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ABSTRACT

Pterygium may cause blurring of vision in advanced cases and late treatment may
affect the quality of life of a person. The aim of this research is to model a pterygium
fibrovascular redness measurement grading scale. The internet enables quick feedback
from the experts at the comfort of their home or office. In this study, we demonstrated
the use of online form as a tool to get quick feedback from clinicians on clinical
grading of pterygium images with various severities. Fifty-one clinicians graded the
appearance of thirty images of pterygium fibrovascular redness on a 5-point grading
scale with three referent images by an expert. The observers were required to grade
each image which was presented in a random order, on a 1 to 3 grading scale. The
data collection was analysed by using Statistical Package for the Social Science
(SPSS) version 20.0 and Microsoft Excel. The colour space analysis was measured
using MATLAB and RAPID MINER Software. The model that we implemented was
based on subjective grading by clinicians using descriptive statistics (minimum, 25th
percentile, median, 75th percentile, and maximum grade for each of 30 images). The
scores were analyzed using quartile analysis and the median was used to construct the
benchmark scores for the images. This dataset was tested on assessing human grader
and was later trained using artificial neural network to formulate a supervised model
using the machine learning algorithm. Intra-class Correlation (ICC) and Bland Altman
analyses were performed to assess the performance of human and machine graders.
The ICC results for human graders were found to be ranging from 0.57 to 0.89, which
indicate poor to excellent agreement with the benchmark scores. The Artificial Neural
Network (ANN) exhibits an excellent agreement with an experienced clinician
(ICC=0.85), this implies the ANN model was able to mimic the grading of the human
expert. This research work has demonstrated the possibility of developing clinical
image dataset with its respective grading based on data extracted from an online form.
These benchmarked images were shown to be useful in assessing the performance of
human and machine learning algorithm. The performance of a newly developed
algorithm can also be tested using this dataset in the future.



Eoudl Lo

s (3 55 B e e =l sl e el kel (PLEYQIUM) 5y 5 s
2oV el L) Sl WLk mig g2 Auhll ada e bl O 0D by Lo Bl
NPT WL SO SRS S TP P PN PR LS S [ VA R P T VR
K Joge lazal 2ulll oda 32Ul codsinal s a5 g e eeiSg
ULV e pally Wit Joloag Bal) 3400 Gl LAl 3 dngdl B Y) e Jpean]
BV sl LAY gl el lgmigy colbT (D) Gping a8 R Y L s
oo Aelis By o Ogdalall Lok @ (Bl 8 e a0 SO ek Dby e ysell
Blaw¥) Jod @l codsaal Weie Lo agll eall cld 3y @30 J (1) a1
JeeSl igns Sile ealiysy ((SPSS) pliam¥i el oY1 22,0 2000y pialt oyl
Ol wile iz, (MATLAB) (sl a2z, clas, (Microsoft Excel)
I e o Lenzdl WLAN SSly L0l amles oLis L (RAPIDMINER)
IS e adiy SO75 el adly (Y025 oY1 adly osh slam Y Jlaszaly sLLSY
sl i) Loz ol (3 (QUATIIR) w1 iy e ezl (g 30
fradd) 2 F i) i SUL s el jsall B M el eLasy L oY)
v YN W wds & LUV el dg ety Lagre N OLaY) bl delial)
s (ICC) o () amsy UVl i) i) o Lol o3ty (1CC) iztal
Sy Als d 5yl & Rl Sl ae Bl gy ((089) ) (057) cn
(085) jlael Jlebf 3 slbY1 oo bt Ty oo (ANN) wotia) g sl sy
ey sl st 3512 (ANN) s ot daall iad) o3 0L OF gm Moy o
Slazw! pe adkamill SUL e blazel Blorysg duall jguall Ul ek 251G anlldl =T (3
S8 STVl Gl Y1 el (3 LY el jpaall ads iUl copgbly L o8

Mdiws Caas @‘ UL 0l s degiall Oledl Jo> aT Lt



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. | also declare that it has not been previously or concurrently
submitted as a whole for any other degrees at IIUM or other institutions.

