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Abstract

Electromyography (EMG) signal representing the muscular activity plays a vital role in diagnosing various
diseases and also in research activities. Hence, for proper analysis of EMG signals various parameters have to be
extracted which helps in analysis and in turn speeds up the process of analysis when the extraction of parameters
are automated. In this study, novel parameters that are standardized are start of wave and end of wave indicating
the muscle activation duration, time and amplitude for the first and the last signal peak and finally, count of peaks
with amplitude being greater than the 40% and 50% of highest peak in the EMG signal. These parameters are
quantified by considering signals from subjects suffering knee Osteoarthritis and as a future work these
parameters and their quantified values can be considered while analyzing signals from normal subjects and from

subjects suffering with knee Osteoarthritis
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1. Introduction

Electromyography (EMG) signal gives a
measure of the electric current that is
generated in the muscles due to contraction
and this represents neuromuscular activities.
The information contained in EMG signal is
clinically useful that can be used for both
diagnosis and research activities. Two types
of EMG recording are intramuscular EMG
and surface EMG. One of the simplest
approaches of intramuscular EMG recording
is through monopolar needle electrode,
which happens to be a fine wire that is
inserted into a muscle. In addition, a surface
electrode has a reference. Surface EMG
signals assess the function of a muscle by
recording muscle activity on the skin surface
[1]. The surface EMG is widely used for the
assessment of muscular activity during
several types of movement tasks and is very
useful in the gait analysis, due to its non-
invasiveness which allows the subject to
walk in a full physiological way [2-4]. The
quantified assessment of this surface EMG

helps in research activities and detection of
diseases.

Knee Osteoarthritis (OA) is the most
common disorder affecting elderly people.
Pain, stiffness and restriction of movements
are the features of knee OA. Subjects
suffering from Knee OA have profound
effect on physical and psychological quality
of life. Their mobility is restricted and it is
known to affect normal domestic activities
and hence causes decrease in overall normal
lifestyle [5 - 7]. X-rays, Magnetic resonance
Imaging are the main investigations that are
usually done to evaluate the joint for OA.
Biomarkers assays are also done to know the
inflammatory status around the joint. The
muscle around the joint are usually affected
because of the low grade inflammation and
also the pain around the joint which could
rest the movements around the joint. EMG
is an important investigating tool to evaluate
the function of the muscles around the knee
joint [3]. Though EMG is used to evaluate
the muscles, the standard parameters that are
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used to measure the functions of muscles are
limited. There is need for more parameters
which can describe the muscle functions and
its activity.

In this study the novel parameters which
indicate the muscle functioning of subjects
with knee OA are described.

2. Significance of the Study

Novel parameters like start of wave, end of
wave, peak markings and the number of
peaks count are extracted manually by
clinical  practitioners.  Obtaining  the
necessary values is thus time consuming and
prone to human errors. Thus there is
necessity for development of efficient tool
that calculates the required values quickly,
marks the peaks as per the threshold defined
and with less error from the annotated
images.

3. Review of Related Studies

In a study by Sharma et al, it was reported
that knee OA subjects walk with increased
hamstring muscle activity and reduced
quadriceps recruitment [8]. Biceps Femoris
(BF), Vastus Lateralis (VL), Vastus Medialis
(VM) and Semitendinosus (SMT) muscles
were considered for EMG analysis during
gait cycle. Altered neuro-muscular control
around the Knee has been reported to
interfere with normal load distribution and
promote disease progression in the knee
joints.

Mau-Moeller A et al have mentioned that
knee OA is commonly associated with the
quadriceps muscle dysfunction which in turn
results in changes in motor performance
[9]. Knee OA affects neuromuscular function
of the quadriceps muscle during different
contraction intensities, it was associated with
a deterioration and neuromuscular activation.
Also, EMG-torque relationship was seen to
be altered and quadriceps muscles performed
better.

In a study by Balshaw et al, the reliability
test of surface EMG amplitude from whole
quadriceps and individual muscle was
conducted [10]. This test was done at the
time of evoked as well as voluntary
contractions. The muscles considered were

from average of two distinct recording sites
as well as single site. It was reported that for
EMG measurements from large muscles,
averaging the recording of two distinct sites
is recommended as it improves within-
participant reliability.

Davison MJ et al say that intramuscular fat
and thigh lean muscle were concerned in the
injury of physical function as seen in
subjects with knee osteoarthritis [11]. In
women with knee osteoarthritis, neither
intramuscular nor intermuscular fat but the
thigh lean muscle mass is linked to flexor
power as well as knee extensor.

