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ABSTRAK

Carpal tunnel syndrome (CTS) adalah keadaan perubatan kerana mampatan saraf median
ketika bergerak melalui pergelangan tangan di terowong carpal. Terowong carpal adalah
laluan sempit di pergelangan tangan, yang terbuka ke tangan. la dikelilingi oleh tulang
pergelangan tangan di bawah dan ligamen carpal melintang di bahagian atas. Saraf
median bergerak melalui terowong carpal dan memberi perasaan kepada ibu jari,
telunjuk, jari tengah dan separuh jari cincin. Banyak urat atau otot juga melalui terowong
karpal ini dan jika ada pembengkakan berlaku, saraf median yang besar dapat mampatan
dengan mudah, menyebabkan CTS. Pemulihan untuk CTS mempunyai dua iaitu fizikal
terapi dan pembedahan. Permainan ini untuk rawatan pemulihan sindrom carpal tunnel
(CTS) untuk membantu dan memberi manfaat kepada pesakit dengan Sindrom Tunnel
Carpal. Permainan ini dibangunkan dengan pergerakan fisioterapi berikut untuk
permainan dan semua elemen dan keperluan dalam permainan ini dari pemulihan
perubatan supaya ia lebih berkesan kepada pengguna. Permainan ini membuat pesakit
berasa seronok untuk melakukan senaman. Metodologi ADDIE dipilih kerana ia
menyediakan struktur yang sistematik semasa permainan ini sedang berkembang. Model
ini mempunyai lima fasa untuk membangunkan iaitu analisis, reka bentuk, pembangunan,
dan sistem pelaksanaan dan penilaian. Permainan serius untuk rawatan pemulihan
sindrom carpal tunnel (CTS) terdiri daripada dua utama utama termasuk permainan dan
mengenai CTS. Permainan untuk pesakit CTS berkembang dengan pergerakan fisioterapi
berikut dan ia terdiri daripada dua pergerakan yang merupakan gerakan aktif gerakan dan
pergelangan tangan dan setiap pergerakan mempunyai dua peringkat, untuk setiap
peringkat mempunyai corak perbezaan permainan untuk pengguna selesai.Di samping
itu, mengenai CTS terdiri daripada maklumat mengenai CTS, gejala CTS, rawatan dan
latihan untuk rujukan pengguna. Permainan ini untuk Rawatan Rehat Pemulihan Carpal
Tunnel (CTS) telah diuji oleh pesakit dan Encik Azeri sebagai pemulihan perubatan di
Pusat Kesihatan Pelajar, UMP Gambang telah menguji keberkesanan permainan ini
kepada pesakit. Ujian ini membantu untuk mencapai matlamat permainan ini. Permainan
ini membantu dan memberi manfaat kepada pesakit sindrom carpal tunnel supaya
kesakitan dapat dikurangkan dan CTS dihindari. Mengikut ujian itu membantu pesakit
melegakan kesakitan mereka dengan bermain permainan CTS dan memberi mereka

maklumat lebih lanjut mengenai CTS.



ABSTRACT

Carpal Tunnel Syndrome (CTS) is a medical condition due to median nerve compression when
traveling through the carpal tunnel's wrist. The carpal tunnel is a narrow passage in the bracelet
that opens in the hand. It is surrounded by the below wrist bones and the transverse carpal
ligament above. The middle nerve runs through the carpal tunnel and gives the thumb, forefinger,
middle finger and half of the ring finger. Many tendons also pass through this carpal tunnel and
the large median nerve can be easily compressed if swelling occurs, causing carpal tunnel
syndrome. Physical therapy and surgery are two wishes for rehabilitation for CTS. Serious
games for carpal tunnel syndrome (CTS) rehabilitation treatment develop for help and
benefits the patient with Carpal Tunnel Syndrome. This game develop by following
physiotherapy movement for the game and all the element and requirement in this game
from medical rehab so that it more effective to user. This game make patient feel fun to
do the exercise. The ADDIE methodology model is chosen because it provides a
systematic structure while this game is developing. This model has five phases to develop
which are the analysis, design, development, and implementation and evaluation system.
Serious games for carpal tunnel syndrome (CTS) rehabilitation treatment consist of two
main major including game and about CTS. Game for CTS patient develop by following
physiotherapy movement and it consist of two movement which is active range of motion
and wrist extension and each movement have two level, for each level have difference
pattern of game for user to complete. In addition, about CTS consist of information about
CTS, symptoms of CTS, treatment and exercise for user to refer. Serious games for
Carpal Tunnel Syndrome (CTS) Rehabilitation Treatment has been test by patients and
Mr. Azeri as a medical rehab at Pusat Kesihatan Pelajar, UMP Gambang test the
effectiveness this game to the patient. This test helps to achieve this game's goal. This
game helps and benefits the carpal tunnel syndrome patient so that pain can be reduced
and CTS avoided. According to the testing it help patient to relief their pain by play CTS

game and give them more information about CTS.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

Carpal Tunnel Syndrome (CTS) is a medical condition due to median nerve
compression when traveling through the carpal tunnel's wrist. The carpal tunnel is a
narrow passage in the bracelet that opens in the hand. It is surrounded by the below wrist
bones and the above carpal ligament. The median nerve crosses the carpal tunnel and
gives a feeling to the thumb, forefinger, centre and half of the ring finger. Many tendons
also pass through this carpal tunnel and the large median nerve can be easily compressed

if any swelling occurs, causing carpal tunnel syndrome.

Using a phone or tablet can cause damage and pain, including tingling and
numbness in your hands and wrists. Starting with 500 students, an international study
found that 54 percent of intensive users using devices longer than three hours a day
showed signs of CTS. CTS is a common disease occurring in 2.7% of the general
population. Women are more common than men, and the average age of CTS patients
is 40 - 50 years (HealthDay News, 2017).

Physical therapy and surgery are two wishes for rehabilitation for CTS. Physical
therapy has resulted in better results in the short term. Those who received treatment had
less pain and a better function than those who had surgery.



Therefore, this thesis will focus on how the symptoms of carpal tunnel syndrome

and treatment for rehabilitation could help and benefit the patient with CTS.

1.2 PROBLEM STATEMENT

There were many mobile games in these days of advanced technology that offer
state-of - the-art technology that could promise user satisfaction. Malaysians spend over
three hours on their smartphones every day, according to the smartphone user. As regards
use, 40 percent of users spent time on social networking and chatting, 36 percent on
entertainment and 15 percent on utility apps, it shows that they spend too much on their

smartphones (The star online, 2016).

People who spend a lot of time on their smartphones can cause CTS because

scrolling, taping and swiping affects their hands, painful wrist and disorder of their hands.

Table 1.1: The Project Problem Statement Carpal Tunnel Syndrome Game

No.| Problem Description Effect

1. | Social isolation. | Malaysians spend more * Painful wrist
than three hours every day and hand
on their smartphones. disorder.

fingers are affected

2. | Constant CTS is a condition that » Performance in
distraction. causes tingling, numbness daily routine.
and other symptoms in
your hand and your arm.
3. | Tingling or| Usually the thumb and  Drop objects
numbness index, middle or ring » Shake out

» Sensation like an

electric shock




1.3 OBJECTIVES

The objective of this study is to develop a game application for patients to practice
physical therapy treatment that can often relieve pain and numbness and restore normal
use of the hand, wrist and arm without surgery. The objectives of achieving this objective

are as follows.
I.  To study the types of Carpal Tunnel Syndrome and rehabilitation therapy.

Il.  To design and develop a serious game for help and benefits the patient

with Carpal Tunnel Syndrome.

I1l.  To evaluate serious game effectiveness Carpal Tunnel Syndrome (CTS)

Rehabilitation Treatment for Carpal Tunnel Syndrome patient.



1.4 SCOPE

Scopes of developing Carpal Tunnel Syndrome game.

Tablel.2: Project Scopes of Developing Carpal Tunnel Syndrome Game

User The target user for this games are Carpal Tunnel
Syndrome patient and anyone who using smartphone.
e Accelerometer Smartphone
Technology e Game app for Android
Tools

e Unity
e Accelerometer

e Adobe Photoshop

CTS Therapy

Movement

Carpal Tunnel Syndrome exercise movement :

e Front and back
e Left andright




1.5 THESIS ORGANIZATION

This thesis consist of five chapter.
Chapter 1:
This section is the introduction to this project. In this chapter, the problem statement
was identified and stated to achieve the project objectives. The project scope has also
been identified.

Chapter 2:

This section is intended to explain the literature review of this project. The existing

system developed is reviewed and explained. The system comparison was also stated.
Chapter 3:

This chapter discussed the project methodology and framework in which the overall
project process and framework was discussed. This chapter also explain the hardware
and software requirements of the project.

Chapter 4:

This chapter discussed the implementation and test the components in which the
overall development and implementation of the project was discussed. This chapter
also discussed the project testing.

Chapter 5:

This chapter is the final part of the project, which explain the completion

of the project and the future improvement that can be achieved.



CHAPTER 2

LITRETURE REVIEW

2.1 INTRODUCTION

In this chapter, there had four subtopics which first section will discuss on Carpal tunnel
syndrome (CTS) consist of Symptoms of Carpal Tunnel Syndrome and rehabilitation
treatment for carpal tunnel syndrome. Second section, serious games, the type of serious
game and the benefits of serious games. The third section deals with the review of three
existing systems, which were developed and referenced similarly to the game. Finally,

comparison of three existing systems will be discuss.
2.2 CARPAL TUNNEL SYNDROME (CTS)

Carpal tunnel syndrome occurs when the tunnel is narrowed or tissues swelling
around the flexor tendons, putting pressure on the median nerve. These tissues are called
the synovium. Normally, the synovium lubricates the tendons, making it easier to move
your fingers. It takes up space in the carpal tunnel when the synovium swells and, over
time, crowds the nerve. This abnormal nerve pressure can lead to pain, numbness, tingling,

and hand weakness (Charles D. Jennings & Katherine Faust, 2016).



Transverse
_ carpal
ligament

Median
nerve

Tendons

Figure 2.1: Carpal Tunnel Syndrome Therapy Anatomy

Figure 2.1 shows on carpal tunnel, it consists of tendons, ligaments and bones, a passage
from the wrist to the hand. The median nerve passes through the tunnel and gives the thumb,
index finger, and centre finger and thumb side of the ring finger a sensation.

2.2.1 Symptoms of Carpal Tunnel Syndrome

Typically, CTS slowly begins with feelings of burning, tingling, and numbness in the wrist
and hand. The thumb, index and middle fingers are the areas most affected. In the first place,
symptoms may occur more often at night. Many CTS sufferers do not connect a daytime
activity that could cause CTS with the delayed symptoms. Many people also sleep with their
wrist bent, which can cause more pain and symptoms in the night. As the CTS gets worse,
the tingling can also be felt during the day, along with pain moving from the wrist to arm or
fingers. Pain on the palm side of the hand is usually felt more.

