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Good morning, welcome back to one more class; today we will be talking about
Biomechanics. So, how we are going to do various Biomechanical evaluation or

Biomechanical concept; how we are going to use it, when we are doing workplace evaluation.

So, first we will understand, what is biomechanics and various principles and basic concepts
of biomechanics and how these concepts are useful when we are actually evaluating or

analyzing the workplace environment.

(Refer Slide Time: 01:10)

Biomechanics is the study of the forces generated by and
acting on human body. In Ergonomics, this area of study is
used most often to assess manual handling tasks and other
tasks that require generating forces both internal and
external to the body.

Biomechanics Calculations of forces at joints (such as elbows, shoulders)
and forces on the spine or within trunk muscle can be used
to compare different tasks or workplace designs.

Feasibility and safety of tasks also can be estimated from

comparison of calculated forces with pre-existing
recommendations.

So, let us understand, what biomechanics is? So, as the nomenclature says its bio mechanics.
So, what we try to do? We try to understand various mechanical principles which are
implemented on our body that is human body. So, force, what is generating through various

muscles.

So, we will try to understand all these concepts and how these are associated or when we are
using different equipment different tool or maybe we are doing some job maybe it is

sedentary or maybe manual job or any type of activity, how these muscles, how these forces



are acting and then how those creates different types of phenomena; those we will be

discussing today.

So, let us first understand what biomechanics in terms of definition or technically how we
define it. So, biomechanics is the study of the force that generated by and acting on human
body. So, in Ergonomics, this particular area of study is used mostly often when we are doing
manual handling. Manual handling means being a human being when we are doing

something using our hand or our trunk or our legs.

So, we are talking about how much required forces we are generating and then internal and
external body how those are reacting with each other so, that we will be discussing. So,
calculation of forces at joints and forces on this spine or within the trunk muscle can be used

to compare different task or workplace designs.

So, just I will give you an example suppose, I am using this particular pen. So, to hold this
particular pen, how my the whole posture is like each finger is occupying a specific position

specific posture. So, for each individual it is different, it is unique right

Now, when we do hold it and we put it put our hand or we write on against a paper. So,
definitely there is a force which is generating over here in this particular part maybe on these
joints and all. So, when we are utilizing or when we are handling this type of you know tools
or equipment, when we are interacting with those instruments; how the that force is

generating and how it is having impact on the human muscle.

So, now how what the example I described it is holding just a pen. So, it is a small
component, we are holding it using our hand that to mainly our fingers. Suppose, I am lifting
an object in that case maybe my or the whole arm will be used and if it is really heavy maybe

I will take help from my trunk muscle.

So, to hold that object or to lift that object or to shift that object, how my body reactions are
happening like how the forces are generating through the muscles and how those interactions
are happening. So, normally that is the major component we discuss in the field of

Biomechanics; so, those will be discussing today.

Now, when we are talking about Biomechanics there are very important three points we

should understand and discuss so, that let me explain you first. So, first point is, how valid



are the simplifying assumptions and approximation that are made in the analysis. So, we need
to understand that, how robust are the result of that particular analysis and what are the

criteria of safe level of force and how reliable they are.

So, when we are talking about safe execution or safe lifting, we should understand how safe it
is; how much percentage. So, is it safe for the all the whole population who is going to handle
that or it is safe for only maybe 90 percent of the population or 5 percent of the population or

what?

So, we need to understand that and we have to define it ok. So, without these specific lines,
we will not be able to use those data for our design modification. Because once we do the
analysis; once we understand the whole structure of the workplace further what we need to do
if there is a problem? We need to improvise it and improvisation will happen only through

modification or only through design.

So, for that we should understand the level. So, once we understand those levels then only,
we will be able to design safely or design for better performance or productivity because
from the beginning of my class I am telling that you know Ergonomics actually is successful
only when there is an increment in the productivity along with enhancement or increase in the

status of the health of the worker or well being factor of the operator, right.

So, whenever we are talking about biomechanics, same concept same goal we need to
achieve for biomechanical analysis definitely we need lot of instrumentation. So, we need to

understand those techniques. So, to that also we are going to discuss here.
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Requires measurement of posture, hand force (and any

other external forces acting on the body) and in the case

of dynamic tasks, acceleration.

For hand forces spring balance is often used; sometimes
Equipment Required strain gauge is required. These tools can be interfaced with

computer for online recordings.

Pushing and pulling requires analogue and digital scale to

measure, including load cells designed for generic

application; can be connected to portable electronic
devices.

So, what we mainly do over here is posture measurement, postural load measurement, hand
force measurement and many cases some dynamic tasks are there in those cases we do

acceleration measurement as well.

