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ABSTRACT

In the world, 25% of wheelchair patients with acute spinal cord injury is developing
pressure ulcer each year. Wheelchair patient that get pressure ulcer due to no blood
circulation on back and the buttock For traditional method, the alarm will sound the
doctor. The doctor will go to move the patient body or monitoring and alerting them do
exercise. However, our researches is going to bri;g a change to the current sitnation. In
this project created an interesting therapeutic video games with Microsoft Xbox 360
Kinect that will stimulating the patient to do exercise, as well as prevention from gefting
the pressure ulcer. At the beginning, the project study about the article, journal and
paperwork about the video games therapy which they successes, fails, problems, ideas,
and so on. After that, the study going through every example that people had made. Finally,
it have been decided to uncovering the niche area for the usage of therapeutic video games
for the acute spinal cord injury patient. The therapeutic video games is specifically make
to prevent pressure ulcer disease for acute spinal cord injury patient. Secondly, the
hardware of therapeutic video games is chosen for Microsoft Kinect and with chosen
solution of exercise. The research is started with the action of exercise required for
pressure ulcer prevention, the software required to making the game, the software
interface between Microsoft Kinect and video games. After the research, the project form
the prototype. Thirdly, the prototype were undergo testing and survey. The development
and testing of the therapeutic video games of acute spinal cord injury, it is found that the
therapeutic video games is moderately useful for the prevention of pressure ulcer for the

wheglchair patient.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

With the advanced development in the video games industry. Oversea developed
country started to try and use video games to replace the simple the therapy form
rehabilitation center or hospital. Why this trend are will occur? Because the reducing the
cost of sending the patient to rehabilitation center and hospital, reducing number of
therapist that needed to treat patient and video games have the effect to stimulate the

interest of patient to do the therapy exercise. [1]

Acute spinal cord injury patient is exist because of injury from falls, motor vehicle
accidents (automobiles, motorcycles, and being struck as a pedestrian), sports injuries,
diving accidents, trampoline accidents, violence (gunshot or stab wounds), infections that
form an abscess on the spinal cord, birth injuries, which typically affect the spinal cord in
the neck area. As the result of these injury, the patient usually have to use wheelchair
support to spend rest of their life activities. And one of the prevalent disease that usually

happen on the wheelchair patient is pressure ulcer on buttock. [2]



There are few ways to prevent the wheelchair patient having pressure ulcer on buttock.
Firstly, always changing the person’s position, such as laying on bed for a while than
sitting back to the wheelchair. Secondly, using better cushion or matiresses to design the
sitting part of wheelchair. Thirdly, doing some exercise after sitling too long hour on

wheelchair

The all ideas from the above statement are useful, yet exercise is the most efficient ways
to prevent pressure ulcer form buttock since when wheelchair person exercise can
switching and rotated the pressure exert on the buttock. Therefore, the project mainly

focus in on third idea of exercise. _ -

From the scientific perspective, laziness may cause by low dopamine level on our brain
system. [3] Plain and boring exercise schedule maybe not easily stimulate majority human
to exercise. This condition can be the same applied to the wheelchair patient. Not all will
follow the exercise schedule or timing. Thus, the pressure ulcer is easily develop on
pressure ulcer patient even after a warning have been given by the doctor or professional

rehabilitation therapist.

From study of Stanford University, presented that vidéo games can increase the dopamine
level of the brain. As a result, people like to play video games regularly as well as reduce
laziness. [4] In short, this thesis study desire to bring video games element in exercise.
Make exercise more interesting. Consequently, the study offer a way to prevent

wheelchair user to have pressure ulcer on buttock through video games exercise.

Conclusion, the pressure ulcer is a problematic disease that happen throughout the world
on the wheelchair user. The uninterested in exercising among the wheelchair user, further

increasing the probability for the disease to spread.