The weakness of the hands that gets worse over time is another symptom of CTS.
Some people with CTS having trouble grasping an object, making a fist or holding something
small. The fingers may even feel swollen even if they are not. This feeling usually happens

more often over time.

10



If left untreated, those with CTS may experience a loss of feeling in some fingers
and permanent thumb weakness. In fact, thumb muscles can waste time. Eventually, patients
with CTS may find it difficult to tell the difference between hot and cold temperatures by

touch. Symptoms of Carpal Tunnel Syndrome may include:

l. Feel pain in the palm of the hand, such as numbness, tingling, burning and
pain, mainly in the thumb and index, middle and ring fingers, especially close

to the thumb and first 2 fingers.
. Tingling or pain that can travel up the forearm to the shoulder.

[1l.  Weakness and tediousness in the hand can make it difficult to perform good

movements

IV.  Dropping things can be due to the numbness in the hand or the weakness of
the pinching muscles of the thumb, which are also controlled by the median

nerve.
2.2.2 Therapy and Rehabilitation treatment for Carpal Tunnel Syndrome

Physical therapy helps to reduce the severity of symptoms and may eliminate the need for
surgery to restore patients to an active and functional lifestyle. Physical therapy helps

patients recover their wrist strength after CTS surgery.

Conservative early-stage care of CTS is recommended as a first step. Physical therapy
can be effective in reducing symptoms and helping to carry out normal activities.

Physical therapy helps to reduce symptoms without operation to allow the patient to
be as active and functional as possible. If CTS is severe or if your symptoms persist, the

patient may refer a doctor for surgical consultation.

If necessary, surgery is carried out to release the tissue band that causes pressure on
the median nerve. After surgery, physical therapy treatment is important to help restore wrist
strength and learn to modify habits that may have caused CTS symptoms (J Occup Rehabil,
2011). There are few movement that help CTS Patient.

11



Wrist range of motion Wrist stretch

Tendon glide Scapular squeeze

Wrist extension Grip strengthening

Figure 2.2: Carpal Tunnel Rehabilitation Exercise (Pachoulakis & Tsilidi, 2016).

Figure 2.2 shows on Carpal Tunnel rehabilitation exercise, there a few movement will help

patient do exercise such as wrist range of motion, wrist stretch and wrist extension

2.3 SERIOUS GAME

A serious game or a computer game that was designed for the main purpose beyond
pure entertainment. Serious games are used in a wide range of professional situations, such
as education, training, recruitment, knowledge management, business, town planning,
engineering, health care and policy. The development of a serious CTS game meets the
requirement to help users perform the therapy in a fun way and reduce pain. The types of
serious games are divided into a few categories: education, conviction and health. Symptoms

12



of Carpal Tunnel Syndromepurpose of this game categories is to help people recover from
health problems. There are two types which fall into this category:

1. Exergaming

The aim of this game is to help the player exercise.

2. Games for health

These categories help the player with physical pain, psychological problems

and so on.

Serious rehabilitation games aim to improve the cognitive and motor skills of
patients during the rehabilitation process by facilitating the exercises and More fun to use
simulation and virtual reality (VR) environments compared to traditional methods. There is

an existing medical treatment system

Figure 2.3: Rehabilitation Games Gabarello

Figure 2.3 shows on Gabarello is one of serious game for neurological disorders and injuries

such as a stroke, a spinal cord injury, children’s locomotive ability can be affected. In

13



treatment patients rehabilitation process includes gait training, where it is recommended that
each movement is trained in a task-specific program. This game is a playable prototype of
a physiotherapeutic serious game which combines the robot-assisted gait therapy with virtual
reality. Including the virtual reality game increases patient’s motivation and joy while
training and allows therapists to include video assistance, immediate feedback and real-time
interactive experience (Barbara Plovie, 2014).

2.4 REVIEW OF EXISTING SYSTEMS
2.4.1 The Roller Ball

The Roller Ball game is developed in Unity3D and uses CTS-specific physiotherapy
exercises to guide a ball along a bridge through a 3D scene while avoiding moving obstacles
or breaking the bridge. The Leap Motion sensor is a hardware platform for the rehabilitation

of CTS patients with serious games.

The Roller Ball game developed by Unity3D to explore the sensor's possibilities
and limitations and concluded that the sensor's accuracy of tracking is sufficient to detect
and track certain bracelet postures required by physiotherapy exercises to alleviate CTS
symptoms. Limitations in the application of the sensor for the intended purpose occur

naturally in CTS-specific exercises where the wrist-hand posture causes part of the hand.

Hand movement Game movement

—— /\
................ Flexion: Go
Flexion Extension R

Extension: Stop
Extension and flexion of the wrist . ot

Right Hand
Radial Dev
Turm Left

Radial Deviation Ulnar Deviation Right Hand

Ulnar Dev
Turn Right

Radial and uinar deviation of the wrist — e

Figure 2.4: Four Wrist Physiotherapy Exercises (Pachoulakis & Tsilidi, 2016).
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Figure 2.4 shows on four wrist physiotherapy exercises commonly used to treat
Carpal Tunnel Syndrome are shown in the left column. Each exercise is detected as a gesture

in the game and mapped to an action on the ball as shown in the column to the right.

The game scene supports the CTS physiotherapy repetitive exercises. CTS-oriented
rehabilitation appears to be the Leap Motion controller, a small peripheral USB device
commonly placed on the upside table. The device uses two monochromatic IR cameras and
three infrasound LEDs to detect movement in an approximately hemispheric area centred on

the sensor with a radius of about one meter.

Figure 2.5: Control a Ball across a Bridge (Pachoulakis & Tsilidi, 2016).

Figure 2.5 shows on how the player need to guide a ball across a continuously reconfigurable

bridge, while avoiding a number of moving obstacles.

Exercise Carpal Tunnel

The Carpal Tunnel app teaches the user simple, safe and adequate exercises using interactive
tools such as images, videos, exercise register calendars to track symptoms and exercise
frequency and type of activity. The user can then export it to show it to the doctor. This app
is only available on the App Store for i0S devices (BuiltByDoctors, 2016).

15



Exercise is very important in preventing carpal tunnels and in treating symptoms if the
condition already exists. In some cases, effective exercise can prevent the disorder and
eliminate the need for surgery. Exercise is often recommended in combination combination
with with splinting and daily modification of repetitive wrist faction in carpal tunnels.
Exercises for CTS strive to stretch the forearm muscles, reduce tension on tendons in the

carpal tunnel region and strengthen affected muscles.

EXERCISE 0 {Back VIDEO DETAILS
——

Start with your paims
together in front of your
chest just below your

chin

Fist strotch

Make 3 1ght fist with both hands,

Derxd both wrists down wille keepleg the fist Mo fer 2 count of & to

10

Siraighten Both wrists and retax fingers, for a count of 5. I
Ropeat 5 10 10 times.

Figure 2.6: Safety Exercise for Carpal Tunnel Syndrome

Figure 2.6 show on step by step to how to do exercise and movement correctly by

following the instructions and video detail.

16



Neck And Shoulders Stretch

Figure 2.7: Quiz and Information about CTS

Figure 2.7 shows quiz and information about medical term both of that able to play

and so that user will get more knowledge regarding CTS in interesting ways.
2.4.2 Exercise Carpal Tunnel

The Carpal Tunnel app teaches the user simple, safe and adequate exercises using
interactive tools such as images, videos, exercise register calendars to track symptoms and
exercise frequency and type of activity. The user can then export it to show it to the doctor.
This app is only available on the App Store for iOS devices (BuiltByDoctors, 2016).

Exercise is very important in preventing carpal tunnels and in treating symptoms if
the condition already exists. In some cases, effective exercise can prevent the disorder and
eliminate the need for surgery. Exercise is often recommended in combination combination

with with splinting and daily modification of repetitive wrist faction in carpal tunnels.
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Exercises for CTS strive to stretch the forearm muscles, reduce tension on tendons in the

carpal tunnel region and strengthen affected muscles.

EXERCISE 0 {Back VIDEO DETAILS 0
e T
ome

Start with your paims
together in front of your
chest just below your

chin,
Fist stretch
Make 3 tight flst with both hands.
Berxd both wrists down wille keepieg the fst. Mokt far 3 court of § to
10
Straighten Both wiists and retax fingers, for a count of 5. "N . W

Repeat 5 10 10 times.

Figure 2.8: Safety Exercise for Carpal Tunnel Syndrome

Figure 2.8 show on step by step to how to do exercise and movement correctly by

following the instructions and video detail.
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Prayer Stretch And Wrist Stretch

Neck And Shoulders Stretch

Figure 2.9: Quiz and Information about CTS

Figure 2.9 shows quiz and information about medical term both of that able to play and so

that user will get more knowledge regarding CTS in interesting ways

This app consists of causes, symptoms and CTS treatment. It consists of animated
user - friendly exercises that help prevent stiffness in the user's wrist. It's easy to understand
and perform these exercises. These exercises are shown in detail so that users can easily

understand them and perform them.

As we know that exercise for CTS have two condition first before operation and after
operation so that tis app help both patient can use this App to reduce their CTS also help
them to be as active and functional as possible, and resume their normal work, home, and

leisure activities (Canny Technologies,2011).
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2.4.3 Carpal Tunnel Syndrome

This app consists of causes, symptoms and CTS treatment. It consists of animated
user - friendly exercises that help prevent stiffness in the user's wrist. It's easy to understand
and perform these exercises. These exercises are shown in detail so that users can easily

understand them and perform them.

As we know that exercise for CTS have two condition first before operation and after
operation so that this app help patient and to reduce their CTS also help them to be as active
and functional as possible, and resume their normal work, home, and leisure activities

(Canny Technologies, 2011).

| Stretching Exercises

)
| Strengthening Exercises

i Wrist Flexor Stretch

|
| Active Exercises |
| Wrist Extensor Stretch

Figure 2.10: Type of Exercise CTS

Figure 2.10 shows three type of exercise for CTS wish is stretching exercise, strengthening
exercise and active exercise and for active exercise have a few exercise same goes to other
type. User also can choose exercise before and after operation for user so that patient can

choose to do exercise depend on their condition.
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Figure 2.11: Video Tutorial for Each Type Exercise CTS

Figure 2.11 shows video tutorial and step to help user to do a correct position by following

the instruction given.
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2.5 COMPARISON BETWEEN EXISTING SYSTEMS

Review of Carpal Tunnel Syndrome application are shown in Table 2.1.

