
The use of injectable Polymeric Hydrogels 

associated with injectable Platelet Rich Fibrin (i-

PRF) for Interdental Papillary Augmentation 
(A Randomized Clinical Study) 

 

A protocol of thesis submitted to the Department of Oral Medicine, Periodontology, 

Oral Diagnosis and Radiology, Faculty of Dentistry, Ain Shams University, in partial 

fulfilment of the requirements of the Master’s Degree in Oral Medicine, 

Periodontology, and Oral Diagnosis. 
 

 

 

By 
 

Seif Ahmed Mohamed Eissa Araffa 
B.D.S., Faculty of Oral and Dental Medicine, Ain Shams University, 2010 

 

 

Supervisors 
 

Associate Prof. Mohamed Sherif El Mofty 
Associate Professor of Oral Medicine, Periodontology, Oral Diagnosis and 

Radiology  

Faculty of Dentistry, Ain Shams University  

 
 

 

Associate Prof. Ahmed Abd El-Aziz Hassan 
Associate Professor of Oral Medicine, Periodontology, Oral Diagnosis and 

Radiology 

Faculty of Dentistry, Ain Shams University 

 
 

 

Professor Dr. Hanan Hassan Beheiry 
Professor of BioMaterials, National Research Center 

 

 

 

2020 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



Acknowledgement 

Thanks to Allah for providing me the strength, will and 

support to finish this work successfully. 

I would like to express my deep thanks and gratitude to my 

dear supervisor & idol Ass. Prof./ Mohamed Sherif El-Mofty, 

Assistant Professor of Oral Medicine, Periodontology and Oral 

Diagnosis, Faculty of Dentistry, Ain Shams University. Vice Dean 

for Post-graduate Studies and Research Affairs, Faculty of Oral & 

Dental Medicine, Nahda University in Beni Sueif, for his 

continuous support, patience, motivation, supervision and 

encouragement to help me get through and finalize this work. 

A special thanks to Prof./ Hanan Hassan Beheiry, 

Professor of BioMaterials, National Research Center, for her 

valuable time, knowledge, scientific support and efforts in 

fabrication of the materials used. 

Also, I would like to deeply thank Ass. Prof./ Ahmed Abdel 

Aziz, Assistant Professor of Oral Medicine, Periodontology and 

Oral Diagnosis, Faculty of Dentistry, Ain Shams University, for his 

supervision, advice, knowledge and continuous constant support. 

I would also like to thank the Department Staff for their 

support, assistance and coordination. 



Dedication 

I would like to dedicate this work to my dear family; my 

parents, my siblings, my wife and children. Without their love, 

support and encouragement, I wouldn’t have accomplished this 

work. 



I  

List of Contents 

 
Title Page No. 

List of Figures II 

List of Tables VII 

List of Abbreviations IX 

Review of Literature 1 

Aim of the Study 33 

Subjects & Methods 34 

Results 62 

Discussion 106 

Summary 112 

Conclusion 114 

Recommendation 115 

References 116 

Arabic Summary 



II  

List of Figures 

 
Title Page No. 

 

 
 Figure 1: Hierarchy of risk factors for black triangle (Sharma & Park, 

2010). 3

 Figure 2: Diagram showing effect of distance between interproximal 

contact point and bone crest, on height of interdental papilla (Raghava 

et al., 2018). 5

 Figure 3: diagram showing the effect of root divergence and 

parallelism on presence of GBT (Sharma & Park, 2010). 7

 Figure 4: Schematic illustration of the proposed classification system 

of Nordland & Tarnow (Jamwal et al., 2019). 9

 Figure 5: Cardaropoli et al. scoring system for papillae presence 

index (Raghava et al., 2018). 10

 Figure 6: A comparison between the indices in use (Nordland and 

Tarnow, Nemcovsky, Cardarpoli) (Ziahosseini et al., 2014). 11

 Figure 7: Hyaluronic acid + nano-silica hydrogel tube. 38

 Figure 8a: Choukroun Duo Quattro PRF centrifuge. 39

 Figure 8 b: i-PRF tube. 39

 Figure 9: Nikon d5300 body. 40

 Figure 10: Sigma macro lens 105mm. 41

 Figure 11: Control panel. 41

 Figure 12: Diagram showing different apertures and

their effect on depth of field. 42 



III  

List of Figures 

 
Title Page No. 

 Figure 13: A photo showing effect of ISO number on image 

sharpness. 42

 Figure 14: Mounted ring flash. 43

 Figure 15: Pain- Visual Analog Scale. 44

 Figure 16: Measurement index photo using color

coded periodontal probe. 45 

 Figure 17: Measurement scale box. 47

 Figure 18: Photo measuring height of black triangle. 48

 Figure 19: Photo measuring width of black triangle. 48

 Figure 20: Photo measuring surface area of black triangle. 48

 Figure 21: Photograph showing pre-operative view of black triangle 

in group I. 50

 Figure 22: Photograph showing immediate intra-operative view of 

group I black triangle during injection of HA. 50

 Figure 23: Photograph showing immediate post-operative view of 

black triangle in group I after injection of HA/silica hydrogel.

. 51 

 Figure 24: Photograph showing 2 weeks post-operative follow up for 

group I. 51

 Figure 25: Photograph showing 1 month post-operative follow up for 

group I. 52



IV  

List of Figures 

Title Page No. 

