
 

 

 

The Effect of different treatment modalities on 

healing of furcation perforation in dogs teeth 

 

 

 

 

Thesis 

Submitted for partial fulfillment of Doctor Degree in  

Endodontics 

 

 

 

 

By 

Mohammed Mohammed Lutf Al-Khawlani 

 (M.Sc) Faculty of dentistry - 

Suez Canal University 

 

 

 

 

Faculty of dentistry 

 Ain Shams University 

(2014) 

 

 



 

 

 

Supervisors 

 

PROF. DR. 

HOSSAM MOHAMED ESSAM ElDIN TAWFIK 

Professor of Endodontics  

Dean of Faculty of Dentistry 

Ain Shams University 

 

PROF. DR. 

AHMED ABDELRAHMAN HASHEM 

Professor of Endodontics 

Endodontics Department  

Faculty of Dentistry  

Ain Shams University 

 

PROF. DR. 

ASHRAF MOHAMED  

ABDELRAHMAN ABU-SEIDA  

Professor of Surgery, Anesthesiology and Radiology 

Department of Surgery, Anesthesiology and Radiology 

Faculty of Veterinary Medicine  

Cairo University 

 



 

 

 

 

 

 

 

 بسم الله الرحمن الرحيم
 
 

عَمْ ََ "وَقاَلَ رَبِّ أَوْزعِْنِِ أَنْ أَشْكُرَ نعِْمَتَكَ الَّتِِ أنَ ْ 
ا ُُ صَالحِ  عَلَيَّ وَعَلَى وَالِدَيَّ وَأَنْ أَعْمَلَ  ََ ا ََ رْ

الِِيَن"  وَأدَْخِلْنِِ بِرَحْْتَِكَ فِ عِبَادِكَ الصَّ
 

 صدق الله العظيم
 

 



 

 

 

Acknowledgment 

 

First of all, I would like to 

 thank god  

for supporting and guiding me throughout my life. 

 

I would like to express my sincere gratitude and appreciation to 

PROF. DR. 

 Hossam Mohamed Tawfik 

Dean of Faculty of Dentistry, Ain Shams University for his unforgettable 

help, generosity in giving his time, effort and advice throughout my 

academic and clinical work. 

 

My sincere thanks and grateful appreciation to  

PROF. DR.  

Ahmed Abd-Elrahman Hashem  

for his unlimited support, valuable scientific opinions and effort. 

 

My deep gratitude and respect to  

PROF. DR.  

 Ashraf Mohamed Abu-Seida  

for his sincere help, support and encouragement during this study. 

 

Special thanks to 

All Staff of the Endodontics Department 

Faculty of Dentistry, Ain Shams University 



 

i 

 

 

LIST OF CONTENTS 

 

INTRODUCTION ............................................................................................................................ 1 

REVIEW OF LITRATURE  ............................................................................................................ 3 

AIM OF THE STUDY ................................................................................................................... 29 

MATERIALS AND METHODS  .................................................................................................. 30 

RESULTS  ...................................................................................................................................... 55 

DISCUSSION .............................................................................................................................. 139 

SUMMARY AND CONCLUSIONS ........................................................................................... 152 

REFERENCES ............................................................................................................................. 157 

ARABIC SUMMARY .......................................................................................................................  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ii 

 

 

 

LIST OF TABLES 

Table 1: The mean percent, standard deviation (SD) values of Kruskal-Wallis 

test for the effect of treatment modalities on vertical bone loss. ..... 58 

Table 2: The mean, standard deviation (SD) values and results of Friedman’s 

test for effect of evaluation period on vertical bone loss. ................ 67 

Table 3: The mean percent, standard deviation (SD) values of Mann-Whitney 

test for the effect of perforation status on vertical bone loss. .......... 69 

Table 4: The mean, standard deviation (SD) values of Kruskal- Wallis test for 

the inflammatory cell count. ............................................................ 74 

Table 5: The mean, standard deviation (SD) values and results of Friedman’s 

test for the inflammatory cell count through different time periods.

