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Abstract Yoga is a comprehensive spiritual instrument that has many advantages,
including bettering health and wellbeing. Asanas (physical postures),
pranayama (controlled breathing), and meditation are yoga practices that are
frequently used for their health benefits. Yoga may be mistakenly thought of
as another form of physical exercise because, when viewed in the context of
asanas, it mimics physical exercise more closely. The link between the study
of yogic movements and electromyography (EMG) is thoroughly reviewed
in this research. Yoga involves a variety of physical postures (asanas) and
breathing techniques (pranayama), both of which have been proven to offer
several health advantages. Our knowledge of the physiological impacts of
yogic movements has greatly benefited from the use of EMG, which
monitors muscle activation. It is impossible to draw any conclusions from a
survey of the EMG research on several complicated yogic talents, including
methodological techniques. We made an effort to establish guidelines for the
EMG approach at the outset of this review. An exhaustive examination of
the subject of electromyography and yoga is impossible due to the fact that
information is dispersed across a wide range of journals, including those
devoted to sports sciences, ergonomics, biomechanics, applied physiology,
various congress proceedings, and so forth. As a result, numerous crucial
elements and perhaps crucial articles may have been missed from our
review.

Keywords: EMG, Yogasana, Muscle Activation, Surface Electromyography,_Kinesiology,
Biomechanics.
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Introduction:

Yoga is compared to many movement-based disciplines, particularly physical fitness
routines, as it becomes more and more popular among people from all walks of life. Yoga is a
special kind of exercise that integrates the mind, body, and spirit to enhance fitness and
wellness (Deshi & Das, 2023a, 2023b; Deshi & Mishra, 2023; Kumar Deshi & Bajpai
Mishra, 2023).0ne occasionally equates yoga with exercises due to the apparent resemblance
of the exterior movements. (Govindaraj et al., 2016). Weddell et al. originally used the term
electromyography (EMG) in 1943 and were the first to employ needle electrodes to examine
muscles in a therapeutic setting. Since that time, doctors have referred to the
electrophysiological testing of peripheral nerve and muscle—which includes needle EMG
and nerve conduction studies (NCS)—as EMG or Clinical EMG. Unfortunately, this still
causes misunderstanding among doctors and healthcare professionals. Some doctors refer to
the study as EMG/NCS, reserving the label EMG exclusively for the needle EMG evaluation
and adding the term NCS to indicate both studies independently. Some have continued to
refer to the full evaluation as an EMG while referring to the muscle evaluation with a needle
as a needle electrode examination (NEE). The electrodiagnostic (EDX) examination, a
general term that includes both the needle EMG and NCS, has grown in popularity more
lately. The terms electrophysiologic examination (which is sometimes confused with cardiac
electrophysiological tests) and electroneuromyography (ENMG) examination (which, in my
opinion, provides the most correct, albeit uncommon, description of the investigation) are
also used internationally. The term electromyographer (EMGer), electro diagnostician, or
EDX specialist is used to describe the medical professional who conducts and interprets these
examinations (Katirji, 2002). If electromyography (EMG) is used properly and the
accompanying constraints are understood, it can be a highly useful tool in ergonomic studies.
The application of EMG requires knowledge in physiology, instrumentation, recording
technology, signal processing, and analysis, among other fields. In order to understand how
these regions interact and affect the efficient use of EMG, this paper presents a general
overview of these domains (Marras, 2000a). EMG, often known as electromyography, is a
useful research and diagnostic method for analyzing the electrical activity of muscles. The
electrical impulses generated by muscular contractions are measured and recorded. Numerous
disciplines, including clinical medicine, sports science, rehabilitation, and biomechanics, use
EMG extensively. The foundations, methods, clinical applications, and new trends in
electromyography will all be covered in this overview study.

Fundamentals of EMG:

Muscle Activity:

When muscles contract, they produce electrical signals called action potentials. In order to
get knowledge about how muscles operate, EMG records these signals. An investigation of
the electrical activity of skeletal muscles is done using the neurophysiological technique
known as electromyography (EMG). The muscle membrane potential serves as the EMG's
electrical signal's source. A motor unit (MU) is made up of the muscle fibers that are
innervated by a motor neuron's axonal branches. Each motor unit has muscle fibers that are

15316

) - o
- .' )
&‘_‘« l ' l A N
== _ N

——

.