 Figure 26: Photograph showing 3 months post-operative follow up for 

group I black triangle. 52

 Figure 27: Photograph showing 6 months post-operative follow up for 

group I black triangle. 53

 Figure 28: Photograph showing pre-operative view of group II black 

triangle. 54

 Figure 29: Photograph showing immediate intra-operative view of 

group II black triangle during injection of (HA/ i-PRF). 54

 Figure 30: Photograph showing immediate post-operative view of 

group II black triangle after injection of (HA/i-PRF). 55

 Figure 31: Photograph showing 2 weeks post-operative follow up for 

group II black triangle. 55

 Figure 32: Photograph showing 1 month post-operative follow up for 

group II black triangle. 56

 Figure 33: Photograph showing 3 months post-operative follow up 

for group II black triangle. 56

 Figure 34: Photograph showing 6 months post-operative follow up 

for group II black triangle. 57

 Figure 35: Photograph showing pre-operative view of group III black 

triangle. 58

 Figure 36: Photograph showing immediate intra-operative view of 

group III black triangle during injection of i-PRF. 58



V  

List of Figures 

Title Page No. 

 Figure 37: Photograph showing immediate post-operative view of 

group III black triangle after injection of hydrogel with i-PRF. 59

 Figure 38: Photograph showing 2 weeks post-operative follow up for 

group III black triangle. 59

 Figure 39: Photograph showing 1 month post-operative follow up for 

group III black triangle. 60

 Figure 40: Photograph showing 3 months post-operative follow up 

for group III black triangle. 60

 Figure 41: Photograph showing 6 months post-operative follow up 

for group III black triangle. 61

 Figure 42: Bar chart showing number of gender distribution among 

the three study groups. 63

 Figure 43: Bar chart showing number of cases of different GBT 

classes at each group. 64

 Figure 44: Bar chart showing mean age distribution (years) in the 

three study groups. 64

 Figure 45: Bar chart showing plaque index in the three study groups 

at different time intervals along the whole study period. 67

 Figure 46: Bar chart showing gingival index in the three study 

groups at different time intervals along the whole study period. 70

 Figure 47: Bar chart showing mean & standard deviation of P-VAS 

values in the three study groups. 71



VI  

List of Figures 

 
Title Page No. 

 

 
 Figure 48: Bar chart showing patient satisfaction scores in the three 

study groups at different time intervals along the whole study period.

. 75 

 Figure 49: Bar chart showing mean & standard deviation of black 

triangle width (mm) in the three study groups. 80

 Figure 50: Line chart showing mean & standard deviation of black 

triangle width (mm) in the three study groups. 80

 Figure 51: Bar chart showing mean change & standard deviation of 

black triangle width (mm) in the three study groups. 83

 Figure 52: Bar chart showing mean & standard deviation of black 

triangle height (mm) in the three study groups. 89

 Figure 53: Line chart showing mean & standard deviation of black 

triangle height (mm) in the three study groups. 90

 Figure 54: Bar chart showing mean change & standard deviation of 

black triangle height (mm) in the three study groups. 93

 Figure 55: Bar chart showing mean & standard deviation values of 

black triangle surface area (mm2) in the three study groups. 99

 Figure 56: Line chart showing mean & standard deviation values of 

black triangle surface area (mm2) in the three study groups. 100

 Figure 57: Bar chart showing mean change & standard deviation of 

in black triangle surface area (mm2) in the three study groups. 103



VII  

List of Tables 

 
Title Page No. 

 Table (1): Plaque index scores in the three study groups. 66

 Table (2): Gingival index scores in the three study groups. 69

 Table (3): Mean and standard deviation (SD) values for (P-VAS) in 

the three study groups. 71

 Table (4): Patient satisfaction in the three study groups. 74

 Table (5): Mean and standard deviation (SD) values black triangle 

width (mm) in the three study groups. 79

 Table (6): Mean and standard deviation (SD) values of change in black 

triangle width (mm) in the three study groups. 82

 Table (7): Mean and standard deviation (SD) values of change in black 

triangle width (%) in the three study groups. 85

 Table (8): Mean and standard deviation (SD) values of black triangle 

height (mm) in the three study groups. 88

 Table (9): Mean and standard deviation (SD) values of change of the 

black triangle height (mm) in the three study groups. 92

 Table (10): Mean and standard deviation (SD) values of percentage 

change of black triangle height (%) in the three study groups. 94

 Table (11): Mean and standard deviation (SD) values black triangle 

surface area (mm2) in the three study groups. 98



VIII  

. 

List of Tables 

Title Page No. 

 Table (12): Mean and standard deviation (SD) values of change of 

black triangle surface area (mm2) in the three study groups. 102

 Table (13): Mean and standard deviation (SD) values of percentage 

change of black triangle surface area (%) in the three study groups.

105 



IX  

List of Abbreviations 

 
BC: Bone Crest. 

CEJ: Cemento Enamel Junction. 

CP: Contact Point. 

DVS: DiVinyl Sulfone 

EGF: Epidermal Growth Factor. 

EMP: Enamel Matrix Proteins. 

GBR: Guided Bone Regeneration. 

GBT: Gingival Black Triangles. 

GTR: Guided Tissue Regeneration. 

HA: Hyaluronic Acid. 

HGF: Hepatocyte Growth Factor. 

IDCP: Interdental Contact Point. 

IDP: Interdental Papilla. 

IGF: Insulin-like Growth Factor. 

MPPF: Modified Papilla Preservation Flap. 

PDGF-AB: Platelet Derived Growth Factors-AB. 

PIS: Papilla Index Score. 

PPI: Papilla Presence Index. 



X  

List of Abbreviations 

 
PRF: Platelet Rich Fibrin. 

PRGF: Platelet Rich in Growth Factors. 

PRP: Platelet Rich Plasma. 

SPPF: Simplified Papilla Preservation Flap. 

TGF-β: Transforming Growth Factor-Beta. 

VEGF: Vascular Endothelial Growth 

Factors. 

. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Review  

Of  

Literature