Table 2.1: Comparison between CTS Applications

Application | The Roller | Exercise Carpal tunnel | Propose System
Ball Carpal Tunnel | Syndrome
Features Fun ways | To demonstrate | It consists of | Serious Game for
for patient | step by stem | causes, CTS rehabilitation
to do | doing a correct | symptoms, treatment, doing a
exercise to | exercise by | CTS treatment, | correct exercise
reduce to | following  the | animated user - | by following
reduce pain | instruction friendly Physiotherapy for
and to avoid exercises that | early-stage of
Carpal help  prevent | CTS and post-
Tunnel stiffness. CTS surgery with
Syndrome fun way and
motivated patient
to do exercise.
Price Free Buy Free Free
Platform Web iOS Universal Android Android
Developer | Loannis BuiltByDoctors | Canny Yuzawani Yusoff
Pachoulakis Technologies

2.5.1 Analysis Comparison between Existing Systems

Currently, based on the Review of CTS application, there are three serious games

created for CTS to help the user to help reduce the severity of symptoms and possibly
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eliminate the need for surgery to help patients return to an active and functional lifestyle.
Physical therapy also helps post-CTS surgery patients to restore wrist strength.

First, The Roller Ball game use Motion sensor technology for the creation of CTS-
oriented serious games it also consist of four wrist physiotherapy exercises. This game also
expensive to compare another game or app because user need to buy the Leap Motion sensor
for play this game.

Second, exercise Carpal Tunnel use interactive tools such as images, videos, calendar
with exercise register. User can test its knowledge using way through a little and fun quiz.

Able for IPhone user only and patient need to buy this app if they want to use it.

Third, Carpal tunnel Syndrome Consists of animated user friendly exercises which
help to prevent stiffness in wrist join. User can choose exercise base on their condition for
example before operation or after operation so that they can get a correct exercise. It free to

download and use this system.

Lastly, there are no serious games created yet for CTS that free to use and fun ways
and motivated patient to do exercise to reduce to reduce pain and to avoid CTS by following
a correct physical therapy movement by using Accelerometer Smartphone technology.
Because of that, creating the CTS games is the best ways to help the user to reduce pain and
to avoid CTS.

23



2.5.1 Advantage and Disadvantage Existing System

Advantage and disadvantage existing system of CTS application are shown in Table 2.2.

Table 2.2: Advantage and Disadvantage Applications

SYSTEM ADVANTAGE DISADVANTAGE
The Roller Ball Motion sensor for the Expensive  patient
creation of CTS-oriented needs to buy the
serious games. Leap Motion sensor
and hard to use.
Consist of four wrist
physiotherapy exercises. This game also does
_ _ not have inform
Using Leap Motion sensor about carpal tunnel
technology syndrome.
Exercise Carpal Interactive tools such as Able for IPhone user
Tunnel images, videos, calendar only and patient
with exercise. need to buy this app
if they want to use it.
User can test its knowledge
using way through a little Doesn't offer a way
and fun quiz. to create an account
and no app
description.
Carpal tunnel Animated user friendly Carpal tunnel
Syndrome exercises. Exercises are Syndrome app is not
easy to understand and interesting.
perform.
User also can choose
exercise.
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2.6 SUMMARY

In a nutshell, based on the review, there are no serious games for Carpal Tunnel
Syndrome provide a fun game with correct movement and help patient to do exercise by
using game. The main aim of this project is to create Carpal Tunnel Syndrome games that
able to make user interesting to play this game beside they can reduce pain and avoid Carpal
Tunnel symptom. This game is the best ways to help the user to reduce pain and avoid Carpal
Tunnel symptom by following a correct physical therapy movement using Accelerometer

Smartphone technology.
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CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter will consist of the methodology used and design elements of Serious Games
for Carpal Tunnel Syndrome (CTS) Rehabilitation Treatment. The ADDIE methodology
model is chosen because it provides a systematic structure while this game is developing.
This model has five phases to develop which are the analysis, design, development, and

implementation and evaluation system.

3.2 METHODOLOGY USED

Analysis

Evaluate

Implement Develop

Figure 3.1: ADDIE Model.
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Figure 3.1 shows on the ADDIE model which consist of five phases which are Analysis,
Design, Development, Implementation, and Evaluation. ADDIE model is one of the most
common models used in the instructional design field a guide to producing an effective

design.

|
! ! | } !

Analysis Design Development Implementation Evaluation
. : Specific zame Training and Measure
Collect requirement System Diagram development - eckfng performance
Develop survey Storyboard Specific plan and Effectiveness System obyective
delivery system
Analysis survey System design Develop system Revise System
Requirement Validate instruction

Figure 3.2: Work Breakdown Structure ADDIE Model

Figure 3.2 shows work breakdown structure for ADDIE Model which consist of five phases

which are Analysis, Design, Development, Implementation, and Evaluation.

In addition, this systematic process is represented in the acronym ADDIE, which
represents the important components of the teaching design process, which are analysis,
design, development, implementation and evaluation. Each phase in ADDIE model is related

to and interacts with each other (Aldoobie, 2015).
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3.2.1 Analysis

In the analysis phase, all requirements are clarified, instructional goals and objectives are
established and all requirements are established before this game is developed, such as

collect data requirement, analysis data and meet physiotherapy and others requirements.

An interview has been conducted with Mr. Azeri as a medical rehab at Pusat Kesihatan
Pelajar, UMP Gambang. Question and answer given during interview with physiotherapy as

below.
1. Signs and symptoms CTS?

Signs and symptoms CTS is feel numbness, tingling, and pain in your thumb and the first
three fingers of your hand. Moreover pain burning that travels up your arm wrist pain at

night and weakness in your muscles hand.

2. Mostly male or female?

Most females compared to males and pregnant women may also have CTS.
3. Range age?

Late 40 and above because CTS may develop from an early age, but people don't take it

seriously.

4. Occupation/profession that might have CTS?

Mostly people who use their hand to do work like a programmer and teacher.
5. What need to do if hand in pain?

If you feel pain at night put ice and soak your hand do exercise to reduce the pain and meet

doctor to get treatment.

6. Holding the smartphone and using computer or laptop for long periods can cause hand

and wrist fatigue?

Yes, both computer and smartphone might cause CTS because it will make hand feel

numbness and tingling.
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7. How we want to know, we had CTS?
Feel the symptoms as below

e numbness, tingling, and pain in your thumb and the first three fingers of your
hand

e pain and burning that travels up your arm

e wrist pain at night that interferes with sleep

e weakness in the muscles of the hand
8. How to recover?
It depend on our condition it is need surgery or no need surgery
9. Movement?

Carpal Tunnel Syndrome Exercises

Active range of motion

2 ) /4\1’ 3

Wrist stretch

vy ==

Tendon glides

Wrist flexion exercise

Wrist extension exercise Grip strengthening

Figure 3.3: Movement for exercise

Figure 3.3 Exercise that patient can do for reduce their pain.
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10. Did you think that Serious Games for Carpal Tunnel Syndrome (CTS)
Rehabilitation Treatment will help you reduce the pain?

Yes by following physiotherapy movement and time to play game

3.2.2 Design

This stage determines all objectives, tools for measuring performance, different tests,
analysis of subjects, planning and resources. In the design phase, the focus is on system
design how the application looks through the use of storyboards and system design before

development begins.
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3.2.1.1 Flowchart

Open the zame

Mo

How to play

l Yes

How to play
mode

Play the

Eame

Yes
v

About CTS
mode

fes

"f Play zame In'l

Wrist
exfension
maode

f Quit game |

v

Play wrist

N

Play active
motion game

extension game

Yes

¥

Active
motion mode

¥

f Quit game I-'I

—
S

v
B )
!

Figure 3.4: Flowchart

Figure 3.4 shows flowchart for overall Serious Games for Carpal Tunnel Syndrome

Rehabilitation Treatment.
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3.2.1.2 Context Diagram

Play the game N /

/

Feead sbout CTS game 0
Rezd how to play game
Plaver — > Carpal Tunnel
Y“ « The game display Syndrome (CTS)
About CTS display Rehabilitation
_ Treatment Game
How to play game display

e
-

Figure 3.5: Context Diagram

3.2.1.3 Use Case Diagram

- c=extend=»
Active range of S\ 2_7_ 2
==|nclude== ==Include== g =
------------ £ New game Rt mation
<=gxtend=»

Ty

i ==Include==

Player
Easy

9

==zgxteng==

Wrist Extension )}

<=gxtend==

Howr to play

Figure 3.6: Use Case Diagram

Figure 3.6 shows the use case diagram for Serious Games for Carpal Tunnel Syndrome

Rehabilitation Treatment, as you can see when player open the game there consist of 3 button

which is Play button, Information CTS button and How to play button that available for

player to choose. If player choose to play there is two option game active range of motion

and wrist extension and it also can choose other they want easy of hard every game have
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difference movement. Next, second button is Information CTS there contain information
about CTS like how to causes, symptom, treatment and etc. Third button is how to play, this

interface will give instruction to player how to play this game.

3.2.1.4 Content Diagram

Figure 3.7: Content Diagram

Figure 3.7 shows content diagram for overall Serious Games for Carpal Tunnel

Syndrome Rehabilitation Treatment.

33



3.2.1.5 Storyboard

The main interface of Carpal Tunnel Syndrome (CTS) rehabilitation treatment main

interface is shown in Table 3.1.

Table 3.1; Main Interface CTS Game

Title Serious Games for Carpal
Tunnel Syndrome (CTS)

GRAPHIC AND MULTIMEDIA Rehabilitation Treatment

/

CARPAL TUNNEL Interface 1
SYNDROME (CTS)
REHABILITATION Next interface Option interface (Interface
TREATMENT 2)
Previous None
interface
Interface The main interface of
description Carpal Tunnel Syndrome
(CTS) rehabilitation

treatment, player need to
select button play to start

and play the game.

Information :

- Button play to start and play the game
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The option interface CTS game of Carpal Tunnel Syndrome (CTS) rehabilitation treatment
is shown in Table 3.2

Table 3.2: Option Interface CTS Game

Title Serious Games for Carpal
Tunnel Syndrome (CTS)
Rehabilitation Treatment

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

Interface 2

Next interface | Game  type interface
(Interface 3)

About CTS interface
(Interface 4)

How to play interface
(Interface 5)

Previous Main interface (Interface 1)
interface

interface Option interface consist of
Description 3 button and for player to

choose other they want
Play, About CTS and How
to play.

Information:

- Button play to start and play the game -
- Button about CTS, detail about CTS Button how to quit the game
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The type of game interface of Carpal Tunnel Syndrome (CTS) rehabilitation treatment is
shown in Table 3.3.