W International Journal of
Food And Nutritional Sciences

Aemosiation of Foaoad



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES
ISSN PRINT 2319 1775 Online 2320 7876

Research paper© 2012 UFANS. All Rights Reserved, [S[c{olo/:\:{ =8 TS T=Y NRcTeT0Ts 08 ) Lo TUTS Y RVLo] (V79 Y0 S £ b 28 1o )

intertwined with fibers from other Mus (Enoka, 1995). Motor unit action potential (MUAP) is
the accumulation of MUs' action potentials (Buchthal, 1985). The anatomical and
physiological characteristics of the motor system are reflected in the bio signal obtained from
a muscle or its fibers. Therefore, EMG recording and analysis are potent neurophysiological
techniques that can be used to: a) identify the health status of the motor system; b) localize
and typify peripheral and central abnormalities and lesions; c) determine the temporal course
and the severity of motor system abnormalities; and d) determine and evaluate the efficacy of
treatment approaches. Muscle activity can be found both while a person is at rest and when
they are moving voluntarily. Additionally, peripheral nerve stimulation (PNS) and cortical
stimulation can be used to induce compound action potentials (CMAP) and motor evoked
potentials (MEP), respectively. While PNS allows for the testing of the peripheral motor
system's integrity, cortical stimulation methods like Transcranial Magnetic Stimulation
(TMS) enable the examination of the corticospinal tract's integrity. Additionally, since the
late 1970s, the efficacy of EMG recording as a technique for intraoperative neuromonitoring
has been discussed (Delgado et al., 1979). As of now, EMG recording is a practical method
for avoiding neurological harm during a variety of surgical operations (Wu et al., 2013).

Electrodes:

To record EMG signals, surface electrodes or needle electrodes are frequently employed.
While needle electrodes are injected directly into the muscle for more exact measurements,
surface electrodes are non-invasive and implanted on the skin's surface.

Needle EMG (n EMG):

With nEMG, deep muscles can be locally recorded by inserting a needle electrode into the
muscle tissue. Anatomical landmarks that can be verified by a proper contraction of the
chosen muscle are used to pinpoint the needle insertion spot. Individual MUs can be
evaluated using nEMG, which also records high-frequency signals more accurately and
sensitively, such as various assessments of spontaneous activity (Merletti & Farina, 2009; Wu
etal., 2013).

However, nEMG has a number of drawbacks. First, because of its small detection volume, it
only represents the activity of a small subset of active MUs with fibers that are in close
proximity to the location of the detection site. For the analysis of MUAPS to have acceptable
power (sensitivity and specificity), a sufficient sample is required. Additionally, it is
challenging to explore tiny muscles using a conventional sample size (Podnar & Mrkai?,
2003). Second, it is impossible to record nNEMG for an extended period of time since it hurts,
especially when muscles are active. Rarely, local damage (like pneumothorax) could happen
while inspecting certain fragile areas (Reinstein et al.,, 1987). Additionally, nEMG is
temperature- and time-sensitive. In this regard, the observed signal in nEMG may change
depending on how long has passed since the nerve injury started (Quan & Bird, 1999). Low
temperatures at the examination location change the parameters and properties of the
recorded signals because they have a significant impact on neuromuscular transmission and
action potential propagation along muscle fibers (Rutkove, 2001).
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Surface EMG (SEMG):

Surface electrode myography, or SEMG, is a method for non-invasively measuring muscle
activity using electrodes inserted on the skin just above the muscle. First off, SEMG recording
is painless, especially when done without applying any external stimulation to the peripheral
nerves. Additionally, SEMG electrodes record from a large portion of the muscle territory,
giving a more comprehensive view of MUs. Last but not least, it enables lengthy
simultaneous recordings of muscle activity from several locations. However, SEMG has a
limited signal resolution and is quite prone to artifacts due to movement (Pullman et al.,
2000) , include body heat. Additionally, since deeper MU contributions are not evaluated,
superficial MU contributions dominate SEMG signals; hence, situations that increase skin
resistance (such as obesity and edema) disrupt the SEMG signal (Wu et al., 2013).
Methodologies in EMG:

The recording system:

The recording system can be thought of as a set of instruments for capturing, amplifying,
filtering, and ultimately storing the myoelectric signals. As a result, it can be split into
systems for signal detection and signal amplification.

Signal detection:

EMG electrodes are carefully positioned on the skin or injected into muscles to detect
electrical impulses. While needle EMG is used for more precise evaluations of muscle health,
surface EMG is frequently employed for clinical and athletic applications.