Norfazrina Binti Abdul Gaffur

Signature: Date:




INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

MODELING HUMAN PERCEPTION OF PTERYGIUM
FIBROVASCULAR REDNESS MEASUREMENT

| declare that the copyright holders of this dissertation are jointly owned by the
student and 1HUM.

Copyright © 2017 Norfazrina Binti Abdul Gaffur and International Islamic University Malaysia. All
rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise without prior written permission of the
copyright holder except as provided below

1. Any material contained in or derived from this unpublished research
may be used by others in their writing with due acknowledgement.

2. 1IlUM or its library will have the right to make and transmit copies
(print or electronic) for institutional and academic purposes.

3. The HUM library will have the right to make, store in a retrieved
system and supply copies of this unpublished research if requested by
other universities and research libraries.

By signing this form, I acknowledged that | have read and understand the 1HUM
Intellectual Property Right and Commercialization policy.

Affirmed by Norfazrina Binti Abdul Gaffur

Signature Date

Vi



ACKNOWLEDGEMENTS

In the name of Allah, the Most Gracious and the Most Merciful Alhamdulillah, all
praises to Allah for the strengths and blessing in completing this thesis. This thesis
would not have been possible without the support of many people. For the
accomplishment of this study, | was dependent on the advice, support, and suggestions
of my supervisors, friends and family. | owe thanks to many people for their support
and consideration, particularly the following:

| render my gratitude, with a deep sense of acknowledgement to my supervisor
Dr. Mohd Zulfaezal Che Azemin for the guidance and help during my research work.
He did not only supervise my research but also guided me with his valuable
suggestions and positive feedback.

| would like to thank my beloved parents, Mr. Abdul Gaffur Bin Allapitchay
and Mrs. Faridah Bibi Binti Abu Bakar, my parent-in- law, Mr.Tajudin Sultan and
Mrs. Wahida Banun Yusoff and to my brother, sister, grandparents, brother-in- laws
and sister-in- laws for their unflagging love and support throughout my education.
This research would have been impossible to achieve without their support. Finally, |
would like to express my appreciation to my husband, Mr.Putra Tazreenudin Tajudin,
for his unconditional love and support, which has given me the confidence to succeed.
And not to forget my beloved children Putri Hasya Insyirah, Putra Wazir Ar-Rahman
and Putri Husna Marissa.

Lastly, | would like to thank all the helpful and dedicated members of the
Department of Optometry and Visual Science, Kulliyyah of Allied Health Science and
Department of Ophthalmology Kulliyyah of Medicine for assisting us in making this
study possible.

This research is supported by the Ministry of Education Malaysia under
Fundamental Research Grant Scheme FRGS14-138-0379.

