‘”';1! LI

.
i

AIN SHAMS UNIVERSITY

Comparative Evaluation of Root Canal
Preparation Using Two Single File Systems

(Clinical and Experimental study)

Thesis Submitted to the Endodontic Department, Faculty of
Dentistry, Ain Shams University

For

Partial fulfillment of requirements of the Doctorate Degree in
Endodontics

By

RASHA SAMEH MAHFOUZ IBRAHIM
Bachelor of Dentistry; B.D.S (Faculty of Dentistry, October 6 University, 2004)
Master of Dentistry; M.Sc. (Faculty of Oral and Dental Medicine, Cairo University, 2010)

Assistant lecturer at Department of Endodontics, Faculty of Dentistry October 6 university

(2017)




Ea ) 18 {1318 53 & aily 15801
(4)plal ale 3 (334585 &) 108 {235k
{5} s Al L Gyl ale

Cad) By g




Supervisors

Prof. Dr. Salma Hasan El Ashry

Professor of Endodontics

Faculty of Dentistry; Ain Shams University

Dr. Maram Farouk Obeid

Associate Professor of Endodontics

Faculty of Dentistry; Ain Shams University




DEDICATION

To my precious family especially my
Father, Mother, Brother, Husband and
great son for their sacrifices throughout life,
endless love and continuous support and
guidance in every step in my life.



Acknowledgements

Praise is to GOD, Lord of the universe. Most Gracious, Most Merciful.
Words will never be enough to express how | am deeply thankful to him, without
whose guidance and will, this work would not grow a reality. It was his blessings

that made this work completed.

| would like to thank my supervisors for their valuable feedback, not only

in preparation of this thesis, but for insight, knowledge, and clarification over the
past several years. | would especially like to thank Prof. Dr. Salma Hasan El

Ashry Professor of Endodontics, Faculty of Dentistry, Ain Shams University.
She has been an integral part of the success of this thesis and | will be a better
researcher, teacher, and Endodontist because of her dedication. | cannot thank her
enough for believing in me and encouraging me to pursue my dreams. For which

| extend my gratitude.

I would like to express my sincere, unlimited appreciation & gratitude to
Dr. Maram Farouk Obeid, Associate Professor of Endodontics, Faculty of
Dentistry, Ain Shams University , for all of her countless hours of assistance and
review of previous drafts, For her guidance , valuable advice , support , endless
help and supervision during the entire course of this study and also for her dealing
sympathy . She offered much encouragement and advice on the completion of this

research, for which I am grateful.

| would like to thank all members of Endodontic department,

Faculty of Dentistry, Ain Shams University, For their valuable help and

cooperation



| would like also to express my deepest appreciation and thanks to Dr.
Yehia Mahmoud EI Baghdady , Professor of Endodontics, chairman of the
Endodontic Department & Dean of Faculty of Oral and Dental Medicine October
6 University , for his concern, understanding and his continuous and generous
help during my study at collage. He has been motivating, encouraging, and
enlightening. His mentorship was paramount in providing a well-rounded

experience consistent my long-term career goals.

| would like to thank my professors and colleagues in O6U who
encouraged and supported me in every aspect. | would like to thanks my parents

and Family who encouraged and supported me in every aspect of my graduate
career: emotionally, spiritually. And I can never tell or show you how grateful |

truly am for all of your support.



TABLE OF CONTENTS

Table of Contents
Title Page
List of Figures iii
List of Tables iv
List of Graphs '
Introduction 1
Review of literature 4
e [nstrumentation kinematics of engine-driven nickel titanium instruments 5
e Rotation Versus reciprocation 8
e Single File Systems 8
e Glide Path Preparation Prior to Instrumentation 10
e Apical Debris Extrusion 15
e Root Canal Anatomy Preservation 20
e Root Canal Cleanliness 28
e Endodontic Treatment and Post-operative Pain 30
Aim of the Study 39
Materials and Methods 40
e Experimental Study 42
e Randomized Clinical Trial 61
Results 73
e Experimental Study 73
e C(linical Trial 95
Discussion 104
Summary and conclusion 117
Recommendations 120
References. 121

Arabic Summary




S

O 0 (o)} i A W N

~
S

11
12

13
14
15
16
17

18

19
20
21

22
23
24
25

List of Figures

Caption
The ProGlider path File and WaveOne Primary File

The X-smart plus Endomotor
Radiographic mount made of silicone-based impression

Calculation of the angle and radius of curvature

The groups and outcomes of the current study

A: Device used for collecting apically extruded debris ; B : the Eppendorf
tubes and the dry debris after placement in the incubator and C: Electronic
balance showing the weight of the Eppendorf tubes and the Dry Debris

The i-CAT CBCT machine

A “U” shaped template mimicking the natural arch form was made with
modeling wax

Evaluation of canal transportation and centering ratio
Measuring of the root canal volume (Pre-Instrumentation)

