Pratap Ergo Tool for Mitigating drudgery 

Ergonomic Assessment of (Name of the Production System)

Objectives

1. To test the improved technologies available  on the ergonomic parameters.

2. To compare the ergonomic cost of ....... activity with the traditional method and improved technologies. 

3. To study the postural deviation while performing the activity.

4. To assess the musculoskeletal problems of the women while performing the activity.

Sample selection: 

Thirty non-pregnant women with normal health, without any major illness or cardio vascular problems, falling in age range of 25 to 45 years should be  selected for the study. Care should be taken to select only those farmwomen who performed the selected  activity regularly. 

Variables of health status and their measurements

	Variables
	Name of the instruments / tools

	Body weight
	Bathroom weighing scale

	Body height
	Anthropometer

	Body temperature
	Clinical thermometer

	Blood pressure
	Sphygmomanometer, stethoscope


Given below are the methods for studying the parameters of health status:

a) Body Mass Index: 

Body mass Index was derived by measuring weight and height of the woman using Quetelet’s Index in the following formula:

	BMI 
	=
	Weight (kg)

	
	
	Height2 (m)



The grading of health status of women on the basis of BMI has been done as per the classification given by Garrow (1981). The BMI scores were interpreted as follows:

	BMI Scores
	Interpretation

	< 16.0
	* CED grade III (Severe)

	16.0 – 17.0
	* CED grade II (Moderate)

	17.0 – 18.5
	* CED grade I (Mild)

	18.5 – 20
	Low weight normal

	20.5 – 25.0
	Normal

	25.5 – 30.0
	Obese grade I

	> 30.5
	Obese grade II


*CED = chronic energy deficiency

b) Lean Body Mass and Body Composition

Lean Body Mass and Body composition of the selected women was measured using skin fold calipers. Biceps, Triceps, Sub-scapular and Suprailliac muscles were measured to calculate Lean Body Mass (kg,) with the help of following formula:

Body Density = 1.1599 - (0.0717 x log of sum of 4 skin folds)

Percent Fat = (4.95/D-4.5) x 100
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Lean Body Mass (kg) = Body weight - Fat weight

Body Composition was assessed using Ponderal Index (PI) as given below:
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The Ponderal index scores given below were interpreted to assess the body composition / type

	Scores
	Body Type
	Characteristics

	> 21.5
	Ectomorph
	Slender, very thin body with prominence of skin surface area

	21.5-25
	Mesomorph
	Athletic type body with well developed musculo-skeletal system

	> 25
	Endomorph
	Abdominal physical type i.e. protrusion of the abdomen and has large digestive organs


Assessment of ergonomic cost

Ergonomic cost of selected drudgery prone activity was calculated by measuring the physiological, cardio-vascular and muscular stresses of farm women while performing the selected activity.
Variables of ergonomic cost and their measurements

	Variables
	Name of the instruments

	Physiological Parameters
	

	Heart Rate 
	Polar Vantage NV- Heart Rate monitor/Digital Smart watch

	Musculo-skeletal problem
	Body Map (Corlette and Bishop, 1976)

	Perceived Exertion 

	RPE Scale (Varghese et al, 1994)

	Activity Parameters

	

	Distance 

	Stop watch

	Time
	Thermometer

	Postures

	use the PET

	Environmental parameters
	

	Temperature

	Thermometer

	Humidity

	Hygrometer


Fig.-1 Conceptual framework for ergonomic evaluation of activities by the Pratap Ergo Tool
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Recording of parameters of ergonomic cost

	Recording of heart rate
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	With the help of Heart Rate Monitor

	
	
	

	Energy expenditure
	
	Auto calculated

	
	
	

	Total cardiac cost of work (TCCW)
	
	Calculated with PET

	
	
	

	Physiological cost of work (PCW)
	
	
	Auto-calculated
	

	
	
	
	
	

	
	
	

	Grip fatigue
	
	Auto calculated

	
	
	

	Angle of deviation
	
	Auto calculated

	
	
	

	RECORDING OF ENVIRONMENTAL CONDITIONS

	
	
	

	Temperature
	
	With the help of thermometer

	
	
	

	Relative humidity
	
	With the help of hygrometer


Procedure for performing the activity

· Each selected women was given rest and her resting heart rate was recorded after every one min. interval for 10 mins.

· She was then told to perform the maize shelling activity for 20 min. and heart rate was recorded for entire period of the activity at the interval of 5min, each.

· After the completion of the activity, her recovery period was also measured for a period of 10 mins. or till she came to her resting state at the interval of 1min. each.

· During the performance of the activity, postural change, grip fatigue and musculo- skeletal problems were also recorded as given below:

Postural analysis: Postural analysis of the lumbo sacral region during the performance of the activity was measured with the help of flexi curve. The angle of bend of the back during the performance of the activity was measured and compared with the normal bend of the back and the angle of deviation was determined by subtracting the normal angle of bend from the angle of bend during the bending posture as shown in the figure.

Musculo-skeletal problems: Incidence of musculo-skeletal problems were identified using the Body Map (as shown in the fig.) indicating pain in different parts of the body after the completion of the activity. Five-point scale was used to record the intensity of pain in the various body parts viz. 5, 4, 3, 2 and I for the intensity of pain as very severe, severe, moderate, mild and very mild respectively.

Selected rural women performed the activity of cleaning of grains again with the use of improved technologies for the period of 20 minutes and the heart rate was recorded in the similar procedure as in the case of traditional method of doing the activity. Each experiment was replicated twice with the traditional method and with the use of improved technologies in order to elicit reliable data.