 .......................................................................................................... 87 

Table 6: The mean, standard deviation (SD) values of Mann-Whitney test for 

the effect of perforation status on the inflammatory cell count. ...... 89 

Table 7: The mean, standard deviation (SD) values of Kruskal- Wallis test for 

the mean score of cemental deposition. ........................................... 93 

Table 8: The mean, standard deviation (SD) values and results of Friedman’s 

test for increase in cemental deposition through different time periods.

 ........................................................................................................ 102 

Table 9: The mean, standard deviation (SD) values of Mann-Whitney test for 

the effect of perforation status on the inflammatory cell count. .... 104 

Table 10: The mean, standard deviation (SD) values of Kruskal- Wallis test for 

the mean score of new bone formation. ......................................... 108 

Table 11: The mean, standard deviation (SD) values and results of Friedman’s 

test for increase in mean score of new bone formation through 

different time periods. .................................................................... 113 

Table 12: The mean, standard deviation (SD) values of Mann-Whitney test for 

the effect of perforation status on mean score of bone formation. 115 



 

iii 

 

Table 13: The mean, standard deviation (SD) values of Kruskal- Wallis test for 

the mean score of bone resorption. ................................................ 120 

Table 14: The mean, standard deviation (SD) values of Kruskal- Wallis test for 

the mean score of bone resorption. ................................................ 125 

Table 15: The mean, standard deviation (SD) values of Mann-Whitney test for 

the effect of perforation status on mean score of bone resorption. 127 

Table 16: Frequencies (N), percentages and results of Chi-square test for the 

prevalence of epithelial proliferation. ............................................ 132 

Table 17: Frequencies (N), percentages and results of Wilcoxon test for the 

prevalence of epithelial proliferation through different evaluation 

periods. ........................................................................................... 135 

Table 18: Frequencies (N), percentages and results of Chi-square test for the 

prevalence of epithelial proliferation within each subgroup. ........ 137 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

iv 

 

 

LIST OF FIGURES 

Figure 1: Schematic drawing of samples classification. ................................ 33 

Figure 2: Photograph showing administration of general anesthesia. ........... 36 

Figure 3: photograph showing gingival probing. ........................................... 37 

Figure 4: photograph showing endodontic access opening. ........................... 37 

Figure 5: Photograph showing root canals filled with gutta-percha and 

perforation creation in the middle. ................................................ 38 

Figure 6: photoradiograph showing radiolucency at the site of furcation 

perforation. .................................................................................... 38 

Figure 7: Photograph showing different steps of PRP preparation, A: after 1st 

centrifugation, B: after 2nd centrifugation, C: PRP gel after 

activation. ...................................................................................... 42 

Figure 8: Photograph showing different forms of PRF, A:  PRF after 

centrifugation B: PRF separated with twiser, C: fibrin clot on glass 

slab, D: small pieces of PRF. ........................................................ 43 

Figure 9: Photoradiograph showing image transformation from RGB format 

into 32-bit format by using ImageJ software. ............................... 46 

Figure 10: Photoradiograph showing automatic selection of three landmarks in 

source and target images by TurboReg  plugin software. ............. 47 

Figure 11: Photoradiograph showing transformation of the source image (a) 

into output image (b) to match the target image (c). ..................... 48 

Figure 12: Photograph showing mesio-distal width measurement of the clinical 

crown using digital intraoral caliper. ............................................ 49 

Figure 13: Photoradiograph showing measurement scale setting by ImageJ. 49 

Figure 14: Photoradiograph showing vertical bone loss measurement from the 

furcation fornix to base of the defect. ........................................... 50 

Figure 15: Histogram representing the effect of treatment modalities on 

percentage of change in vertical bone loss in different groups. .... 59 



 

v 

 

Figure 16: Photoradiographs of non-contaminated  MTA in group II (one 

month) A: preoperative radiograph, B: immediate repair radiograph, 

C: follow up radiograph. ............................................................... 60 

Figure 17: Photoradiographs of non-contaminated  PRP in group II (one 

month) A: preoperative radiograph, B: immediate repair radiograph, 

C: follow up radiograph. ............................................................... 60 