vii



APPIOVAL PAJE.....oeiieiece ettt anes ii
N o111 = Tod USSR RTPR ii
ADSTFACT IN ATADIC ... 1\
[ =Tod 2T = U1 o] o USRS %
ACKNOWIBAGEMENTS ...ttt enes vii
TaDIE OF CONTENTS ... et enes viii
LISt OF TADIES ... X
LIST OF FIQUIES ...ttt st sneenne e Xi
LiSt Of ADDIEVIALIONS ......ooviiiiiiiie e xiii
LiSt OF SYMDOIS ... Xiv
CHAPTER ONE: INTRODUCTION ..ottt 1
1.1 Background of the StUY.........ccoeveriiiiiiiiiieee e 1
1.2 Statement of the Problem ... 2
1.3 ReSearch ODJECTIVES ........cociiiiieieee e 4
1.4 ReSearch QUESLIONS .......coviiiieeiriiiie ettt sre e sree e sane s 4
1.5 HYPOTNESIS ..o 5
1.6 Significance of the StUdY ........ccooeieiiec e 5
1.7 TNESIS OVEIVIEW.....eeieieieienieciiesieeiesiee e sie et sneenae e nnees 5
CHAPTER TWO: LITERATURE REVIEW........cccoiiiee e, 7
2.1 Cornea and ItS ProPerties ..........ccocoveiirirenieiieienesie e 7
2.2 Pinguecula and Pterygium TiSSUE .......cccecvevieieeiieeieieece e 8
2.3 Pterygium Clinical Grading Scale............cccceviiininiiiiiiieieee 10
2.4  Clinical Redness Grading Scale...........cccccveveiieiiiie i 12
2.5 COlOUN SPACE ..ottt e 13
2.5.1 RGB COlOUI SPACE ......covieiiiiieieeie et 14
2.5.2 CIELUV and CIELAD.........ccccoeieiiirereeeee e 15
2.5.3 HSI COlOUI SPACE.......ccivieieirieiiecie e 18
2.5.4 YUV COlOUr SPACE.....ceeiiiiiiiiieit st 19
255 XYZ COlOUI SPACE .....ccovieieirieiieee et 20
CHAPTER THREE: METHODOLOGY ....cccooiiiiiiceeieieiee e 21
3.1 Description of Methodology ........cccceviiiiiiiiieie e 21
3.2 Design of the STUAY .......cccoeiiiiiiiee e, 21
3.3 Location of the StudY .......cccooveiiiiii e 21
3.4 Subjects of the STUAY........ccoeiiiiiii e, 22
3.5 INCIUSION CHILEITA. .cveeiiiiieiteeie e 22
3.6 Apparatus Of the STUAY........cccoiiiiiii e, 22
3.7  Flow of the StUAY ......cooiiiiiecec e 23
3.7.1 Image Acquisition TEChNIQUE ........cccovririiieie e 23
3.7.2 Collection of Benchmark Data............ccooceieenininiinneiieseeen, 24
3.7.3 Median as Ground Truth .........cccoccevieiiieiisecee e 26
374 HUMAN Grader.....ccooiieiiiiiesiieiecie e 26
3.7.5 MaChiNg Grader.......cccooveiierierieie e e se e 26

TABLE OF CONTENTS

viii



3.8 Neural Network Model — Split Data ..........cccccovvvereiiieieesece e 31

3.9 Neural Network Model — All Data...........eueeeeeeeeeeee e 31
CHAPTER FOUR: RESULTS AND DISCUSSION .....oooeeiieeiiieeeeeeeeeeee, 33
4.1  Outcome of the ONliNE SUIVEY........cccoeiviieiiiie s 33
4.2 Results for HUMan Grader 1 .......oooooeeeeeeeeeeeeeeeeeeeeee e eeeeeee e 33
4.3  Results for HUMAN Grader 2 .........eeeeeeeeeee e 34
4.4  Results for HUMan Grader 3 ......ooooooeeeeeeeeeeeeeeeeeeeeee et e e 35
45 Results for Maching Grader ...........eeeeeeee e 36
A8 CONCIUSION. ...ttt e e et aeeeeeans 40
4.7 Recommendation for FUtUre RESEAICN ..........ueueeeeeeeeeeeeeeee e 40
REFERENCES. . ... .ot e e e e e e e e 41
APPENDIX I: ONLINE SURVEY FORM......ooooiiitieieeeee e 43
APPENDIX I1: ABSTRACT FOR EXHIBITION AND CONFERENCE...... 60
APPENDIX I11: RELATED PUBLICATION ...cooiiieeee e 61



LIST OF TABLES

Table 2.1  CIELuv interpretation

17

Table 2.2 HSI colour space interpretation 19
Table 4.1  Results of entropy measurements extracted from different

colour spaces 36



Figure 1.1
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4

Figure 4.5

LIST OF FIGURES

Common image-based clinical grading framework
The anatomy of the cornea

Pinguecula

An advanced case of pterygium

The extent of variations in human grading
Additive colour mixing

Diagram of CIELuv

CIELuv diagram

HSI Colour Space

Block diagram of the overview of the research
Reference images for grading purpose