So, for hand forces, spring balance is normally in use; then strain gauge we may also use and
these tools can be interfaced with computer and then maybe we can do online recording. So,
those facilities are right now available like there are varieties of instruments, varieties of
facilities are available in the market you can buy according to your choice and your
requirement and we can use it. So, pushing, pulling all these analogue and digital scales are
available so, we can use it. So, if we get some time maybe we can show some of the

equipment which is available in our lab.
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Posture recording method depends on whether the
analysis method is 2D or 3D and in the field or laboratory.
For 2D analysis, it is preferable to base the posture input
on a photograph. Videos can also be used for 2D or 3D
process; however it may be time consuming for 3D.

A dedicated acquisition system is necessary for most of the
3D dynamic analysis. Many such systems are available.
These systems use various approaches such as retrieving
postural data from standard video, tracking active and
passive motion markers and tracking postures using
electromagnetic fields. Cost-effective wearable inertial
sensors and measurement units are also being used now-a-
days.

Equipments Required

So, what are the other things are required? So, when we are talking about posture recording
that can be mainly two types one is 2D another is 3D. So, if we are talking about 2D mainly
the photographic technique will be useful. So, we do photographing; photographing also has
specific way of clicking the photographs.

So, for that we need to really avoid parallax error, we need to understand what is the angular
formation is happening between the joints. Those things so, maybe side view, front view, top
view all these are very important when we are talking about 2D photo like 2D posture

analysis and through photographs.

So, videos also can be possible and whenever we are doing 3D analysis definitely these are
very much time consuming. So, we have other facilities like you know we call it a data
acquisition system. Many times mainly what it does is it access or it records various data
points of our body using marker and then finally, it calculates the kind of load or force or the
angles are generating when people are the subject means that participants are working in a

particular job.

So, that is possible; also, active tracking of those markers and their movements need to be
recorded and after that we can analyze them. So, that is the way how we do the 3D dynamic

analysis.
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Biomechanics is often used to calculate safe force or
torque limits for a high percentage of population. Human
variability influences this application significantly. The two
main variability factors are: large ranges in muscle
strength in the population and the strength of the spinal

] - column.
Workplace Biomechanics and

Human Variability Based on this, the two common application topic of
biomechanics are: predicting the percentage of the
population with the joint strength capable of performing a
task and developing criteria for safe limits based on
compression tolerance.

So, when we do all these things, we need to understand that human variability is very
important and it plays an important role like it has an impact in the biomechanical analysis.
So, biomechanics is often used for calculation of the safe force, what I mentioned earlier also

or [ can say limit of the torque.

So, take example like for a door handle, I need to open the door. I need to define that what
should be the resistance need to be given so, that a kid or maybe a person maybe a school
going kid, maybe nursery or class 4-5 till 4-5 should not enter into the that particular room
because maybe some very hazardous elements are kept there and they may not understand the

risk.

So, what I should do? I should keep such resistance that so they should not push the door and
go inside, but for the people who are eligible to go maybe with little has little more hand

force, they can push and go inside.

So, now I should understand what limit I should give? Now, it does not ensure that a kid
having more force will not go inside, but still we can create some kind of barrier; so, safe
execution. So, maybe we can take one more example like we want to create us some kind of
latches so, that everyone in the in that particular population or for that target population will

be able to use it.

So, what should be the minimum resistance we should give so, that everyone without any
difficulties can operate that particular handle. So, this understanding of safe handling; these

things are very important.



But here concern is the human variability is huge. So, when these large scales we need to
adjust, we need to be very specific as what the context we are designing is or how we are
specifying it. So, once we understand that then definitely we can take a decision, what is the
limit we should consider for all these type of data? So, based on these maybe two common
application, we need to understand one is predicting the percentage of population with a

particular joint strain.

So, suppose we are talking that who is having this much hand force or grip force and the
percentage or the maybe 50 percent of that we are applying. So, whenever the person is going
to operate that particular instrument, maybe they need not to use the maximum force; they

can use 50 percent of the maximum.

So, predicting that is important also the safe limit as I mentioned earlier that if it is 10 kg
suppose; then the weakest person in that target population should be able to use that 10 kg

load or 10 kg force. So, that way we need to understand prediction and the safe handling.

So, one more important aspect in Biomechanics is that understanding the personnel factors as
well as gender, age and their specific limitation. Now, it is very common now or we know
that you know female trunk muscles or any other body parts muscles are comparatively

weaker than male population.

So, when we are talking about lifting a load if I design that lifting device or lifting job in such
a way that it is beyond females capacity then female will not be able to do the job within a
safe limit or safe zone. So, then there may be a problem or there may be consequences like
back injury or maybe reporting of back pain, then other maybe other musculoskeletal disorder

1ssues.

