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ABSTRACT

Introduction: No one aligner material is the same. This randomized clinical trial
evaluated the clinical effectiveness and cost analysis between Erkodur and Zendura
FLX including material , chair side time and the breakages in clear aligner treatment.
Methods: 19 adult participants were randomized (15 females and 4 males, 29.73
(SD8.44) years old) into two groups. Medit Design software (version 2.1) was used to
measure the efficacy of orthodontic tooth movement by performing superimposition of
predicted and achieved outcome. Data related to demographics, tooth movement
accuracy and the related costs were recorded. The cost for each material was calculated
by dissecting the costs involved in producing similar clinical outcome.

Results: The mean accuracy of tooth movement with Erkodur and Zendura FLX was
comparable with no statistical differences in horizontal movement from T1 to T6 and
vertical movement from T1 to T4 with p < 0.05. As the treatment advanced to TS5 and
T6, there was a statistically significant difference between Erkodur and Zendura FLX
in vertical movement, with mean differences of 0.05mm in extrusion (p = 0.036). Total
cost for raw material of each plastic sheet is RM9.03 for Erkodur and RM29.32 for
Zendura FLX respectively. Erkodur chair side time duration was longer (131 minutes
SD 53.4) than Zendura FLX's (105.6 minutes SD 21.9). Despite having longer chairside
mean time score 25.4 min more than Zendura FLX, there was no significant difference
in chairside time when both groups were compared (p = 0.201). Nevertheless, the
average cost of treatment with Erkodur rises by RM95.97 because of the increase in
chair side time (p = 0.013). Emergency visit for Erkodur was 1.3 times higher when
compared to Zendura FLX since no emergency visits were documented during the first
6 months of therapy for Zendura FLX group (p <0.05).

Conclusions: The accuracy of tooth movement is comparable between Erkodur and
Zendura FLX. Cost incurred in providing clear aligner treatment with Zendura FLX is
higher compared to Erkodur by half. Treatment duration rose in the Erkodur group
because emergency visits were twice as often as in the Zendura FLX group, adding to

the overall treatment cost.

v



ACKNOWLEDGEMENT

Firstly, I wish to praise and thank Allah SWT for creating the pathway and
chance to begin on my PhD. Exhilaration and contentment fill my heart as I reflect on
this challenging but rewarding journey.

My gratitude and profound appreciation to my supervisors Dr Noraina Hafizan
Norman and Dr Muhamad Nizam Muhamad Subra, for their expert guidance, advice,
and insights they provided during the course of this study.

I owe a great debt of appreciation to my spouse and parents for their unwavering
moral and spiritual support while I worked on this research as well as my postgraduate
studies. I also want to express my gratitude to other members of my family and my
circle of acquaintances who have been encouraging and providing me with insightful
comments on my ideas.

My sincere gratitude to all my postgraduate peers, the staff, and dental
technicians for their support, insights, and knowledge, which facilitated my study
immensely.

Last but not least, I would like to include my daughters who are the inspiration
for my thesis. A day will come when I hope they, too, will go off on an adventure worth
taking and discover their passion. This piece of victory is dedicated to both of you and
marks the beginning of the next chapter of my life.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR’S DECLARATION
ABSTRACT
ACKNOWLEDGEMENT
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS
LIST OF NOMENCLATURE

CHAPTER ONE INTRODUCTION

1.1 Research Background

1.2 Problem Statement

1.3 Objectives

1.4  Null Hypothesis

1.5  Significance of Study

1.6 The Scope and Limitation of Study

CHAPTER TWO LITERATURE REVIEW
2.1 Introduction

2.2 Clear Aligner History

2.3 Clear Aligner Plastics

2.3.1 Types of Available Clear Aligner Thermoforming Plastics
2.3.2 Mechanical Properties of Clear Aligner Thermoforming Plastics

2.3.3 Zendura FLX VS Erkodur
2.4  Clinical considerations of Clear Aligner Plastics

2.4.1 Clear Aligner Physical Configuration

V1

Page

ii
iii

iv

vi

xii
Xiii
XV
Xvi

xviii

wn A B~ LW

12
22
31
35

39



CHAPTER ONE
INTRODUCTION

1.1 Research Background

Clear aligners may be a great alternative for people looking for a more
discrete orthodontic treatment. The use of thermoforming materials to move teeth is not
news, and the simplicity of treatment flow for patients using clear aligners is one of the
factors that is contributing to the rise in popularity of this appliance, in addition to its
aesthetic advantage. The preliminary labour and effort required to produce a single pair
of clear aligners are enormous, and the learning curve associated with doing so is rather
steep (Hartshorne et al., 2022). They are different from the typical treatment flow for
fixed appliances because they include patient management in addition to software and

hardware components.

In 2012, Journal of Clinical Orthodontics nominated two major
breakthroughs in orthodontics of the last 15 years: mini-implants and Invisalign (Robert
G. Keim, 2012). Clear aligners are becoming a more accessible orthodontic treatment.
This is due to advancements in clear thermoplastic materials, computer-aided design
manufacturing (CAD/CAM), and software that mimics tooth movement becoming more
user intuitive and highly accessible on the market than in the past. However, clear
aligner therapy is case selective, and the most predictable mechanics of treatment entail
non-extraction of mild to moderate malocclusion (Gu et al., 2017). By doing so, many
a times the end resulted in flaring teeth especially of the anterior segment. A study by
Hennessy et al (2016) on the other hand, found that there was no significant difference
in the incisor proclination of patients using Invisalign and fixed appliance. This is one
of the examples that shows efficacy of tooth movement in comparison to conventional
fixed appliances. Though many researchers reported that the clinical findings were
favourable, there have yet to be any study that investigates the amount of crowding, the
magnitude of proclination and its resulting relationship with the supporting tooth

structures at the time.

Invisalign are pioneers in the clear aligner industry and have successfully
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