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Foreword

Implantology represents a fascinating part of dentistry. Although most situations 
can be solved without major additional surgical procedures and the insertion of 
implants can thus be performed successfully, there are an increasing number of 
patients with atrophic or otherwise unsuitable jaws. Without bone there is no way to 
insert implants. Therefore, bone augmentation is an essential part of the armamen-
tarium to overcome these atrophic anatomical situations and increase the availabil-
ity of implants to the benefit of our patients.

Bone augmentation starts with simple bone grafts and ranges to the most com-
plex bone augmentation with microsurgical composite bone flaps. Advanced tech-
niques in GBR can be used to repair severe horizontal and vertical bone defects. 
Various biomaterials can be used to enhance bone formation; however autogenous 
bone is still the gold standard in dental implantology.

This book describes all the reader needs to know about bone augmentation in 
dental implantology. Advantages and disadvantages such as patient donor site mor-
bidities are discussed. The key messages of this book are guided by both scientific 
knowledge and personal experience. Surgical procedures are illustrated with many 
case examples in colorful detail. This book is of great benefit for anybody interested 
in bone augmentation techniques to improve and widen the scope of their dental 
implantology.

Frank Hölzle, MD, DMD, PhD, FEBOMFS
Chairman Klinik für Mund 

Kiefer und Gesichtschirurgie 
Uniklinik RWTH Aachen  

Aachen  
Germany
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Preface

Writing a book is mandatory in academics for their students and colleagues. This is 
important to develop knowledge and exchange experience in a particular field of 
specialization.

The field of dental implantology in the past few years has expanded rapidly. 
Insertion of dental implant nowadays has been done not only to a patient with a 
good bone condition but also to those with severe bone defects. This has its own 
challenges to a clinician.

In the past few decades, many techniques and materials have been developed to 
be able to reconstruct bone defects. Even though there are a lot of controversions, 
the use of autogenous bone is still a gold standard in dental implantology. The appli-
cation of an autogenous bone can be done in a form of pure autogenous bone or a 
combination of autogenous bone and guided bone regeneration (GBR) to decrease 
patient morbidity.

Expansion of rapid biomaterial, although have not replaced autogenous bone, 
cannot be denied have managed the operator to do a complex bone augmentation in 
a simpler way and less invasive. Complex bone augmentation procedures nowadays 
can be learned and applied easily by the clinicians. It can be applied with more 
predictable results with less complication.

This book discusses various techniques of bone augmentation in dental implan-
tology, which according to the writer can be applied in daily practice.

Distinguished colleagues have contributed to the writing of several chapters rel-
evant to their field of specialization. We would like to thank all the authors and 
contributors for their valuable contribution.

We would like also to express our gratitude to our teachers and role models in 
this field:
 – Prof.Dr.Dr. K.-D.Wolff. Chairman Klinik für Mund, Kiefer und Gesichtschirurgie, 

Klinikum rechts der Isar, Technische Universität, München, Germany
 – Prof.Dr.Dr. Frank. Hölzle. Chairman Klinik für Mund, Kiefer und 

Gesichtschirurgie, Uniklinik RWTH Aachen, Germany
 – Dr.Dr. Christoph Pytlik, Germany
 – Dr. Masykur Rahmat (+), Yogyakarta, Indonesia
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Last but not least, we would like to thank our family, Dr. Juwana Budihardja (+), 
Dr. Katrin Liwoto, Devi, Keisha, Nathan, Debby, and Anita, for their patient, con-
tinuous support throughout the entire process of writing this book.

Tangerang, Indonesia Andi Setiawan Budihardja
North Rhine-Westfalia, Germany Thomas Mücke

Preface
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1Basic Principle in Bone Augmentation

Andi Setiawan Budihardja and Mimi Kallmann

1.1  Introduction

The most important determinant of success of treatment with dental implants is the 
availability of adequate bone structure. In order for dental implants to be successful, 
the bone must be both sufficient quantitatively (with regard to height and/or width) 
and qualitatively (ample vascularization) (Figs. 1.1 and 1.2).

A lack of adequate bone structure is a common deterrent to placing dental 
implants and also a common cause of failed implants after placement, both in the 
healing/osseointegration phase and in the restoration phase.