So, what we should understand the kind of susceptibility is like data of that particular
biomechanical part like maybe trunk muscle, maybe hand force, maybe neck strength

everything. So, these are important when we are talking about biomechanical analysis.

Another important aspect is age so, young adult population always have more strength or
power as compared to the elder population and young like children right. So, whenever we
are designing something; we need to understand, what is my target population. So, if my
target population is elderly people suppose, I am designing a medicine box. So, the medicine

box how I should open and close that medicine box. I should understand who is going to use



it, is it going to used by a caretaker who is young adult or it is going to be used by the that

particular elderly person.

So, if I understand that if I design in such a way that given a condition the elderly person is
going to use that that particular medicine box, I should design that that locks system in such a
way that with minimal force he or she can open that. Because they are really not having that
capacity or capability those days in their fingers or wrist or hand, right. So, we need to

understand.

And when we are designing something in the lower limit then of course, who is having more
force they are going to use it. So, there will be no problem, but whenever we are designing a
risk we want to restrict something then we knew should go for the higher value. So, that is

very important concept when we implement all these biomechanical principles.

Now, we should understand some very specific principle that we use for biomechanical

calculation.

(Refer Slide Time: 17:12)

The calculations of forces is derived from Newton's third
law of motion.

All forces must balance each other to hold the body in
equilibrium.

If there is a resultant force in any direction, body will move

Principles of Blomechanics towards that direction.

Calculations

The calculation of loads at the body joints is actually the
estimation of moments or turning forces around a point.

Moments must be balanced. If there is to be no rotation,
the sum of all moments around any point must be 0.

So, normally what we follow here is the Newton’s third law of motion. So, whenever we are
putting force or exertion on a particular system particular object, there is a reaction force

back. So, that principle is always being used in this biomechanical analysis or calculation.

One important thing is that whenever we are applying force, it has to be a balance it is always

body always is in equilibrium state. So, if I am flexing my trunk muscle, there will be always



a kind of force will be there in my extensor muscle. So, that it try to keep it back in a
extended position. So, if there is a imbalance between the strength of the extensors muscles

and flexors muscle, there will be a problem in your back or like there will be a back pain.

So, whenever forces are being exerted by the muscle groups, it has to be in equilibrium state;
otherwise there will be a problem or there will be a response which says the maybe

musculoskeletal disorders are is being reported for that particular body part.

So, the calculation of the loads at the body joints is actually the estimation of the moments or
turning forces around that particular point. So, suppose here I am trying to pull it down; so, if
it is within body there will be something some force which is trying to push this also down.
So, then there will be an adjustment so, this particular concept or principle is always being in

use when we are talking about the biomechanical calculation.

(Refer Slide Time: 19:17)

The moment or torque of a force around a paint is a
measure of the turning force around that point.

For example, holding a weight in hand creates a moment

about the elbow that tends to make the elbow extend.
Moments and Lever Arms  Muscles spanning the elbow give opposite moment by

contracting. This enables the elbow to support weight.

In other words, the moment of a force about a paint is the

product and the perpendicular distance between the point
and the line of action of the force.

So, let us understand, what is moments and the lever arm. Because for this example also so,
these lever arms are very important when we talk about biomechanical analysis or
biomechanical calculation within body and the within the workplace. So, what moment and

torque is.

So, what it says that when we are doing some job when we are putting some effort or load on

some particular object, there is a momentum is generating and there is a torque so, that need



to be balanced properly. So, once it is being balanced then the whole state of equilibrium will

create and then finally, the work will be in progress like there will be less exertion.

But if that equilibrium is not there or exertion is more then, there will be a response like there
will be an accumulation of fatigue or accumulation of like the balance will not be there. So,
those muscles will get more exertion and finally, there will be different symptoms of

musculoskeletal disorders.

(Refer Slide Time: 20:32)

Moments and Lever Arms

A weight of 100 N held in the hand creates a moment
of:
0.20 =20 Nm
for the position shown.

% If the weight was held with the arms hanging down, the
lever arm of the force would be 0. There would still be
a force at the elbow resisting downward pull of 100 N
weight.

Another force exerting moment about the elbow is the
‘4 y 100N weight of hand and forearm.

Now, take this example; suppose we are talking about this elbow joint and here I am giving
an weight ok. So, what it says that if I am you know holding this particular weight over here,
then hand in this particular hand creates a moment of 20 Newton metre. So, this distance we

are talking about is 20 centimetre. So, 100 into 20 centimetre is 2200 Newton metre.