Table 3.3: Type of Movement Game

Title Serious Games for Carpal
Tunnel Syndrome (CTS)
CARPAL TUNNEL SYNDROME Rehabilitation Treatment
REHABILITATION TREATMENT
Interface 3
Next interface Active range of motion

game interface (Interface
3.1)

Wrist  extension game

interface (Interface 3.2)

Previous interface | Option interface
(Interface 2)

Interface Type of  movement
description interface, there is 2 type of
motion, it’s depend on
player what they want to
choose base on their
condition.

Information
_ This button to play active range of motion game

This button to play Wrist extension game
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Level of active range of motion game interface Carpal Tunnel Syndrome (CTS)

rehabilitation treatment is shown in Table 3.4.

Table 3.4: Level of Active Range of Motion Game

CARPAL TUNNEL SYNDROME Title Serious Games for Carpal
REHABILITATION TREATMENT Tunnel Syndrome (CTS)

Rehabilitation Treatment

ACTIVE RANGE OF MOTION

Interface 3.1

Next interface | Easy Active range of

motion game interface

_ (Interface 3.1.1)

Hard Wrist extension

game interface (Interface

3.1.2)
Previous Game type interface
interface (Interface 3)
Interface Active range of motion
description and wrist extension

game, this interface will
appear for player choose
the level which is easy or
hard.

Information

- This button to play easy active range of motion game

This button to play hard active range of motion game
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Level easy of active range of motion game interface Carpal Tunnel Syndrome (CTS)

rehabilitation treatment is shown in Table 3.5.

Table 3.5: Level Easy Of Active Range of Motion Game

Title Serious  Games for
Carpal Tunnel
seoe . o Syndrome (CTS)
Rehabilitation
= .
- Treatment
Interface 3.11
= -
o Next interface Option interface
= (Interface 2)
(- (- Hard Wrist extension
- game interface
Interface 3.1.2
..o ( )
Previous Game level interface
. “ . .
interface (Interface 3.1)
Interface Active range of motion
description this interface will appear
for player choose the
level which is easy
Text:

1. Bahnschrift Condensed
2. Calibri (Body)

Information

Player need to complete the score until 200 point.
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Level hard of active range of motion game interface Carpal Tunnel Syndrome (CTS)
rehabilitation treatment is shown in Table 3.6.

Table 3.6: Level Hard of Active Range Motion Game

Title Serious Games for
Carpal Tunnel
. [Hard| Timer : Syndrome (CTS)
Rehabilitation

v Treatment

v e [ Interface 3.1.2
v

Next interface Option interface

Score <0 - (Interface 2)

Active range of motion

_ . Previous interface Game level interface
v ot (Interface 3.1)

(. . - Interface description | Active range  of

v motion this interface
v . will appear for player

choose the level

which is hard.

Text:

1. Bahnschrift Condensed
2. Calibri (Body)

Information

Player need to complete the score until 200 point.
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Level of wrist extension game interface Carpal Tunnel Syndrome (CTS) rehabilitation

treatment is shown in Table 3.7.

Table 3.7: Level of Wrist Extension Game

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

Title Serious Games for
Carpal Tunnel
Syndrome  (CTYS)
Rehabilitation
Treatment

Interface 3.2

Next interface Option interface

(Interface 3)

Wrist

game

Easy
extension
interface (Interface
3.2.1)

Hard

extension

Wrist
game
interface (Interface
3.2.2)

Previous interface

Game type interface
(Interface 3.1)

Interface
description

Wrist Extension
game, this interface
will  appear for
player choose the

level easy or hard.
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Information

This button to play hard Wrist Extension game

_ This button to play easy Wrist Extension game

Level easy of wrist extension game interface Carpal Tunnel Syndrome (CTS) rehabilitation
treatment is shown in Table 3.8.

Table 3.8: Level Easy of Wrist Extension Game

Title Serious Games for
Carpal Tunnel
Syndrome  (CTS)
Rehabilitation

Treatment
Interface 321
Next interface Option interface

(Interface 2)

Hard Wrist
extension game
interface (Interface
3.2.2)

Previous interface | Game level

interface (Interface
3.2)
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Interface
description

Wrist Extension this
interface will appear
for player choose
the level which is

easy

Text:

1. Bahnschrift Condensed
2. Calibri (Body)

Information

Player need to complete the score until 200 point.
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Level hard of wrist extension game interface Carpal Tunnel Syndrome (CTS) rehabilitation
treatment as shown in Table 3.9.

Table 3.9 Level Hard of Wrist Extension Game

Score Timer : Title Serious Games for
- A - Carpal Tunnel
- _ Syndrome CTS
. . y me. (CTS)
Rehabilitation
(- (- v Treatment
Interface 3.2.2
Next interface Option interface

(Interface 2)

~ Previous interface | Game level interface
- > (Interface 3.2)
- -
Interface Wrist Extension this
. v . description interface will appear

for player choose the
level which is hard.

Text :

1. Bahnschrift Condensed
2. Calibri (Body)

Information

Player need to complete the score until 200 point.
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Option interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as shown in Table
3.10

Table 3.10: Option about CTS Game

Title Serious Games for
Carpal Tunnel
Syndrome (CTS)
Rehabilitation

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

Treatment
Interface 4
Next interface | Option interface

(Interface 2)

Previous Option interface
interface (Interface 2)

Page About CTS interface,
Description this interface will

appear when player
select button About
CTS and there is
some  information
about CTS.

Text :

1. Bahnschrift Condensed
2. Calibri (Body)

Information:
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This button for Carpal tunnel syndrome

This button for Symptom of CTS

This button for treatment

This button for CTS therapy Movement

This button for back to previous interface

This button for go to home interface
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About CTS interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as shown in
Table 3.11.

Table 3.11: How to about CTS

Title Serious Games for Carpal
Tunnel Syndrome (CTS)
Rehabilitation Treatment

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

Interface 5
Next interface Option interface
(Interface 2)
Carpal tunnel syndrome - < - -
Previous interface | Option interface

Carpal tunnel syndrome occurs when the tunnel
becomes narrowed or when tissues surrounding the
flexor tendons swell, putting pressure on the median (I nterface 2)
nerve. These tissues are called the synovium.
Normally, the synovium lubricates the tendons,
making it easier to move your fingers.

It's caused by pressure on your median nerve, which : :

runs the length of the arm, goes through a passage Page Descrl ptlon AbOUt CTS
in the wrist called the carpal tunnel, and ends in the
hand. The median controls the movement and interface in th |S
feeling of your thumb, and also the movement of all !

your fingers except your pinky

interface

When the synovium swells, it takes up space in the
carpal tunnel and, over time, crowds the nerve. This

abnormal pressure on the nerve can result in pain, Contai n deta”
numbness, tingling, and weakness in the hand.

information

Il N sbout CTS

Text :
1. Bahnschrift Condensed
2. Calibri (Body)

Information:

Help player back to pervious interface

- This button for home interface
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Symptoms CTS interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as shown
in Table 3.12.

Table 3.12: Symptoms of CTS

Title Serious Games for
Carpal Tunnel
Syndrome (CTS)
Rehabilitation

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

> = Treatment

L > . Interface 5

LL€§§;§” Next interface Option interface
What are the symptoms of carpal tunnel (Interface 2)
syndrome?
The symptoms are usually found along the . - - -
nerve path because of compression of the Previous interface | Option interface
median nerve. Your hand may “fall asleep”
frequently and drop objects. Other (|nterface 2)

symptoms include:

-> Numbness, tingling, and pain in your thumb

Page Description | Symptoms

-> Pain and burning that travels up your arm
-> Wrist pain at night that interferes with sleep CTS

-> Weakness in the muscles of the hand. interface, in
interface
contain
symptoms
CTS.

Information:

Help player back to previous interface

This button for home interface
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Treatment CTS option interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as
shown in Table 3.13.

Table 3.13: Treatment option

Title Serious Games for
Carpal Tunnel
Syndrome (CTS)
Rehabilitation

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

TREATMENT Treatment

Treatment aims to relieve symptoms and
slow the progression of CTS by reducing
pressure on the median nerve. Interface 5

People with mild symptoms may find their
condition improves without treatment within

a few months, especially if they are aged Next interface Option interface
30 years or under or if CTS occurs during
pregnancy. (Interface 2)

Previous interface | Option interface
(Interface 2)

_ Page Description | Treatment

option
interface,

in this
interface
contain
explanation
about

treatment.

Text :

1. Bahnschrift Condensed
2. Calibri (Body)
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Information:

Button for Nonsurgical treatment

Button for Nonsurgical treatment

Help player back to previous interface

Help player back to home interface

Nonsurgical treatment interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as
shown in Table 3.14.

Table3.14: Nonsurgical treatment 1

Title Serious Games for Carpal
Tunnel Syndrome (CTS)
SRR Rehabilitation Treatment
REHABILITATION TREATMENT
4
NONSURGICAL TREATMENT Interface 51

If diagnosed and treated early, the symptoms of carpal
tunnel syndrome can often be relieved without
surgery. If your diagnosis is uncertain or if your
symptoms are mild, your doctor will recommend - T T
RGRAUTIoR! Featvnt iret Next interface Option interface (Interface
Wrist brace
e ervs Dy KESpIrg your wriktaTaignt | | 5.1.1)

Monsurgical treatments may include:

tﬂ Previous Option interface (Interface
&

interface 5)

1. Bracing or splinting

Wearing a brace or splint at night will keep you from
bending your wrist while you sleep. Keeping your wrist
in & straight or neutral position reduces pressure on H H H -
the nerve In the carpal tunnel. It may also help to wear Page Description | This interface
a splint during the day when doing activities that
aggravate your symptoms.

contain about
| Aok | [ e |

nonsurgical.
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Nonsurgical treatment interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as
shown in Table 3.15.

Table 3.15: Nonsurgical treatment 2

i Serious Games for
cARPAL TUNNEL syNDroME | RGN
REHABILITATION TREATMENT Carpal Tunnel
/ Syndrome (CTS)
NONSURGICAL TREATMENT Rehabllltatlon
2. Nonsteroidal anti-inflammatory drugs (NSAIDs).
Medications such as ibuprofen and naproxen can help Treatment
relieve pain and inflammation.
3. Activity changes.
venane Interface 5.1.1
Symptoms often occur when your hand and wrist are
in the same position for too long—particularly when
your wrist is flexed or extended. - . .
Next interface Option interface

If your job or recreational activities aggravate your
symptoms, changing or modifying these activities can
help slow or stop progression of the disease. In some (l nterface 1)
cases, this may involve making changes to your work
site or work station.

