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Abstract.  

Cleaning is an important activity in a day-to-day life as well as professional lives. It has 

positive effects on the productivity and quality of work. In this study, the cleaning process 

was studied and analyzed with special reference to cleaning tools.  A group of 4 cleaners 

participated in this study. Heart rate, rating of perceived exertion and postural analysis were 

obtained during floor cleaning.  There was less perceived exertion during cleaning task 

when the “adjustable long handle cleaning tool” was used than that of the “traditional 

broom”. In terms of heart rate cleaning with the long handle tool (mean 86 bpm, SD ± 8.32) 

produced significantly less (p<0.05) heart rate at work compared to the traditional broom 

(mean 102, SD ± 8.01). Using adjustable long handle tool postural angle of the trunk and 

spinal forces on the lower back was  also found significantly less (p<0.05) than that of 

traditional broom. Based on these results, it was concluded that the long handle cleaning 

tool could be recommended as less strenuous than the traditional cleaning broom.  
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1. Introduction 

 Cleaning is an important activity in day-to-day domestic as well as professional lives. It 

has positive effects on the productivity and quality of work as well as ergonomics and 

safety at work sites (Saari, 1987).  

Cleaning in India is not yet well recognized as other significant jobs. It is still 

considered as a very low status job which is usually done by uneducated people and most of 

them are women. There are no such data available for cleaning activities and cleaning 

related injuries in India. As per literature survey there has been no study done regarding 

cleaners in India related with floor cleaning job. Performing floor cleaning activities in 

India is very difficult to do as compared to developed countries.  To clean the floor, 

cleaners use a different kind of sweeping broom which is made of some tree branches or 

leaves and its average length is between 70 cm to 80cm.  Floor cleaning requires strenuous 

activities in order to clean. As a result cleaners have to adapt awkward postures while 

cleaning floor (figure 1).  

Awkward postures may lead to high demands of energy expenditure and develop high 

work stress on cleaners which can lead to musculoskeletal disorders, such as upper limb 

disorders, lower limb disorders and less job satisfaction which can affect the productivity 

and quality of the work (Saari, 1987). 

 A research study done by Kumar (2001), among 13 professional cleaners showed that 

the bending of body while cleaning floor requires more demands of oxygen consumption 

and heart rate. 

  

 
Figure 1. Posture while cleaning floor  

 



 

2. Methods 

 Four healthy cleaners from the campus of Indian Institute of Technology (I.I.T.) 

Mumbai, India, volunteered for the study. There professional experience ranged from 1 

month to 84 months (table 1). 

 
Table 1. Characteristics of the 4 cleaners 

Cleaners characteristics Mean SD± Maximum Minimum

Age (yrs) 24.25 2.62 27 22 

Height 168.75 2.98 172 165 

Weight (kg) 74 6.9 80 65 

Resting heart rate (bpm) 71 7.61 79 61 

 

 Cleaners were assigned randomly the cleaning tool to be used in each test. Cleaners had 

a rest of 10-15 minutes before they carried out the initial test and resting heart rate in beats 

per minute (bpm) was recorded during the time of rest and average was taken. An area of 

80 m2 was cleaned by the cleaners during the 15 minutes of cleaning test. Dry sand and 

paper were used as cleaning materials to clean. During the test heart rate was recorded by a 

Polar heart rate monitor for every 10 seconds (Bridger et al., 1997; Kumar 2001). 

 After the first test cleaners had a rest of 20-30 minutes during which resting heart rate 

(bpm) was obtained (Bridger et al., 1997). The protocol was repeated for the second test, 

with the alternative tool. Cleaners were asked to rate their perceived exertion on Borg’s 

scale (CR – 20) just 30 seconds before the end of each test (Borg, 2001; Kumar, 2001). 

 During the test still photographs were taken of the cleaner’s posture in order to analyze 

the low back compression force or spinal forces acting on a lower back in Newton (N) 

while using the cleaning tools. The low back compression force was analyzed by computer 

software “Jack 2.2” (figure 2). In Jack 2.2, virtual representations of cleaners were created 

by feeding the anthropometric data of cleaners such as height and weight, and by using 

“Task analysis tool” in Jack 2.2, low back compression were obtained. 
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Figure 2. Virtual representation of the cleaners by using Jack 2.2 while performing cleaning task, (A) with 

traditional broom, (B) with adjustable long handle tool 

 

  Posture angles were determined by using the photographs (figure 3). The reference 

point was lumbosacral (L5) and cervical (C7) joining the center of gravity line (Kumar, 

2001). After finishing both tests, cleaners rated their attitude for subjective assessment of 

two aspects: “comfortable to use” and “feelings in body while cleaning” on the scale of 1 to 

5 (1 is very bad and 5 is very good). 

