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Abstract

Informa�on required about the primary human 

mo�on to design so� exoskeletons with a human-

machine interface for the upper limb, is the 

measurement of accurate muscle force with and 

without load. The elbow flexion mo�on of the upper 

limb is considered here for determining muscle forces. 

During elbow flexion, muscles a�ached across the 

elbow and shoulder joints create moments. It is a 

result of very high coordina�on between our nervous 

system and the musculoskeletal system. However, not 

every muscle generates force as most of the human 

musculoskeletal system is naturally indeterminate. 

Therefore, one wants to know the pa�ern of muscle 

recruitment that our nervous system adopts in normal 

situa�ons and how it varies during loaded condi�ons. 

This study has two objec�ves: First, to determine how 

our nervous system recruits specific muscle groups for 

elbow flexion mo�on subjected to a load or without it. 

Secondly, the effect of the passive muscle force 

component of the on-muscle recruitment and force 

magnitude. An inverse dynamics approach followed by 

an op�miza�on has been adopted here. It is found that 

biceps long head, triceps lateral, and medial head are 

recruited during no-load mo�on. In contrast, brachialis 

and brachioradialis are also recruited during the ini�al 

phase of the loaded movement. The effects of the 

passive component of muscle force are also shown. It 

was found that as load increases, the recruited muscle 

force magnitude increases un�l it reaches the 

maximum isometric force—further increase in load 

results in recruitment of new muscles. The result also 

indicates that the contribu�on from passive 

components of muscle cannot be ignored during the 

elbow flexion mo�on.  
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The mul�-body equa�on of mo�on is formulated for 

the equivalent s�ck model using Lagrange's equa�on 

of the second kind. Using iner�al proper�es, velocity, 

and accelera�on, the equa�on of mo�on is solved to 

get joint moments. Movement trajectory data is 

collected, and angular velocity and accelera�on of the 

upper and lower arm are computed. These are the 

input to the derived equa�ons of mo�on to compute 

moments at both joints. An op�miza�on problem is 

solved considering the physiology of muscles to find 

recruitment and ac�va�ons of muscles. Further, the 

changes in the recruitment pa�ern are studied while 

the arm is subjected to load.

Step 1: The human upper limb consists of two 

segments, i.e., upper arm and forearm with hand. The 

model was converted into an equivalent s�ck model by 

considering the whole upper arm with bones and 

muscles considered as one link, similarly en�re 

forearm with bones and muscles as another link. In this 

study, both shoulder and elbow joints are assumed as a 

simple hinge with a single degree of freedom. For 

elbow flexion, force-genera�ng muscle groups are 

biceps brachii, brachialis, brachioradialis, and triceps 

brachii. The necessary parameters, such as the 

moment of iner�a (MOI), loca�on of the center of 

mass (Table 1) of segments is taken according to the 

inves�ga�on performed by Challis and Kerwin (1992). 

According to Challis and Kerwin (1992), the percentage 

error in the MOI calcula�on by Hinrichs (1985) 

technique is minimum. A set of regression equa�ons 

developed by Hinrichs (1985) has been applied to 

compute Moment of Iner�a (MOI) about the 

transverse axis (normal to sagi�al plane) passing 

through each segment's center of mass using the data 

of Chandler et al. (AMRL Technical Report 74- 137). 

Therefore, we are assuming that these seven muscles 

are responsible for the elbow flexion mo�on. All 

muscles are modeled as modified Hill-type, as 

described by Thelen (2003). Tendons are assumed as 

rigid and only transferring the muscle force to the 

bones through a�achment points. This whole upper 

limb has been modeled as a s�ck model (Figure 1) 

