phys Eng Sci. Vol. 28, No. 367 (Jan, 2009) pp. 337-56, ISSN = 
1364-503X. 

Kleissen RF, Buurke JH, Harlaar J & Zilvold G (1998) Electromyography in the 
biomechanical analysis of human movement and its clinical application, J. Gait 
Posture, Vol. 1, No. 8(2) (Oct., 1998) pp. 143-158, ISSN: 0966-6362. 

www.intechopen.com



 
EMG Methods for Evaluating Muscle and Nerve Function 

 

16

Lam WK, Leong JC, Li YH, Hu Y, & Lu WW (2005) Biomechanical and electromyographic 
evaluation of ankle foot orthosis and dynamic ankle foot orthosis in spastic cerebral 
palsy. Gait Posture. 2005 Nov; Vol. 22, No. 3 (Mar, 2005) pp. 189-97, ISSN: 0966-6362. 

Lauer RT, Stackhouse CA, Shewokis PA, Smith BT, Tucker CA, & McCarthy J (2007) A time-
frequency based electromyographic analysis technique for use in cerebral palsy.  
Gait Posture, Vol. 26, No. 3 (Sep, 2007) pp. 420-7, ISSN: 0966-6362. 

Li W & Sakamoto K (1996) The influence of location of electrode on muscle fiber conduction 
velocity and EMG power spectrum during voluntary isometric contraction 
measured with surface array electrodes. Appl Human Sci. Vol. 15, No. 1 (Jan, 1996) 
pp. 25-32, ISSN: 1341-3473. 

Lidierth M (1986) A computer based method for automated measurement of the periods of 
muscular activity from an EMG and its application to locomotor EMGs, 
Electroenceph. Clin. Neurophysiol., vol. 64, (1986) pp. 378–380, ISSN: 0018-9294. 

Micera S, Sabatini AM, & Dario P (1998) An algorithm for detecting the onset of muscle 
contraction by EMG signal processing, Med. Eng. Phys. Vol. 20 (1998) pp. 211–215, 
ISSN: 1350-4533. 

Moshou, D, Hostens I, Papaioannou G, & Ramon H (2000) Wavelets and self-organising 
maps in electromyogram (EMG) analysis, in Proceedings of the European Symposium 
on Intelligent Techniques (ESIT), ISBN 3-89653-797-0, Aachen, Germany,  14-15 
September 2000 

Poon DM & Hui-Chan CW (2009) Hyperactive stretch reflexes, co-contraction, and muscle 
weakness in children with cerebral palsy. Dev Med Child Neurol. Vol. 51, No. 2 (Feb, 
2009) pp. 128-35, ISSN: 0012-1622. 

Prosser LA, Lee SC, Barbe MF, VanSant AF & Lauer RT (2010) Trunk and hip muscle 
activity in early walkers with and without cerebral palsy--a frequency analysis. J 
Electromyogr Kinesiol. Vol. 20 No. 5 (Oct, 2010) pp. 851-9, ISSN: 1050-6411. 

Raez MBI, Hussain MS, & Mohd-Yasin F. (2006) Techniques of EMG signal analysis: 
detection, processing, classification and applications. Biol Proced Online. (Aug 2006) 
ISSN: 1480-9222. 

Rechtien JJ, Gelblum JB, Haig AJ, & Gitter AJ. (1999) Guidelines in electrodiagnostic 
medicine. Technology review: dynamic electromyography in gait and motion 
analysis. American Association of Electrodiagnostic Medicine, Muscle Nerve Suppl. Vol. 8 
(1999) pp. S233-8, ISSN: 0148-639X. 

Ronager J, Christensen H, & Fuglsang-Frederiksen A. (1989) Power spectrum analysis of the 
EMG pattern in normal and diseased muscles. J Neurol Sci, Vol. 94, (1989) pp. 283–
94, ISSN: 0022-510X. 

Sadeghi H, Allard P, Shafie K, Mathieu PA, Sadeghi S, Prince F, et al. (2000)  Reduction of 
gait data variability using curve registration, J. Gait Posture, 2000 Dec; Vol. 12 No. 3 
(Dec, 2000) pp. 257-64, ISSN: 0966-6362. 

Staude GH (2001) Precise onset detection of human motor responses using a whitening filter 
and the log-likelihood-ratio test. IEEE Trans Biomed Eng, Vol. 48 (2001) pp. 1292–
305, ISSN: 0018-9294 

Staude GH & Wolf W (1999) Objective motor response onset detection in surface myoelectric 
signals, Med. Eng. Phys., v Vol. 21 (1999) pp. 449–467, ISSN: 1350-4533. 

Wakeling J, Delaney R, & Dudkiewicz I (2007) A method for quantifying dynamic muscle 
dysfunction in children and young adults with cerebral palsy. Gait Posture 2007; 
Vol. 25, No. 4 (Apr, 2007) pp. 580–9, ISSN: 0966-6362. 

www.intechopen.com



EMG Methods for Evaluating Muscle and Nerve Function

Edited by Mr. Mark Schwartz

ISBN 978-953-307-793-2

Hard cover, 532 pages

Publisher InTech

Published online 11, January, 2012

Published in print edition January, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This first of two volumes on EMG (Electromyography) covers a wide range of subjects, from Principles and

Methods, Signal Processing, Diagnostics, Evoked Potentials, to EMG in combination with other technologies

and New Frontiers in Research and Technology. The authors vary in their approach to their subjects, from

reviews of the field, to experimental studies with exciting new findings. The authors review the literature related

to the use of surface electromyography (SEMG) parameters for measuring muscle function and fatigue to the

limitations of different analysis and processing techniques. The final section on new frontiers in research and

technology describes new applications where electromyography is employed as a means for humans to

control electromechanical systems, water surface electromyography, scanning electromyography, EMG

measures in orthodontic appliances, and in the ophthalmological field. These original approaches to the use of

EMG measurement provide a bridge to the second volume on clinical applications of EMG.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

James W. Fee, Jr. and Freeman Miller (2012). A Critical Review and Proposed Improvement in the

Assessment of Muscle Interactions Using Surface EMG, EMG Methods for Evaluating Muscle and Nerve

Function, Mr. Mark Schwartz (Ed.), ISBN: 978-953-307-793-2, InTech, Available from:

http://www.intechopen.com/books/emg-methods-for-evaluating-muscle-and-nerve-function/a-critical-review-

and-proposed-improvement-in-the-assessment-of-muscle-interactions-using-surface-em



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


