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ABSTRACT

Awkward postures are associated with a number of musculoskeletal disorders in
almost all work sectors. Various studies have indicated the prevalence of awkward
postures in different work setups and have provided ways to assess postural deviati-
ons and their unfavourable effects on general wellbeing of the workers. The need of
the hour is to have an aid that provides a means not only to assess the awkwardness of
a posture, but also to correct it as soon as it is identified. The study, here, is designed to
develop a solution for assessment and correction of the awkward posture as soon as it
is attained. An ergonomic cushion is presented which is fitted with printed flex sensors
to detect the awkward postures, considering lumbar curve, thoracic curve and cervical
curve. A mobile application is used to configure the sensing range of the sensors. The
application collects the data for the flex pressure sensors positioned at different points
and warn the user to correct the posture. If not corrected within the stipulated time,
the cushion automatically corrects the posture with the help of a microcontroller that
expands or deflates the cushion as per postural requirement.
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INTRODUCTION

Most of the contemporary work setups require the workers to perform seden-
tary work and remain in seated position for prolonged periods of time. The
unfavourable effects of attaining these static and uncomfortable positions
while working include physical conditions like incidence of musculoskeletal
disorders, psychological conditions like aversion from work and cognitive
conditions like lack of concentration and focus at work. Exposure to such
work conditions leads to decline in overall performance of the workers as well
as lowered sense of general wellbeing. Continuous interaction with machi-
nes especially VDTs is a common work practice in almost every work setup.
General ergonomic solutions can be derived by a comprehensive understan-
ding of the physical and cognitive aspects of user-machine interface at work,
workplace design and workspace layouts, physical environment, psycholo-
gical environment and the attributes of job design. Flexible workstations
like sit-stand workstation to decrease the pressure of continuous sitting have
been tested in different studies in different time frames, but workers eventu-
ally ended up performing the work throughout the day sitting for prolonged
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periods and rarely using the standing workstation, which justifies Bridger
(2019) quoting Sitting is the new smoking. The posture that needs to be
acquired at work is determined by the design of displays of the machine the
worker is interacting with, the control mechanisms that need to be operated
and the panel layouts. Practically, the nature of work is difficult to change,
but appropriate measures can be taken to reduce the strain imposed on the
workers while being seated at work for prolonged hours. The National Insti-
tute of Occupational Safety and Health estimates that more than fifty percent
(50%) of the workforce in the United States experiences repetitive stress inju-
ries, primarily back ailments (acute, chronic, and repeated) brought on by
sitting for extended periods of time while performing a range of tasks.

An ergonomic seating design is one of the most practical solutions to the
problem. Various studies have been conducted to develop such solutions, and
some effective designs have been created to deal with the postural problems
that arise due to constant need to sit at work. Various technology-based solu-
tions have been devised till date for assessment of postural deviations at work
so that corrective actions can be taken. The study, here, presents a compreh-
ensive preventive and corrective measure to deal with such postural issues at
work. The sensor based ergonomic cushion that can be used with any chair,
does not only detect an awkward posture but also corrects it as soon as it is
attained.

PAST WORKS

Prommanon (2015) conducted a study to determine how a back care pillow
(BCP) affected individuals with chronic non-specific low back pain in terms
of discomfort, lumbar range of motion (LROM), and functional impairment
(LBP) and concluded that BCP combined with physical therapy had better
pain, lumbar ROM, and functional disability outcomes than physical the-
rapy alone. Lee et al. (2018) developed a gel cushion made of thermoplastic
styrene-ethylene/butylene-styrene elastomers to assess the impact of the gel
cushion and found it to be very effective in managing back pain in profes-
sional drivers. Chapman et al. (2006) developed a computerized system for
cushion design and material testing by allowing the input of data on pro-
trusions (small parts protruding from the major surface) and more latitude
on the design of cushion systems. Kamara et al. (2019) developed a smart
cushion integrated with e-textile pressure sensors to monitor activities on
a chair including occupancy, sitting duration, and body posture and ori-
entation. Luo et al. (2017) developed a smart cushion composed of three
parts, pressure data acquisition module (internet of things), data receiving
and processing module, data storage and analysis module and found out
that the design was capable of the dynamic and real-time measurement of
the pressure center in the sitting posture, and cumulative effect calculation.
Makhsous et al. (2009) suggested that sitting with reduced ischial support
and enhanced lumbar support results in reduced sitting load on the lumbar
spine and reduces the lumbar muscular activity, which may potentially reduce
sitting-related LBP.
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DESIGN OF SENSOR BASED CUSHION

People are prone to adopting awkward postures in order to adjust themse-
lves for any working or resting position. This can be attributed to the natural
capability of adaptation, which should not ideally exceed the prescribed limit.
As a consequence of these unnatural postures, a host of musculoskeletal
problems come into being. Keeping in mind, that it is quite difficult to train
individuals to attain a posture as close to the natural curvature as possible, the
design of the sensor based posture detector and corrector ergonomic cushion
is proposed.
An ideal sitting posture requires the individual to maintain these gaps

- 1.5 to 3 cm between the cervical spinal bone and the chair
- 1.5 to 3 cm between the thoracic spinal bone and the chair
- 1.5 to 3 cm between the sacral spinal bone and the chair

When a person is sitting in a chair in an optimal position, usually these
gaps between the spinal column and the chair are observed.