where humerus is considered one link and ulna and 

radius as other links with equivalent segment length, 

mass, mass moment of iner�a, and center of mass 

loca�on.         and         are the moments at the 

shoulder and elbow joint generated by the muscle 

forces a�ached across. The moment arm is the 

perpendicular distance of the line of ac�on of muscle 

forces to the center of each joint rota�on during elbow 

flexion. As the line of ac�on of muscle force changes 

with the joint's angle of rota�on, the moment arm also 

changes. The muscle fiber length varies with the elbow 

flexion mo�on. The polynomial equa�ons generated 

by Pigeon et al. (1996) for the moment arm's varia�on 

and muscle length varia�on with the joint angle has 

been used to compute the muscle length change 

during elbow flexion. Mono ar�cular muscle length is a 

func�on of a single joint angle across which they are 

a�ached, whereas bi-ar�cular muscle passes two 

joints, so their lengths are func�ons of two joint angles 

that  they  run  across .  Here  brach ia l i s  and 

brachioradialis are mono-ar�cular, and biceps brachii 

and triceps brachii are bi-ar�cular muscles.

Solu�on Methodology

Once the model has been developed, to know muscle 

ac�va�on pa�ern by solving an inverse dynamics 

problem following steps has been followed:
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Introduc�on

The study, modeling, and simula�on of human 

movement have gained a lot of interest among 

researchers working in fields of science and industry 

like biomechanics, medicine, sports science (Lu et al., 

2012). Assis�ve ac�ve exo-suits (Lo� et al., 2020), 

controlled by the human-machine interface, is a very 

new applica�on field of human musculoskeletal 

biomechanics, which has revolu�onary poten�al. 

Design of these exoskeleton devices require models 

that are the physiologically accurate and fast 

computa�on of essen�al control parameters. The 

knowledge of mul�-body dynamics, muscle-

contrac�on dynamics, and musculoskeletal geometry 

leads to the quan�fica�on of those parameters like 

joint moments, muscle forces, muscle ac�va�ons, and 

excita�ons. Direct and accurate measurement of these 

quan��es is impossible due to the inability to use 

invasive methods like surgery while moving the limb. 

Upper limb mo�on is prevalent in our day-to-day work 

and exercises. Elbow flexion is one general mo�on; 

however, the coordina�on needed between our 

nervous system and the arm musculoskeletal system is 

complex. For instance, the elbow flexion mo�on in the 

sagi�al plane can be considered as a result of the 

rota�on of two degrees of freedom, one at the 

shoulder and another at the elbow joint. There are 

seven muscles a�ached across these joints to generate 

mo�on. To know which muscles are recruited by our 

nervous system to develop force in this mo�on, is an 

indeterminate problem. Op�miza�on techniques 

based on a par�cular criterion have been used 

extensively to solve these indeterminate problems. 

Whether linear or nonlinear, all op�miza�on 

procedures assume that the body selects muscles for a 

given ac�vity based on some criteria. For instance, an 

approach that appears to control the muscle load 

sharing during sta�c posture and mo�on is the 

minimiza�on of the weighted sum of all the muscle 

forces and the forces in the ligaments (Seireg et al., 

1975; Hardt 1978). Pedoo� et al. (1978) formulated 

four biologically meaningful op�miza�on criteria and 

compared the experimental electromyography (EMG) 

data with the muscle force pa�erns obtained 

computa�onally under the various performance 

criteria. For the first �me, Kaufman et al. (1991) used 

the minimiza�on of neuromuscular ac�va�on to know 

muscle contrac�on during a mo�on. In the present 

work, the objec�ve func�on minimized to find muscle 

forces, is the sum of ac�va�on squared (Anderson et 

al., 2001). Muscle ac�va�ons are the parameter which 

represents the pa�ern of muscle recruitment by the 

human nervous system. In literature, muscle 

ac�va�ons and neural excita�ons are widely used 

parameters to quan�fy muscles' neural control. These 

two parameters can also be related using 'First order 

ac�va�on dynamics' (Zajac et al. 1989, Winters et al. 

1995) or 'Second-order nonlinear ac�va�on dynamics' 

(Buchanan et al., 2005). Manal et al. (2003) showed 

how muscle ac�va�on and excita�on are related to 

electromyogram (EMG) signals.