‘ Previous Option interface
interface (Interface 5.1)

4. Steroid injection

A steroid injection into the carpal tunnel may relieve

symptoms for a period of time. Page Description | Nonsurgical

- - interface, in

this interface

contain
explanation
about

nonsurgical.

Information:

Help player back to previous interface

- Help player back to home interface
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Surgical treatment interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as
shown in Table 3.16.

Table 3.16: Surgical treatment 1

Serious Games for Carpal
Tunnel Syndrome (CTS)
Rehabilitation Treatment

CARPAL TUNNEL SYNDROME

REHABILITATION TREATMENT

/4
SURGICAL TREATMENT
Interface 5.2
If nonsurgical treatment does not relieve your
symptoms after a peried of time, your doctor
may recommend surgery. - " "
Next interface Option interface

The decision whether to have surgery is based

on the severity of your symptoms how much (|nterface 52 1)
pain and numbness you are having in your hand. o

In long-standing cases with constant numbness

and wasting of your thumb muscles, surgery Previous Option interface
may be recommended to prevent irreversible
camage. interface (Interface 5)

Surgical Procedure

The surgical procedure performed for carpal Page Description Surgical

tunnel syndrome is called a "carpal tunnel
release." There are two different surgical

techniques for doing this, but the goal of both is interface, in this

to relieve pressure on your median nerve by

cutting the ligament that forms the roof of the interface

tunnel. This increases the size of the tunnel and

decreases pressure on the median nerve. .

: contain
| aox | et explanation

about
nonsurgical.

Information:

Help player back to next interface

- Help player back to previous interface
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Surgical treatment interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as

shown in Table 3.17.

Table 3.17: Surgical treatment 2

CARPAL TUNNEL SYNDROME

REHABILITATION TREATMENT

7/
SURGICAL TREATMENT

Median
nerve

Divided transverse
ligament

The transverse carpal ligament is cut during carpal
tunnel release surgery. When the ligament heals,
there is more room for the nerve and tendons.

In most cases, carpal tunnel surgery is done on an
outpatient basis. The surgery can be done under
general anesthesia, which puts you to sleep, or
under local anesthesia, which numbs just your
hand and arm. In some cases, you will also be
given a light sedative through an intravenous (IV)
line inserted into a vein in your arm.

Title Serious Games for
Carpal Tunnel
Syndrome (CTS)
Rehabilitation
Treatment

Interface 521

Next interface Option interface

(Interface 5.2.2)

Previous

interface

Option interface

(Interface 5.2)

Page Description

Surgical
interface, in
this interface
contain
explanation
about

nonsurgical.

Information:

Help player back to pervious interface

Help player back to next interface
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Surgical treatment interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as
shown in Table 3.18.

Table 3.18: Surgical treatment 3

Title Serious Games for
Carpal Tunnel
CARPAL TUNNEL SYNDROME Syndrome (CTS)
REHABILITATION TREATMENT Rehabilitation
/ Treatment
SURGICAL TREATMENT
Interface 5.2.2
Next interface | Option interface

(Interface 5.2.3)

Here, an epdoscope is inserted through a portal in PreViOUS Optlon interface
the patient's wrist. A cutling instrument will be
inserted in the palm .
interface (Interface 5.2.1)
Complications
Although complications are possible with any -
surgery, your doctor will take steps to minimize Page Surglcal
the risks. The most common complications of
carpal tunnel release surgery include: Description interface in
i)
-Bleeding .
-Infection thIS

-Nerve aggravation or injury

- - interface

contain
explanation
about

nonsurgical.

Information:

Help player back to previous interface

Help player back to next interface
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Surgical treatment interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as

shown in Table 3.19.

Table 3.19: Surgical treatment 4

CARPAL TUNNEL SYNDROME

REHABILITATION TREATMENT

/
SURGICAL TREATMENT

1. Open carpal tunnel release.

In open surgery, your doctor makes a small
incision in the palm of your hand and views the
inside of your hand and wrist through this incision.
During the procedure, your doctor will divide the
transverse carpal ligament (the roof of the carpal
tunnel). This increases the size of the tunnel and
decreases pressure on the median nerve.

After surgery, the ligament may gradually grow
back together—but there will be more space in the
carpal tunnel and pressure on the median nerve
will be relieved.

2. Endoscopic carpal tunnel release.

In endoscopic surgery, your doctor makes one or
two smaller skin incisions—called portals—and
uses a miniature camera—an endoscope—to see
inside your hand and wrist. A special knife is used
to divide the transverse carpal ligament, similar to
the open carpal tunnel release procedure.

Title Serious Games for
Carpal Tunnel
Syndrome (CTS)
Rehabilitation
Treatment

Interface 523

Next interface Option interface
(Interface 1)
Option interface

(Interface 5.2.2)

Previous

interface

Option interface

(Interface 1)

Page Description

This
interface
contain
explanation
about

nonsurgical.

Information:

- Help player back to pervious interface

Help player back to home interface
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Table 3.20: Option for CTS exercise

CARPAL TUNNEL SYNDROME Title Serious Games for Carpal
REHABILITATION TREATMENT Tunnel Syndrome (CTS)

Rehabilitation Treatment

SIMPLE EXERCISES

Interface 6
Next interface Option interface (Interface
6.1)

Previous interface | Option interface (Interface
3)

Page Description | Exercise ~ CTS

interface, in this

interface contain
explanation
about

nonsurgical.

Information:

Button for wrist bend -

Help player back to home
Button for wrist lift interface

Button for finger bend

Button for hand squeeze

Help player back to pervious
interface
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Exercise interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as shown in

Table 3.21.

Table 3.21: CTS exercise 1

CARPAL TUNNEL SYNDROME

REHABILITATION TREATMENT

/

Wrist Bend
(forward and back)

Rest your elbow on a table, arm
pointing up, wrist straight.

Gently bend your wrist forward at a
right angle and hold for 5 seconds.

Straighten your wrist.

Gentlly bend it backwards and hold for 5§

seconds.

Title

Serious Games for
Tunnel

(CTS)

Carpal
Syndrome
Rehabilitation

Treatment

Interface

6.1

Next interface

Option interface

(Interface 1)

Option interface

(Interface 6)

Previous

interface

Option interface

(Interface 6)

Page
Description

Exercise
CTS
interface, in
this
interface
contain
explanation
about

nonsurgical.

Text :

1. Bahnschrift Condensed
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2. Calibri (Body)

Information:

Help player back to previous interface

Help player back to home interface

Exercise interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as shown in
Table 3.22.

Table 0.22: CTS exercise 2

CARPAL TUNNEL SYNDROME Title Serious  Games  for
REHABILITATION TREATMENT Carpal Tunnel
4 Syndrome (CTS)
Wrist Lift Rehabilitation
Treatment
Interface 6.2
Place your palm on the table and lift the Next interface Optlon interface

fingers up

(Interface 1)

Place your other hand across the
knuckles at 90° and push down as the
bottom hand tries to pull up.

Option interface
(Interface 6)

You should feel the muscles of your
forearms contracting

Swap hands and repeat.

- - Previous Option interface

interface (Interface 6)

Page Description | Exercise
CTS
interface, in

this interface
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contain
explanation
about

nonsurgical.

Information:

Help player back to previous interface

Help player back to home interface

Exercise interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as shown in
Table 3.23.

Table 3.23: CTS exercise 3

Title Serious Games for

CARPAL TUNNEL SYNDROME

REHABILITATION TREATMENT Carpa| Tunnel

Syndrome (CTS)

’

Wrist Flex cres -
Rehabilitation
[ Treatment
= Interface 6.3
Keeping your arm straight in front with
r Im facin W ntl n - - A
Yo Pl our wrist down. T e Next interface | Option interface
U i n r
Stretching hand back fowards your (Interface 1)
body and hold for 15-30 seconds.
Straighten your wrist. . .
Option interface

Gently bend the stretching hand
backwards and use the opposite hand

to pull the fingers back. (lnterface 6)

Previous Option interface

interface (Interface 6)
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Page
Description

This
interface
contain
explanation
about

nonsurgical

Text :

1. Bahnschrift Condensed
2. Calibri (Body)

Information:

Help player back to previous interface

Help player back to home interface

59




Exercise interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as shown in Table
3.24.

Table 3.24: CTS exercise 4

Title Serious Games for
Carpal Tunnel
CARPAL TUNNEL SYNDROME Syndrome (CTS)
REHABILITATION TREATMENT Rehabilitation
/ Treatment
Wrist stretch with weight
Interface 6.4
( p ) )
Next interface Option interface
Holding a light weight (e.g a tin of
) i vour per fowm (Interface 1)
Slowly bend your wrist upward, and
then return to the starting position. Optlon interface

Do 3 sets of 10 repetitions.

(Interface 6)

Gradually increase the weight you

hold
{iﬂ\ Previous Option interface
N -
A interface (Interface 6)

Squesze a nubber ball and hold for 5 seconds.

Do 3 seta of 10 repetitions.

Page Description | This
- - interface
contain
explanation
about

nonsurgical.

Information:

- Help player back to previous interface

Help player back to home interface
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Exit game interface Carpal Tunnel Syndrome (CTS) rehabilitation treatment as shown in
Table 3.25.

Table 3.25: Exit game interface

Title Serious Games for Carpal
Tunnel Syndrome (CTS)

H ] ( .- .
LD A Rehabilitation Treatment

REHABILITATION TREATMENT

Interface 7

Next interface

Are you sure you want to Previous interface | Option interface (Interface
leave the game?
= = ’
Page Description | Exit game

interface, in this
interface
confirmation to

exit the game.

Text :
1. Bahnschrift Condensed
2. Calibri (Body)

Information:

Button for player stay to play game

Help player leave game.
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3.2.3 Development

Third phase are development where start develop game according to the design specifications
that will be heavily guided by the prototype/storyboards at this point. Each element of the
course should be developed to match the design phase. The core of the content has already

been decided. All you need to add is a level of detail and polish to the courses.
3.2.4 Implementation

In the fourth phase of the ADDIE process, implementation of the lesson that has been planned
(analysed, designed, and developed). It is here that the course content, objectives, delivery
methods, and assessments are conducted. All materials that were created in the development
phase are implemented with the instruction in the manner it was designed. The decisions made
in the design phase will influence how this is actually carried out. It also should consistently

analyse, redesign and enhance the product to ensure effective product delivery
3.2.5 Evaluation

The final phase of the ADDIE model is the evaluation phase. After implementation of a course
or program is over, a summative evaluation is done for instructional improvement.
Throughout the evaluation phase the designer should ascertain whether problems relevant to
the training program are solved, and whether the desired objectives are met. This stage in
which the project is being meticulous final testing regarding the what, how, why, when of the
things that were accomplished (or not accomplished) of the entire project.