There are several circumstances that can lead to loss of bone, namely:

 – Genetic defects (i.e., cleft lip/palate) (Fig. 1.3).
 – Trauma.
 – Tumor and postablative tumor surgery (Fig. 1.4).
 – Bone atrophy.
 – Infection.
 – Periodontal disease.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78951-4_1&domain=pdf
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Fig. 1.1 Dental implant 
must be covered by a 
healthy bone and soft 
tissue. It should be placed 
in the correct 3-D position

Fig. 1.2 Dental implant 
insertion on healthy bone

Fig. 1.3 Ameloblastoma 
(benign tumor) of the 
anterior mandible resulting 
in severe bone destruction 

A. S. Budihardja and M. Kallmann
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1.2  Bone Quantity

Tooth loss means a loss of functional loading, which can lead to resorption and atro-
phy of the jaw. This situation can be further aggravated if the teeth are not replaced 
for a substantial time, if the patient uses dentures, and if there is any inflammation or 
infection after tooth extraction. Bone resorption begins at week 15 post tooth extrac-
tion and reaches approximately 60% within a period of 3 years (Fig. 1.5). Resorption 
of the mandible is fourfold faster than in the maxilla. Mandibular resorption occurs 
around 12 mm in the first year after extraction, from which point it increases by about 
0.2 mm per year [1, 2]. Maxillary resorption is in a centripetal direction, whereas 
mandibular resorption has a centrifugal pattern (Figs. 1.4 and 1.6) [3]. For this rea-
son, there are often discrepancies in the relationship between the upper and lower 
jaw. This can result in pseudo-class III malocclusion jaw relationship.

Changes in bone structure would also result in changes to soft tissue structure 
and ultimately would have an impact on the patient’s profile. This is all too common 
a cause of aesthetic problems in patients.

Fig. 1.4 Alveolar bone 
defect on the patient with 
unilateral cleft lip and 
palate 

Fig. 1.5 Resorption of the 
upper jaw in the centripetal 
direction and the lower jaw 
in a centrifugal pattern. 
This will lead to a 
pseudo-class III occlusion

1 Basic Principle in Bone Augmentation
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Fig. 1.6 Resorption of the 
upper jaw in the centripetal 
direction and the lower jaw 
in a centrifugal pattern. 
This will lead to a 
pseudo-class III occlusion

Fig. 1.7 Edentulous jaw 
with severe bone 
resorption. In such 
circumstances, the danger 
of mandibular fracture is 
considerable

Fig. 1.8 Insertion of four implants in interforaminal region in severely atrophic jaw. Inclination of 
the implants is too far to the lingual side because it was forced to match the prosthetic on the upper 
jaw. This patient has a pseudo-class III occlusion because of the jaw resorption on the edentulous 
upper and lower jaw. It is well described in the literature that such case can cause life-threatening 
complication because of the hematoma from the floor of the mouth and bleeding that can cause 
obstruction of the airway

A. S. Budihardja and M. Kallmann
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Tooth loss, if not corrected in a timely fashion, not only causes changes in the 
hard tissue (bone) but also can lead to changes in the soft tissues, including the 
muscles of the face (Figs. 1.7, 1.8, and 1.9).

1.3  Bone Quality

Bone quality is a major prognostic factor for the success of dental implants. Bone 
vitality is determined by bone vascularity and intraosseous cellular components of 
the bone. Some comorbidities may cause interference with bone vitality, such as 
diabetes mellitus, osteoporosis, and other bone diseases (osteomalacia, postradia-
tion malignancies, etc. (Fig. 1.10)).

The use of bisphosphonate drugs, whether administered intravenously or orally, 
has an inhibitory effect on osteoclasts, resulting in poor vitality. Patients treated 
with bisphosphonate therapy often have resultant osteonecrosis of the jaw after 
undergoing dental surgery (Figs. 1.11, 1.12, 1.13, and 1.14); there have even been 
several cases of osteonecrosis which occurs spontaneously, without prior surgery of 
any kind (e.g., due to prosthesis pressure or in cases of chronic periodontitis). 
However, patient under bisphosphonate therapy is not absolute contraindication for 
dental implant surgery and bone grafting. Several publications reported dental 
implant surgery and bone grafting could be done successfully in patient under low- 
dose oral bisphosphonate therapy [4, 5].

Fig. 1.9 Insertion of four implants in interforaminal region in severely atrophic jaw. Inclination of 
the implants is too far to the lingual side because it was forced to match the prosthetic on the upper 
jaw. This patient has a pseudo-class occlusion because of the jaw resorption on the edentulous 
upper and lower jaw. It is well described in the literature that such case can cause life-threatening 
complication because of the hematoma from the floor of the mouth and bleeding that can cause 
obstruction of the airway

1 Basic Principle in Bone Augmentation
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Determination of these bony structures can only be made clinically and histo-
logically. The use of CT scans (based on Hounsfield scale) can determine the degree 
of bone mineralization, but cannot measure the vitality and precisely discern the 
bone structure. This can only be accurately accomplished by histological examina-
tion. For this reason, using radiographic examinations to predict prognosis is con-
sidered inaccurate.

