
 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

                        

 بسم الله الرحمن الرحيم

               
 

  
MONA MAGHRABY 



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 
 

 شبكة المعلومات الجامعية 
  توثيق الالكتروني والميكروفيلمال

 
MONA MAGHRABY 

 



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 جامعة عين شمس
 لكتروني والميكروفيلمالتوثيق الإ

 قسم
 عظيم أن المادة التي تم توثيقها وتسجيلهانقسم بالله ال

 علي هذه الأقراص المدمجة قد أعدت دون أية تغيرات

 

 يجب أن
 حفظ هذه الأقراص المدمجة بعيدا عن الغبارت

 

MONA MAGHRABY 



 

 

The Effect Of Low-Level Laser 

Therapy On The Rate Of Tooth 

Movement During Maxillary Canine 

Retraction; A Randomized Clinical 

Trial 

 

A Thesis 
 Submitted to the Faculty of Dentistry, 

 Ain Shams University 
  

 
In partial fulfillment of the requirements of 

Master's Degree in Orthodontics 

 

 

 By 

 

Nada Nabil Mohamed Hasan 

B.D.S (2012) 

 

 

Faculty of Dentistry, 

Ain-Shams University 

 

 

2021
 

 



 

Supervisors 

 

 

 

Dr. Noha Ezzat Sabet 
Professor of Orthodontics 

 Faculty of Dentistry, Ain Shams University 

 

 

 

 

Dr. Dina Hussein El-Ghoul 
Associate Professor of Orthodontics 

 Faculty of Dentistry, Ain Shams University

   



 

Dedication 

To my lovely parents, brother and sister for their 

unconditional love, guidance and everlasting support.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Acknowledgment 

Words do fail to express my deepest gratitude and 

appreciation to the extraordinary professor, Dr. Noha Ezzat 

Sabet, professor of Orthodontics, Faculty of dentistry, Ain 

Shams University, for her valuable instructions, meticulous 

advices and expert touches. It was a great honor to work 

under her supervision. 

No words can express my deepest thanks and sincere 

gratitude to Dr. Dina Hussein Elghoul, Associate Professor 

of Orthodontics, Faculty of dentistry, Ain Shams University, 

for her continuous guidance and instructions without which 

I would never been able to fulfill this work. 

  



 

LIST OF CONTENTS 

 Page 

List of Abbreviations I 

List of Figures II 

List of Tables V 

Introduction 1 

Review of Literature 3 

Aim of the study 64 

Materials and methods 65 

Results 102 

Discussion 117 

Summary and Conclusions 134 

Recommendations 139 

References 140 

Appendix I 171 

Appendix II 174 

Appendix III 178 

Arabic Summary  



[I] 

 

LIST OF ABBREVIATIONS 

Abbreviation Full Term 

OTM Orthodontic tooth movement 

CBCT Cone beam computed tomography 

PDL Periodontal ligament 

RANKL The receptor activator of nuclear factor-kappa B 

ligand 

RANK The receptor activator of nuclear factor-kappa B 

OPG Osteoprotegerin 

M-CSF Macrophage colony-stimulating factor 

PRP Platelet rich plasma 

LLLT Low level laser therapy 

LILT Low intensity laser therapy 

LLLI Low level laser irradiation 

RCT Randomized controlled trial 

CT Computed tomography 

3 D Three dimensional 

2 D Two dimensional 

 

 

 

 

 

 



[II]  
 

LIST OF FIGURES 

No. Figure Page 

1 Optimal orthodontic force 13 

2 Light – Tissue interaction 29 

3 Representation of laser-tissue interactions in terms 

of exposure time and irradiance 

30 

4 CONSORT flow-chart 68 

5 Extra-oral and intra-oral photographs 71 

6 Orthodontic study model 72 

7 Patient positioned in the CBCT unit 73 

8 Pre-retraction cone beam computed tomography 

(CBCT) image 

73 

9 Post-retraction cone beam computed tomography 

(CBCT) image 

73 

10 Complete leveling and alignment 74 

11 Maxillary first premolars extracted 75 

12 Biolase Epic x Console  77 

13 whitening hand piece 77 

14 Protective eyeglasses 78 

15 Laser application (A&B) 78 

16 Canine retraction using NiTi closed coil spring 

extending from the hook of the first permanent molar 

tube to the hook of the canine bracket. Stainless steel 

ligature tie on the bracket of the maxillary canines 

79 

 

17 Force gauge used to measure force for canine 

retraction 

80 

18 Measuring the retraction force using force gauge  80 

19 3-shape R750 scanner 82 

20 Occlusion plane 83 

21 Horizontal plane 84 

22 Sagittal plane 84 

23 Anterior/Posterior plane 85 



[III] 

LIST OF FIGURES 

No. Figure Page 

24 The 3 standard perpendicular planes 85 

25 Methods of measuring: rate of canine movement (dc), 

anchorage loss (dm) and canine rotation angle (α) 

87 

26 Rate of canine movement and anchorage loss on the 

right side (A&B) 

88 

27 Rate of canine movement and anchorage loss on the 

left side (A&B) 

89 

28 Right canine rotation angle 90 

29 Left canine rotation angle 90 

30 The 3D volume and the generated multi-planer slice 

locator in the 3 cuts (axial, sagittal and coronal). 