3.3 HARDWARE AND SOFTWARE SPECIFICATION

To develop this game, a few hardware and software are used. Table below show the
description of the hardware and software that to develop this system. Hardware and software
are interconnected, the computer hardware would have no function without software. The
hardware is limited to specifically designed tasks, which are very simple and independent.
Software implements algorithms that allow the computer to perform much more complex

tasks.

HARDWARE
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The list of hardware used for Serious Games for Carpal Tunnel Syndrome Rehabilitation
Treatment as shown in Table 3.26.

Table 3.26: List of Hardware

HARDWARE SPECIFICATION
Personal laptop = Prepare the proposal and documentation of this
project

= Design and develop the game.

Smartphone = Hardware platform for the operating system run.
= The final system must convert to smartphone.

Printer = Print the documentation and related sources of the
system.
USB storage device = Data transfer

= Backup data of the project

SOFTWARE

The list of software used for Serious Games for Carpal Tunnel Syndrome Rehabilitation

Treatment as shown in Table 3.27.

Table 3.27: List of Software

SOFTWARE SPECIFICATION

Microsoft word 2010 = To perform documentation work of the project.
= This software easy use for student to create and

documentation.
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Unity5.5.1-Game = To develop and construct the game.

Engine = This software is good platform to create any 2D and
3D games.
Accelerometer = Accelerometers are used to determine acceleration,

though a three-axis accelerometer could identify the
orientation of a platform relative to the Earth's

surface.

3.4  GANTT CHART

Carpal Tunnel Syndrome and rehabilitation treatment Gantt chart following ADDIE
methodology this model has five phases to develop an analysis, design, development,
implementation and evaluation system. This Gantt chat have 14 week to finish the application
by following schedule below.

SERIOUS GAMES FOR CARPAL TUNNEL SYNDROME (CTS) REHABILITATION TREATMENT

BY : YUZAWANI BINTI YUSOFF
Wed, 9/12/2018

Project Star:
. 1 September October November Decembar January
FEMI 14 week Display Week:
1 2 3 4 /1 2 3 4/ 1 2 3 4.1 2 F 4|1 2
TASK FROGRE  cramr  enp Mo
53
Phase 1 Analysis FSMA
Reguirement 100% 1/9/18 910018
Develop survey 100% 9f10/18  27/10/2018
Analysis suney 100%  18/10/2018 27/10/2018
Collect Requirement 95%  0/10/2m18 41108
Phase 2 Design SN
System Diagram 100% 31112008 14/11/2018
Storyboard 100% 15112008 21/11/2018
System design 95%  23/11/2018 30/11/2018
Phase 3 Developament PSM1 | P3M2
Specific game development 20% 2511/2018 15122018
Specific plan and delivery system development Fse 20/11/2018  13/1/2019
Develop system 0%

Validate instruction

Figure3.8: Gantt chart 1
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Figure3.8 shows Gantt chart for PSM1 Serious Games for Carpal Tunnel Syndrome

Rehabilitation Treatment.

SERIOUS GAMES FOR CARPAL TUNNEL SYNDROME (CTS) REHABILITATION TREATMENT

BY . YUZAWANI BINTI YUZDFF

Project Start Wed, SM2HZ018
FSM2 14 week Display Weck: JAMUARY FEERUARY MARCH APFIL MaY
i ¢z % 4 1 ¥ ¥ 4/ 1 ¥ 3 A4 1 & 3 4|1
e e o [ e e e e
Phase 3 Development PSMz
Develop system 00 Z8MEMA 19z
Walidate instruction 100X WH2013 4419
Phase 4 Implementation
Training and checking 100 L] 25013
Effectivenass 00% 24402003 553
P
Meazure perfarmance 00 203 B
System objective 00x  29M42m3 4418
Rievize System 100 41413 #5013

Figure 3.9: Gantt chart 2

Figure 3.9 shows Gantt chart for PSM2 Serious Games for Carpal Tunnel Syndrome

Rehabilitation Treatment.

3.5 SUMMARY

Allinall, this chapter discussed methodology used which is ADDIE model and design element

of Serious Games for Carpal Tunnel Syndrome Rehabilitation Treatment. ADDIE model

consist of five phases to develop an analysis, design, development, implementation and

evaluation system. To get user requirement by conducting the survey to collect the

requirement and followed by design such as flowchart, context diagram, Storyboard and

content diagram to illustrate game. Schedule of developing this game follow the methodology.

The study and information of the project have been described in this chapter. The analysis and

design for this project have been explained in detail.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

CTS serious game is implemented by using Unity tool. This serious game is built for
Android platform. This serious game consists of two parts which is the maze ball game
and the exercise feature. By playing the CTS game, users will be exposed to the
information about CTS and do exercise base on physiotherapy movement in fun way.

In this chapter, the development of the serious game will be further presented and
discussed. This chapter consists of three phases which are implementation, results and

discussion.
4.2 IMPLEMENTATION

In this section, the implementation of the game is further explained. This includes

environmental setup for developing the game and modules of the game itself.
4.2.1 Environmental Setup

Start with development tool the development tool for this game is Unity. Unity is a
game engine and it is well known for producing some famous both mobile and pc

games.
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@ unity

Figure 4.1: Unity

Figure 4.1 show the development tool for CTS serious game, Unity is the world’s most
popular development platform for creating 2D and 3D multiplatform games and interactive

experiences.

MonoDevelop

Figure 4.2: MonoDevelopment

Figure 4.2 show MonoBehaviour, a scripting engine integrated with Unity.

Development Language the language used for developing this game is C# which is
implemented in MonoBehaviour, a scripting engine integrated with Unity. Moreover, for
the platform CTS serious game Android SDK tools and APl documentation for developing
android based games. Android SDK was integrated with Unity in order to build a fully
functioning Android game. Platform The targeted platform for this game is Smartphone so

that to connect unity and smartphone unity remote 5 need to be install in smartphone.
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& unity Remote 5

CANoO=0ID

Figure 4.3: Unity Remote 5

Figure 4.3 show unity remote 5, Unity Remote 5 is a downloadable app designed to help
with android, i0S and tvOS development. The app connects with Unity while running
project in Play Mode from the Unity Editor. The visual output from the Editor is sent to
the device’s screen, and the live inputs are sent back to the running project in Unity. This
allows to get a good impression of how your game really looks and handles on the target

device, without the hassle of a full build for each test.
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4.2.2 Module

CARPALTUNNDTY
SANDROME OTS
LLLRIRRILIN I Y 8 (R

A v O A
e e

Figure 4.4: Module in hierarchy diagram

Figure 4.4 show module in hierarchy diagram wish consist of three module including
serious game, Physiotherapy movement and About CTS.
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This game has been divided into three modules first module is about CTS this
section user will get information about CTS like the symptom, therapy and rehabilitation,
what to do if they have CTS and also the movement that help them to recover CTS.

Second, Physiotherapy movement this section enables the user to do exercise and

help them to do a correct movement physiotherapy with information image and video.

Third, Serious game this section where user can play serious game and it consist of

two type of exercise wish is active range of motion and wrist Extension.

4.2.3 Home interface

[ Maxinize on Play | Mute udia || | reate «| (@ (a8 * home
VﬁFlwrile! Assets » Scene Q Open
@AH Material ——

GRAPHIC AND MULTIMEDIA (01l odels Q Q A s

) Al prefabs 1s Warning O

V5 Assets
! b Materials Q Q
CARPAL TUNNEL SR

SYNDROME (CTS) q €

REHABILITATION

TREATMENT Q Q

- -
home.unity =O==

CARPAL TUNNEL
SYNDROME (CTS)
REHABILITATION
TREATMENT

= Hierarchy.
| Greate *| (arAT )

Main Camera
P Canvas
EventSystem
graphic and multimedia
graphic and multimedia (1)

Asset Labels

Figure 4.5: Shows the first interface of CTS serious game

Figure 4.5 shows the first interface or the start menu of the game. It consists of three buttons

which are Play Game. The Play Game buttons enables the users to option page.
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public class accelorometer : MonoBehaviour
1
public bool isflat = true;
private Rigidbody rigid;
A Start is called before the first frame update
private wvoid Start()
1
rigid = GetComponent<Rigidbody>();
b
ff Update is called once per frame
private wvoid Update()
1
Vector3 tilt = Input.acceleration;
if (isflat)
tilt = Quaternicn.Euler (92, @, 28) * tilt;
rigid.AddForce(tilt);
Debug.DrawRay (transform.position + Vector3.up, tilt, Ceolor.cyan);
b
¥

Figure 4.6: Script for acceleration

Figure 4.6 show the script for acceleration function for how game will rotate while player

play the game by following accelerometer function.

The first page is home page contain one functioning buttons which is “Play”. This
button will navigate player to the next scene called “Option”. For the button to function, a
script of code is created in Notepad using C#. Below is a part of the coding for the button

to navigate to the specific scene

public woid sstartthegame () {
SceneManager.LoadScene (SceneManager.GetActiveScene().buildIndex + 1};

h

public wvoid QuitGame ()

1
Debug.Log ("Game already QUIT N
Application.Quit ();

h

Figure 4.7: Start function and quit function for CTS game
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Figure 4.5 show the script button PLAY in the first interface to start the application, this

script function to load from scene to other scene.

@ Inspector

Q Option
CARPAL TUNNEL SYNDROME {85 :
lodels * Message
REHABILITATION TREATMENT | (Gt || i 1 FAVER.
V5 Assets Q Q
> Materials
s
& Scrint gamez  gams3
game4 home
o
ABOUT CTS Ve, WWa, Wt
-l ABOUT CTS T
| e ol .:'AII
Main Camera
. _KIMOBBL
» mainmenu
- EventSystem
graphic and multimedia (2)
QUIT

Figure 4.8: Script for acceleration

Figure 4.8 show the script for acceleration function for how game will rotate while player
play the game by following accelerometer function
4.2.4 Game Interface

O Inspector  [IIEES]

[
s [EAYES Q optiongame
Assets » Sc

orites s » Scene -—
CARPAL TUNNEL SYNDROME ) Al Materia n ____ =l
(©1 All Models Message
REHABILITATION TREATMENT CLallprefabs amez gamez Is Warning O
ﬁscl’\ﬂ gamed home
houtapl. Option
[ options. SRS
A A "
@ optiongame.L ==
| Create -| (@A
{ ‘ Main Camera
i » Canvas
A ° EventSystem
{ \ graphic and muttimedia (3)
\,
WRIST AXTENSION
Asil!l Labels

Figure 4.9: Game Option
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Figure 4.10 show the option game interface wish contain two game movement wish is

Active range of motion (up, down, left and right) and Wrist extension (up and down).

s

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

[ CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT /
ACTIVE RANGE OF MOTION

Figure 4.10: Game option

Figure 4.10 show the option active range of motion game interface wish contain two

which is easy and hard and also same for wrist extension
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Figure 4.11: Easy game for Active range of motion

Figure 4.11 shows interface of Active range of motion (up, down, left and right). Top
time Player will be save to motivated player to be better next time.