In a study carried out by Perraton L et al, it
was observed that subjects having
reconstruction of anterior cruciate ligament
had dysfunction of quadriceps and this
resulted in posttraumatic knee OA as well as
physical disability [12]. Pamukoff DN et al
in their study have mentioned that
hamstrings EMG amplitude, EMG central
activation ratio and amplitude of quadriceps
were evaluated and found to be defective in
times of maximal voluntary
isometric knee extension [13]. According to
Wellsandt E et al, a musculoskeletal model
based on electromyography was employed
for estimation of joint contact forces [14].
External Knee Adduction Moment (KAM)
was found to be contributing significantly in
the prediction of medial compartment
contact forces in both limbs.

In the study by Ota et al, it was reported that
for prevention of knee OA, gait
modifications were done to reduce the KAM
[15]. To prevent medial Knee OA, a useful
strategy could be Nanba gait (wearing
kimono) modification to reduce KAM with
high activation of the hip joint and trunk
muscles. Learning and standard procedure
followed from the articles [21-24]

Some researchers have employed discrete
wavelet, decision tree, rotation forest etc for
signal classification and also developed
Graphical User Interface to display the
deliverables. This could be a significant step
towards the automation of the process of
EMG signal analysis and its applications [16
- 20].
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4. Objectives of the Study

o To design a single channel surface
EMG acquisition module
o To automate the process of extraction

of features (from the acquired signals) that
are of interest for a doctor in analyzing a
disease in the early stages and thus speed up
the process of feature extraction, reduce the
manual effort involved in feature extraction
and also reduce the human error that might
occur while manually extracting the features.

5. Hypotheses of the Study

o Awareness of quantification of knee
muscle functionality is minimal among
clinical practitioners.

o Currently the parameters extracted
from EMG signals is limited in number and
providing more parameters would help in
better quantification of the signal, which in

Surface EMG signal
T
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turn helps in reliable detection of knee
osteoarthritis.
6. Population and Sample

The subjects with confirmed knee OA
were considered for acquisition of signals for
further analysis. The dataset of 24 subjects in
both gender in the age group of 45-75 years
were participants of this study. EMG signals
of knee muscles have been recorded for both
the left and right leg for duration of 10
seconds. From each leg, signal recordings
from Rectus femoris, Vastus lateralis and
Vastus medialis muscles were done. So, in
this way for each subject there are three
signals from left leg and three signals from
right leg. On the whole, 6 signals per subject
are considered for the further analysis. The
user selected, recorded EMG signal can be
loaded into the MATLAB software for
further analysis on the signal. The recorded
surface EMG signal that is loaded into the
MATLAB software is shown in Fig. 1.

Fig. 1: Surface EMG signal that is imported into MATLAB

6.1. Data Analysis and Interpretation

The loaded surface EMG signal is processed
to extract following features:

a) Start of wave and end of wave:

The exact instant of time at which the muscle
activation starts and ends, that is, the start
and end of wave is marked on the basis of
user’s analysis. This is coded by accepting
two inputs from the user. The user needs to
analyse the signal and click on the signal
where he/she assumes the start and end of
activity. Based on these inputs from the user,
the MATLAB code returns output indicating
the instant of time for the marking done by
the user. Fig. 2 shows the time instant (in
seconds) at which the muscle activation
starts and ends for the signal that is loaded
for signal processing.

4 — e

Start of wave = 2.61437 and End of wawe = 9.05671

Fig. 2: Time instant at which wave starts and
ends

b) Marking of signal peaks and count
number of peaks:

The sEMG signal peaks are marked by the
MATLAB code for various threshold values.
Any peak whose amplitude is greater than
the given threshold value is marked as a peak
and number of such peaks per threshold
value is provided as an output. The threshold
values considered for this work are 0.2, 0.3,
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0.4, 0.5 and values equal to 50% and 40% of
maximum peak. The marking of signal peaks
with 0.5 mV and the count of number of
peaks is shown in Fig. 3 and Fig. 4.

Warking ofsgnal pesks with 0.5m as thrashold

it

Fig. 3: Marking of signal peak with 0.5mV
as threshold

iy — =
Number of peaks with 0.5 as threshold = 5§

Fig. 4: Count of number of signal peaks

c) Time and amplitude for first and last
peak:

The time to first peak and time for the last
peak is marked by the MATLAB code. This
output also provides information about
amplitude of the first and last peak. The time

instant and amplitude for first peak and the
last peak is shown in Fig. 5.