In this study, a two-link and seven muscle model of the 

upper limb has been considered. Joint moments 

generated during elbow flexion mo�on has been 

computed using the equa�on of mo�on derived for 

this model. As men�oned earlier, sta�c op�miza�on 

with an op�mal criterion is adopted to calculate forces 

and ac�va�ons of the muscle groups. The effects of 

loading condi�ons on the muscle forces are depicted in 

the results. The effect of including the passive 

component in total muscle force is also inves�gated 

and discussed. 

Problem Formula�on

The human upper limb has 7 degrees of freedom (DOF) 

without considering hand DOFs; elbow flexion mo�on 

in the sagi�al plane involves two DOFs, one at the 

shoulder joint and the other at the elbow, both 

assumed as revolute joints (London, 1981 and 

Holzbaur et. al., 2005). The two segments involved in 

mo�on are the upper arm (humerus) and the lower 

arm (ulna and radius are considered as a rigid 

segment). Major force-genera�ng agonist muscles in 

this mo�on are biceps short head, biceps long head, 

brachialis, and brachioradialis. In contrast, the 

antagonist muscles involved are triceps long head, 

triceps lateral head, and triceps medial head. 
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Step 2: Multi-body dynamic equation of motion with external load for the equivalent two link stick model is 

derived using Lagrange's equation

Where

In equation (1)              are the moments at the 

shoulder and elbow joints, respectively.              are the 

moments of inertia of the upper and lower arm about 

an axis passing through the center of mass normal to 

the sagittal plane.                         are the mass and 

length of the upper and lower arm, respectively.        is 

the external load on the lower arm.                   are the 

angular position of the upper and lower arm, 

respectively.

Step 3: In this step, the variation of joint angles with 

time is computed using the motion capture data for 

the whole arm's trajectory during elbow flexion 

available in the literature (arm26_inversekinematics. 

mot file available in OpenSim), at a rate of 120 Hz. The 

relevant motion data used here was acquired through 

an optical motion capture system and reflective 

markers following the International Society of 

Biomechanics (ISB) recommendations on anatomical 

locations and marker positions. For right arm motion in 

the sagittal plane, the markers are Acromion, Humerus 

epicondyle, and Radius styloid. Using the angular 

variation of segments at each time step, we computed 

angular velocity and angular acceleration for both 

upper and lower arm using first-order and second-

order Taylor series approximation, respectively. These 

kinematic data as input and the equation of motion 

derived in the previous step along with the inertial 

properties; we computed the moment required at 

each joint in MATLAB. 

Step 4: Now, to know which muscles are recruited and 

the magnitude of force developed in them, an 

optimization problem has been solved at each time 

step of the motion trajectory. The formulation of 

physiological static optimization is as follows: The 

objective function to be minimized is the sum of all the 

muscles activation squared                                         

(Anderson et al.,  2001),  subjected  to constraints

                                                      And                                 .

Here,                   is the activation of the          muscle  at

           time instant,                             is the muscle force 

generated in the muscle at the           time instant,

                   is the            muscle moment arm at               

                       joint as a function of the joint angle at                 

               time instant,                    is the moment at

joint at        time instant. The activation of the                

           muscle at           time instant is defined as

                where                   is   the   muscle   function

                 is the muscle force generated. The                              

is the force-length-velocity relationship (Anderson et 

al., 2001), f or  the           muscle,   where           is  the
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Figure 1: Equivalent stick model of the upper limb in the sagittal plane

Figure 2: Flow chart of the method to solve an inverse problem

Table 1 : Location of Centre of mass:                  and                  are the center of mass

of the upper and lower arm, respectively
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Figure 4: Joint moments validation plot of the present study (dashed lines) with OpenSim (solid lines)

Figure 5: Muscle recruitment validation plot of present work

(dashed lines) and OpenSim (solid lines)
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maximum isometric force and         is the muscle fiber 

length,     is the rate of change of the muscle fiber 

length. Here, it is assumed that humans put effort to 

generate only active muscle force, which is given as

                                                        The range of activation

    is between 0 and 1 means when     = 0 muscle is no 

activated at all  and  generating  no  force  and  when

= 1 muscle is fully activated and generating maximum 

force. This physiological static optimization has been 

solved using the MATLAB function “fmincon” for 

activations and muscle forces. The result and 

discussion are presented in the following section. 