Figure 4.12: Hard game for Active range of motion
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Figure 4.12 shows interface of Active range of motion (up, down, left and right). Top

time Player will be save to motivated player to be better next time.

Figure 4.13: Easy game for Wrist Extension

Figure 4.13 shows interface of easy game of Wrist Extension (up, down). Top time Player

will be save to motivated player to be better next time.

75



Figure 4.14: Hard game for Wrist Extension

Figure 4.14 shows interface of hard game for Wrist Extension (up, down). Top time

Player will be save to motivated player to be better next time.
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private woid Update()

1
totalTime -= Time.deltaTime;
UpdateLevelTimer({totalTime };
h
public woid UpdatelLewvelTimer(float totalSeconds)
1

¥

Mathf.FloorToInt(totalSeconds

int minutes !
Mathf.RoundToInt({totalSeconds ¥

int seconds

cat)
cat);

string formatedSeconds = seconds.ToString();
if (seconds == 3p)
1
seconds = @3
minutes += 1;
h
timer.text = minutes.ToString("82") + ":" + seconds.ToString("aa"};

Figure 4.15: Game countdown timer
Figure 4.15 shows the Script to countdown the timing for player to finish the game so it

because of following physiotherapy concept it can’t over 30 second playing game.

public class rollball : MonoBehaviour {
public bool isFlat = true;
private Rigidbody rigid;

1ALT1LaL1ZatLion

1
t

S Use this §
vold Start (

)
rigid = GetComponent<Rigidbody>();

r fram

m

m

S/ Update is called onc
vold Update () {
Vector3 tiltyThing = Input.acceleration;

if (isFlat)
{

}
rigid.AddForce (tiltyThing);

tiltyThing = Quaternion.Euler (928, 9@, 92) * tiltyThing;

Figure 4.16: Function for acceleration android to control the ball
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Figure 4.16 shows the implementation of the spawn function. This function is used to
control the ball by following accelerometer so that it will work smoothly.

¥ .~ Transform #,
Position X -2.086 ¥ 4,209 | Z -0.69
Rotation X 0 Y0 Z 0
Scale X 0.6 Y 06443 Z 0.6

Figure 4.17: Ball settings for size and position

v Rigidbody &,
Mass 0.1
Crag 0
Angular Drag 0.6
Use Gravity ¥))
Is Kinematic []
Interpolate | Mone s |
Collision Detection | Discrete : |

Figure 4.18: Ball settings for rigid body contain mass and angular drag.

¥ Constraints
Freeze Position [ ¥ [ ]Y [¥Z
Freeze Rotation [ ¥ Y [¥Z

¥ || M Rollball (Script) [ %
Script rollball @
Is Flat [

Figure 4.19: Ball settings for constraints and Script.

Figure 4.17, 4.18 and 4.19 shows the ball settings for game movement. The ball will roll
based on setting and script so ball will follow how the script debug like freeze position
Z to make sure that ball not fall from the platform and control the rotation ball.
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T ¥ Timer (Script) £,
]

Script Timer
Timers | Timers (Text) | @
bal %,
[ Shader | Standard v |

Figure 4.20: Ball settings for time moving

public class Timer : MonoBehawvicur {

public Text Timers;
private float startTime;
private bool finished = false;
F4 Use this for initialization
void Start () {

startTime = Time.time;

}
/Y Update is called once per frame
vold Update () {
if (finished)
return;
float £ = Time.time - startTime;

string minutes ((int) t / 68).ToString();

string seconds (t % 6a).ToString ("f2");
Timers.text = minutes + ":" + seconds;
h
public woid Finish()
1
finished = true;
Timers.color = Color.red;
¥

Figure 4.21: Ball script for ball time moving

Figure 4.21 shows the ball script for ball time based on ball moving. The ball will roll
based on setting and script time so that time will count based on ball start moving after

30 minute text colour will change to red that mean time for play game already over.
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°Insp=ctur

Maximize on Play | Mut Endgame 1
¥ _Favorites  Assets » Scene » Q

CARPAL TUNNEL SYNDROME AR X

QA\I Models Message

REHABILITATION TREATMENT | el lWarning - {J

CARPAL TUNNEL SYNDROME COriT
REHABILITATION TREATMENT /] 4
5 Materials
COMPLETE SCORE E;’:T;m
Endgams

by .
200 points & sait

Fndnams 2

Endgame=——0—

Hierarchy
| Create »| (GeAT — )

Main Camera

graphic and multimedia (2)
P Canvas

EventSystem

Icon-300%296

Asset Labels

Figure 4.22: Score interface

4.25 About CTS Interface

€ Game
Free Aspect | Maximize on Play | Mute audia

& project — © inspector RS
Lo | & ) G THERARY AND ReFRBILIT [Jstaic —
CARPAL TUNNEL SYNDROMB VQFivnrlte; Assets » Scene Tag [Untagged +] Layer (UL z

(L All Material

~ v3% RectTransform VY
REHABILITATION TREATMENT | ichie] Q Q e R oy
s o

3ets aboutC
» Anchors
e Pivat
aboutet. Capture Rotation
Scale
Q Canvas Renderer
¥ ®; M Image (Script)
Capture.. gamel Source Image o

Color E— 7
Material None (Material) ]
Raycast Target o

e
Y

Fill Center
) . v
@ 5 B
iR vl A I:tu:‘on (Script)
| create -| (ErAT eiaciaue
Transition Calor Tint :
wiein Camera Target Graphic | "aTHERAPY AND REH] O
EventSystem Normal Color P
¥ Ganvas Highlighted Color i
» BACK Pressed Color i
¥ HOME Disabled Color 2
I CARPAL TUNNEL SYNDROME (CTS) Color Multiplier O |1
» SYMETONS OF CT Fade Duration

 THERAPY AND REHABILITATION

THERAPY AND REHABILITATION (1) Navigation
graphic and multimedia (2) [ visuslize |

THERAPY AND REHABILI

Figure 4.23: About CTS option.
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CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

Carpal lunnel syndrome

Carpal lunnel syndrome occurs when the tunnel
becomes narrowed o when tissues surrounding the
flexor tendons swell, putting pressure on the median
nerve. These issues are called lhe synovium.
Normally, the synovium lubricates the lendons,
making it easier lo move your fingers

It's caused by pressure on your median nerve, which
runs the length of the arm, goes through a passage
in the wrist called the carpal nnel, and ends in the
hand. The median conlrols the movement and
feeling of your thumb, and also the movement of all
your fingers except your pinky.

When the synovium swells, il takes up space in the

carpal lunnel and, over ime, crowds the nerve. This
abnormal pressure on the nerve can resull in pain,

numbness, tngling, and weakness in the hand

Figure 4.24: Basic information about CTS

Figure 4.24 shows the about CTS for reference to player about CTS know their
condition. There a few information that able to help CTS patient know more about CTS

and help to reduce the pain.

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

What are the symptoms of carpal tunnel

syndrome?
The symptoms are usually found along the
nerve path because of compression of the

median nerve. Your hand may “fall asleep”
frequently and drop objects. Other
symptoms include:

-> Numbness, tingling, and pain in your thumb.
-= Pain and burning that travels up your arm.
-= Wrist pain at night that interferes with sleep.

-> Weakness in the muscles of the hand.

Figure 4.25: Symptoms CTS
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Figure 4.25 shows the symptoms CTS for reference to player about CTS. There a few
information that able to help CTS patient know more about CTS and help to reduce the

pain.

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

TREATMENT

Treatment aims to relieve symptoms and
slow the progression of CTS by reducing
pressure on the median nerve.

People with mild symptoms may find their
condition improves without treatment within
a few months, especially if they are aged
30 years or under or if CTS occurs during
pregnancy.

Figure 4.26: Rehabilitation and treatment CTS

Figure 4.26 shows the rehabilitation and treatment wish consist of two nonsurgical
treatment and surgical treatment for reference to player about CTS know their condition

and what they should do.
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CARPAL TUNNEL SYNDROME

REHABILITATION TREATMENT
CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT

SIMPLE EXERCISES

Figure 4.27: Exercise option

Figure 4.27 shows list simple exercise that patient can help CTS patient know more

about CTS and help to reduce the pain.

CARPAL TUNNEL SYNDROME
REHABILITATION TREATMENT
CARPAL TUNNEL SYNDROME
REHABILITATIDN TREATMENT "

Wrist Bend
(forward and back)

557

; 7&/

a

Rest your elbow on a table, arm
pointing up, wrist straight.

Gently bend your wrist forward at a
right angle and hold for 5 seconds.

Straighten your wrist.

Gently bend it backwards and hold for 5
seconds.

Figure 4.28: Exercise interface for wrist bend
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Figure 4.28 shows wrist bend exercise and explanation how to do the exercise list

simple exercise same goes to another 3 exercise.

4.3 STRENGTHS AND WEAKNESS
STRENGTHS

1) The game offer an interesting way of doing physiotherapy for CTS patients ant it is

consist of two physiotherapy movements.

2) Patients can use their mobile device as part treatment compare to traditional device

it will make game more interesting.

3) CTS game also can be used for hand exercise for normal people to prevent CTS

and help to reduce the pain.

WEAKNESS

1) Currently available for android user.

2) Game setting with time limit (30 second) is quite difficult for CTS patient because

they need to repeat a few time and it might be boring and patient may left the game.

3) 2D interface is not attractive enough for user compare to 3D game. Currently, all

module is use the same ball movement.
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44  RESULT AND DISCUSSION

In the testing part, serious games for Carpal Tunnel Syndrome (CTS) Rehabilitation
Treatment has been testing by patients and Mr. Azeri as a medical rehab at Pusat Kesihatan
Pelajar, UMP Gambang and questions is being used to collect their feedback. This part also

shows the questionnaire that was given to patients and medical rehab.

-

Figure 4.29: Patient play the game

Figure 4.29 show patient testing and give feedback of the game other it suitable and useful
for them.
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Figure 4.30: Patient play the game

Figure 4.30 shows patient testing and give feedback of the game other it suitable and useful

for them.

Figure 4.31: Medical rehab functionality game
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Figure 4.31 show medical rehab testing and give feedback of the game other it suitable and
useful for CTS patient.