So, if this particular weight was held with arms hanging down like not here, if it is here; then
what will happen? The lever arm force would be 0 because it is coming like here. Although,
this 100 Newton is already there. So, there would be still a force that at the elbow resisting
the downward pull of the 100 Newton. So, this 100 Newton will be forcing it down.

So, here it is 200 because it is creating an angle, but here it is direct; it is 0 the angle is 0. So,
the distance is 0 not angle. So, it will be 100 Newton. So, this way we can calculate moments

or lever arm of a particular for this particular figure.

(Refer Slide Time: 22:10)



To evaluate forces in lumber region, the moment around a
point of low back is calculated in the same way as the
previous example.

A model of the muscle geometry is then used to calculate
how much force, the back muscles exert to counteract this
moment.

A 2D Low Back Model

This enables the compression force on the spine to be
estimated, which is a commonly used criterion.

Now, let us understand 2D model of the low back, 2D low back model. So, what is, what it is
this? So, it is like to evaluate the forces in the lumber region, in the whole back this lumber
region is more susceptible we call it low back right. So, we need to understand the lumber
region forces. So, the moment is what generating around a point of a low back that we need

to calculate in the same way as we did in this example the same way.

So, first is load, how much load is there and what is the distance then we will multiply it.

(Refer Slide Time: 22:57)

A 2D Low Back Model

A participant is depicted holding a 100 N weight and
moments are calculated around the point ‘L', which is
situated on a point of lumber spine. The weight of body
above the point L is 400 N in this example acting with a
lever arm of 0.20 m and creating a 800 Nm moment.
Add to this the effect of the weight at the hands acting
with a 0.60 m lever arm. The total moment created
around point L is 140 Nm. Thus the weight at the hands
and the participaﬁn body weight tend to flex the
trunk; trunk muscles and ligaments must counteract so
the posture is held.

So, let us take example over here, now see this is my lumber region so, I kept it as L ok.

Now, I am holding the same weight over here 100 Newton, now what it is saying that here



also you have body weight and all those things is coming here as 400 Newton, this distance

we kept it 20 centimetre, here it is total 60 centimetre so, total is 80 centimetre.

So, now if we calculate all these so, what will happen? At this L point, we will generate 140
Newton metre force, how? So, if you calculate this, this Newton 140 Newton metre will

generate.

(Refer Slide Time: 23:47)

Farces within the trunk can be evaluated at this stage using
a model of the low back. Such models vary in details and
complexity. In a simple 2D model, the 140 Nm trunk flexion
movement is resisted by only the back muscles. The
greater the leverage those muscles have from spine, the
smaller the force needed from them.

A 2D Low Back Model If, the line of action of the back muscles is 5.8 cm posterior

to the spine, the force these muscles needed to exert is:
140/0.058 = 2414N
This is much greater than the body weight or the hand

force. It is due to the fact that the muscles are balancing
the moment through a very small lever arm,

Now, if that happens this 140 now if the line of action of the back muscle is suppose 5.8
centimetre posterior to the spine, then the force of these muscles we need to exert is 2414
Newton because 140, this total is 140 Newton metre at the lumber joint multiplied by 0.058.

So, 2414 Newton so that we can calculate.

Now, here this 5.8 centimetre can change ok. So, that is that is an assumption for this
particular example. So, you can have your own model you can see, see if someone is holding
some object on their on his or her hand and holding this particular posture forward bending
with from the lumber joint lumber point and then we are trying to calculate what kind of joint

force or moment is getting generated then we can calculate. So, this distance can be changed.
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As the back muscles pull to balance the moments they
compress the lumber segment of the sine. The weight of
the body above the lumber spine and the weight held by
hand also compress it.

So, total compression can be expressed as summation of all
A 2D Low Back Model these components, that is,

100+400+2414 = 2914N

E—

This amount can be perceived as high; however
experimental compression studies have shown that
generally spine can tolerate this type of force,

Now, here what I am trying to understand is first in this first example, we have this 100
Newton; then we have 400 Newton and then we have 2414 Newton. So, total we have 2914

Newton at the lumber region. So, this amount can be perceived as very high.

Now, we are saying it is high, but if we see the structure you know our components of the
spinal cord, it can bear more forces than this amount. Therefore, if we have such kind of
situation at our workplace we may sustain it., But if we continue it for longer duration or
longer years slowly what will happen, there will be an small every day accumulation of
trauma and over the period of time, it may create a trouble which will be reflected as back
pain or it may increase or it may propagate to your upper back and neck and there will be a

problem with the whole back issues or back related injury or problem.

So, maybe for that particular point of time, the spine or the whole structure can bear this
much load it is possible. So, our body can take this load, but over the period of time it may if
we are not doing proper kind of strengthening of our muscle or joint relaxation technique or

muscle relaxation techniques; then over the period of time we may have this problem.