 All values of measured variables are expressed as mean and standard deviation. A paired 

t-test was used to determine the differences between heart rate and low back compression 

force. Sign test was used to determine the differences in perceived exertion and attitude 

assessment. 
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Figure 3. Lateral view of trunk angle, (A) trunk angle while cleaning with traditional tool/broom, (B) trunk 

angle while cleaning with adjustable long handle cleaning tool 



3. Results 

 

 Table 2 shows the results of the analysis of heart rate (bpm), perceived exertion, and low 

back compression force, trunk angle and attitude assessment.  

 
Table 2. Variables measured while cleaning with traditional broom and long handle cleaning tool 

Variables Traditional broom Long  handle 

cleaning tool 

 

 Mean SD± Mean SD± P value 

Heart rate (bpm) 102 8.01 86* 8.32 0.001 

Low back compression force (N) 1582 25.05 488* 61.39 0.000 

Trunk angle (degree) 87 2.63 32* 6.34 0.000 

Perceived exertion 13.75 0.95 9.5 0.57 0.125 

Attitude assessment 2.5 0.57 4.75 0.5 0.125 

* Significant difference (p<0.05) 

  

 The mean value for heart rate (bpm) was 102 (bpm) while using traditional broom and 

86 (bpm) with the long handle cleaning tool (figure 4), using t-test heart rate found 

significantly difference during the test using the traditional broom and long handle tool. 
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Figure 4. Mean value for heart rate (HR) during floor cleaning using traditional broom and long handle 

cleaning tool. 

 



The mean low back compression force was 1582N while using traditional broom which 

was found significantly higher compared to the long handle tool, which mean value was 

488N (figure 5). The mean trunk angle of cleaners was 870 while using the traditional 

broom, and mean angle of trunk was 320 while using the long handle tool.  
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Figure 5. Mean value low back compression force while using traditional broom and long handle tool. 

 

 The mean value of perceived exertion while cleaning with traditional broom was 

equivalent to scale value 13 (somewhat hard) on the Borg scale and for cleaning with long 

handle tool, a scale value 9 (very light) was obtained. In two aspects of attitude assessment 

using sign t-test no significant difference were found. The mean value of attitude 

assessment was 2.5 with traditional broom and 4.75 with long handle tool. 

 

4. Discussion and conclusion 

 There was statistically significant difference found in heart rate observed during 

cleaning with long handle tool as compared to traditional broom, which may be due to 

postural factor. It is possible that the upright cleaning posture may, in principle, be more 

efficient in the sense of being a position of the body that can be maintained with less 

postural muscle activity than the bending posture (Kumar, 2001). When the body is in an 

erect position, the pressure in the hydrostatic head, against which the heart must work, is 

decreased compared with the stooping posture (Rowell, 1986).  



 The low back compression force had a higher mean value (1582 N) while cleaning with 

traditional broom, which was significantly different compared to long handle tool (488 N). 

The excessive bending of the upper part of the bodies creates greater biomechanical loads 

on the low back and muscle has to work with higher forces against the center of gravity 

while bending (Kumar, 2001). 

 Although postural analysis was assessed roughly or approximately in the present study, 

it was clear that participants bent less when they used the long handle tool. Significantly 

difference found between the postures using two tools, as traditional broom required 

excessive bending in order to clean the floor. 

  Though it was not found significant difference in Borg scale rating but cleaners 

rated the traditional broom more strenuous compared to the long handle tool, probably 

reason would be the less number of cleaners participated in the test. In attitude assessment 

though cleaners gave most preference to the long handle tool compared to the traditional 

broom but it was not found significant difference, may be because of less numbers of 

participated cleaners. 

 Specifically, it can be concluded that floor cleaning is associated with moderately high 

cardiovascular load, greater spinal forces and awkward working postures. The introduction 

of the long handle tool can be recommended as a general means of reducing workload and 

awkward postures during floor cleaning based on the results comparing it with the 

traditional broom. 
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