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Executive Summary: 

Housekeeping staff, especially in hotels, have high rates of work-related musculoskeletal 
disorders that are associated with the physical demands of work and hence are in need of 
ergonomic solutions to reduce low back flexion and wrist extension.  The Duop SystemTM was 
designed and developed to provide new light weight technology that that allows the users to 
stand upright when cleaning a floor or far reaching surface and then an integrated handle in the 
removable cleaning head that allows straight wrists during hand cleaning activities.  Video 
analysis of a user indicated workers with the tool can reduce low back flexion and improve their 
wrist posture across a series of cleaning tasks. No single tool can remove all the hazards in the 
range of expected housekeeping tasks; however, incorporating technology along with training 
and organizational support on how to utilize the technology can help. 

 Jack Dennerlein is an ergonomic consultant for Worksafe Technology with over 25 years research 1

experience examining the design of tools and their effects on user biomechanics and risk for injury.  

 Dan Koval is CEO of Worksafe Technology Corp and Managing Partner of Clean Design LLC. Worksafe 2

Technology creates new tools to reduce common occupational injuries. Clean Design LLC markets and 
distributes innovative cleaning products. 
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1. Cleaning and housekeeping staff need new technology to reduce injury risk 

Housekeeping staff often develop high rates of musculoskeletal pain that limit their 
performance as workers.  According the Bureau of Labor Statistics, hotel workers for example, 
have higher rates of work related injury compared to service workers in general.1  In a study of 
some 941 hotel cleaners in Las Vegas, 1-month prevalence of bodily pain at the severe or 
higher level  was 47% in general.2  In the same study 84% of these workers reported taking 3

pain medication such as non-steroidal anti-inflammatory drugs (NSAIDS) to treat pain that 
occurred while they were working.   

The high rate of injuries have been associated with the physical demands of the job.  In the 
same study of Las Vegas housekeepers, larger number of rooms cleaned was associated with 
higher odds of reporting severe bodily pain.  Stronger associations were observed for a physical 
work index, the summation of the “frequency of 26 different job tasks or problems “   

The physical demands of cleaning hotel rooms are associated with increases frequency of 
bending and twisting, activities and at values associated with high risk of low back disorders.  In 
unpublished data completed by the ergonomics research group at The Ohio State University 
and reported by Unite3, researchers measured the bending and twisting of the low back while 
hotel workers cleaned the bathroom as well as during other tasks completed by hotel workers.  
Based on frequency of bending, the flexion and twisting velocity of the low back they observed, 
the Ohio group estimated the risk of a low back disorder for a hotel worker due to cleaning the 
bathroom alone was between 60 and 70%.4, 5  This risk for the overall activities of a hotel room 
cleaner was higher than any of 20 manufacturing jobs previously studied by the investigators.3 

The technology used to clean a room could improve the working conditions to reduce the 
physical risks factors of low back pain present; however, current cleaning practices are fairly 
traditional.  There is evidence in manufacturing and in health care by using specialized 
equipment in conjunction with worker training that low back injuries can be reduced.6, 7  

Typical cleaning practices involve using a hand held cleaning cloth (a rag) to clean almost all 
surfaces in a bathroom.  Since the cloth is hand held, the body has to be positioned such as to 
reach all the surfaces regardless of how high or low they are.  This forces the low back to have 
high levels of flexion and twisting often with the higher velocities that increase the risk for low 
back disorders. 

In addition, holding the cloth often places the wrist in extreme extension postures.  These 
extreme postures are associated with high levels of pressure inside the carpal tunnel creating 
increased risk for injury.8 

Based on these data it is easy to conclude that better designed tools that reduce torso 
flexion and twisting while allowing the wrist to be in a more neutral posture could have a 
significant impact on the incidences and severity of these disorders.   

2. A new tool design targets less flexion of the low back and more neutral wrist postures 

 Levels were none, very mild, mild, moderate, severe, and very severe.  3
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Worksafe Technology in 2015 developed a 
new tool called the Duop System.  The tool 
is a new kind of mop that uses a unique 
ball-and-socket mechanism to make 
cleaning work easier and faster. The Duop 
consists of a telescopic handle, removable  
cleaning frame connected via a ball- and-
socket mechanism and a removable 
microfiber cloth. The name Duop comes 
from “dual-operation mop” as the head of 
the product can be removed and used by 
hand providing ergonomic, hygiene and 
cleaning benefits, or it can be used with a 
handle.9  

!  
Figure 1:  The telescoping handle and overall 
light weight system design can reach far away 

surfaces.  4

When used with the handle, the ball and 
socket system allows users to remain 
upright and reduce flexion and twisting of 
the lower back when cleaning vertical 
surfaces such as floors, baseboards, walls 
and windows, and overhead areas such as 
vents and ceilings (Figure 1). When 
removed from the handle, the spherical  grip 
on the  cleaning frame of the product allows 
for more productive cleaning while affording 
users the opportunity to keep the wrist 
straight, (Figure 2) reducing stresses. 
 