So, if we identify right now in the current workplace, the moment or the kind of force is
getting generated at the at your back or at your shoulder or at your arm if it is more; if we are
not correcting it right now, maybe it will create problem after some year not now. So, we
should be careful, we should design the things in such a way. So, that it is much lower than

these types of values so, we need to understand.



Now, here how do you know this is high or this is low? We have standard data so, you need
to compare that, we need to understand that and then we need to decide that is it can we

continue with this or we should modify it to the lower degree.

So, how we are going to use this type of low back model and how we are going to utilize

these data?

(Refer Slide Time: 28:07)

The value of lumber spine compression is most frequently
used in the evaluation of tasks that have risk for back. One
such example is lifting tasks:
+ Tocompare lifting techniques
* Todetermine the maximum acceptable load

Applications of Low Back

Madeling + To compare patient handling techniques

* To compare welding systems etc.
Peak loads for individual tasks is also a common
application. However, cumulative load analysis may be

more relevant for some cases, for example, with respect to
low back pain.

So, first is the when we are talking about lifting techniques. So, how when we are giving the
training to the worker? We should tell them how to lift the object. So, comparing different
lifting techniques and which is good, which is bad for that, we need this type of low back
modelling. Determine the maximum acceptable load; so, many of us know NIOSH lifting
equation. So, when we are talking about lifting equation so, what should be the maximum
possible load we can lift so, those calculations are purely dependent on this type of model. To
compare the patients handling technique is very important, when we are talking about

hospital management; so, a healthcare management.

So, when we are shifting a patient from one bed to another bed and suppose we are lifting for
our particular operation theatre or many other cases. So, how we should handle that? So, that
minimum stress is or minimum force we are getting generated in our back. So, that we need
to understand, to compare the welding system in the in the in that particular workplace we

need to understand the low back modelling.
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* Posture Input:
Biomechanical calculations are often used as a
predictive tool on a posture by estimating a likely
posture for a task. It may not be realistic. It should be
ensured that the body is in balance by checking that the
resultant of all external forces lies in the area between

. n ft.
Inputs to Biomechanical et

Calculations * Body Segment Weights:

Segment masses and locations can be found from
literature  (such as Pheasant, 1986). Other
anthropometric data needed for modeling such as link
lengths can also be found from the same. However, the
sample was very small and non-representative. This
may be a source of error.

Now, when we are talking about biomechanical analysis, there are varieties of inputs we need
to consider so, let us understand that. So, first very important very important input is postural
input or posture input. So, biomechanical calculations are often used as a predictive tool. So,

it is normally we use it for prediction on a posture by estimating a likely posture for a task.

So, suppose this is my screen so, if I am going to use this screen, how I am going to use it?
So, it is a prediction. So, if [ am going to use it in this manner so, what kind of body posture
is getting adopted and which part of my muscle is having what type of force is getting

generated so, these are all prediction. So, that is very important input.

Second is body segment weight. So, each segment has their some proportional weight of the
total body like my head is contributing some percentage of my total body weight, my arm is
contributing, my back is contributing. So, we should understand the segmental weight
distribution so, that how that has an impact in the whole moment generation momentum

generation.

(Refer Slide Time: 31:08)



*  Low Back Geometry:
There have been recent improvements in the data
available for low back models. Both CAT and MRI scan
have been used to measure muscle lever arms and
cross-sectional areas.
Inputs to Biomechanical ~ * Role of Intra-Abdominal Pressure:

Calculations The role of IAP in low back force prediction is still under
investigation. The most accepted theory is that the
pressure supports the trunk and IAP's action on the
diaphragm and pelvic floor is equivalent to a force for
trunk extension. According to this model IAP is
calculated as: Pressure*Area of diaphragm. This may
lead to reduction of lumber compression.

So, again low back geometry very important is intra abdominal pressure. So, what is intra
abdominal pressure? So, when we are talking about intra abdominal pressure, it is basically
we try to understand the kind of cavity or the space we have within our abdomen because all
the internal organs are located over there. So, from whatever the area and the kind of pressure
we are having. So, that intra abdominal pressure has lot of impact when we are talking about

the biomechanical calculation.

Now, definitely we have some limitation. So, these models cannot give explanation on the

repetitive work, it cannot give explanation on fatigue or varieties of inaccuracy source.

(Refer Slide Time: 32:04)

* Repetitive Work

Limitations of Biomechanical

Fatigue
Models .

* Sources of Inaccuracy



Now first let me explain, the first two is very important so, repetitive work. Now, maybe this
particular posture or particular biomechanical load is currently in that particular single
episode is not at all hazardous. But the same load if it is getting repeated, if it is getting a
static posture; then it may create huge impact on your whole musculoskeletal system, but
those biomechanical model cannot explain these repetitive nature also the same way it cannot

explain fatigue.