4 — Y

Time for first peak = 2. 71458 and amplitude = 0. 70047

Time for last peak = 897964 and amplitude = 0.38550

Fig. 5: Time and amplitude for first and last
peak

The extracted feature values are
displayed to the user with the help of
message box. The values are as well saved
into an Excel sheet with its file name same
as the input signal file name and saved at the
location from where the input is imported
into MATLAB. One excel file is generated
for one input signal

7. Results and discussion

The maximum (MAX), minimum (MIN),
mean and standard deviation (STDDEV)
values for standardized novel parameters
extracted from left and right leg of muscles:
Rectus femoris, Vastus lateralis and Vastus
medialis are described in table 1 to 6.

Table 1: Parameters for assessment of functions for muscle on left side Rectus Femoris

Parameter MAX MIN MEAN STDDEV
Time for first peak (in seconds) | 4.619125 0.54381 2.131375 1.014889
First peak amplitude (mV) 0.700531 0.200104 0.286695 0.14111
Time for last peak (in seconds) | 11.11163 4.03775 7.209442 2.017492
Last peak amplitude (mV) 0.436737 0.203461 0.249371 0.067536
Count of peaks having

amplitude more than 50% of

highest peak 84 4 32.125 22.89734
Count of peaks having

amplitude more than 40% of

highest peak 211 11 69.45833 54.94264
Start of wave (in seconds) 4.412442 0.383641 1.974157 1.017864
End of wave (in seconds) 13.46408 5.153226 7.95237 2.26664

may have mean muscle activation duration of

For EMG signal from Rectus femoris muscle 5.978 seconds with muscle activation starting

on the left leg from subject with knee OA,

around 1.97 seconds and ending around 7.95

390



Journal of Survey in Fisheries Sciences

10(4S) 387-395

seconds. Also, the time and amplitude for the amplitudes are greater than 50% and 40% of
first peak are 2.13 and 0.29 respectively while highest peak respectively.

those for last peak are 7.21 and 0.25
respectively. On an average, there could be
32.13 and 69.46 number of peaks whose

Table 2: Parameters for assessment of functions for muscle on ri

ht side Rectus Femoris

Parameter MAX MIN MEAN STDDEV

Time for first peak (in seconds) 5736125 | 0.000612 | 2.156725| 1.513146
First peak amplitude (mV) 0.483276 | 0.207123 | 0.278837 | 0.077572
Time for last peak (in seconds) 13.53825 | 2.739625 | 7.662373 | 2.516839
Last peak amplitude (mV) 0.436127 | 0.201569 | 0.254052 | 0.053954
Count of peaks having amplitude more

than 50% of highest peak 84 2| 27.54167 | 16.76948
Count of peaks having amplitude more

than 40% of highest peak 173 2| 54.41667 34.139
Start of wave (in seconds) 5239631 | 0.042533 | 1.825456 | 1.257632
End of wave (in seconds) 13.87429 | 2.975806 | 7.959067 | 2.406482

For EMG signal from Rectus femoris muscle
on the right leg from subject with knee OA,
may have mean muscle activation duration
of 6.13 seconds with muscle activation
starting around 1.83 seconds and ending
around 7.95 seconds. Also, the time and

amplitude for the first peak are 2.15 and 0.27
respectively while those for last peak are
7.66 and 0.25 respectively. On an average,
there could be 27.54 and 54.42 number of
peaks whose amplitudes are greater than
50% and 40% of highest peak respectively.

2023

Table 3: Parameters for assessment of functions for muscle on left side Vastus lateralis

Parameter MAX MIN MEAN STDDEV
Time for first peak (in seconds) 477812 0.07937 2.1556 1.1246
First peak amplitude (mV) 0.38006 0.20074 0.2665 0.059927
Time for last peak (in seconds) 13.1388 4.42562 9.1036 2.791245
Last peak amplitude (mV) 0.38028 0.20251 0.2535 0.055589
Count of peaks having amplitude

more than 50% of highest peak 97 7 43.417 28.20718
Count of peaks having amplitude

more than 40% of highest peak 203 13 87.833 54.0279
Start of wave (in seconds) 4.543951 0.09331 2.0746 1.021635
End of wave (in seconds) 13.70392 4.76958 8.8355 2.708999

For EMG signal from vastus lateralis muscle
on the left leg from subject with knee OA,
may have mean muscle activation duration

of 6.76 seconds with muscle activation
starting around 2.07 seconds and ending
around 8.83 seconds. Also, the time and
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amplitude for the first peak are 2.15 and 0.27
respectively while those for last peak are 9.1
and 0.25 respectively. On an average, there

could be 43.42 and 87.83 number of peaks
whose amplitudes are greater than 50% and
40% of highest peak respectively.