The simplest piece of knowledge that can be gleaned from an EMG signal is whether the
muscle of interest was used during an exercise. This kind of information can be determined
with little to no signal processing. The only requirement for the experimenter is that the
signal be devoid of crosstalk, noise, and artifacts. The muscle was being used during the
effort whether the unprocessed or processed signal showed activity. Most of the time, it is
important to merely note whether a muscle was active or to record how long it was active
during a specific workout. The EMG signal can be processed by either hardware or software,
depending on the desired type of quantification, if the muscular force is of interest. The
muscle's level of activity can be recorded first. It is common practice to normalize this
factor's representation. However, other scholars define this amount in absolute terms (as
muscle activity measured in microvolts). Simply put, this measurement reflects how active
the muscle was during the experimental circumstances. The measurement is merely a
reflection of how much muscle is being used, not a reflection of muscular force. The signal
can be assessed in a number of ways, including peak activity, mean activity, activity in
relation to a specific position or posture, and rate of muscle activity start. The amount of
muscle force used during an exertion can also be determined using the processed EMG data.
The signal can be handled in absolute or relative terms, similar to how muscle activity is. To
obtain more quantitative data on the muscle, the EMG signal must be used in conjunction
with other forms of calibrations if muscular force is of interest (Marras, 2000b).
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Signal amplification:

Amplifier specs have been developed as a result of modern technology to solve measurement
issues. The experiment and the electrodes used will determine how much amplification is
needed. Individual spike potentials will be added together to yield peak voltages of about 1-2
mV using surface EMG.(Basmajian, 1985; Clarys & Cabri, 1993a; McLeod, 1973). The
required amplifier gain depends on the system's signal-to-noise ratios(Clarys & Cabri, 1993a;
McLeod, 1973). It is advisable to employ as much amplifier gain as the remainder of the
myoelectric data retrieval system can handle in order to maximize this relationship.

Signal characteristics:

The control mechanism of the central nervous system, the anatomical and physiological
characteristics of the muscles, as well as the features of the instrumentation used to detect and
observe them, all have an impact on the extremely complex signal known as the EMG.
(Clarys & Cabri, 1993a; De Luca, 1979). A complicated interference pattern that results from
the accumulation of asynchronously firing motor units in the active muscle can be used to
describe it (Clarys & Cabri, 1993a; Petrofsky & Lind, 1980). and has a somewhat low
selectivity when produced with surface electrodes (Bouisset, 1973; Clarys & Cabri, 1993a)
Similar to how the electrical activity of a muscle is a weighted sum in both place and time of
numerous individual events, the electrical activity of a muscle is a collection of individual
electrical events in the muscle (Clarys & Cabri, 1993a; Hogan & Mann, 1980). Due to this
difficulty in quantifying the raw signal, the most popular method for analyzing muscle
activity at this time is a qualitative (visual) approach (Clarys & Cabri, 1993a).

According to reports (and experiments that corroborate them), the EMG recorded with
surface electrodes has an essentially Gaussian amplitude distribution with a zero mean.
(Clarys & Cabri, 1993a; Kadefors et al., 1983; Sherif & Gregor, 1986). The root-mean-square
(rms) value of the signal correlates to the standard deviation, which has a microvolt size.
Sometimes the EMG signal is not stationary, particularly during intense voluntary
movements where there may be quick variations in muscle force. However, the signal is
presumed to be stationary during the measurement period because it does not appreciably
alter its statistical characteristics over the analysis period.(Kadefors et al., 1973) When
compared to the frequency components of the EMG signal, the frequency components of
muscle force are nearly an order of magnitude lower (Hogan & Mann, 1980). Consideration
of EMG as a time-dependent periodic signal made up of repeats of the same standard
waveform and having amplitude, frequency, and phase characteristics is another (restrictive)
approach to look at it (Clarys & Cabri, 1993a). Positive and negative values are provided by
oscillations in the signal around the baseline. The frequency of this oscillation changes with
time and is certain. Another way to represent the periodic waveform is as the sum of simple
sines and cosines, whose frequencies are integral multiples of the original fundamental
frequency (the frequency at which the signal repeats itself). In comparison to needle or wire
electrodes, Table 1 lists the usual amplitude and frequency ranges of the EMG signal as
measured by surface electrodes. The raw surface EMG signal has a frequency range of 0.1—
3000 Hz and an amplitude range of 0.05-5 mV, while some writers have only detected
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frequencies up to 1000 Hz, as was already mentioned (Kadefors et al., 1973; Kadefors &
Petersén, 1970) Indeed, it was written that “"the majority of investigators agree that the energy
above 250 Hz is negligible when monitoring gross myoelectric signals.” M. rectus femoris
contractions at their maximum voluntary contraction, (Viitasalo & Komi, 1975) observed
significant reliability and consistency correlations in daily experiments in the frequency range
of 24-800 Hz.