For example, I am holding this particular pen, now if I talk about holding this particular pen
and I am calculating the whole strength, the kind of momentum or force is generated over

here and all these muscles. If we calculate it, biomechanically maybe it is absolutely correct.

Now, if I hold it for longer hours it will have problem, but biomechanical model cannot
explain that problem; so, these are the limitations. So, whenever we are using these models,
we need to take consideration of other tools and techniques for explaining these fatigues,

repetition and all these aspect as well.

(Refer Slide Time: 33:36)

All musculoskeletal injuries have a biomechanical basis,
which is affected by three variables:

+  Force application;

A Global Model for Safety and +  Effective exposure to force exertion;

Hazard and

+ The extent and range of motion in these activities

Therefore, it is important to consider all the three factors
to get a meaningful composite index.

So, we have something called global model for safety and hazard. So, why we do all these
biomechanical model or biomechanical analysis at the workplace? Why we do that? We do
all these thing to understand or to create a safe environment. So, we have something called

global safety like kind of model which try to take care of the musculoskeletal injury.



So, all varieties of musculoskeletal injuries which have a biomechanical basis are affected by
three major variable one is force application, second is effective exposure to force exertion

and the final one is the extent and range of motion in these particular activities.

So, force, effective exposure towards force and kind of range of motion they are they need to
do in that particular activities so, that is very important. So, it is important to consider all
these three factors to get a meaningful composite index. So, now, we will be discussing, what

this composite index is ok.

So, before I go for that, we need to know there are some terminology we call it margin of

safety MOS, another is job mediated risk JMR.

(Refer Slide Time: 35:08)

It is proposed that the sum of margin of safety (MOS) and

job mediated risk (JMR) will always be unit. This is because

the logic that if MOS is 100%, there is no risk of injury.

Conversely if the risk is 100% there can be no safety. If the
A Global Model for Safety and  mos is 60%, the risk will be 40%.

Hazard
Hence,

MOS+MR @

=MO5 = 1-JMR
]

So, you can go back to your textbook and find out details about all these, but I will explain
you this particular formula which says MOS plus JMR should be 1, it should not it is always
1. So, if MOS is increasing then like safety factor if we are increasing, risk is decreasing. On

the opposite side if risk is increasing, safety is decreasing.

So, whenever it is in balance then we are doing good job because here you can say let me
make MOS 1 and JMR 0 then also the total value is 1, is it possible? It is not really possible
in realistic situation in the field because it is not cost effective because whenever we are
going to apply or implement any kind of intervention, we need to see that what kind of

implication is there for that particular intervention.



So, if I do like if I am doing some job definitely I should accept there will be some kind of
risk, but I also need to consider that that risk should not be more should not be such big that
my health or my well being is getting affected. So, if I can maintain that optimal structure
then only we are doing good job. So, productivity also will be high and the well being also be
increased. So, always MOS plus JMR need to be balanced for a particular job.

(Refer Slide Time: 37:18)

The composite index (Cl) of IMR can be calculated by
subtracting the total safety from 1.

Thus, if there are 3 risk factors R1, R2 and R3, their
A Global Model for Safety and corresponding safety S1, S2 and 53 can be expressed as
Hazard follows:

51=(1-R1)
52 =(1-R2)
53 = (1-R3)

So, what is composite index? So, composite index of JMR can be calculated by subtracting
the total safety from 1. So, maybe there are varieties of risk. So, maybe safety 1 is 1 minus

R1; then 1 minus R2 something like that.
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A Global Model for Safety and
Hazard

The MOS of the system will be proportional to the product
of individual safety components. This type of
multiplicative model considers interaction among variables,
which holds true in real situations. This model also ensures
that if the number of risk factor increases, even with
smaller risks, the safety margin will decline. This model is
very much useful for such cases as LBP.

Thus,

MOS @ 51.52.53

So, MOS we can sum it up as S1 into S2 into S3.

(Refer Slide Time: 37:41)

A Global Madel for Safety and
Hazard

And then we can multiply it like this, what we can say this inserting the proportionately this

particular K value the exact quantitative relation can be obtained which is this particular

factor K.

So, what it says that proportionality constant for a safety factor? Now, for all your own
equation these factors are different, you need to define it from your own value or own

variable for every situation it is different you have to give the weightage of it and you have to

However, different safety factors have different weightage.
A more reliable relationship can be expressed by
multiplying individual safety factors with their weightage:

MOS a1,52,.53,

where, —

a, b, c: weightage factors for 51, 52, 53 respectively

Inserting the proportionality constant, the exact
quantitative relationship can be obtained:

MOSl:@Sl,.S2n.53(
i)

where,
K: proportionality constant for safety factors.