Figure 18:Photoradiographs of non-contaminated  PRF in group II (one month) 

A: preoperative radiograph, B: immediate repair radiograph, C: 

follow up radiograph. .................................................................... 61 

Figure 19: Photoradiographs of contaminated  MTA in group II (one month) 

A: preoperative radiograph, B: immediate repair radiograph, C: 

follow up radiograph. .................................................................... 61 

Figure 20: Photoradiographs of contaminated  PRP in group II (one month) A: 

preoperative radiograph, B: immediate repair radiograph, C: follow 

up radiograph. ................................................................................ 62 

Figure 21: Photoradiographs of contaminated  PRF in group II (one month) A: 

preoperative radiograph, B: immediate repair radiograph, C: follow 

up radiograph. ................................................................................ 62 

Figure 22: Photoradiographs of non-contaminated  MTA in group III (three 

months) A: preoperative radiograph, B: immediate repair 

radiograph, C: follow up radiograph. ............................................ 63 

Figure 23: Photoradiographs of non-contaminated  PRP in group III (three 

months) A: preoperative radiograph, B: immediate repair 

radiograph, C: follow up radiograph. ............................................ 63 

Figure 24: Photoradiographs of non-contaminated  PRF in group III (three 

months) A: preoperative radiograph, B: immedate repair radiograph, 

C: follow up radiograph. ............................................................... 64 

Figure 25:Photoradiographs of contaminated  MTA in group III (three months) 

A: preoperative radiograph, B: immedate repair radiograph, C: 

follow up radiograph. .................................................................... 64 

Figure 26: Photoradiographs of contaminated  PRP in group III (three months) 

A: preoperative radiograph, B: immediate repair radiograph, C: 

follow up radiograph. .................................................................... 65 

file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237672
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237672
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237672
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237673
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237673
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237673
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237674
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237674
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237674
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237675
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237675
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237675
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237676
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237676
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237676
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237677
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237677
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237677
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237678
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237678
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237678
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237679
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237679
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237679
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237680
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237680
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237680
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237681
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237681
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237681
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237682
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237682
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237682


 

vi 

 

Figure 27: Photo-radiographs of contaminated  PRF in group III (three months) 

A: preoperative radiograph, B: immediate repair radiograph, C: 

follow up radiograph. .................................................................... 65 

Figure 28: Line chart representing effect of evaluation periods on vertical bone 

loss. ................................................................................................ 68 

Figure 29: Bar chart representing the effect of perforation status on mean of 

vertical bone loss. .......................................................................... 70 

Figure 30: Bar chart representing the effect of treatment modalities on mean of 

inflammatory cell count in different groups.................................. 75 

Figure 31: Photomicrograph of periodontal tissue at furcation fornix without 

inflammatory cell infiltration in negative control (X400). ........... 76 

Figure 32: Photomicrograph of dense inflammatory cell infiltrates in positive 

control (X400). .............................................................................. 76 

Figure 33: Photomicrograph of severe inflammatory cell infiltrates in group I 

non-contaminated MTA (X400).................................................... 77 

Figure 34: Photomicrograph of severe inflammatory cell infiltrates in group I 

non-contaminated PRP (X400). .................................................... 77 

Figure 35: Photomicrograph of severe inflammatory cell infiltrates in group I 

non-contaminated PRP (X400). .................................................... 78 

Figure 36: Photomicrograph of severe inflammatory cell infiltrates in group I 

contaminated MTA (X400). .......................................................... 78 

Figure 37: Photomicrograph of severe inflammatory cell infiltration in group I 

contaminated PRP (X400). ............................................................ 79 

Figure 38: Photomicrograph of severe inflammatory cell infiltration in group I 

contaminated PRF (X400). ............................................................ 79 

Figure 39: Photomicrograph of moderate inflammatory cell infiltrates in group 

II non-contaminated MTA (X400). ............................................... 80 

Figure 40: Photomicrograph of moderate inflammatory cell infiltrates in group 

II non-contaminated PRP (X400). ................................................. 80 