Table 1. Amplitude and frequency range of EMG Signals (Clarys & Cabri, 1993a)

Signal Amplitude  range Signal  frequency Electrode type
(mv) range (Hz)

Indwelling EMG 0.05-5 0.1-10 000 Needle/Wire

Surface EMG 0.01-5 1.0-3 000 Surface

Nerve potentials 0.005-5 0.1-10 000 Needle/Wire

Researchers have put a lot of work into trying to quantify the surface EMG because the raw
EMG signal, because to its complexity, is only appropriate for visual qualitative
interpretation. No matter how advanced the processing techniques used, the appearance of
artifacts is undesirable and may completely invalidate the output. As a result, it's still crucial
to monitor the raw EMG before you analyze it. Additionally, it can provide intriguing details
regarding the phasic relationships between different muscles, such as distinguishing the states
of muscles that are "on" or "active™ and "off" or "inactive" during a movement (Clarys &
Cabri, 1993b). To enable researchers to compare findings not only within their own
laboratories but also between laboratories, the EMG signal must be quantified. Therefore, the
‘amount of activity' is a crucial metric in EMG processing and can be attained in various
ways. Additionally, the advent of computer technology has been warmly embraced because it
has relieved kinesiologists of the strenuous effort required when using planimetry. However,
it has also led to additional misunderstanding regarding nomenclature, norms of technique
and processing, and other issues, making it challenging to compare studies frequently.(Clarys
& Cabri, 1993b).

EMG parameters:

Analyzing physical signals, mathematical functions, or time series of economic or
environmental data are all examples of time-domain parametric analysis of EMG signals. The
following EMG parameters were collected for analysis: Muscle force and non-fatigue
contraction are described by the RMS feature, signal power is best quantified by the VAR
feature, WA denotes the firing of the motor unit potential, and ZC gives details on the
frequency of the EMG signal. The Simple Square Integral (SSI) calculates the sum of the
squares of the EMG signal amplitude (Suma et al., 2022). Equations are used to compute
these parameters.
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Root Mean Square (RMS):

RMS = (- ZN_, y2) 1/,

where Yn stands for the wavelet coefficient and N for the wavelet's length.

Zero Crossing (ZC):

ZC=Y -1 f(¥Yn)

fYn)=1if {fn>0&Yn+1l<0)|(Yn<0&Yn+tl1>0)}&|Yn—Ynt+l |>T f (Yn) =0,
otherwise where threshold is represented by T, wavelet coefficient by Yn and its length by
N

Willison Amplitude (WA):

WA = 321 f(Yn)

f(Yn)=1,if Yn—Yn+l1 |>T f (Yn) =0, otherwise where threshold is represented by T,
wavelet coefficient by Yn and its length by N

Simple Square Integral (SSI):

sSI=yN_,v2

where wavelet coefficient is represented by Yn and its length by N

EMG signal Variance (VAR):

VAR=—3N V2

where wavelet coefficient is represented by Yn and its length by N (Suma et al., 2022).
Rectification:

A linear full-wave rectifier, which reverses the sign of all negative voltages and produces the
absolute value of the EMG, serves as the foundation for the majority of quantification.
Additionally, non-linear rectifiers may be utilized (for example, a square law detector for the
EMG's root-mean-square values). It can be done either by inverting the negative values (full-
wave rectification), which is preferred since it preserves all of the signal's energy, or by
deleting the negative values (half-wave rectification). (Clarys & Cabri, 1993b). Analog-to-
digital converters are employed instead of "black boxes" (in many studies, details of the
filtering properties, such as time constant and frequency response, are frequently not
provided), and the information, whether raw or rectified EMG, is recorded on disk. The linear
envelope (LE), which is the end product of the signal-processing approach, requires the
signal rectification as an essential step. The average of the rectified EMG signal is expressed
mathematically as (Clarys & Cabri, 1993b).

t2
— [ |EMG|dt

average rectified EMG =

tr— t1
The phrases "average,” "mean," and "ensemble average" seem to be a source of considerable
misunderstanding, and the formulae suggested occasionally depart from their true statistical
definitions. The following equation actually entails rectifying the EMG signal, "integrating™
(i.e., summing) the rectified signal, and dividing the outcomes by the integration's time
period.(Clarys & Cabri, 1993b).
It should be noted that as the period of time used to calculate the average gets shorter, the
signal's smoothing gets shorter as well. A time window may be defined to obtain a time-
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varying average of the signal, an operation known as the moving average. (Clarys & Cabri,
1993b).

window average = —fHT |[EMG|dt

This approach merely involves calculating the average corrected EMG over a fixed amount
of time that is shifted continuously in time. Because the signal gets less smooth and more
similar to the raw signal as the time constant declines, care must be made to set it at a
"reasonable” value

Ensemble average:

It is frequently crucial to obtain the average pattern of EMG activity in any repeating
movement or triggered response. Digitally, an ensemble average can be achieved in a
general-purpose computer or a C.A.T. (computer for average transients). It is frequently
possible to average the resulting compound action potentials using evoked stimuli. The
amplitude of the time averaged wave shape is in Mv, and it's crucial to note how many
averages there are. The standard error at each time point may also be significant. At each time
t, the expression for N time averaged waveforms is:

EMG (t):% N |EMGi| (t) mV

Where EMGi is the ith repetition of the EMG waveform to be averaged (Kadefors et al.,
1980).