These weighting factars and proportionality constants can
be derived from different in vivo and in vitro experiments.

give the value and then you can calculate this.



(Refer Slide Time: 38:30)

Each of the individual variables of stress, duration and
motion are complex factors, they must be influenced by
more than one component variables. Hence these need a
specific internal proportionality constant. Rewriting
equation (ii):

MOS a K(1-a,R1,) (1-0,R2,) (1-0;R3,)
A Global Model for Safety and = —— " andlll]
Hazard where,
k: proportionality constant for safety factors,
a;, @, a; proportionality constant for R1, R2, R3
respectively
X, ¥, 2 weightage for R1, R2, R3 respectively

Therefore, Cl of IMR can be expressed as:

(@ [1- K(1-0,RL,) (1-0,R2,) (1-0,R3,)]
)

Now, finally, this composite index will come into picture which says that 1 minus all these
MOS so, 1 minus K into all these value. So, you are considering all risk factors whereas,
alpha 1, alpha 2, these are the proportionality constant for R1, R2, R3. So, this way you can

calculate your composite index.
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According to overexertion theory of injury, the overall job
mediated risk can be calculated through the risks posed by
the indices of stress, effective exposure and motion.

The higher the composite index score, the greater the risk.
A Global Model for Safety and
Hazard Although a composite index of JMR does not provide the
indication of the variable most at risk, it indicates the
extent of potential problem.

In arder to quantify the risk one should list stress, effective
exposure and motion indices separately.

So, once you understand your composite index then you can say that how your risk and your
safety factors are balanced. It is balanced or it is not balanced, if it is not balanced to balance

that what kind of design modification you have to do or what kind of changes you need to do,



maybe it is just an work rotation, it maybe just shifting of this shift, maybe work rest cycle,

maybe some equipment design, maybe a tool design so, you can do based on your context.

Now, here one more important terminology that we use for this you know safety and hazard
model is the overexertion, by nomenclature itself you do understand when you exerting your
particular group of muscle for more than expectation or more than you should do. So, if you

are doing that then there will be a trouble and there will be an accumulation of fatigue.

So, if the composite index score is higher, then definitely risk will be more and what it says
that composite index of a particular JMR does not provide the indication of the variable most
at the risk, it only indicates the extent of potential problem, it does not say so, level is three or
level is for or level is five not like that. It only says it may have higher potential or might it
may have lower potential or it may have moderate potential something this kind of indication

they give; so, that you need to take a consideration.
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A hypothetical example:

Cl of IMR = 0.957 (51: 0.87, E1:0.2, MI: 0.25)
A Global Model for Safety and Sedn)

Hazard where,
Sl: stress index
El: exposure index
MI: motion index

So, if we take an example a hypothetical example where CI is equal to 0.957, what does this

mean? So, SI is equal to your stress index, EI exposure index and MI is your motion index.
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Now,
OE = [F, D, M,
——— it (V)

where,

QE: overexertion

F,: weight adjusted force magnitude

D,: weight adjusted effective exposure

A Global Model for Safetyand M, weight adjusted motion for the job

Hazard
Using the relationship in equation (vi) and integrating the
job mediated risk, MOS can be expressed as follows:

MOS = K(1-;S1,) {l-ulEtvi (1-a;M1)
e i)
where,

%, y and z are the weighting factors for I, El and MI
respectively

So, over exertion is equal to integration of F x D y M z whereas, X, y, z are the waiting factor

of SI, EI and MI respectively so, this way you can calculate over exertion value.

Now, if somebody know all these number, know all these numeric factors or numeric value
after that, what? With knowing all these factor, we should understand why this factor are this.
Suppose, I got a value of over exertion x now I should check back in the whole system, what

are the reason that this OE is x, why not minus x, why not plus x ok.

So, if I can check that, if we can understand that what is the root cause of this particular x
value then only we will be able to get a direction to design or modify the whole system. So,
getting only these values are not important at all after getting these value, we should check

that why this value is this and how we can reduce it, how we can modify it.

So, we need to maybe all these variables whatever we are discussing is not possible to modify
because for a particular job, few factors are constant we cannot change them because if we
change them there will be an impact in the whole system, whole productivity or the whole

manufacturing process or maybe the whole activity.