1.2 Problem Statement

Pressure ulcers are an injury that breaks down the skin and underlying tissue. They
are caused when an area of skin is placed under pressure. They are sometimes known as
"bedsores” or "pressure sores". [5] This phenomena is always happen to the wheelchair
patient where they tend to have long time sitting on wheelchair than normal person.
Therefore, it is easier for them to develop pressure on their buttock. To avoid this from
happen, they always need to change the position, such as laying on bed for a while than
sitting back to the wheelchair or doing some .exercise after sitting too long hour on
wheelchair. Sometimes this activity can be challenging and boring thus make them
unmotivated to exercise. From the previous study, exercise is the most efficient ways to
prevent pressure ulcer form buttock since when wheelchair person exercise can switching
and rotated the pressure exert on the buttock. Unfortunately, plain and boring exercise
schedule maybe not easily stimulate majority human to exercise. This condition can be
the same applied to the wheelchair patient. Not all will follow the exercise schedule or
timing, Thus, the pressurc ulcer is casily develop on pressure ulcer patient even after a
warning have been given by the doctor or professional rehabilitation therapist. Therefore

is a need to develop something which can make them interested to do an exercise.

1.3 Objective

The main objectives of this research is to develop the therapeutic video games. In
order to achieve the main objective, the sub- objectives of this research are as follows:-
e To design an interactive therapeutic video games that able to prevent the pressure
ulcer from patients (acute spinal cord injury wheelchair patient).
« To test the functionality of interactive therapeutic video games.
« To validate the interactive therapeutic video games by getting the feedback from

the wheelchair patients.




1.4 Scope of Project

The development and testing therapeutic video games on acute spinal cord injury
patient is the video games which created for the paraplegia spinal cord injury patient with
chair wheelchair usage. The product is going to test on the public paraplegia spinal cord
injury patient with chair wheelchair at Politeknik Sultan Salahuddin Abdul Aziz Shah.
The hardware will using the Microsoft Kinect v2, Television, special connection cable
between laptop and Kinect and laptop. The software will be using FAAST software and
GAMEMAKER software. The video game wili cover the movement for the left hand rise
up, right hand rise up, waist, hips, shoulder and back, except for legs. (covering upper part

of body,exclude the lower part of body) ”

1.5 Important of the Research

e First for all reason, to reduce the amount of wheelchair patient who affected
by the pressure ulcer through Kinect rehabilitation exercise video games.

o Secondly, reduce the time of houschold, doctor and therapist who take care
wheelchair user pressure ulcer condition. The family member not need always
remind the wheelchair family member to e:(ercise. The doctor can have more
time to look after other patient than this general disease. The rehabilitation
center won’t be always flooded with the wheelchair patient and therapist no
need to motivate the wheelchair user to go for exercise. The Kinect video
games can reduce volume of tedious task for by them toward wheelchair
patient. Happily, save time.

e Thirdly, reduce the tension faced by wheelchair user (especially lazy exercise
wheelchair user) when they are nagging by people to exercise. The Kinect
rehabilitation exercise video games is planned to motivate the wheelchair user
to automatic have their exercise. Happily, save people from anger.

e Lastly, save money. The family member can save money through the travel

fee for to and fro from the rehabilitation center and hospital. Beside, having
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pressure ulcer on wheelchair patient, then only going for treatment. It would

very high cost especially the treatment usually need operation.




[2]

13]

[4)

(5]

[6}

[7]

85

REFERENCES

S. A. A. Q. D. S. E. A. E.-M. khalid Fahd Alhosis, "Effect of Designed Pressure
Ulcer Prevention Program on Caregivers' Knowledge of Immobilized Patients,"
Journal of American Science, vol. 8, no, 12, 2012.

JOHNS HOPKINS MEDICINE, "Acute Spinal Cord Injury,” The Johns Hopkins
University, The Johns Hopkins Hospital, and Johns Hopkins Health System,
[Online]. Available:
http://www.hopkinsmedicine.org/healthlibral‘y/conditions/nervouswsystemﬂdisor
ders/acute_spinal_cord_injury_85,P00770/. [Accessed 16 July 2016].

AsapSCIENCE, "The Science of Laziness," AsapSCIENCE, 22 May 2014,
[Online). Available: https://www.youtube.com/watch?v=gd7wAithl7I. [Accessed
16 July 2016].

D. J. L. Ph.D, "Video Games Can Activate the Brain's Pleasure Circuits,"
Psychology ~ Today, 25 October 2011, [Online]. Available:
https://www.psychologw,oday.com/b1og/the~compass=pleasure/201 1 10/video-
games»camactivate—the=brains—picasurencircuits-O. [Accessed 16 July 2016].

NHS choices, "Pressure ulcers," NHS choices, [Online]. Available:
http://www.nhs.ukfconditions/Pressure~ulcers/Pages/lntroduction.aspx,

Ucanhealth, "Treatment of Stages 3 and 4 Pressurc Sores," Ucanhealth, [Online].
Available:

http://ucanhealth.cmm’topics/?threa’[lnentmstage_i%ﬁstagej _pressure_sores.
[Accessed 16 July 2016].