Result and Discussion

The muscle recruitment pa�ern and effect of passive 

components results are shown for the varia�on in 

elbow flexion angle and shoulder angle for the 

trajectory given in Figure 3. In step 4, the moments 

computed for the trajectory are shown in (Figure 4) is 

similar to inverse dynamics result from OpenSim (Delp 

et al., 2007 and Seth et al., 2018) for arm26 model 

using the same trajectory (Figure 3). However, there is 

a slight difference in the shoulder moment result a�er 

0.5 seconds. One of the reasons for this varia�on could 

be li�le difference in the iner�al parameters such as 

segmental mass, the moment of iner�a, the center of 

mass loca�on. Here, the shoulder joint is considered as 

fixed to the ground. The moment generated at this 

joint is                     It also provides a counter moment 

to make the shoulder joint remain stable due to the 

moment generated at the elbow joint. 

Figure 3: The trajectory of the shoulder and elbow joint angle with time

The force predicted in the muscles (Figure 5) in the 

present work (dashed lines) is similar to the result of 

static optimization from OpenSim (Solid lines). The 

magnitude of maximum and average muscle force 

generated for the no-load condition is given in Table 2. 

In the present study, six muscles have been considered 

biceps short head, biceps long head, brachialis, triceps 

long head, triceps lateral head, and triceps medial 

head as the arm26 model OpenSim also has six muscle. 

In this result, the passive component of muscle, as 

described in Thelen (2003), has not been considered in 

the simulation.



Figure 4: Joint moments validation plot of the present study (dashed lines) with OpenSim (solid lines)

Figure 5: Muscle recruitment validation plot of present work

(dashed lines) and OpenSim (solid lines)

NMIMS Engineering and Technology Review
Volume   Issue 1    January 2021 III   | |

NMIMS Engineering and Technology Review
Volume   Issue 1    January 2021 III   | |

130 131

maximum isometric force and         is the muscle fiber 

length,     is the rate of change of the muscle fiber 

length. Here, it is assumed that humans put effort to 

generate only active muscle force, which is given as

                                                        The range of activation

    is between 0 and 1 means when     = 0 muscle is no 

activated at all  and  generating  no  force  and  when

= 1 muscle is fully activated and generating maximum 

force. This physiological static optimization has been 

solved using the MATLAB function “fmincon” for 

activations and muscle forces. The result and 

discussion are presented in the following section. 

Result and Discussion

The muscle recruitment pa�ern and effect of passive 

components results are shown for the varia�on in 

elbow flexion angle and shoulder angle for the 

trajectory given in Figure 3. In step 4, the moments 

computed for the trajectory are shown in (Figure 4) is 

similar to inverse dynamics result from OpenSim (Delp 

et al., 2007 and Seth et al., 2018) for arm26 model 

using the same trajectory (Figure 3). However, there is 

a slight difference in the shoulder moment result a�er 

0.5 seconds. One of the reasons for this varia�on could 

be li�le difference in the iner�al parameters such as 

segmental mass, the moment of iner�a, the center of 

mass loca�on. Here, the shoulder joint is considered as 

fixed to the ground. The moment generated at this 

joint is                     It also provides a counter moment 

to make the shoulder joint remain stable due to the 

moment generated at the elbow joint. 

Figure 3: The trajectory of the shoulder and elbow joint angle with time

The force predicted in the muscles (Figure 5) in the 

present work (dashed lines) is similar to the result of 

static optimization from OpenSim (Solid lines). The 

magnitude of maximum and average muscle force 

generated for the no-load condition is given in Table 2. 