Recording Techniques:

There are two different electrode types. Except when a tine wire method is specifically
warranted, surface EMG techniques are significantly more prevalent. The activity of the
muscles or muscle groups that the electrodes are placed over will often be represented by
surface EMG. The main focus is probably on the larger muscles or in muscular groups,
despite the fact that surface EMG is more difficult to record from deep or smaller muscles.
The EMG can be recorded using the right techniques in this situation, It is important to take
into account the required immobilization procedure as well as the methods, benefits, and
restrictions involved with the employment of these techniques. It also requires controls to
ensure a high-quality feed. If there are preamplifiers, they first amplify the signal before it is
further boosted by the main amplifiers. The signal is filtered at this stage and may also be
conditioned or manipulated. Processing a signal could entail rectifying, averaging,
integrating, creating a linear envelop, or applying root-mean-square analysis. Only the raw
signal itself may be recorded and decoded. However, most EMG data are often processed in
some way. It is advised to use FM or digital tape for recording, or an analog-to-digital (A-D)
converter on a computer. Computer-based spectrum analysis must be carried out if they are of
interest. (Marras, 2000a).

Normalization of the EMG:

As was previously indicated, the clinical interpretation of surface EMG necessitates the
normalization of the EMG signal for physiological interpretation and for comparison between
muscles and between persons due to the intrinsic variability of the EMG signal. Isometric,
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isokinetic, and dynamic muscle activity have all been employed in previous studies to
generate
Figure: 1 Usual electromyographic normalization methods.

EMG NORMALIZATION METHODS

- = Sl = Dynamic actions
Isometric action Isokinetic actions L

| . |

Maximal voluntary Maximal voluntary Mean dynamic

contraction method contraction method method | ‘

Reference voluntary Peak dynamic

contraction method method i

Submaximal
voluntary
contraction method

reference EMG readings for normalization reasons that may be repeated across subjects and
test days (Burden et al., 2003; Lehman & McGill, 1999; Sousa & Tavares, 2012; Yang &
Winter, 1984).

Due to the known unpredictability of the EMG signal, which exists not only across people but
also between different trials, many normalizing approaches have been developed to lessen
this variability (Clarys & Cabri, 1993b; Yang & Winter, 1984). Typically, the highest EMG
value or the EMG representing the utmost effort has been chosen as the normalization factor
(Clarys & Cabri, 1993b; Perry & Bekey, 1981). Typically, the participant is instructed to
exert their full voluntary power in the studied muscle (or groups of muscles). This amplitude
is then used as a reference value (such as 100%) for all subsequent dynamic actions, whether
it is raw or corrected (Clarys & Cabri, 1993b; Clarys & Olbrecht, 1983; Yang & Winter,
1984). The debate around this normalization method has recently come up again since some
researchers discovered dynamic activities that went beyond the maximum isometric effort. As
a result, various normalization methods for kinesiological EMG have been devised, such as
normalization to the dynamic condition with the highest peak activity, to mean integrated
EMG (ensemble average), to EMG per unit of measured force (net moment), and so forth.

15323

oyl l FANS
° s
lw lntevnullon(nl Journal of

h.-ud Alul Nulnlluuul Suc.uu.,

Mabi ke o f R ALIGnal Aesociation of Food
adimim



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876

Research paper© 2012 UFANS. All Rights Reserved, [S[c{olo/:\:{ =8 TS T=Y NRcTeT0Ts 08 ) Lo TUTS Y RVLo] (V79 Y0 S £ b 28 1o )

Electromyography studies in Yogasana: A critical appraisal of EMG studies

The majority of sports activities require complex movement patterns that are frequently made
more difficult by outside forces, impacts, and the sports equipment being used at the time.
The dynamic participation of particular muscles within a predetermined range of a sports
movement pattern is expressed by an electromyogram (or its derivatives). The muscle
intensity of such pattern is expressed by its integrated EMG. However, force and intensity are
not necessarily connected. The reader is directed to for a review of EMG and force in relation
to voluntary effort and isometric circumstances (Cabri, 1991; Clarys & Cabri, 1993a).

This essay's major goal is to examine EMG and yoga asana motions. Table 2 contains
specific yoga EMG studies by author(s), skills, and muscles tested, along with details on the
kind of electrodes and registration modes utilized. This evaluation of the EMG yoga literature
does not pretend to be thorough. A critical evaluation of muscle selection, electrode
placements, and registration techniques will be possible with the help of this information.
Table 2: Review of EMG-sport and registration information in the literature .