Lancet, "Global, regional, and national age-sex specific all-cause and cause-
specific mortality for 240 causes of death, 1990-2013: a systematic analysis for
the Global Burden of Discase Study 2013," PMCUS National Library of Medicine
NAtional Institutes of Health, 18 Decemeber 2014. [Online]. Available:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMCél340604/. [Accessed 16 July
2016].




18]

[9]

{10]

{11}

[12]

{13]

{14]

{151

[16]

[17]

86

National Pressure Ulcer Advisory Panel (NPUAP) , "National Pressure Ulcer
Advisory Panel," National Pressure Ulcer Advisory Panel (NPUAP) , [Online].
Available: http://www.npuap.org/. [Accessed 16 July 2016}

‘European Pressure Ulcer Advisory Pancl (EPUAP), "European Pressute Ulcer

Advisory Panel,” European Pressure Ulcer Advisory Panel (EPUAP), [Onlinel.
Available: http://www.epuap.org/. [Accessed 16 July 2016}

Michael K Abraham, MD; Nicole Cimino-Fiallos, MD , "Recognizing Elder
Abuse: Types, Clues, and What to Do," Medscape, 17 May 2016. [Online].
Available: http://reference.medscape.com/features/slideshow/elder-
abusefipage=12. F Accessed 16 July 2016].

D. L. N. Dr Michelle Wright, "Pressurc {Ulcers," Patient, 23 October 2015,
[Online]. Available: http://patient.info[health/pressure-ulcers-!eaﬂet. [Accessed
16 July 2016].

K. G. S. S. S. S. Reilly EF, "pressure ulcers in the intensive care unit: The
‘forgotten’ enemy,” OPUS 12 Qoientist 2007, vol. 1, no. 2, pp. 17-30, 2007.

¢ g. L. D.Whitteridge, Oxford Dictionary of National Biography, British: Smith,
Eider & Co., Oxford University Press, 2004.

G. H., "Preventing pressure ulcers: choosing a mattress,” ProfNurse, vol. 20, no.
4, pp. 43-6, 2004,

NICHQ, "How To Guide Pediatric Supplement — Preventing Pressure Ulcers,"
{Online}]. Available: http://www.nichq.org/pdf/FINALPressureUlcers.pdf
[Accessed 16 July 2016).

Agency for Healthcare Rescarch and Quality, "preventing Pressure Ulcers n
Hospitals," Agency for Healthcare Research and Quality (AHRQ), {Online].
Available: http'.flwww.ahrq.gov/research/itc!pressm'eulcertoolkit/index.html.
[Accessed 16 July 2016].

C. M. D. C. G. L. D. T. Vanderwee K1, "Pressure ulcer prevalence in 'Europe::'a.
pilot study.," J Eval Clin Pract., vol. 2, no. 227-35, p- 13,2007. '




(18]

[19]

[20]

(21}

122]

[23]

(24}

[25]

126]

[27]

[28]

87

P. P. P. S. S. M. Anthony D1, "Do risk assessment scales for pressure ulcers
work?," § Tissue Viability, vol. 19, no. 4, pp. 132-6, 2010,

"Therapy,” The Free Encyclopedia., 9 June 2016. [Online]. Available:
https://en.wikipedia.org/wiki/Therapy, [Accessed 16 July 2016}

wideo game," The Free Encyclopedia, Wikipedia, 6 July 2016. [Online}.
Available: https://en.wikipedia.org/wikif\/ ideo_game. [Accessed 16 July 2016].

<. V. A. P. Society for Neuroscience, "Video game-based therapy helps stroke
patients recover study," ScienceDaily, 16 November 2010 .

Loyola University Health System, "Wirtual-reality Video Game To Help Bumn
Patients Play Their Way To Pain Relief," ScienceDaily, 22 March 2008.

The Clinician’s Seating Handbook, "The Pelvis, Postures & Spinal Presentations
and their impact on seating." Seating Matters, [Online]. Available:
http://seatingmatters.com/posture/. [Accessed 16 July 2016}.

(LC.C.T.LD 7ACHARKOW, A review of: “Posture. Sitting, standing, chair

design and exercise.”, ISBN 0-398-05418-5., 1989.