1.4  Principle of Bone Grafting

The main principle of bone grafting is to attempt to avoid having to do a bone graft. 
In other words, try to find a viable alternative before deciding to do a bone graft. 
Alternatives to this procedure are imperative, because although there are several 
techniques of bone grafting that have promising prognoses, bone grafting is never-
theless an invasive surgical procedure and as such carries risk of complications. In 
addition, bone grafting will incur considerable additional costs for the patient. 
Several strategies for avoiding the need for a bone graft are as follows:

Fig. 1.10 Osteomyelitis 
of the maxilla post 
radiotherapy

Fig. 1.11 Patient with 
bisphosphonate-related 
osteonecrosis of the jaw. 
Osteonecrosis of the 
mandible occurs after tooth 
extraction. Patient received 
i.v. bisphosphonate therapy 
after breast carcinoma 
operation

A. S. Budihardja and M. Kallmann
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Fig. 1.12 Bone scintigraphy shows an area of osteonecrosis of the left mandible

Fig. 1.13 Dental implants 
on the mandible were 
inserted in the patient with 
the history of taking i.v. 
bisphosphonate therapy for 
breast cancer. Implants 
failed to osseointegrate and 
have to be removed. 
Moreover, all necrotic 
bones have to be removed 
and local flaps are needed 
to close soft tissue defect

1 Basic Principle in Bone Augmentation


	Foreword
	Preface
	Contents
	1: Basic Principle in Bone Augmentation
	1.1	 Introduction
	1.2	 Bone Quantity
	1.3	 Bone Quality
	1.4	 Principle of Bone Grafting
	1.4.1	 Implantation Immediately After Extraction/Immediate Implant Placement

	1.5	 Timing of Implant Placement [6]
	1.5.1	 Placement of Dental Implants in Interforaminal and Intermaxillary Sinus
	1.5.2	 The Use of Short Implants (<8 mm) and Mini Implant

	1.6	 Classification of Bone Graft Material
	1.7	 Requirements for Successful Autogenous Bone Graft
	1.8	 Autografts Are Further Classified into Vascular and Avascular
	1.8.1	 Vascular Autogenous Graft
	1.8.2	 Avascular Autograft

	1.9	 Membrane
	1.10	 Soft Tissue Closure
	1.11	 Temporary Restoration
	1.12	 Conclusion
	References

	2: Mandibular Bone Graft
	2.1	 Indication
	2.2	 Patient Preparation
	2.3	 Surgical Technique of Harvesting Bone from the Ramus
	2.4	 Surgical Technique of Harvesting Bone from Mandibular Symphysis
	2.5	 Surgical Technique of Bone Harvesting from Torus Mandible
	2.6	 Harvesting Bone Using Bone Scraper
	2.6.1	 Representative Case No. 1 (Figs. 2.12a–i and 2.13a–h)
	2.6.2	 Representative Case No. 2 (Figs. 2.14a–d and 2.15a–i)

	2.7	 Conclusion
	References

	3: Guided Bone Regeneration, Bone Splitting, Interpositional Osteoplastic
	3.1	 Guided Bone Regeneration
	3.2	 Grafting Material
	3.3	 Incision and Flap Design
	3.4	 GBR Operation Technique
	3.4.1	 Representative Case 1 (Fig. 3.5a–m)
	3.4.2	 Representative Case No. 3 (Figs. 3.6a–e and 3.7a–i)

	3.5	 GBR Complication
	3.6	 Conclusion
	3.7	 Bone Splitting
	3.7.1	 Representative Case No. 1 (Fig. 3.10a–e)
	3.7.2	 Representative Case No. 2 (Fig. 3.11a–f)

	3.8	 Interpositional Osteoplastic
	3.8.1	 Representative Case (Fig. 3.12a–g)

	3.9	 Conclusion
	References

	4: Sinus Augmentation
	4.1	 Definition
	4.2	 History
	4.2.1	 Lateral Window Technique
	4.2.2	 Crestal Approach

	4.3	 Anatomy
	4.3.1	 Boundaries
	4.3.2	 Functional Drainage
	4.3.3	 Blood Supply

	4.4	 Indications and Contraindications for Sinus Augmentation
	4.4.1	 Indications
	4.4.2	 Contraindications

	4.5	 Sinus Lift Techniques
	4.5.1	 Lateral Window Technique
	4.5.2	 Crestal Approach

	4.6	 Presurgical Evaluation
	4.6.1	 Radiographic Evaluation
	4.6.2	 Alveolar Ridge Morphology

	4.7	 Lateral Window Technique
	4.7.1	 Lateral Window Technique: Surgery
	4.7.1.1	 Radiographic Examination
	4.7.1.2	 Incision
	4.7.1.3	 Lateral Window Osteotomy
	4.7.1.4	 Sinus Elevation and Initial Graft Placement
	4.7.1.5	 Simultaneous Implant Placement
	4.7.1.6	 Lateral Surface of the Bone Graft
	4.7.1.7	 Wound Closure