In the present study, six muscles have been considered 

biceps short head, biceps long head, brachialis, triceps 

long head, triceps lateral head, and triceps medial 

head as the arm26 model OpenSim also has six muscle. 

In this result, the passive component of muscle, as 

described in Thelen (2003), has not been considered in 

the simulation.



respectively in hand; all seven muscles are activated 

along with brachioradialis. It is clear that muscles are 

recruited and activated as per requirement against the 

hand's load. For an 8kg load, all seven muscles are 

activated with an increased magnitude of muscle 

forces. The muscle recruitment pattern and 

magnitude of forces shown in Figures 7 and 8 include 

both the active and passive force of the muscle.

Muscle recruitment patterns during the relevant 

motion can be analyzed by calculating muscle 

activations, as mentioned in the introduction. Figure 

9(a) and 9(b) represents the muscle activations during 

no-load condition and for 5 kg load. The plots show 

that with an increase in load, muscle recruitment 

pattern changes significantly. In the case of 5 kg load, 

the muscles like bicep long and short attain their 

maximum activation, thus failing to generate more 

force. Hence, the neural control system activates other 

muscles like brachialis.

Table 2: The average and maximum force (N) generated in the muscles

Muscles No-Load 2Kg 3Kg 5Kg  8Kg  

Avg Max Avg Max Avg  Max  Avg  Max  Avg  Max  
Biceps Long head 
(biclong) 

105.64 130.94 355.90 527.60 449.45  573.18  487.00  594.74  491.91  597.51  

Biceps short head 
(bicshort) 

9.95 20.52 34.56 74.10 135.38  280.64  303.81  427.68  330.28  431.03  

Brachialis 
(brach) 

11.21 21.46 21.10 92.15 27.76  140.58  89.92  262.85  111.09  287.44  

Brachioradialis 
(brd) 

5.50 11.69 5.69 13.46 6.04 16.19  27.91  63.60  33.85  65.11  

Triceps lateral head 
(trilat) 

39.28 105.65 127.09 379.77 216.36  615.29  301.97  624.94  288.78  577.25  

Triceps long head 
(trilong) 

33.93 68.60 33.93 68.60 33.93  68.60  33.93  68.60  33.93  68.60  

Triceps medial 
head (trimed) 

36.62 100.67 118.82 361.80 201.98  601.10  284.13  610.41  272.19  557.71  

 
Figure 7(a): Muscle recruitment and total muscle force for 2 Kg load
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Our second objective was to determine the effect of 

adding passive muscle force to muscle recruitment 

and muscle force magnitude. We added a passive 

muscle component in our existing model and 

compared for the same trajectory to visualize the 

impact. Figure 6 shows muscle recruitment and force 

magnitude changes when the passive component 

force is also included in the model. The result indicates 

that along with biceps long head, triceps lateral head, 

triceps medial head, one more muscle triceps long 

head (Figure 6, purple dashed line) also contributes. 

Table 2 indicates the magnitude of maximum and 

average muscle force during all loading conditions.

Figure 6: Muscle force after including a passive component of the muscle to the

model (dashed lines) and muscle force without passive component (solid lines).

The magnitude of biceps long head (Figure 6) muscle 

force increased by the passive component's value until 

the motion's 0.5 sec duration. This increase has 

resulted because, during this movement interval, 

biceps long head muscle length was more than its 

optimum length. That is, it was already in a lengthened 

condition at the beginning of the motion. According to 

Hill's force-length characteristic curve (Thelen 2003), 

passive force becomes evident during the muscle's 

lengthening. After 0.5 sec, there is a small decrease in 

the biceps long head muscle force for the rest of the 

motion.

The result (Figure 6) also shows a little decrease in 

lateral triceps head (trilat) and triceps medial head 

(trimed) force. This decrease is due to the passive 

element present in the muscle assisting the contractile 

component in the overall antagonistic muscle action 

during the motion. The activation of triceps long head 

(trilong) muscle is due to that the muscle length is 

more than optimum muscle length during the 

movement.  