Online form to collect data from graders
Histogram of a grayscale image

Example of Entropy is an indicator of randomness

Custom computer software based on MATLAB used to extract
entropy from different colour space. (a) RGB colour space (b)
HSI colour space (c) YUV colour space (d) XYZ colour space

Performance evaluation of machine grader using split data
validation on RAPID MINER

Artificial neural network model construction on RAPID
MINER using all data

Quartile analysis of the graded images

Bland-Altman plot of Grader S against the ground truth
Bland-Altman plot of Grader F against the ground truth
Bland-Altman plot of Grader R against the ground truth

Artificial neural network model

Xi

10
12
15
16
17
18
23
24
25
27

28

30

31

32
33
34
35
36
38



Figure 4.6  Bland-Altman plot of output of neural network against the
scores graded by Grader R

xii

39



ANN
CCLRU
CRT
CSO
HD
ICC
UM
IREC
LCD
RGB
ROI
SLB
uv
MPEG
JPEG

LIST OF ABBREVIATIONS

Artificial Neural Network

Cornea and Contact Lens Unit
Cathode Ray Tube

Construzione Strumenti Oftalmici
High Definition

Intra-class Correlation
International Islamic University Malaysia
ITUM Research Ethical Committee
Liquid Crystal Displays
Red-Green-Blue

Region of Interest

Slit Lamp Biomicroscopy
Ultraviolet

Motion Picture Experts Group
Joint Photographic Experts Group

Xiii



™

LIST OF SYMBOLS

Trademarked
Degree

More than
Equal to
And

Xiv



CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Pterygium has a worldwide distribution and more common in warm and dry climates
especially in countries such as Philippines, Myanmar, South Thailand and Peninsular
Malaysia which are originated near the equator belt of the earth and less than 2% in
altitudes. Pterygium was more commonly observed in those who worked outside, and
it was positively correlated with lower latitudes and high ultraviolet levels (Taylor,
1980). There is another study suggests that pterygium can induce corneal astigmatism.
When primary pterygium reaches more than 1.0 mm in size from the limbus, it
induces with-the-rule significant astigmatism (> or = 1.0 dioptre) (Avisar, Loya,
Yassur, & Weinberger, 2000). One of the causes of the red eye is pinguecula or
pterygium. Pterygium is a non-malignant and a slow growing proliferation of wing
shaped fibrovascular tissue originating on the conjunctiva and extending onto the
cornea. This condition later will disturb the vision (Galor & Jeng, 2008). Symptoms of
pterygium include foreign body sensation, persistent redness from smoking and air
pollution from vehicles and factories. Besides, other symptoms of pterygium also
include inflammation of the eyes, tearing, which can cause bleeding, dry and itchy
eyes. In more advanced cases the pterygium can affect vision as it encroaches the
cornea with the potential of obscuring the optical centre of the cornea and inducing
astigmatism and corneal scarring (Hood, 2009). Moreover, pterygium may cause
significant alteration in visual function in some advanced cases. Severe cases of

pterygium may cause blurring of vision and would affect the quality of life of a



person. According to (Galor & Jeng, 2008) pterygium can cause eye redness and
irritation and if the condition persists it can be surgically removed. However, the
pterygium cases are recurrent in several studies. Surgical techniques for pterygium
include bare sclera excision, excision with simple conjunctival closure, excision with
administration of antimetabolite excision adjuvants such as mitomycin C (MMC), and
excision followed by with conjunctival autograft, amniotic membrane transplantation
(Mahdy & Bhatia, 2009). The cut and paste technique for pterygium surgery was first
reported by Kenyon et al. in 1985 (Huerva, March, Martinez-Alonso, Muniesa, &
Sanchez, 2012). Although various studies have compared the safety and recurrence
rates of pterygium, there was no such consensus with respect to the question of
recurrences and unfortunately, the recurrence rate was not evaluated in many of these
studies (Huerva et al., 2012). Some studies however showed lower rates of recurrence
when fibrin glue was used in the surgery, while in others, the same rate of recurrence
was reported as associated with suturing (Huerva et al., 2012). The previous evidences
show the importance of having clinical grading that can better characterise the
pterygium before optimal clinical decision can be made to give proper treatment to

each case of pterygium.