So, we need to keep them constant, given a chance we need to change the other factor which
has less impact in the whole process. So, that is the way how we utilize these values for

modification.
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A Global Model for Safety and
Hazard

Furthermare, Sl can be expressed as:

Sl = (CWL-PWL)/(MVC-PWL)
1))
where,
CWL: constant work level
PWL: preferred work level
MVC: maximum voluntary contraction

So, SI also we can say CWL minus PWL divided by MVC minus PWL whereas, CW is

constant work level, PW is preferred work level and MVC is maximum voluntary

contraction.

So, whenever we are talking about whole body finally, how much force I can generate. So,

predicting that, getting the percentage of that and implementing that for a particular task. So,

for that particular task how much I need and how much my body can generate compare that.

So, if the comparison says that it is more how I can reduce it. So, this is the simple

understanding of biomechanical analysis or biomechanical utilization of all these

biomechanical model.
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A Global Maodel for Safety and
Hazard

El can be expressed as:

El = [1-{{CWD-PDL)/(ET-POL}}][1-{(CF-PF)/(MF-PF}][1- {(RR-
AR)/RRY
e (14
where,
CWD: constant work duration
PDL: preferred duration level
ET: endurance time
CF: constant job frequency
PF: preferred job frequency
MF: maximum frequency possible for job activity
AR: allowed recovery period
RR: required recovery period



So, here also we can use EI with this particular formula, although this formula looks very
complicated because there are so many factors involved. You need to understand the recovery
period, you need to understand how much recovery period is allowed to that particular job.

So, the whole task analysis we studied it.

So, task analysis, we need to understand the kind of maximum possible frequency is available
for that particular job so, we need to understand the repetition. So, what is the preferred job
frequency again, we need to consider or relook into the task analysis what is the limitation.
So, once we understand all these factor from various aspect then only we will be able to
consider or calculate this EI. So, EI calculation formula wise it is looks very complicated
because only all these factors, you need to understand separately we need to get those values

and implement over here.
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Also Ml can be expressed as:

MI = [1-{(MRQ,-MOR,}/(PE-MDR, | }|[1-{(MRQ,-MDR,)/(DE-
MORy})
Xy
A Global Model for Safetyand  where,
Hazard MRQ,: motion required in proximal directiop/
MDR,: mid range proximal motion /
PE: proximal extreme motion
MRQ,: motion required in distal direction
MDR,: mid range distal motion
DE: distal extreme motion

Again for this MI also, its line you need to consider the motion required for the proximal
direction, motion mid range proximal motion, proximal extreme motion. All these variable

you need to understand, calculate, measure separately and need to put it for MI.
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The mentioned model exerts that injuries have
biomechanical causes and their occurrence under mast
circumstances will require overexertion, Overexertion
theory of musculoskeletal injury causation incorporate
different variables which affect the load on the system by
means of force, duration and posture,

Overexertion Theory of All the three factors may act at the same time with

Musculoskeletal Injury different weightage. Any of these variables or their
combination may lead to exceeding the margin of safety.
These in turn leads to injury causation.
The multivariate phenomena to some extent has been
explained in overexertion theory. However, direct trauma
and psychosodial factors have not been explored in this
theory.

So, that will finally give you the kind of load or safety is available for that particular job.

Now, when we understand the overexertion theory or overexertion principle, what it says in a
simplified manner because those are calculation. So, those calculations are important when
you are actually trying to identify though the previous setup was giving what and my current

setup is. So, giving up for a particular comparison is very important.

But now finally, what it does it says when if there is an overexertion there is a probability of
getting pain, getting fatigue or musculoskeletal injury. So, if you find there is an overexertion
then there is a prediction that the that particular population may report a prevalence or

occurrence of musculoskeletal disorder or musculoskeletal injury.

So, if you see that we need to redesign and then we need to go back and check those report
has been reduced or you know changed the pattern or not. So, that way we should use all

these all these factors.

So, here one important aspect is psychosocial factor. So, biomechanics definitely is not all the
mechanical forces and all those things, but of course, psychosocial factors is you know
important because if you have some biomechanical aspect like you know you are having lot
of extra forces on your trunk still you can bear it if you are having more positive input from
your peer, from your surroundings, from your workplace, but on the opposite side if you have
less force, but if your work environment is not psychosocially good enough to give you a

boost you will feel low, you may have trauma, you may have injury.



So, both things goes together so, once you technically or mechanically analyze that along

with that you need to understand the psychosocial factor to get the these understanding.

Another important aspect is direct trauma; why direct trauma? If there is a sudden impact,
sudden trauma that has lot of influence or consequences on the biomechanical, these variables

or these loads so, that we need to understand.
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So, again I will tell you these are the two books which you know which is very useful for you
whenever you are talking about biomechanical aspects of workplace analysis. So, refer these
two books for your more understanding; if you have any query any question, if you find any

difficulties to understand all these model. So, get back to us we will wait for you.

Thank you.