91 

31 All CBCT landmarks 93 

32 Mid-Sagittal plane                                                     95 

33 Frontal plane               95 

34 Horizontal plane 95 

35 All planes 96 

36 Maxillary right canine and first molar long axis 96 

37 Maxillary left canine and first molar long axis 96 

38 Maxillary right and left canine tip (A&B) 98 

39 Maxillary right and left molar tip (A&B) 99 

40 Maxillary right and left canine torque 99 

41 Maxillary right canine length          100 

42 Maxillary left canine length             100 

43 Bar chart representing mean and standard deviation 

values for rate of canine movement in the two sides 

103 

44 Bar chart representing mean and standard deviation 

values of molar anchorage loss in the two sides 

104 

 

45 Bar chart representing mean and standard deviation 

values of canine rotation angle measurements in the 

two sides pre-, post-canine retraction and changes in 

the two sides 

106 

 



[IV]  
 

LIST OF FIGURES 

No. Figure Page 

46 Bar chart representing mean and standard deviation 

values of maxillary canine tipping measurements in 

the two sides pre-, post-canine retraction and changes 

in the two sides 

108 

47 Bar chart representing mean and standard deviation 

values of maxillary first molar tipping measurements 

in the two sides pre-, post-canine retraction and 

changes in the two sides 

110 

48 Bar chart representing mean and standard deviation 

values of maxillary canine torque measurements in 

the two sides pre-, post-canine retraction and changes 

in the two sides 

112 

49 Bar chart representing mean and standard deviation 

values of maxillary canine length measurements in 

the two sides pre-, post-canine retraction and changes 

in the two sides 

114 

 

 

 

 

 

 

 

 



[V]  
 

LIST OF TABLES 

Table Title Page 

1 laser classifications according to potential of 

causing biological hazards in orthodontics 

32&33 

 

2 Laser protocol timetable 76 

3 CBCT landmarks 92&93 

4 CBCT Reference planes and lines 94 

5 CBCT Measurements 97&98 

6 Mean, standard deviation values and results of 

Wilcoxon signed-rank test for comparison 

between rate of canine movement in the two sides 

103 

7 Mean, standard deviation values and results of 

Wilcoxon signed-rank test for comparison 

between molar anchorage loss in the two sides 

104 

8 Mean, standard deviation values and results of 

repeated measures ANOVA test for the changes 

in canine rotation angle measurement within each 

side 

105 

9 Mean, standard deviation values and Wilcoxon 

signed-rank test for comparison between changes 

in canine rotation angle measurement in the 

two sides 

106 

10 Mean, standard deviation values and results of 

repeated measures ANOVA test for the changes 

in maxillary canine tipping measurement within 

each side 

107 

11 Mean, standard deviation values and Wilcoxon 

signed-rank test for comparison between changes 

in maxillary canine tipping measurement in the 

two sides 

108 

12 

 

Mean, standard deviation values and results of 

Wilcoxon signed-rank test for the changes in 

maxillary first molar tipping measurement within 

each side 

109 

 



[VI] 

LIST OF TABLES 

Table Title Page 

13 Mean, standard deviation values and results of 

Wilcoxon signed-rank test for comparison 

between changes in maxillary first molar tipping 

measurements in the two sides 

110 

 

 

14 

Mean, standard deviation values and results of 

Wilcoxon signed-rank test for the changes in 

maxillary canine torque measurement within 

each side 

111 

15 Mean, standard deviation values and results of 

Wilcoxon signed-rank test for comparison 

between changes in maxillary canine torque 

measurement in the two sides 

112 

16 Mean, standard deviation values and results of 

repeated measures ANOVA test for the changes 

in maxillary canine length measurement within 

each side 

113 

17 Mean, standard deviation values and Wilcoxon 

signed-rank test for comparison between 

changes in maxillary canine length measurement 

the two sides 

114 

18 Results of Cronbach's alpha reliabil ity 

coefficient for intra- and inter-observer 

reliability 

115& 

116 

 

 

 

 



 

 

 

 

 

 

 

Introduction