Table 4: Parameters for assessment of functions for muscle on right side Vastus lateralis

Parameter MAX MIN MEAN STDDEV
Time for first peak (in seconds) 3.999125 | 0.001134 1.8325 | 1.112805
First peak amplitude (mV) 0.407684 | 0.201416 0.2492 | 0.054328
Time for last peak (in seconds) 12.51713 | 4.263875 8.7197 | 2.389808
Last peak amplitude (mV) 0.549744 | 0.200897 0.2355 | 0.070029
Count of peaks having amplitude more

than 50% of highest peak 102 4 43.625 | 23.62352
Count of peaks having amplitude more

than 40% of highest peak 226 21 82.958 | 46.4332
Start of wave (in seconds) 3.734405 | 0.262673 1.7438 | 0.903938
End of wave (in seconds) 14.46975 | 4.510369 8.7220 | 2.896051

For EMG signal from vastus lateralis muscle
on the right leg from subject with knee OA,
may have mean muscle activation duration
of 6.98 seconds with muscle activation
starting around 1.74 seconds and ending
around 8.72 seconds. Also, the time and

amplitude for the first peak are 1.83 and 0.25
respectively while those for last peak are
8.72 and 0.23 respectively. On an average,
there could be 43.62 and 82.95 number of
peaks whose amplitudes are greater than
50% and 40% of highest peak respectively.

Table 5: Parameters for assessment of functions for muscle on left side VVastus medialis

Parameter MAX MIN MEAN STDDEV
Time for first peak (in seconds) 5.2261 | 0.005125 1.531569 1.274573
First peak amplitude (mV) 0.3134 | 0.200836 0.233457 0.031833
Time for last peak (in seconds) 19.133 4.841 | 8.846716 3.505673
Last peak amplitude (mV) 0.3379 | 0.203339 0.230091 0.034675
Count of peaks having
amplitude more than 50% of
highest peak 161 15 | 47.33333 37.34873
Count of peaks having
amplitude more than 40% of
highest peak 215 25 | 90.20833 58.27146
Start of wave (in seconds) 4.6871 | 0.028355 1.619492 1.168331
End of wave (in seconds) 19.121 | 4.043779 8.708374 3.772381

For EMG signal from vastus medialis muscle
on the left leg from subject with knee OA,
may have mean muscle activation duration

of 7.09 seconds with muscle activation
starting around 1.62 seconds and ending
around 8.71 seconds. Also, the time and
amplitude for the first peak are 1.53 and 0.23
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respectively while those for last peak are
8.85 and 0.23 respectively. On an average,
there could be 47.33 and 90.21 number of
peaks whose amplitudes are greater than
50% and 40% of highest peak respectively.

For EMG signal from vastus medialis muscle
on the right leg from subject with knee OA,
may have mean muscle activation duration
of 7.09 seconds with muscle activation

starting around 2.12 seconds and ending
around 9.22 seconds. Also, the time and
amplitude for the first peak are 1.82 and 0.28
respectively while those for last peak are
8.93 and 0.29 respectively. On an average,
there could be 45.5 and 88.5 number of
peaks whose amplitudes are greater than
50% and 40% of highest peak respectively.

Table 6: Parameters for assessment of functions for muscle on right side Vastus medialis

Parameter MAX MIN MEAN STDDEV
Time for first peak (in seconds) | 4.877375 0.00023 1.8241 | 1.236373
First peak amplitude (mV) 0.587524 0.20062 0.2845 | 0.128488
Time for last peak (in seconds) 19.14444 4.26387 8.9299 | 4.359273
Last peak amplitude (mV) 0.696899 0.20007 0.2890 | 0.156595
Count of peaks having amplitude

more than 50% of highest peak 116 9 45,5 | 27.28114
Count of peaks having amplitude

more than 40% of highest peak 222 12 88.5 | 46.84387
Start of wave (in seconds) 4.678639 0.30069 2.1223 | 1.414526
End of wave (in seconds) 19.42396 4.40668 9.2174 | 4.427688

8. Conclusion

Novel parameters that are standardised and
quantify the EMG signals in the process of
analysing signals from subjects suffering
from knee OA are start of wave, end of
wave, number of peaks that are greater than
50% and 40% of highest peak, time and
amplitude for the first and last peak. This
shows that any subject suffering from knee
OA can expect values for these standardised
parameters around the mean values
mentioned with +/- standard deviation. As a
future work these novel standardised
parameters and their mean values can be
considered for comparing normal subjects
against subjects suffering from knee OA.
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