C.KJ1LDJdG R Aissaouicorrespondenceemail, "Analysis of pressure
distribution at the body-seat interface in able-bodied and paraplegic subjects using
a deformable active contour algorithm," Medical Engineering & Physics, vol. 23,
no. 6, p. 359-367, July 2001.

N. 1 B. D. Bogie KM1, "Eatly progressive changes in tissue viability in the seated
spinal cord injured subject.," Paraplegia, vol. 33, no. 3, pp. 141-7, 1995.

American Occupational Therapy Agsociation(AOTA, "Living With Spinal Cord
Injury,” AOTA, vol. 11, no. 2, 2002. '

B. K. Burns SP1, "Seating pressures with conventional and dynamic whe_e"ichair- "
cushions in tetraplegia.,” Arch Phys Med Rehabil.,, vol. 80, no. 5, pp. 566-71,
1999. -




[29]

[30]

[31]

(32]

[33]

[34]

{351

[36]

88

L. W. Seymour RJ, "Wheelchair cushion effect on pressure and skin
temperature.," Arch Phys Med Rehabil. , vol. 66, no. 2, pp. 103-8, 1985.

H T. Y. Tanimoto, H. Nagahata and K. R C.f E. L O I H. Yamamoto, "The
study of pressure distribution in sitting position on cushions for patient with SCI
(Spinal Cord Injury)," IEEE Transactions on Instrumentation and Measurement ,
vol. 47, no. 5, pp. 1239 - 1243, 1998.

D. Gruber, "Do You Have What it Takes, to Be a Game Developer?," Ted Gruber
Software, Inc., 1997. [Online]. Available:
http:/fwww.fastgraph.com/makegames/chapf1 html. [Accessed 16 July 2016},

J. Lee, "5 Free Game Development Software Tools To Make Your Own Games,"
makeuseof, 10 February 2010. [Online]. Available:
http://www.makeuseof.com/tag/ﬁve-free—game-development~tools—make—your-
own-games/. [Accessed 16 July 2016}

8bitjoystick, "E3 2009 : Microsoft at B3 Several Meiric Tons of Press
Releaseapalloza,”  scattlepi, 1 Jane 2009, [Online].  Available:
http:/f‘biog.Seattlepi.com/digitaijoystickf20€)9/06/{)1/63~2009~microsoft-at~e3—
severai—metricutonswof-press-reieaseapailoza/ . [Accessed 16 July 2016].

Review, MIT Technology, "The 50 most innovative companies 2011," MIT
Technology Review, 2011, ~ [Online}. Available:
https://www,technologyreview.com/lists/disrupti:ve-

companies/201 1/primesense/. [Accessed 16 July 2016].

D. TAKAHASHI, "How many vendors does it take to make Microsoft’s Project
Natal game control system?," VB, 5 September 2009. [Online]. Available:
http://venturebeat,com/2009/09/05/h0w—many—vendors—d033=it—take-to~make~
microsofts-project~natal-game»control=system/. [Accessed 16 July 2016].

M. N. Center, "PrimeSense Supplies 3-D-Sensing Technology to “Project Natal”
for Xbox 360, WayBackMachine, 31 March 2010. [Online]. Available:.
https://web.archive.org/web/20100620012436/http://www.microsoﬂ.com:SOIPre
sspass/press/2010/mar10/03-

3 1PrimeSensePR.mspx?rss__fdnﬂPress%20Releases. [Accessed 16 July 2016].




[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44

89

mirrorZimage, "How Kinect depth sensor works — stereo triangulation?," Mirror
Image, 30 November 2010. [Online]. Available:
https://mirrorZimage.wordpress,corm’ZO1 0/11/30/how-kinect-works-sterco-
triangulation/. [Accessed 16 July 2016].

a. FUTUREPICTURE, "Kinect Hacking 103: Looking at Kinect IR Patterns.,”
FUTUREPICTURE, 17 11 2010. [Online]. Available:
http:/fwww.futurepicture,org/?pr—1 16. [Accessed 16 July 2016].

8bitjoystick, "E3 2009 : Microsoft at E3 Several Metric Tons of Press
Releaseapalloza,"  seattlepi, 1 June: 2009, [Online].  Available:
http://blog.seattlepi.com/digitalj0ystick/2009/06/01/e3v20(}9-microsoﬁ—at—e3-
several—metric=tons—of-press—reieaseapailoza/. [Accessed 16 July 2016].