- 25 to 30 cm between the cervical spinal bone and the chair
- 7 to 12 cm between the thoracic spinal bone and the chair
- 3-5 cm between the sacral spinal bone and the chair

As the worker changes position to a more relaxed one, these gaps tend to
change, altering the pressure experienced at different parts of the body. These
gaps usually become:

- 2 to 3 cm between the cervical spinal bone and the chair
- Approx. 1cm between the thoracic spinal bone and the chair
- 12-20 cm between the sacral spinal bone and the chair

Similarly, as different postures are acquired to suit the demands of the
work or adjust to the design of furniture and equipment, these gaps change
and undue postural deviations are observed. This calls for the seat cush-
ion to accommodate the body providing it as much comfort as desired, and
minimise the stress imposed on the spinal column. Usually, the conventio-
nal design of the cushions is not suited to meet these requirements of the
user and the user might thus be required to attain an awkward posture while
remaining seated.

Typically a cushion for a work chair is 46—57 cm in height and 33-40 cm
in width. An ergonomic sensor based cushion is developed here to create
a solution for the attainment of unnatural postures at work or for rela-
xation. The specific areas of the cushion bloom and sag once the sensor
identifies the deviation from the natural posture and a microcontroller
handles the operation of expansion and deflation of the cushion to cor-
rect the posture. A smart printed flex sensor is deployed that provides
the pressure readings which will provide instant activation to the part for
support.
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CONCLUSION

An ergonomic approach to designing of products used while performing dif-
ferent types of tasks is the best way to deal with various situations leading to
work related musculoskeletal disorders. Technology based designs are most
sought out solutions to such problems nowadays. The modern work world
mainly comprises activities that require prolonged sitting from the worker
leading to attainment of unnatural awkward postures at work. The design of
the sensor based ergonomic cushion presents a solution not just for identifi-
cation and analysis of such awkward postures, but also for correction of the
posture as soon as it deviates from the natural posture beyond the acceptable
limit.

REFERENCES

Bridger, R. (2019). A Guide to Active Working in the Modern Office: Homo Sedens
in the 21st Century (1st ed.). CRC Press. https://doi.org/10.1201/9780429021299

Chapman, R., Trost T., Cavlin S. System for cusghion design and testing. Packaging
Technology and Science, 2006 Vol 4, Issue 5/ p. 275-278, Wiley Online Library
https://doi.org/10.1002/pts.2770040507

Kamara V., Nicholas P C., Cay G. Mankodiya K. Fine S]J., Design of a Smart Cushion
Integrated with E-Textiles. 2019, The 16th IEEE-EMBS International Conference
on Wearable and Implantable Body Sensor Networks (BSN’19)At: Chicago, IL

Lee JW, Lim YH, Won YH, Kim DH. Effect of gel seat cushion on
chronic low back pain in occupational drivers: A double-blind randomi-
zed controlled trial. Medicine (Baltimore). 2018 Oct;97(40):e12598. doi:
10.1097/MD.0000000000012598. PMID: 30290629; PMCID: PMC6200541.

Luo, S., Wang, Y., Gong, Y., Shu, G., Xiong, N. (2017). A Preliminary Study of Smart
Seat Cushion Design. In: Streitz, N., Markopoulos, P. (eds) Distributed, Ambient
and Pervasive Interactions. DAPI 2017. Lecture Notes in Computer Science(), vol
10291. Springer, Cham. https://doi.org/10.1007/978-3-319-58697-7_32

Makhsous M, Lin F, Bankard J, Hendrix RW, Hepler M, Press J. Biomechanical effects
of sitting with adjustable ischial and lumbar support on occupational low back
pain: evaluation of sitting load and back muscle activity. BMC Musculoskelet
Disord. 2009 Feb 5;10:17. doi: 10.1186/1471-2474-10-17. PMID: 19193245,
PMCID: PMC2654542.

Prommanon B, Puntumetakul R, Puengsuwan P, Chatchawan U, Kamolrat T, Rittitod
T, Yamauchi J. Effectiveness of a back care pillow as an adjuvant physical therapy
for chronic non-specific low back pain treatment: a randomized controlled trial. J
Phys Ther Sci. 2015 Jul;27(7):2035-8. doi: 10.1589/jpts.27.2035. Epub 2015 Jul
22.PMID: 26311921; PMCID: PMC4540812.



	Sensor Based Ergonomic Cushion for Posture Detection and Correction
	INTRODUCTION
	PAST WORKS
	DESIGN OF SENSOR BASED CUSHION
	CONCLUSION