Figure 4.32: Medical rehab test the game

Figure 4.32 show user testing and get feedback of the game other it suitable and useful for
CTS patient.
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Question after using this the game is as below

Unevorss FACULTY OF COMPUTER SYSTEMS & SOFTWARE
Mnlsa ENGINEERING (FSKEF)

UNIVERSITI MALAYSLA PAHANG

SERIOUS GAMES FOR CARPAL TUNNEL SYNDROME (CTE)
EEHABILITATION TREATMENT

TESTING PHASE
Cestion
1. Isths game loading take timeT

(] v BEE

I Isthe game require user to move the right and lef?

() w= BE=

3. Isthe game require user to move the Tont and back?

[:]Yp_-:. D“m:r

4. Isthe user interface i interactive?

[:]Yp_-:, [:]"»ID

5. Did all mesmnbutton in the game is responsive?

BEEE

6. Isths time given for each game zsaszion is adequoate?

O O
7. From the scale gf 0 [ o pain ) to 10 {very painfal), rate the effect of pain
when vou play the game.

Ml | | n n | n | N [I
1 | U | U U U d
1 2 3 4 3 ] 7 g Q 10

2. Do youn think the game nser Shiendiy?

e o

O Buggestion and Improsermernt

Figure 4.33: Question

This game was especially effective when patient start playing the game that is good for
their knowledge because this game gives clear explanation on CTS information, symptom
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CTS, movement of treatment and physiotherapy and also consists of game following
physiotherapy movement. Patient playing the game for the first time takes more time to
finish the game and they are more comfortable with the movement for the second time.
This game is suitable to play for patient with CTS from the test result and can help to reduce
pain for patient with CTS it has been agreed upon by patient and medical rehabilitation.

Adding more movement to the game for suggestion and improvement from them.
4.4.1 User Acceptance Test

Test Case for Carpal Tunnel Syndrome (CTS) Rehabilitation Treatment

Table 4.1: User Acceptance Test

Test Id | Test Current | Input Expectatio | Actua | Comment
Condition | Situation n I
Result

TO1 00 | Play button | Player at | Click the | Move to Move | Pass

1 able to start | main play CTS option | to
game in menu button scene after | CTS
CTS scene | phase click play option
button Scene

TO1_00 | Play button | Player at | Click the | The game Move | Pass

2 will start the | main Play will load to
game option button option game | option
phase game

TO1_00 | About CTS | Player at | Click the | The game Move | Pass

3 button will | main About will load to | to
load to option CTS information | inform
option CTS | phase button CTS ation

game
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Table 4.1: (Continue)

TO1 00 | Quit button | Player at | Click the | The game Move | Pass
5 will exit main quit will quit to quit
Game option button from main | game
phase option
TO1 00 | Active Player at | Click the | The game Move | Pass
6 range of main Active will load to
motion option range of | from game
button will | game motion game option | option
load game phase button
option
TO1 00 | Wrist Player at | Click the | The game Move | Pass
7 Extension main Wrist will load to
button will | option Extensio | from game
load Game | game n button | game option | option
option phase
TO1 00 | Easy button | Player at | Click the | The game Move | Pass
8 will load option Easy will load to
game option | game button from game
phase game option
TO1_00 | Hard button | Player at | Click the | The game Move | Pass
9 will load option Hard will load to
game option | game button from game
phase game option
TO1 00 | Carpal Player at | Click the | The game Move | Pass
10 tunnel option Carpal will load to
syndrome about tunnel from inform
button will | CTS syndrom | game about | ation
load phase e button | CTS CTS
information game
CTS
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Table 4.1: (Continue)

TO1 00 | Symptom of | Player at | Click the | The game Move | Pass
11 CTS button | option Symptom | will load to
will load about of CTS | from Sympt
Symptom of | CTS button about CTS | om of
CTS phase game CTS
game
TO1_00 | CTS therapy | Player at | Click the | The game Move | Pass
12 movement | option CTS will load to
button will | about therapy | from CTS
load CTS CTS moveme | about CTS | therap
therapy phase nt button | game y
movement move
ment
game
TO1 00 | Play again | Player at | Click the | The game Move | Pass
12 will load score Play will load to
game option | game again from score
phase button game game
TO1 00 | Home Player at | Click the | The game Move | Pass
14 button will | home Play will load to
load game game again from home
option phase button game game
TO1_00 | Back button | Player at | Click the | The game Move | Pass
15 will load option back will load to
game option | about button from game
CTS game option
phase
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45 SUMMARY

For this chapter, improvement and result from the test that have been done by
patient and medical rehab. This test shows how effective this game to the patient. This test
helps to achieve this game's goal. This game helps and benefits the carpal tunnel syndrome
patient so that pain can be reduced and CTS avoided. According to the testing it help patient

to relief their pain by play CTS game and give them more information about CTS.
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CHAPTER 5

CONCLUSION

5.1 INTRODUCTION

The purpose of this chapter is to conclude the findings of Serious Games for Carpal
Tunnel Syndrome (CTS) Rehabilitation Treatment to achieve the objectives and find the
solution for the problem. The summary of all four chapters including introduction,
literature review, methodology and implementation, testing and discussion of results will
be described from this chapter. In addition, this chapter will explain how to improve and
expand this project more based on its features and technologies. Moreover, this chapter
also elaborate on the project constraints such as the error in the development phase, the

benefits and disadvantages of this project.
5.2 PROJECT CONSTRAINT

The main constraint for this project is to allocate enough time. Time management
in the development of any project is very important. The time should be managed wisely

so that the project is completed as planned and the schedule of works must be followed.

Secondly, the development constraint for Serious Games for Carpal Tunnel Syndrome
(CTS) Rehabilitation Treatment is software and hardware used because some don not
support the element in the game that is important to choose the right software and hardware

to support this game.
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Third, the source of reference and the data collection on the internet is a major issue to be
developed as this game requires a fact from the medical like physiotherapy movement and
other information. In addition, code programming language is a bit hard to understand for

development.
5.3 FUTURE WORK

There are few improvements from the project constraints discussed earlier to make
it more effective and interesting for the user such as add move movement for maze ball
game and improve the pattern game movements so that patient can have many option to
play game. In addition, add more element such as video, image and other interaction to the
game. Moreover, available for android and 10S so that it will give benefit to all people.

Change current 2D game to 3D game to make the game more interesting and more fun.
54  ADVANTAGES AND DISADVANTGES

Table 5.1: Advantages and disadvantage

Advantages Disadvantages

The movement of game are Only have two game option
suitable  because it follow game and four pattern of
physiotherapy movement maze

CTS game help patient to reduce Patient might be bored to do
their pain the exercise

Does not need internet connection Only available on Android

devices

In Addition, Serious games for carpal tunnel syndrome (CTS) rehabilitation
treatment develop for help and benefits the patient with Carpal Tunnel Syndrome. This
game develop by following physiotherapy movement for the game and all the element and
requirement in this game from medical rehab so that it more effective to user. This game
make patient feel fun to do the exercise. The ADDIE methodology model is chosen because

it provides a systematic structure while this game is developing. This model has five phases
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to develop which are the analysis, design, development, and implementation and evaluation
system. Serious games for carpal tunnel syndrome (CTS) rehabilitation treatment consist
of two main major including game and about CTS. Game for CTS patient develop by
following physiotherapy movement and it consist of two movement which is active range
of motion and wrist extension and each movement have two level, for each level have

difference pattern of game for user to complete.

In addition, about CTS consist of information about CTS, symptoms of CTS,
treatment and exercise for user to refer. Serious games for Carpal Tunnel Syndrome (CTS)
Rehabilitation Treatment has been test by patients and Mr. Azeri as a medical rehab at
Pusat Kesihatan Pelajar, UMP Gambang test the effectiveness this game to the patient. This
test helps to achieve this game's goal. This game helps and benefits the carpal tunnel
syndrome patient so that pain can be reduced and CTS avoided. According to the testing it
help patient to relief their pain by play CTS game and give them more information about
CTS.
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APPENDIX B
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APPENDIX C

Unrooms FACULTY OF COMPUTER SYSTEMS & SOFTWARE
u Eﬁdﬁﬁ-ﬁ ENGINEERING (FSEEKF)
UNIVERSITI MALAYSIA PAHANG

SERIOUS GAMFES FOR CARPAL TUNNEL SYNDROMFE (CTs)
REHABILITATION TREATMENT

TESTING PHASE
Cestion
1. Isths game loading take timeT

(] v ()we

I Isthe game require user to move the right and lef?

() w= (o

3. Is the game requirs user to move the Tont and back?

[:]Yp_-:. [:]“m:r

4. Is the user interface i interactive?

[:]Yp_-:, D"»ID

5. Ddid all menmnbuton in the game is responsive?

O ve (J »e

6. Isthe time given for each game zsazzion is adequoate?

O O
7. From the scale gf 0 [ no pain ) to 10 {very painfal), rate the effect of pain
when vou play the game.

Ml | | n n | n | N
1 | U | U U U d
1 2 3 4 3 ] 7 g Q

2. Dwo youo think the game nser SiendbyT

e [(Jwo

O Bugzestion and Improsemmsnt
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APPENDIX D

An interview has been conducted with Mr. Azeri as a medical rehab at Pusat
Kesihatan Pelajar, UMP Gambang. Question and answer given during interview

with physiotherapy as below.
1. Signs and symptoms CTS?

Signs and symptoms CTS is feel numbness, tingling, and pain in your thumb and
the first three fingers of your hand. Moreover pain burning that travels up your arm

wrist pain at night and weakness in your muscles hand.

2. Mostly male or female?

Most females compared to males and pregnant women may also have CTS.
3. Range age?

Late 40 and above because CTS may develop from an early age, but people don't

take it seriously.

4. Occupation/profession that might have CTS?

Mostly people who use their hand to do work like a programmer and teacher.
5. What need to do if hand in pain?

If you feel pain at night put ice and soak your hand do exercise to reduce the pain
and meet doctor to get treatment.

6. Holding the smartphone and using computer or laptop for long periods can cause

hand and wrist fatigue?

Yes, both computer and smartphone might cause CTS because it will make hand

feel numbness and tingling.

7. How we want to know, we had CTS?
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Feel the symptoms as below

e numbness, tingling, and pain in your thumb and the first three fingers

of your hand
e pain and burning that travels up your arm
e wrist pain at night that interferes with sleep
e weakness in the muscles of the hand
8. How to recover?
It depend on our condition it is need surgery or no need surgery

9. Movement?

Carpal Tunnel Syndrome Exercises

AL
/*ﬁ
i -—

Active range of motion

;1 e

Wrist stretch

Tendon glides ﬁ
Wrist flexion exercise

Wrist extension exercise Grip strengthening

10. Did you think that Serious Games for Carpal Tunnel Syndrome (CTS)

Rehabilitation Treatment will help you reduce the pain?

Yes by following physiotherapy movement and time to play game
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