
 I 

Acknowledgments 

 
I dedicate my time and efforts devoted to this work to my inspirational parents, Tamam and 

Ahed, to my wife, best friend, and life-partner, Haneen and to our sweety daughter, Ahed. 

Thank you all for the loving support. 

 

I would like to express my highest gratitude to Priv.-Doz. Dr. Katja Nelson for providing me 

the opportunity to fulfill my dissertation under her guidance. Her critical reading and expert 

opinions for the dissertation and the manuscripts for publication left me a deep impression 

for her profound knowledge and penetrating insight in scientific research. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 II 

Table of contents 
 
 

1. Introduction ………………………………………………..……………………………….. 
    1.1. Anatomical review…………………………………………………………………….... 

        1.1.1. Alveolar bone ………………………………………...……………...……………. 

        1.1.2. Periodontal ligament (PDL) ………….………………………............................ 

        1.1.3. Extraction sockets (Alveoli) ……………………………………………………… 

    1.2. Indication of tooth removal ……………………………………………………………. 

    1.3. Dimensional Changes of Extraction sockets ……………………………………….. 

    1.4. Healing of Extraction sockets (Histologic Events) …………………………………. 

    1.5. Implant placement and bone resorption …………………………………………….. 

    1.6. Socket Preservation and Grafting Materials …………...…………………………… 

        1.6.1. Deproteinized bovine bone mineral (Bio-Oss) ………………………………… 

        1.6.2. Bio-Oss Collagen …………………..…………………………………………….. 
 

2. Aim of the study …………………………………………………………………………… 
 

3. Materials and Method …………………………………..………………………………… 
    3.1. Patient and site selection ……………………………………………………………... 

    3.2. Surgical procedure …………………………………………………………………….. 

        3.2.1. Extraction of teeth ………………………………………………………………… 

        3.2.2. Grafting procedure ……………………………………………………………….. 

        3.2.3. Post-operative Follow-up ………………………………………………………… 

        3.2.4. Biopsy retrieval procedure ………….............................................................. 

    3.3. Histologic evaluation …………………………………………………………………... 

        3.3.1. Paraffin Embedding ………………………………………………………………. 

        3.3.2. Sectioning ...……………………………………………………………………….. 

        3.3.3. Staining ……………………………………………………………………………. 

          3.3.3.1. Haematoxylin and eosin (H&E) staining- for paraffin ……………………... 

          3.3.3.2. Masson’s trichrome staining ..................................................................... 

          3.3.3.3. Toluidine staining ……………………………………………………………. 

1 
2 

2 

4 

4 

5 

5 

8 

9 

10 

12 

13 

 
14 
 

15 
15 

17 

17 

18 

19 

20 

21 

21 

21 

21 

22 

23 

24 



 III 

    3.4. Histologic and quantitative histomorphometric analysis of samples …………… 

    3.5. Materials and devices overview ……..……………………………………………….. 

 

4. Statistics ……………………………………………………………………………………. 
 

5. Results ……………………………..……………………………………………………….. 
    5.1. Histological observation ………………………………………………………………. 

        5.1.1. The gross morphological characteristics of the 6-week tissue  

                  samples ……………………………………………………………………………. 

          5.1.1.1. Samples Type I ……………………………………………………………….. 

          5.1.1.2. Samples Type 2 ………………………………………………………………. 

          5.1.1.3. Samples Type 3 ………………………………………………………………. 

        5.1.2. The gross morphological characteristics of the 12-week tissue  

                  samples ………………………………………………........................................ 

          5.1.2.1. Samples Type 1 ………………………………............................................ 

          5.1.2.2. Samples Type 2 …………………………………......................................... 

          5.1.2.3. Samples Type 3 ………………………………………………………………. 

    5.2. Histomorphometric measurements ………………………………………………….. 

        5.2.1. Overall histomorphometric assessments ………………………………………. 

          5.2.1.1. Samples 6 weeks ……………………………………………………………... 

          5.2.1.2. Samples 12 weeks ……………………………………………………………. 

    5.3. Statistical comparison between 6-week and 12–week samples ..………………... 

        5.2.2. Individual histomorphometric assessments ………………..………………….. 

          5.2.2.1. Samples 6 weeks ……………………………………………..………………. 

          5.2.2.2. Samples 12 weeks ………………………………………….………………… 

        5.2.3. Morphometric evaluation with regard to region ……………………………….. 

          5.2.3.1. Samples 6 weeks ……………………………………………………………... 

          5.2.3.2. Samples 12 weeks …………………………….……………………………… 

        5.2.4. Morphometric evaluation with regard to localization ………………………….. 

          5.2.4.1. Samples 6 weeks ………………………………………………….………….. 

          5.2.4.2. Samples 12 weeks ……………………………………………………………. 

24 

27 

 

28 
 

29 
31 

 

32 

33 

36 

38 

 

41 

41 

42 

44 

46 

46 

46 

46 

46 

48 

48 

49 

50 

50 

51 

52 

52 

54 



 IV 

 
     
  

6. Discussion ………………………………………………………………………………….. 
    6.1. Discussion of patient selection and method ......................................................... 

    6.2. Discussion of results …………………………………………………………………... 

 

7. Summary ………………………..…………………………………………………………... 
 

8. Zusammenfassung ………………………………………………………………………... 
 
9. References ………………………………………………………………………………….. 
 
10. Curriculum vitae (Lebenslauf)…………………………………………………………. 
 
11. Selbsständigkeitserklärung ....................................................................................  
 

56 
56 

58 

 

68 
 

70 
 
73 
 
87 
 
89 