Author’s | Yogasana Muscles Electrode Registration
(Mullerpat | The 12-Pose | Lower Eight-Channel | Wireless, Eight-Channel
an Et Al, | Sequence  Of | Trapezius, Surface Surface
2020) Surya Latissimus Electromyogr | Electromyography
Namaskar Dorsi, Erector | aphy (Semg) | (Semg) System At A
Spinae, Rectus Sampling Rate Of 2000
Abdominis, Hz And Bandwidth Of
Gluteus 20-450 Hz. Data Were
Maximus, Processed Using
Vastus Emgworks Analysis
Lateralis, And Software, And Root Mean
Gastrocnemius, Square  Values  Were
Normalized Against
Muscle Activity During
Maximal Voluntary
Contraction (MVC).
(Devaraju | Trikonasana Ternocleidoma | Delsys EMG | DelsysEMG  Trigno™
Et Al., stoid (SCM), | Trigno™ Wireless
2019) Abdominal Wireless Systems
Oblique, Systems EquipmentWasUsed
Latissimus Equipment(Se | ForTheDataCollectionWit
Dorsi, mQ) hSmart
Quadriceps SensorsConnected To
Femoris, And A PC Running
Medial Emgworks® 4.3.2
Hamstring Software
(DELSYS).
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(Kumar Et | Trikonasana Right External | Wireless The Surface EMG
Al., 2018) Oblique Semg Sensor | Techniques Can Be Used
Muscle, In The Current Study To
Validate The Results
Acquired  From  The
Lifemod Simulations. For
The Data Acquisition, We
Used The  Trigno™
Wireless Semg Sensor,
Courtesy Of Delsys Inc.
(Trakroo Talasana, Frontalis Surface Emg | The Maximum Amplitude
Et Al., | Utkatasana, Muscle Of The Of The Raw Emg Was
2013) Trikonasana, Forehead And Determined. Mean Values
Ardha- Biceps Of The Of The Amplitude Of The
Matsyendrasana | Dominant Compound Motor Action
, Bakasana, | Hand Were Potential (Cmap) Were
Pavanamuktasa | Studied. Compared Before And
na, Navasana, After Yoga Training.
Noukasana,
Matsyasana,
Pashchimottana
sana, Halasana,
Bhujangasana,
Shalabhasana,
Sarvangasana
And Shavasana
(K. K. | tree pose | the anterior | surface EMG |the SENIAM (Surface
Kelley et | (Vrksashana), tibialis  (TA), ElectroMyoGraphy  for
al., 2019) | half moon pose | gastrocnemius the Non-Invasive
(Ardha (GA),  rectus Assessment of Muscles)
Chandrasana) femoris  (RF) protocol. Leads were
and warrior Il | and biceps attached to a Dbattery
(Virabadrasana) | femoris  (BF) operated 16-channel
when compared | muscles transmitter.
to a rest pose
(Mountain
pose)
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(K. Kelley | Downward Anterior Surface The Surface Electrodes
et al., | Facing Dog, | Tibialis (Ta), | Electrodes Used For Emg Collection
2018) Half-Moon, Medial Head Were Ma300 (Motion Lab
Tree, Chair, | Of The Systems, Baton Rouge,
And  Warrior | Gastrocnemius La). Emg Data Was
Three Pose. (Ga), Rectus Collected Via A Single-
Femoris (Rf), Ended Amplifier With
Bicep Femoris Common Mode Rejection
(Bf), And Ration (Ccmr) Of 130 Db.
Gluteus
Medius (Gm)
(Ekstrom | Active Hip | The Rectus | Surface EMG | Electromyographic
et al., | Abduction, Abdominis, (EMG) Analysis Can
2007) Bridge, External Provide A Measure Of
Unilateral- Oblique Muscle Activation So
Bridge,  Side- | Abdominis, That The Clinician Can
Bridge, Prone- | Longissimus Have A Better Idea About
Bridge On | Thoracis, The Effect The Exercise
Elbows And | Lumbar May Have On The
Toes, Multifidus, Muscle For  Strength,
Quadruped Gluteus Endurance, Or
Arm/Lower Maximus, Stabilization.
Extremity Lift, | Gluteus
Lateral  Step- | Medius, Vastus
Up, Standing | Medialis
Lunge, And | Obliquus, And
Using The | Hamstring
Dynamic Edge. | Muscles Were
Studied.
(Dewan Et | 16 Different | Rectus Surface The Signal Of Each
Al., 2023) | Yoga Poses In | Abdominis Electromyogr | Muscle Was Processed
Standing, (RA) And | aphy And Normalized To Its
Kneeling, Transverse Maximum
Supine, Abdominis Voluntary Isometric
Or Prone (TA), Gluteus Contraction (MVC).
Positions In Medius (GM),
Random Order. | And  Erector
Spinae (ES)
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(Beazley Plank, Upward- | Rectus Surface Surface
Et Al., | Facing Dog, | Abdominis Electromyogr | Electromyography — Was
2017) Chair And | (RA), aphy Used. Data Were
Dominant-Side | Abdominal Expressed As 100% Of A
Warrior 1. Obliques (AO), Maximum
Lumbar Voluntary Isometric
Extensors (LE), Contraction.
And  Gluteus
Maximus
(GMX)
(Liu et al., | Chair (Sanskrit | The Vastus | Bipolar Electromyography
2021) Name: Lateralis (VL), | Signals Were | ((Noraxon U.S.A. Inc.,
Utkatasana), Rectus Femoris | Recorded By | Scottsdale, AZ, USA)
Tree (RF), Vastus | Pairs Of 10| Was Used To Detect
(Vrksasana), Medialis (VM), | Mm Diameter | Muscle Activity Signals.
Warrior 1 | Bicep Femoris | Ag/Agcl
(Virabhadrasana | (BF), And | Surface Disc
1), Warrior 2 | Semitendinosu | Electrodes
(Virabhadrasana | s (SEMI) For | Placed At 20
2), And Warrior | Collecting Mm (Center-
3 Surface  EMG | To-Center).
(Virabhadrasana | Signals.
3).
(Petrofsky | Breathing The Right And | The EMG | EMG Was Amplified
Et Al., | Exercise Left Rectus | Was Recorded | Using A 4-Channel EMG
2005) Performed  In | Abdominis Through 2 | Amplifier Whose
The Seated | And Of The | Bipolar Vinyl | Frequency Response Was
Position. Right And Left | Adhesive Flat From DC To 1000
External Electrodes Hz.The Common Mode
Oblique (Silver Silver- | Rejection Ratio Of The
Muscles Chloride) Amplifier Was Greater
With An | Than 120 Db.The EMG
Active Was Digitized At 1,000
Surface Area | Samples/Sec By A Biopac
Of 0.5 Cm2. (Biopac Corp.,Santa
Barbara, CA) 16-Bit
Analog-To-Digital
Converter And Displayed
And Stored On A
Computer  For  Later
Analysis.The Amplitude
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Of EMG Was Assessed
By Digitizing And Half
Wave Rectified The Raw
EMG And Calculating
The Root Mean Square
Average (RMS) Of The
EMG.