To study the effect of load on the muscle recruitment, 

we added brachioradialis (brd) muscle in our model to 

visualize the impact during this elbow flexion motion. 

The predicted result for 2kg and 3kg of the load is 

shown in Figures 7(a) and 7(b), respectively, showing 

that brachialis (brach) is also activated for the 

movement duration of 0.2 sec. Figure 8(a) and 8(b) 

shows muscle recruitment for a 5kg and 8kg load 
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Figure 8(b): Muscle recruitment and total muscle force for 8kg load

Figure 9(a): Muscle activations for no load condition

and brachioradialis and generate significant force. This phenomenon is also reflected in Figure 8(a), where a 
significant increase in these muscles' forces can be observed. 
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Figure 7(b): Muscle recruitment and total muscle force for 3kg load

Figure 8(a): Muscle recruitment and total muscle force for 5 Kg load



Figure 8(b): Muscle recruitment and total muscle force for 8kg load

Figure 9(a): Muscle activations for no load condition

and brachioradialis and generate significant force. This phenomenon is also reflected in Figure 8(a), where a 
significant increase in these muscles' forces can be observed. 
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Figure 7(b): Muscle recruitment and total muscle force for 3kg load

Figure 8(a): Muscle recruitment and total muscle force for 5 Kg load
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Figure 9(b): Muscle activations for 5 kg load

Conclusion

This study establishes the effect of load on the muscle 

recruitment pattern while doing elbow flexion. It is 

found that Biceps long head, Triceps lateral, and 

medial head are recruited during no-load motion. In 

contrast, brachialis and brachioradialis are also 

recruited during the initial phase of the loaded 

movement. The effects of the passive component of 

muscle force are also shown. It was found that as load 

increases, the recruited muscle force magnitude 

increases until it reaches the maximum isometric 

force—further increase in load results in recruitment 

of new muscles. Result also indicates that the 

contribution from passive components of muscle 

cannot be ignored during the elbow flexion motion.
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Figure 9(b): Muscle activations for 5 kg load

Conclusion

This study establishes the effect of load on the muscle 

recruitment pattern while doing elbow flexion. It is 

found that Biceps long head, Triceps lateral, and 

medial head are recruited during no-load motion. In 

contrast, brachialis and brachioradialis are also 

recruited during the initial phase of the loaded 

movement. The effects of the passive component of 

muscle force are also shown. It was found that as load 

increases, the recruited muscle force magnitude 

increases until it reaches the maximum isometric 

force—further increase in load results in recruitment 

of new muscles. Result also indicates that the 

contribution from passive components of muscle 

cannot be ignored during the elbow flexion motion.
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Introduction