Measuring of the root canal volume (Post-Instrumentation)
A schematic diagram showing the steps of Debris and smear layer evaluation

The ESEM used in the current research

Image analysis for Debris area calculation

Measuring Debris score

Stratified randomized sampling for evaluating smear layer score

The CONSORT Flow Diagram
Visual Analog scale

Root Canal Curvature Change
Root Canal Volume pre and post instrumentation

Representative Scanning Electron Microscope images of Debris (X 200)

Representative Section for Smear layer in the coronal (A), middle (B) and
apical(C) levels for the WOO group

Representative Section for Smear layer in the coronal (A), middle (B) and
apical(C) levels for the WOGP group

Representative Section for Smear layer in the coronal (A), middle (B) and
apical(C) levels for the OSO group

Representative Section for Smear layer in the coronal (A), middle (B) and
apical(C) levels for the OSGP group

TABLE OF CONTENTS

Page
40

41
14
45
47

51

52
52

54
56
56

57

58
59
59
60
63

70

78
86
89

91
93
93
94



No.

i A W N =

11

12
13
14
15

16
17

18

List of Tables
Caption
The Characteristics of curved root canals

Descriptive statistics of apical extruded debris (g) (n=15 per group)

The Characteristics of curved root canals for root canal Anatomy
preservation

The mean values and standard deviation of the canal curvature (°) Pre and
Post Instrumentation

The mean values and standard deviation of the canal curvature Pre and
Post Instrumentation percentage change

The mean and SD values and results of Anova and Tukey pairwise
comparison test for comparison between canal transportation for different
groups and root levels

The mean and SD values and results of ANOVA and Tukey pairwise
comparison test for comparison between centering ratio for different groups
and root levels

The mean values and standard deviation of the canal volume (mm?) Pre and
Post Instrumentation

The mean values and standard deviation of the canal curvature Pre and
Post Instrumentation percentage change

The Characteristics of curved root canals for root canal cleanliness

The mean and SD values and results of Anova and Tukey pairwise
comparison test for comparison between debris area percentage for
different groups and root levels

The mean and SD values of smear layer scores for different groups and root
levels

The demographic characteristics of the sample used in the clinical trial

The sample baseline characteristics

The mean values, standard deviation of pain score recorded for the different
groups along the follow up intervals

Mean days to pain stop for Different Groups

The mean and SD for postoperative pain decrease rate

Correlation matrix for different clinical end experimental outcomes

TABLE OF CONTENTS

Page
73

74
76

77
79

80

82

84
85

87

88

91
95

96

97
99

100
102



TABLE OF CONTENTS

List of Graphs
No. Caption Page
1 A bar chart showing mean values of apical extruded debris (g) 72
2 A bar chart showing mean values of canal Curvature © Pre and Post 74
Instrumentation
32 A bar chart showing mean values of canal Curvature Pre and Post 76
Instrumentation percentage decrease
4 A bar chart showing mean values of canal transportation (mm) 76
5 A bar chart showing mean values of centering ratio 78
6 A bar chart showing mean values of canal volume (mm?) Pre and Post 82
Instrumentation
7 A bar chart showing mean % values of canal volume Pre and Post 83
Instrumentation percentage change
8 A bar chart showing mean values of debris area percentage 87
A bar chart showing mean values of smear layer scores
9 89
10 Aline chart showing the Average postoperative pain score curves 95
11 A bar chart showing the mean pain scores for different groups at different 95
follow up intervals
12 A bar chart showing mean days to pain stop for different groups 96
13 A bar chart showing mean postoperative pain decrease rate for different 98

Groups



INTRODUCTION

he main objective of endodontic therapy is to treat pulpal and
periradicular tissues in order to retain the natural dentition
preserving normal form, function, and esthetics. This is greatly
achieved by removal of root canal contents and disinfection of the colonizing

microorganisms through shaping and cleaning processes.

Ideally, shaped canal should have a continuously tapering funnel that
preserves the original anatomy. Many endodontic instruments have been developed
in the hope that they can effectively achieve the ideal funnel form without creating

aberrations, which may affect the clinical outcome of root canal treatment.

During the last years, a huge development and clinical improvements in
endodontic treatment had been developed. One of these improvements is in

Instrumenting root canals.

A new concept for NiTi files has recently been introduced in which different
working motions is used to finish root canal shaping with only a single file. An
example of that is WaveOne (WO) file that is used in a reciprocating motion and
made of a special NiTi alloy (M-Wire) which increases flexibility and prolonged
fatigue life. The reciprocating motion involves an initial rotation of the instrument
in a counterclockwise direction, during which the instrument penetrates and cuts
the dentin, and then a rotation in the opposite direction, during which the

instrument is released.