(Ni, Chr Chair | PECS Surface Surface
Mooney, (Utkaasana), Pectoralis Electromyogr | Electromyography (EMG)
Balachandr | Dogdwn Major Sternal | aphy Data Were Normalized
an, et al., | Downward Head Deltant Across  Subjects And
2014) Facing Dog | Anterior Collection Days, Using

(Adho  Mukha | Deltoid EMG Results From 3 S

Svanasana) Deltmed Maximal Voluntary

,Dogup Upward | Medial Deltoid Contractions (MVC)

Facing Dog | BB Biceps Targeting Each Muscle.

(Urdhva Mukha | Brachii Tri

Svanasana) Triceps Brachii

Ffold Forward | TRAPUP

Fold Upper

(Uttanasana) Trapezius

HIift Halfway | TRAPMID

Lift ~ (Urdhva | Middle

Mukha Trapezius

Uttanasana) RAM  Rectus

Mntdwn Abdominis ES

Mountain Pose | Erector Spinae

With Arms | RF Rectus

Down Femoris VM

(Tadasana) Vastus

Mntup Medialis BF

Mountain Pose | Biceps Femoris

With Arms Up | Gastroclat

(Urdhva Gastrocnemius

Hastasana) Lateralis TA

PInkhi High | Tibialis

Plank Anterior

(Dandasana)