1.2 STATEMENT OF THE PROBLEM

Red eye is one of the sign of ocular inflammation. Signs and symptoms of red eye
include eye discharge, redness, pain, photophobia, itching, and visual changes. The
cause of red eye usually can be diagnosed through a detailed patient history taking and
comprehensive eye examination. When a patient presents with redness in the eye, the

cause needs to be diagnosed quickly. Low redness severity in the eye can be initially



managed by an internist, but higher redness severity may require urgent referral to the
ophthalmologist.

The use of numeric scales to grade the severity or advancement of clinical
signs is becoming widespread. In clinical practice, there has been a need to grade the
magnitude or the severity of the functions and qualities that are assessed in the
examination. It is popular to use a discrete step grading scale to categorize the severity
of clinical findings. To have a better accuracy and consistency of record purposes,
grading scales are very beneficial clinical tool to be used (Allansmith et al., 1977).
Previous research emphasized on the clinical grading scales and their influence on the
clinician's ability to detect changes (Fieguth & Simpson, 2001). These principles have
been applied to grades or measures derived from objective measuring instruments,
subjective tests, or techniques in which the clinician makes subjective judgments. A
benchmarked image dataset is used to show the severity associated with the images.
Computer models can be applied to help to estimate a finer scale and automate the
process. Figure 1.1 illustrates the image-based clinical grading process commonly

takes place in a routine eye examination.

Benchmarked

Image Dataset

Patient’s Eye |mage — Diagnosis

\
Scale of /

Severity

Figure 1.1 Common image-based clinical grading framework



While grading for bulbar conjunctiva redness has been widely formulated,
there is lack of research conducted to characterise redness in pterygium tissue.

This study aims to model a grading scale for pterygium fibrovascular redness
measurements based on clinicians perception of pterygium patient images. From this
scale the clinicians can have better reliability on diagnosing the pterygium cases and

need for surgery.

1.3 RESEARCH OBJECTIVES

This study aimed to achieve the following objectives:
I.  To obtain subjective grading of pterygium redness from clinicians’
perception.
ii. To find the ground truth based on the median value of the grading.
iii. To demonstrate the use the benchmarked pterygium image dataset in
assessing the performance of human grader and computer-based model

developed using software.

1.4 RESEARCH QUESTIONS

I.  What is the median score for each image in the benchmarked dataset?

ii. Is the benchmarked pterygium image dataset useful in assessing the
performance of a human grader?

ii. Is the benchmarked pterygium image dataset useful in assessing the

performance of a computer model?



1.5 HYPOTHESIS

There is a good agreement between the median score of clinician’s grading and the

computer model.

1.6  SIGNIFICANCE OF THE STUDY

This study will assist clinicians to better describe the pterygium tissue based on the
fibrovascular redness measurement. By characterising the pterygium image, further
investigations can be done in clinical research to improve the current decision making

process.

1.7 THESIS OVERVIEW

The subsequent chapters of the thesis are organised as follows:

CHAPTER TWO describes the anatomy of the cornea and pterygium tissue
component. In addition, it mentions about the previous studies on bulbar redness,
pterygium grading scales and colour spaces.

CHAPTER THREE addresses the description of methodology and graphical
analysis. Besides, in this chapter, it explains the methodology design including the
inclusion criteria, apparatus of the study and data collection process. It also describes
the flow of the study and data analysis procedure to obtain the results.

CHAPTER FOUR discussed on the results obtained. The Entropy values,
images for multiple colour spaces, the Bland Altman plot and the Intra-class
Correlation values for human and the machine graders and the Neural Network model

results.



CHAPTER FIVE discussed on the limitation of this study and provided the
directions for future work. This chapter also gave the summary of this thesis.

Last but not least, the appendices contained the full details of the online google
forms and the reference image (Appendix 1), paper and publication (Appendix II) and

abstracts that have been submitted for exhibition and conferences (Appendix I11).