Measurement of environmental parameters:

Temperature and relative humidity were measured twice during the activity with the help of suitable instruments.

Statistical analysis:

After collecting data on above parameters, statistical analysis of data was done suitable to each parameter and the inferences were drawn. Averages, percentages and paired t - test were applied to test the significance of results.

Results(Example for writing results)
The data given in the table1 below reveals that the mean age of the respondents was 31.9years, height 154.6 cms, gross weight 50.09 Kgs and LBM was calculated as 35.55 Kgs, and BMI was 13.97 with a standard deviation of 2.64.

Table- 1: Physical Characteristics of the respondents 

 N=
	Physical Characteristics
	Mean
	Std. Deviation

	Age (Years)
	
	

	Height (Kgs)
	
	

	Weight Gross (Kgs)
	
	

	LBM (Kgs)
	
	

	Body Mass Index
	
	


Table-2:The rating of health status of women on the basis of BMI has been done as per the Classification given by Garrow (1981). The BMI scores were interpreted as follows:                                                                                                 N=

	BMI Scores
	Interpretation
	Percentage of Respondents

	< 16.0
	* CED grade III (Severe)
	

	16.0 – 17.0
	* CED grade II (Moderate)
	

	17.0 – 18.5
	* CED grade I (Mild)
	

	18.5 – 20
	Low weight normal
	

	20.5 – 25.0
	Normal
	

	25.5 – 30.0
	Obese grade I
	

	> 30.5
	Obese grade II
	


*CED = chronic energy deficiency

Table-3: Detail of the activity in existing conditions and using improved technology 

	Details
	Age group 

	
	Traditional condition
	Improved tool

	Type of tool used
	
	

	Average weight of the tool
	
	

	Mode of operation
	
	

	Output of operation (Kg)
	
	


Table-4: Average and peak heart rate and energy expenditure while performing shelling of   maize with existing and improved method.

N=
	Physiological Parameters
	Existing
	Improved Treatment
	Percentage reduction in

Improved over existing

	
	Hand shelling
	Hand operated maize sheller
	

	Average working heart rate (beats/min)
	
	
	

	Average Peak working heart rate (beats/min)
	
	
	

	Average energy expenditure (KJ/min)
	
	
	

	Average Peak energy expenditure (KJ/min)
	
	
	


Note: ( Shows increase

Table-5 Physiological parameters of shelling of maize with existing and improved methods 

N=
	Physiological Parameters
	Existing
	Improved Treatment
	Percentage reduction in

improved over existing

	Average TCCW (beats/min)
	175
	366
	109.14 (

	Average PCW (beats/min)
	3.89
	17
	337.01 (

	Average RPE
	5
	3
	40

	Output parameters

	Total Time(Min)
	30
	30
	-

	Production /unit(Kg)
	2
	6
	200 (


Muscular stresses while performing the selected activities

Muscular stresses for shelling of maize were measured under parameters of frequency of postural change, angle of postural deviation and incidence of muscular-skeletal problems. The details of each are described in the table given below. It is evident from table 6 that while working in traditional and improved method there was almost no change of posture while performing the maize shelling activity since both the methods employed sitting posture. 

Table-6: Frequency of postural change while performing the activity through existing conditions and improved technology 


N=
	Parameters
	     Existing
	Improved Treatment
	*Significant reduction in improved over existing

	Standing
	-
	-
	-

	Sitting
	√
	√
	√

	Bending
	-
	-
	-

	Squatting
	-
	-
	-


*Note:
Since the existing practice is done in a sitting posture there was no significant change in the posture to compare with the improved method.

Postural Deviation: 

Table--7: Postural Analysis: Deviation in Spine Angle


                                                                                                                              N=

	Physiological parameter
	Traditional method
	Improved tool

	Postural Analysis (Angle of bend)

	Angle   Angle of normal curve ( o )
	
	

	Angle     Angle while bending ( o )
	
	

	Angle     Angle of deviation ( o )
	
	


Musculo-Skeletal Problems

Table-8: Average of incidence of Musculo-skeletal problems during existing and improved conditions 







N=

	Body parts
	Incidence of pain (%) (Average)

	
	Existing
	Improved

(Hand Operated Maize Sheller)

	
	5
	4
	3
	2
	1
	5
	4
	3
	2
	1

	Eye
	
	
	
	
	
	
	
	
	
	

	Neck
	
	
	
	
	
	
	
	
	
	

	Shoulder joint
	
	
	
	
	
	
	
	
	
	

	Upper arm
	
	
	
	
	
	
	
	
	
	

	Elbows
	
	
	
	
	
	
	
	
	
	

	Lower arm
	
	
	
	
	
	
	
	
	
	

	Low back
	
	
	
	
	
	
	
	
	
	

	Wrist/hands
	
	
	
	
	
	
	
	
	
	

	Buttocks
	
	
	
	
	
	
	
	
	
	

	Upper leg/Thigh
	
	
	
	
	
	
	
	
	
	

	Knees
	
	
	
	
	
	
	
	
	
	

	Calf muscles
	
	
	
	
	
	
	
	
	
	

	Ankles/feet
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-



 5 = Very severe 4 = Severe
 3= Moderate
 2 = Mild 1 = Very Mild

Environmental warmth

The temperature reading was also recorded to see its impact on the respondents while working. The mean temperature was 27.80C and relative humidity was as high as 33% while working with traditional maize sheller. 

Modifications suggested 
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