Figure 41: Photomicrograph of moderate inflammatory cell infiltrates in group 

II non-contaminated PRF (X400). ................................................. 81 

file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237683
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237683
file:///C:/Users/mmlk/Desktop/الرسالة.docx%23_Toc382237683


 

vii 

 

Figure 42: Photomicrograph of moderate  inflammatory cell infiltrates in group 

II contaminated MTA(X400). ....................................................... 81 

Figure 43: Photomicrograph of moderate inflammatory cell infiltrates in group 

II contaminated PRP (X400). ........................................................ 82 

Figure 44: Photomicrograph of moderate inflammatory cell infiltrates in group 

II contaminated PRF (X400). ........................................................ 82 

Figure 45: 45 Photomicrograph of mild inflammatory cell infiltrates in group 

IIi non-contaminated MTA(X400). ............................................... 83 

Figure 46: Photomicrograph of mild inflammatory cell infiltrates in group III 

non-contaminated PRP(X400). ..................................................... 83 

Figure 47: Photomicrograph of mild inflammatory cell infiltrates in group III 

non-contaminated PRF (X400). .................................................... 84 

Figure 48: Photomicrograph of mild inflammatory cell infiltrates in group III 

contaminated MTA (X400). .......................................................... 84 

Figure 49:Photomicrograph of mild inflammatory cell infiltrates in group III 

contaminated PRP (X400). ............................................................ 85 

Figure 50: Photomicrograph of mild inflammatory cell infiltrates in group III 

contaminated PRF (X400). ............................................................ 85 

Figure 51: Line chart representing mean inflammatory cell count through 

different periods. ........................................................................... 88 

Figure 52: Bar chart representing the effect of perforation status on 

inflammatory cell count. ............................................................... 90 

Figure 53: Bar chart representing mean score of cemental deposition in 

different groups. ............................................................................ 94 

Figure 54:  Photomicrograph showing scattered cemental deposits in group II, 

subgroup (A) MTA, subdivision 1 (X40). .................................... 95 

Figure 55: Photomicrograph showing scattered cemental deposits in group II, 

subgroup (A) MTA, subdivision 1 (X400). .................................. 95 

Figure 56: Photomicrograph showing partial cemental bridge in group II, 

subgroup (B) PRP, subdivision 1 (X40). ...................................... 96 

Figure 57: Photomicrograph showing partial cemental bridge in group II, 

subgroup (B) PRP, subdivision 1 (X400). .................................... 96 



 

viii 

 

Figure 58: Photomicrograph showing partial cemental bridge in group II, 

subgroup (C) PRF, subdivision 1 (X40). ...................................... 97 

Figure 59: Photomicrographs showing partial cemental bridge in group II, 

subgroup (C) PRF, subdivision 1 (X400). .................................... 97 

Figure 60: Photomicrograph showing partial cemental bridge in group III, 

subgroup (A) MTA, subdivision 1 (X40). .................................... 98 

Figure 61: Photomicrographs showing partial cemental bridge in group III, 

subgroup (A) MTA, subdivision 1 (X40). .................................... 98 

Figure 62: Photomicrograph showing complete cemental bridge in group III, 

subgroup (B) PRP, subdivision 1 (X40). ...................................... 99 

Figure 63: Photomicrographs showing complete cemental bridge in group III, 

subgroup (B) PRP, subdivision 1 (from left to right X100 and 

X400). ............................................................................................ 99 

Figure 64: Photomicrograph showing partial cemental bridge in group III, 

subgroup (C) PRF, subdivision 1 (X40). .................................... 100 

Figure 65: Photomicrographs showing partial cemental bridge in group III, 

subgroup (C) PRF, subdivision 1 (X400). .................................. 100 

Figure 66: Line chart representing the mean increase in score of cemental 

deposition throughout different periods. ..................................... 103 

Figure 67: Bar chart representing the effect of perforation status on cemental 

deposition. ................................................................................... 105 

Figure 68: Bar chart representing mean score of new bone formation in 

different groups. .......................................................................... 109 