!  
Figure 2:  The removable head can be removed 
from the handle.  The spherical handle on the 
head allows for more neutral wrist postures.   5

 Image courtesy https://vimeo.com/109798202 4

 Image courtesy http://cargocollective.com/practicplastic/2015-Duop-System-for-WorkSafe-5

Technology 
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3. Using the device can have less flexion of the low back and straighter wrists. 

To evaluate the device we completed two simple studies.  For the first study we videotaped an 
experienced commercial cleaner with 35 years of experience while he cleaned the surfaces by 
wiping down a series of objects typical in a modern office.  These objects included, artwork on 
the wall, baseboard at the junction of the floor and wall, blinds in a window, 36” counter top, full 
range of a door, glass door, an exit sign, hardwood floor, mirror, 30 inch table top, toilet, area 
under a counter, area under a table, a far reaching wall and floors.  The operator completed the 
tasks twice, once using a regular cleaning cloth and once using the Duop SystemTM. From these 
videos we measured the amount of time operator lower back was in three different ranges, less 
than 20° of flexion (upright), between 20° and 60°, and greater than 60°.10   In addition we 
tracked wrist posture calculating the average wrist angle for each of the tasks and then 
averaging them together. To track the motion of the torso and the wrist we used Kinovea motion 
tracking software (http://www.kinovea.org/).  Overall the postures improved when using the 
DUOP System (Figures 3 and 4).   

 

Figure 3: The percent of time the low back was flexed more than 20° or 60° was much smaller 
when using the DUOP compared to using a standard cloth for the one experienced worker.   
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Figure 4:  Average wrist postures measured across the tasks relative to RULA10 hazard zones of 
25° and 15° for extension and ulnar deviations, respectively. When using the DUOP the wrist 
postures were on average smaller and smaller than the RULA zones.  

In the second study, we simply let three experienced cleaners at a large office headquarters 
building  use the device while doing their regular job, which included cleaning bathrooms with 
large over counter windows and tiled walls and toilet stalls, cleaning tables and counters in the 
employee canteen, and cleaning multiple stainless steel storage containers  After using the 
DUOP we asked the workers to complete a brief survey to 1) Rate the ease of the device to 
use, hold, and carry  and 2) compare the device to their standard device by agreeing or 6

disagreeing to statements in terms of ease, comfort, speed, and overall was it better.   On a 0 to 7

10 scale with 0 being very easy and 10 being very difficult all three workers rated the ease of 
using, holding and carrying the device between a 0 and 1 (very easy).  When comparing the two 
methods the three workers on average were between agree to strongly agree to the statements 
that the DUOP was easier, more comfortable, faster, and better than compared to the standard 
cloth. 

 Workers responded on a 10 cm visual analog scale, which had the verbal anchors easy at 0 and 6

difficult at 10 cm.

 The responses were a 5 level Likert scale of Strongly agree, Agree, Neutral, Disagree, and Strongly 7

Disagree.  
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4. Moving forward and recommendations for practice. 
  

Overall the experiences documented in this white paper support the claims that the Duop 
SystemTM affords users better postures of the low back and the wrist.  In addition, the usability 
tests and testimonials suggest that workers find the system easy to use and faster and more 
comfortable than current standard cleaning methods.  These data are limited in several ways.  
Frist, we have a limited number of workers.  Hence it is difficult to generalize this to a whole 
population of workers. The key is that the device affords the worker the ability to work in these 
better postures; however, workers need knowledge and the organizational support to learn how 
to take advantage of the technology. Essentially the technology is a necessary but often is not a 
sufficient condition to improve postures. There are several examples in the sociotechnical 
systems literature that demonstrate that integrating technology with training and organizational 
support is often needed.11, 12  Implementing the device within an organization should consider 
how to rollout the technology and develop hands on training through peer leaders.13, 14  In 
addition, the technology does not address all hazards associated with housekeeping jobs.  For 
example, a hotel housekeeper has other task such as making the bed, vacuuming, and pushing 
and pulling their cart.3 Other approaches and technology need to address these other important 
hazards.    
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