Another single file system is OneShape (OS) file that is used in a
traditional, continuous, rotational motion and has an asymmetric cross-sectional

geometry that generates traveling waves of motion along the active part of the file.
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In clinical practice the NiTi files are associated with an increased risk of
fracture, mainly because of bending stresses (failure by fatigue) and torsional shear
stresses (failure by torque). Failure by torque might occur in case of torsional shear
stresses exceeding the elastic limit of the alloy, producing plastic deformation and
eventually fracture. Various aspects might contribute to increase these stresses;
such as excessive pressure on the handpiece, wide area of contact between the
canal walls and the cutting edge of the instrument, or if the canal section is smaller
than the dimension of the tip of the instrument. The latter case might lead to a taper
lock, especially with regularly tapered instruments. The risk of taper lock might be
reduced by creating a glide path before using NiTi rotary instrumentation either

manually or mechanically.

Cleaning and shaping of the root canal is the single most important phase of
endodontic therapy. The goal of root canal instrumentation is to obtain a
continuous tapering funnel flowing with the shape of the original canal from the
coronal access to the apex. The endodontic Glide path is a smooth radicular tunnel
from canal orifice to physiologic terminus (foraminal constriction). It is the starting
point of radicular preparations. Without it, cleaning and shaping becomes
unpredictable or impossible because there is no guide for endodontic mechanics. A
glide path helps prevent torque failure and cyclic fatigue. Initially, when rotary
files were introduced there was no recommendation for glide path creation.
Subsequently, instrument fracture became a significant issue. The glide path
assures the operator that the tip of the file will not become locked as it moves
apically and that the canal is free and clear of significant debris and blockage,
could lead to iatrogenic events.

The efficacy of different root canal treatment techniques has been widely

discussed in terms of clinical outcomes and tooth retention. However, the
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evaluation of clinical outcomes does not consider the patient’s perspective thus

focusing on post-operative pain as an outcome of the endodontic treatment.

Postoperative pain is defined as the sensation of discomfort after
endodontic intervention. Dentinal debris, pulp tissue, microorganisms, and
irrigants can be conveyed to the periradicular tissues during root canal preparation,
and such extrusion of debris can lead to postoperative complications, such as flare-

ups.

Studying shaping ability of these new NiTi systems with different design
features, and kinematics are important for understanding how the differences affect
their performance; Thus, we aimed to evaluate and compare outcomes of using the
two file systems as regarding apical debris extrusion, the canal transportation, and
canal centering ability in extracted human teeth using CBCT scanning. The clinical
outcome of the study will evaluate and compare different groups as regarding post-

operative pain.
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he major goals of endodontic treatment is to preserve the
functional teeth, by removing irritants from the root canal system;
obturate the cleaned and shaped system; and prevent future

recontamination of sealed root canals !,

A proper access cavity preparation will allow the clinician to remove all
coronal pulp tissue and locate all root canal orifices. Once the root canals have
been found they are carefully scouted with a small instrument capable of reaching
the apical extent of each root canal. The desired working length is determined and
“a smooth radicular tunnel from canal orifice to physiologic terminus”, or glide

path, must be confirmed or established.

Mechanical instrumentation is quite effective at reducing the numbers of
bacteria in the canal. There are three main areas in which engine driven
instrumentation has been modified over the years as more and more file systems
are introduced to the market. Most early advances in rotary instrumentation dealt
with changes in cross —sectional design. Later, alloys modified through heat
treatment and other manufacturing methods were introduced. While improvements
in these areas continue to be made, there has been particular interest in recent years
surrounding the method of rotation itself. The vast majority of instrument systems
employ continuous rotation in a clockwise direction. The instrument simply spins
in one direction at a constant speed. However, there have been a few systems

released which function via reciprocating motion.

Reciprocating motion is the combined movement of rotation in one direction
alternated with rotation in the other direction. The magnitude of rotation in each

direction corresponds to the angle of the arc traveled by each point of the file in a
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circle. The difference between the two angles determines the net amount a file
actually travels rotationally per cycle. Alternating the direction of movement
reduces torsional stress by minimizing instrument binding as it advances down a
narrow canal. While only a few reciprocating systems are available on the market
today, there are an infinite number of possible combinations of angles in each
direction, thus reciprocating motion can refer to an unlimited amount of different

overall and net movements.

I. Instrumentation kinematics of engine-driven nickel

titanium instruments

Endodontic machine-assisted instrumentation can be classified into five
groups according to the instrumentation kinematics as follows: rotary motion,
rotational reciprocating motion, vertical vibration plus rotational reciprocating
motion, vertical vibration and rotary motion plus rotational reciprocating motion

(adaptive). ]

d.Rotary instrumentation

According to Hulsmann et al ! the first reference to rotary instrumentation
was made by Oltramare ™, who used fine needles with rectangular cross sections
that could be attached to a dental handpiece. Rollins (1899) developed the first
endodontic hand-piece for root canal instrumentation that was used with specially
designed needles at 100 rpm B! After the introduction of NiTi endodontic hand
instruments by Walia et al [ many rotary NiTi instruments have been marketed.

Recently, a new type of rotary motion, asymmetrical rotary motion, has been