Plnklow  Low

Plank
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(Chaturanga
Dandasana)
Warno-DOM
Non-Dominant
Side Warrior 1
Pose
(Virabhadrasana
1) Wardom
Dominant Side
Warrior 1 Pose
(Kaur et | squat posture (a | Vastus EMG data | The data acquisition
al., 2016) | yogic posture) Medialis (VM) | were acquired | software (Acgknowledge
and Vastus | using a 4-|4.1, BIOPAC systems
Lateralis (VL) | Channel Inc.) was set to sampling
muscles Wireless frequency of 2000 Hz to
(quadriceps EMG avoid the aliasing effects
group) BIOPAC Inc. | as per Nyquist criteria.
MP 150
system
(CMRR:
110dB at
50/60 Hz and
Gain: 5-
50,000, Input
Impedance: 2
MQ).
(Ni, Halfway  Lift, | Upper Rectus | Disposable Ireless EMG Telemetry
Mooney, Forward Fold, | Abdominis, Bipolar System (BTS
Harriell, et | Downward Lower Rectus | Electrodes Bioengineering, Milano,
al., 2014) | Facing Dog, | Abdominis, (Noraxon Italy) At A Sampling Rate
Upward Facing | Longissimus USA, Of 1000 Hz, Using Band-
Dog, High | Thoracis, Scottsdale, Pass Filtering Between 1
Plank, Low | External AZ) And 500 Hz, Digitized
Plank,  Chair, | Oblique Using A 16-Bit A/D
Mountain With | Abdominis Converter, Amplified
Arms  Down, | And  Gluteus (Gain = 2000, CMRR >
Mountain  With | Maximum 110 Bb@50—60 Hz),
Arms Up, And Stored On A
Warrior 1 (Both Personal Computer
Sides).
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(Wang et | Chair, Wall | Gluteus Surface EMG | The EMG Signals Were
al., 2013) | Plank, Tree, | Medius Filtered According To
Warrior |1, Side | (GMED), ISEK Standards,
Stretch, Hamstrings Including, Notch Filtering
Crescent, And | (HAMYS), At 60 Hz, And Band-Pass
One-Legged Vastus Filtering Between 20 And
Balance. Lateralis (VL), 500 Hz. A Root Mean
And Square Smoothing
Gastrocnemius Algorithm, With A 75-
(GAS) Millisecond Constant
Muscles Window, Was Used To

Smooth The EMG Data
(Lehecka | Tree Pose, | Gluteus Maxim | Bi-Polar All Surface EMG Data
et al.,, | Warrior ~ Two | us, Gluteus | Wireless Were Collected At 4000
2021) Pose, Warrior | Medius Surface EMG | Hz Using A Noraxon
Three Pose, Electrodes 880-16 Ultium Dash/ESP
Half Moon 16  Myomuscle  And
Pose, And Bird Myomuscle 3.12 Software
Dog Pose (Noraxon, Scottsdale,

AZ).
(Bolgla Et | Chair,  Plank, | Rectus Surface A Four-Channel Wireless
Al., 2018) | Dog, And | Abdominis Electromyogr | EMG System Collected
Warrior (RA), aphy All EMG Data, Which
Abdominal Were Sampled At 2000
Obliques (AO), Hz And Band-Pass
Lumbar Filtered Between 20 And
Extensors (LE), 450 Hz. Unit
And  Gluteus Specifications Also
Maximus Included A Common
(GMX) Mode Rejection Ratio
Greater Than 80 Db. All
Data Were Root-Mean-
Squared (RMS) Over A
30-Ms Moving Window .
For The Muvics, A
Computer Algorithm
Determined The
Maximum RMS
Amplitude  Over A
Moving 500-Ms Average
Window  Across The
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Mvics . The Window
With The Highest
Amplitude Was Used To
Normalize All Data As A
Percentage Of MVIC (%

MVIC)
(Chopp- Row Pose, | Upper Surface Data Recorded During
Hurley Et | Dancer’s Pose | Trapezius, Adhesive The Yoga Postures Were
Al., 2018) | Left, Middle Ag/Agcl Normalized To The Peak
Dancer’s Pose | Trapezius, Electrode EMG Amplitude
Right , Lower Recorded For  Each
Downward Trapezius, And Muscle, Regardless Of
Dog, Serratus Which MVIC  Test
Locust  Arms | Anterior Elicited The Maximum.
Back , Muscle
Locust  Arms
Forward,
Modified Plank
Clasped,

Modified Plank
Shoulder, Plank

i)

Reverse
Tabletop ,

Side Angle,
Side Plank,
Tree Pose,
Upward Dog ,
Warrior |l

Conclusion:

A review of EMG studies covering several complicated yoga skills, including various
experimental approaches, makes it nearly impossible to draw any firm findings. We
attempted to establish guidelines for the EMG technique at the outset of the evaluation; we
referenced to table 2, and on various instances (for each sport), we pointed out some of the
limits of EMG due to its partially descriptive nature.

The diagnosis of neuromuscular diseases, improving athletic performance, and improving
human-machine interface all benefit greatly from the adaptable and potent electromyography
tool. The use of electromyography (EMG) is anticipated to grow as technology progresses,
offering new insights into how muscles work and creating novel opportunities for healthcare,
rehabilitation, and human enhancement.
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EMG and yoga poses are a broad topic, as was previously said, making a thorough review
nearly difficult. Relevant data are dispersed throughout numerous journals in the fields of
applied physiology, ergonomics, biomechanics, sports science, and many other local sorts of
reporting. Consequently, despite our best efforts, many significant elements and perhaps
significant publications may have been missed from this review.
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