;a

S. Totilo, "Natal Recognizes 31 Body Parts, Uses Tenth Of Xbox 360 "Computing
Resources"," kotaku, 1 7 2010. [Online]. Available:
http://kotaku.com/ 5442775/matal-recognizes-31 -body-parts-uses-tenth-of-xbox-
360-computing-resources. [Accessed 16 July 2016].

"Yhox One" The Free Encyclopedia, Wikipedia, [Online]. Available:
https://en.wikipedia.org/wiki/Xbox__One. [Accessed 16 July 2016].

D. D. Stimulant, "DEPTH SENSOR SHOOTOUT," SITMULANT, 4 Jan 2016.
[Online]. Available: https://stimuiant.com/deptglasensor»shootout—Z/ . [Accessed
16 July 2016].

Amazon, "Amazon Echo," Amazon, [Online]. Available:
https://www.amazon.comlArnazomEcho—BluetoothwSpe&ker~with—-WiFi—
Alexaldp/ BOOX4WHPSE?ie:UTF8&*Version*ﬂ&*entries*ﬁ(). [Accessed 16
July 2016].

B. L. S. R. D. K. a. M. B. Evan A, Suma, " FLEXIBLE ACTION AND
ARTICULATED SKELETON TOOLKIT (FAAST)," USC Institute for Creative
Technology, [Online]. Available: http:/fprojects.ict.usc.edu/mxr/faast/ . [Accessed
16 July 2016]. '




90

Microsoft Download Center, "Kinect for Windows SPK 2.0," Microsoft
Download Center, [Online]. Available: https://www.microsoft.com/en-
us/download/details.aspx?id=44561. [Accessed 16 July 2016].

Metacritic , "Metacritic," Metacritic , [Online]. Available: www.nctacritic.conmy.
[Accessed 16 July 2016].

IGN, "IGN," IGN, [Online]. Available: www.ign.com. [Accessed 16 July 2016].

GameSpot, "GameSpot,” GameSpot, [Online]. Available: WAV, ZaIMEesPoL.eonY .
[Accessed 16 July 2016].

GameRanking, "GameRanking," GameRanking, [Online].  Available:
www.gamerankings.com/. [Accessed 16 July 2016].

YoYo Games, "GAMEMAKER:STUDIO," YoYo Games, [Online]. Available:
http://www.yoyogarnes.com/gamemaker. [Accessed 16 July 2016].

Northwestern Medicine, "Acute Spinal Cord Injury (SCI)," Northwestern
Medicine, [Online]. Available: http://spinecenter.nm.01‘g/acuteuspina1-cord«
injury-sci.html. [Accessed 16 July 2016].

123KINECT, "Fruit Ninja Kinect 2," 123KINECT, [Online]. Available:
http:// 123kinect .com/kinect-games/fruit-ninja-kinect-2/. [Accessed 16 July 2016).

123Kinect, "Dance Central," 123Kinect, [Online]. Available:
hitp:// 123kinect.com/kinect-games/dance-central/. [Accessed 16 July 2016].

N. Baiber, "Kinect modified for wheelchair gaming,” Network World, 6 May
2013. [Online]. Available: https://www.youtube.com/watch?v:()hnRSZMUq%.
[Accessed 16 July 2016].

1 G.C.D.E. C.J.R R R.John C. Dinsmoor, "Anti-decubitus matircss pad". US
Patent US 5511260 A, 30 Apr 1996,




91

{56] Hill-Rom® Clinical Resource Center, "Gkin Microclimate Management," Hill-
Rom, [Online]. Available: https://library hill-rom.com/404/.

[57] FE.-P.M. Bain DS, "Remote monitoring of sitting behavior of people with spinal
cprd injury.," J Rehabil Res Dev., vol. 39, no. 4, pp. 513-20, 2002,

[58] Adv Skin Wound Care, "Pressure ulcers in America: prevalence, incidence, and
implications for the future. An executive summary of the National Pressure Ulcer
Advisory Panel monograph.” Adv Skin Wound Care, vol. 14, no. 4, pp. 208-15,
2001.

59] Y. JLC X T-G.ILMD LYl "Association of race and sites of care with
pressure ulcers in high-risk nursing home residents.” JAMA, vol. 306, no. 2, pp.
179-8, 2011.