Shirodhara originates from the two Sanskrit words 

"Shiro" (head) and "Dhara" (stream). It is a well-known 

Ayurvedic method of gradually and consistently 

dripping medicated oil on the forehead at a controlled 

temperature. Shirodhara is one of the most purifying 

and rejuvenating treatments, this therapy is designed 

in such a way that induces a relaxed state of awareness 

that results in treating neurological conditions like 

mental stress(depression/anxiety/hypertension) and 

some of its beneficial side effects are soothing the 

central nervous system. The mechanics of Shirodhara 

states that due to the low-velocity impact of medicinal 

fluid on the forehead, stress waves will be generated 

and it is converted into electrical signals which can be 

recorded by EEG. The recorded EEG waves are then 

recognized by frequency and amplitude. The EEG 

waves are divided into four kinds based on their 

frequency namely delta (1-3 Hz), theta (4-7 Hz), alpha 

(8-13 Hz), and beta (14-38 Hz). Delta waves are the 

high amplitude waves that are generated during the 

utmost deep sleep phase. Theta waves are usually 

generated during sleep or deep meditation. The alpha 

waves are responsible for the relaxed and wakeful 

state of mind. Alpha waves are regularly connected 

with contemplation and profound conditions of 

doci l i tywhereas theta waves represent the 

subconscious mind and it is also responsible for 

i nt u i t i o n .  B eta  wave s  a re  re s p o n s i b l e  fo r 

consciousness. Hence the alpha waves act as a bridge 

between the theta and beta waves i.e., between the 

subconscious and conscious mind. Therefore, the ratio 

Alpha/Theta (A/T) explains the relationship between 

how a person can process in a conscious mind to that 

of how the person can bring the subconscious material 

to a conscious state which can also be understood as 

the conversion of the thinking process from 

thoughtless state to thoughtful state. Swathika [1] has 

done an Analysis on Alpha waves for Fluid Impact on 

Human Forehead. The effectiveness of Shirodhara 

treatment was shown by analyzing the alpha waves of 

Pre-Shirodhara and Post-Shirodhara for 4 subjects and 

it was found that Spectral Power Density of alpha 

waves at F3, F4, O1, O2 electrode positions increased 

post-Shirodhara treatment, which indicates the 

effectiveness of Shirodhara treatment. Tobias et.al [2] 

have worked on Alpha/Theta ratio and it was found 

that A/T neurofeedback training has in the past 

successfully been used as a correspondent therapeutic 

relaxation technique in the treatment of alcoholism. 

A/T feedback aims to facilitate a state of deep 

relaxation, resembling a meditative state, by 

instructing the person to raise theta over alpha activity 

while not falling asleep. Upon closure of the eyes and 

onset of relaxation, normal EEG displays high rhythmic 

alpha activity. When the organism deactivates further 

toward falling asleep, alpha activity slowly subsides, 

and theta (and delta) activity becomes more 

prominent [3]. The phase when theta activity becomes 

more dominant than alpha (theta/alpha “crossover”) 

is usually associated with loss of consciousness and the 

onset of sleep-stage one. Thus, A/T feedback training 

mainly tells us that a subject enters a mental state that 

would normally be unconscious. Hengameh et.al [4] 

stated that Alpha/Theta is an indicator of awareness 

and sleep. A/T training is one of the most popular 

neurofeedback training for stress reduction. This 

training is used for deep levels of depression, 

addiction, anxiety while it increases creativity, 

relaxation, musical performance, and promotes 

healing from trauma reactions. This training is done 

under the eyes-closed condition that increases the 

ratio of theta to alpha waves using auditory feedback. 

As alpha and theta waves play a dominant role in the 

relaxation of the brain and lethargic state. So, in the 

present study:

• Alpha/Theta ratio has been calculated to show 

whether the person is in a relaxed state or lethargic 

state.

• Alpha waves were also studied to observe wakeful 

relaxation.

• The median frequency of alpha and theta waves pre 

and post-Shirodhara treatment has been 

calculated.

In section 2 Mechanism, the working principle of 

Shirodhara has been explained. Section 3 explains the 

design of the experiment, were inclusion criteria, 

exclusion criteria and protocol of the experiment has 
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Abstract

Shirodhara is a tradi�onal ayurvedic method of healing 

in which medicated liquid is poured on the human 

forehead and it has been in use since ancient �mes to 

bring the mind, body, and soul to a harmonious level. 

The effec�veness of Shirodhara treatment can be 

measured by EEG. Various liquids can be used such as 

medicinal oils, water, bu�ermilk, but the present study 

uses medicinal oil named “Ksheerabala thailam”. This 

treatment results in the relaxa�on of the brain and to 

some extent the onset of drowsiness. To show the 

effec�veness of Shirodhara treatment, Alpha/Theta 

ra�o neurofeedback has been calculated, as 

Alpha/Theta is an indicator between relaxa�on and 

sleep. Apart from this, alpha waves have also been 

analyzed as alpha waves are found in a state of wakeful 

rest. The median frequencies of each band alpha, as 

well as theta band, has been analyzed to know in which 

range the EEG waves are produced and state whether 

the person is in a relaxed or lethargic state post-

Shirodhara treatment.

Keywords: Shirodhara, EEG, Alpha, Theta, Relaxa�on, 

Median frequency.
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