Figure 69: Photomicrograph showing rimming of osteoblast without new 

osteoid in group I, non-contaminated PRF(X40). ....................... 110 

Figure 70: Photomicrograph showing rimming of osteoblast without new 

osteoid in group I, non-contaminated PRF(X400). ..................... 110 

Figure 71: Photomicrograph showing rimming of osteoblast with few osteoid 

tissue in group II non-contaminated MTA(X400). ..................... 111 

Figure 72: Photomicrograph showing rimming of osteoblast with abundant 

osteoid tissue in group III non-contaminated PRP(X400). ......... 111 



 

ix 

 

Figure 73: Line chart representing mean score of new bone formation 

throughout different periods. ....................................................... 114 

Figure 74: Bar chart representing the effect of perforation status on new bone 

formation. .................................................................................... 116 

Figure 75: Bar chart representing mean score of bone resorption in different 

groups. ......................................................................................... 121 

Figure 76: Photomicrograph showing many osteoclasts in group I positive 

control(X40). ............................................................................... 122 

Figure 77: Photomicrograph showing many osteoclasts in group I positive 

control(X400). ............................................................................. 122 

Figure 78: Photomicrograph showing moderate number of osteoclasts in group 

II contaminated PRF (X400). ...................................................... 123 

Figure 79: Photomicrograph showing few osteoclasts in group III contaminated 

MTA (X400). ............................................................................... 123 

Figure 80: Line chart representing mean score of bone resorption through 

different periods. ......................................................................... 126 

Figure 81: Bar chart representing mean score of bone resorption through 

different periods. ......................................................................... 128 

Figure 82: Bar chart representing the effect of treatment modalities on 

prevalence of epithelial proliferation. ......................................... 133 

Figure 83: Photomicrograph showing epithelial proliferation in group III 

positive control (X40). ................................................................ 134 

Figure 84: Photomicrograph showing epithelial proliferation in group III 

positive control (X400). .............................................................. 134 

Figure 85: line chart representing prevalence of epithelial proliferation through 

different evaluation periods. ........................................................ 136 

Figure 86: Bar chart representing the effect of perforation status on prevalence 

of epithelial proliferation. ............................................................ 138 



Introduction  

 

1 
 

 

Introduction 

 

Root perforation is a mechanical or pathological communication 

between the supporting periodontal apparatus of the tooth and the root canal 

system.(1) This communication compromises the health of the periradicular 

tissues and threatens the viability of the tooth.(2)  Perforations are regarded as 

serious complications in dental practice and pose a number of diagnostic and 

management problems.  

Different treatment protocols have been proposed for the repair of 

perforations. These include both surgical and non-surgical approaches. 

Regeneration and tissue engineering techniques were recently proposed for 

the repair of such defects. 

   The healing potential of periodontium (cementum, periodontal 

ligament and bone) after root perforation depends on the regulation of 

multiple interacting signaling pathways. Signaling molecules playing an 

important role in the self-repair process can also be liberated in pathologic 

conditions. To help promote endodontic tissue regeneration, the local 

application of growth factors and host modulating agents is being used to 

maximize the body’s healing potential. Transforming growth factor (TGF)–b 

has been implicated in the differentiation of odontoblast-like cells and in pulp 

tissue repair in vivo. A novel platelet-derived growth factor (PDGF) isoform, 

might be involved in the pathogenesis of  periodontal lesions.  

Recently, platelet-rich plasma (PRP) has shown clinical success in 

enhancing endodontic regeneration for periapical inflammatory lesion. 
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However the long-term predictability remains questionable, and its 

anticipated benefits are moderate. 

Platelet-rich fibrin (PRF) protocol, a simple and free technique developed in 

France by Choukroun,(3) is a second-generation platelet concentrate that 

allows one to obtain fibrin membranes enriched with platelets and growth 

factors that might enhance the healing potential of both soft and hard tissues. 

Recently, studies have demonstrated that the PRF membrane has a very 

significant slow sustained release of many key growth factors for at least 1 

week  and up to 28 days, which means that PRF could release growth factors 

with its own biological scaffold for wound healing process.  

 

  

 

 

 

 

 

 

 

 

 

 

 