CHAPTER TWO

LITERATURE REVIEW

2.1 CORNEA AND ITS PROPERTIES

One of the most important element of the ocular refractive system is the cornea.
Cornea, as illustrated in Figure 2.1, is a non-vascular and transparent tissue located at

the anterior part of the eye.
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Figure 2.1 The anatomy of the cornea
Source: Millodot (2009)

It is one of the most densely innervated tissues in the body. Human cornea
consists of five layers, three cellular layers which are the epithelium, stroma, and
endothelium and two interface layers consisting of Bowman’s membrane and
Descemet’s membrane. Corneal stroma composes of cellular (keratocytes) and

extracellular components. Cornea also is an immune-privileged tissue due to the



absence of blood and lymphatic vessels. Although normal cornea is an avascular,
many conditions can cause neovascularization, scarring, and may lead to corneal
blindness (Gandhi & Jain, 2014).

Redness in the eye is related to blood vessel dilation in the conjunctiva and
sclera regions. It is another means of assessing severity of the damage in the tissue
(Fieguth & Simpson, 2001). This approach is currently underexplored for the
assessment of the pterygium tissue. Grading redness is commonly done subjectively
by clinicians using a set of reference images as a guide (Galor & Jeng, 2008). While
this method is considered repeatable, it must be done by trained graders. Automating
this process will result in a highly consistent grading, regardless of the experience of

the grader (Hood, 2009).

2.2 PINGUECULA AND PTERYGIUM TISSUE

Pinguecula, as illustrated in Figure 2.2 is a yellowish spot of proliferation on the
bulbar conjunctiva in between the junction of the sclera and cornea. It usually occurs
on the nasal side. It is likely related to the ultraviolet light exposure and chronic
environmental irritation. Pinguecula is frequently seen in elderly people who

extensively get exposed to sun exposure (Norn & Franck, 2009).



Figure 2.2 Pinguecula
Source: Pinguecula (2003)

In an electron microscopic study Cameron (1983) concludes that in the cap
areas of several pterygia there are presence of active fibroblasts in the natural tissue
planes around the Bowman’s layer. Thus the hypothesis is that the fibroblasts
originate in the limbal connective tissue. The fibroblasts are in the cornea top and
bottom of Bowman’s membrane, destroying the latter and some of the superficial
corneal stroma.

Pterygia is a triangular fold of bulbar conjunctiva in the interpalpebral fissure
with its apex advancing progressively towards the cornea usually from the nasal side
(Millodot, 2009). A pinguecula often develop due to a degenerative process caused by
dryness or irritation from wind and dust or too much exposure to sunlight. It becomes
more prevalent with age. Symptoms generally occurs when the pterygium encroaches
on the cornea and it may affect the vision. Thus surgical intervention is needed. Some

pterygia tend to recur after excision (Millodot, 2009).



Figure 2.3 An advanced case of pterygium
Source : Millodot (2009)

In other words, pterygium is a kind of benign growth that occurs in the eye
region where the eyelids is not been obstructed when opened. Blindness can be caused
if not been treated for a long period. Pterygium grading is normally developed based

on the image characteristics of the fibrovascular tissues.

2.3 PTERYGIUM CLINICAL GRADING SCALE

There are two common clinical grading being used at the moment. One of them is the
original work by Tan et al. (1997). The research had proposed a clinical grading,
based on its relative translucency of pterygium tissue, with the premise that loss of
translucency was related to increased fleshiness or thickness of the fibrovascular
component of pterygium (Tan et al., 1997).

i. Grade-1 (atrophy) - denoted as pterygium which episcleral vessels
underlying the body of pterygium were unobscured and clearly
distinguished.

ii. Grade-Il (intermediate) - denoted as pterygium which episcleral vessel
details were indistinctly seen or partially obscured.

iii. Grade-llIl (fleshy) - denoted as pterygium which episcleral vessels

underlying the body of pterygium were totally obscured.
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