
 

viii 

 

TABLE OF CONTENTS 

 

COVER ................................................................................................................... i 

APPROVAL PAGE .............................................................................................. ii 

DECLARATION OF ORIGINALITY .............................................................. iii 

PREFACE ............................................................................................................. iv 

TABLE OF CONTENTS ................................................................................... viii 

LIST OF TABLES ............................................................................................... xi 

LIST OF FIGURES ............................................................................................ xii 

LIST OF APPENDICES ................................................................................... xiv 

SYMBOLS AND ABBREVIATIONS ............................................................... xv 

ABSTRACT ....................................................................................................... xvii 

I. INTRODUCTION ......................................................................................... 1 

A. Background ............................................................................................... 1 

B. Research Questions ................................................................................. 11 

C. Research Originality and Novelties ........................................................ 12 

D. Research Objectives ................................................................................ 20 

E. Research Significances ........................................................................... 20 

II. LITERATURE REVIEW ........................................................................... 22 

A. Review of Key Literatures ...................................................................... 22 

1. Periodontitis: A significant global oral health issue ........................ 22 

2. Guided bone regeneration for periodontal tissue regeneration ........ 28 

3. Bone and challenges in bone healing process .................................. 40 

4. Three-dimensional printing for BTE membrane development ........ 44 

5. The potential of PLLA and PVA as GBR membrane materials ...... 49 

6. Silver-doped carbonated hydroxyapatite (Ag-CHA) ....................... 62 

7. Organ-on-a-chip (OOAC) for BTE scaffold assessment ................. 67 

B. Theoretical Background .......................................................................... 72 

C. Theoretical Framework ........................................................................... 78 

D. Conceptual Framework ........................................................................... 79 

Development of Silver Ion-doped Carbonated Hydroxyapatite-Based Three-Dimensional Printing
Membrane
for Periodontal Tissue Regeneration (In Vitro Study and Preliminary Study using Organ-on-a-chip
Prototype)
Muh. Hidayat Syahruddin, Prof. drg. Ika Dewi Ana, M.Kes., Ph.D.; Dr. Rahmi Anggraeni, S.Kep., M.Sc.; Dr. drg. Dyah Irnawati, M.S.; apl. Prof. Natalia Beshchasna
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

ix 

 

E. Hypothesis............................................................................................... 79 

III. RESEARCH METHODS ............................................................................ 81 

A. Research Design...................................................................................... 81 

B. Ethical Clearance .................................................................................... 81 

C. Sample and Sampling Techniques .......................................................... 81 

D. Study Setting ........................................................................................... 84 

E. Research Variables.................................................................................. 85 

F. Operational Definitions of Variables ...................................................... 87 

G. Research Instruments and Materials ....................................................... 91 

H. Research Procedure ................................................................................. 98 

I. Data Analysis ........................................................................................ 120 

J. Research Workflow .............................................................................. 121 

IV. RESULTS AND DISCUSSION ................................................................ 122 

A. Results ................................................................................................... 122 

1. 3DP PLLA mesh development ...................................................... 122 

2. Physicochemical properties of 3DP PLLA/PVA/CHA ................. 125 

3. Biodegradability ............................................................................. 140 

4. In vitro bioactivity ......................................................................... 151 

5. Antibacterial activity ...................................................................... 156 

6. In vitro biocompatibility ................................................................ 162 

7. Preliminary study of OOAC Prototype .......................................... 166 

B. Discussion ............................................................................................. 169 

1. 3DP PLLA mesh ............................................................................ 169 

2. Membrane Characterization ........................................................... 172 

3. Membrane biodegradability ........................................................... 179 

4. Membrane in vitro bioactivity ....................................................... 183 

5. Antibacterial activity ...................................................................... 184 

6. Membrane in vitro biocompatibility .............................................. 187 

7. Preliminary study of OOAC prototype .......................................... 190 

V. CONCLUSION AND RECOMMENDATIONS ..................................... 197 

A. Conclusion ............................................................................................ 197 

Development of Silver Ion-doped Carbonated Hydroxyapatite-Based Three-Dimensional Printing
Membrane
for Periodontal Tissue Regeneration (In Vitro Study and Preliminary Study using Organ-on-a-chip
Prototype)
Muh. Hidayat Syahruddin, Prof. drg. Ika Dewi Ana, M.Kes., Ph.D.; Dr. Rahmi Anggraeni, S.Kep., M.Sc.; Dr. drg. Dyah Irnawati, M.S.; apl. Prof. Natalia Beshchasna
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

x 

 

B. Recommendations ................................................................................. 197 

SUMMARY ....................................................................................................... 200 

REFERENCES .................................................................................................. 218 

APPENDICES ................................................................................................... 272 

 

  

Development of Silver Ion-doped Carbonated Hydroxyapatite-Based Three-Dimensional Printing
Membrane
for Periodontal Tissue Regeneration (In Vitro Study and Preliminary Study using Organ-on-a-chip
Prototype)
Muh. Hidayat Syahruddin, Prof. drg. Ika Dewi Ana, M.Kes., Ph.D.; Dr. Rahmi Anggraeni, S.Kep., M.Sc.; Dr. drg. Dyah Irnawati, M.S.; apl. Prof. Natalia Beshchasna
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/