	4.7.2	 Lateral Window Technique: Technical Tips
	4.7.2.1	 Membrane Perforation
	4.7.2.2	 Narrow Lateral Window


	4.8	 Crestal (Osteotome or Transcrestal) Approach
	4.8.1	 Crestal (Osteotome or Transcrestal) Approach: Surgery
	4.8.1.1	 Radiographic Examination
	4.8.1.2	 Incision
	4.8.1.3	 Crestal Osteotomy
	4.8.1.4	 Bone Graft Placement
	4.8.1.5	 Implant Insertion and Wound Closure

	4.8.2	 Crestal Approach: Technical Tips
	4.8.2.1	 Sinus Lift Kits
	4.8.2.2	 Membrane Perforation
	4.8.2.3	 Achieving Primary Stability


	4.9	 Other Sinus Lift Techniques
	4.9.1	 Hydraulic Sinus Condensing Technique (HSC)

	4.10	 Graft Materials Used in Sinus Augmentation
	4.11	 Complications
	4.11.1	 Membrane Perforation
	4.11.2	 Maxillary Sinusitis
	4.11.3	 Other Complications

	4.12	 Alternative Techniques to Sinus Lift
	References

	5: Iliac Crest Graft
	5.1	 Introduction
	5.2	 Clinical Assessment and Planning
	5.3	 Surgical Approach
	5.3.1	 Cases with Augmentation
	5.3.2	 Complications
	5.3.3	 Special Considerations

	References

	6: Vascularized Bone Grafts
	6.1	 Introduction
	6.2	 Clinical Assessment and Planning
	6.2.1	 Microvascular Fibula Free Flap
	6.2.1.1	 Advantages
	6.2.1.2	 Disadvantages

	6.2.2	 Microvascular Iliac Crest Flap
	6.2.2.1	 Advantages
	6.2.2.2	 Disadvantages


	6.3	 Surgical Approach
	6.3.1	 Microvascular Fibula Flap
	6.3.2	 Microvascular Iliac Crest Flap

	6.4	 Complications
	6.5	 Special Considerations
	References

	7: Bone Substituting Materials in Dental Implantology
	7.1	 Terminology and Functions
	7.2	 Autograft and Allograft
	7.3	 Synthetically Derived Bone Grafting
	7.3.1	 Ceramics
	7.3.1.1	 Hydroxyapatite
	7.3.1.2	 Coral-Derived Products
	7.3.1.3	 Tricalcium Phosphate
	7.3.1.4	 Biphasic Calcium Phosphate
	7.3.1.5	 Calcium Phosphate Cement

	7.3.2	 Bioactive Glasses
	7.3.3	 Calcium Sulfate
	7.3.4	 Polymers
	7.3.5	 Composites

	7.4	 Current Perspective and Future Directions
	References

	8: Periimplantitis
	8.1	 Introduction
	8.2	 Diagnosis of Peri-implant Diseases
	8.2.1	 Definition
	8.2.2	 Aetiology
	8.2.3	 Clinical Findings
	8.2.4	 Radiographic Findings

	8.3	 Therapy of Peri-implant Mucositis
	8.3.1	 Non-surgical Treatment of Peri-implant Mucositis
	8.3.1.1	 Alternative or Adjunctive Measures for Biofilm Removal
	8.3.1.2	 Adjunctive Antiseptic/Antibiotic Therapy


	8.4	 Therapy of Peri-implantitis
	8.4.1	 Non-surgical Treatment of Peri-implantitis
	8.4.1.1	 Alternative Measures for Biofilm Removal
	8.4.1.2	 Adjunctive Antiseptic/Antibiotic Therapy

	8.4.2	 Surgical Treatment of Peri-implantitis
	8.4.2.1	 Alternative Measures for Surface Decontamination
	8.4.2.2	 Adjunctive Resective Therapy
	8.4.2.3	 Adjunctive Augmentative Therapy


	8.5	 Apical Peri-implantitis
	8.6	 Clinical Implications
	8.6.1	 Non-surgical Treatment of Peri-implant Mucositis
	8.6.2	 Non-surgical Treatment of Peri-implantitis
	8.6.3	 Surgical Treatment of Peri-implantitis

	References

	9: Laser in Oral Implantology
	9.1	 Introduction
	9.2	 Laser Basics
	9.3	 Laser Effects, Advantages, and Disadvantages
	9.4	 Dental Laser Systems
	9.5	 Laser Indications
	9.5.1	 Soft Tissue Laser Surgery
	9.5.2	 Preparation of the Implant Bed
	9.5.3	 Second-Stage Laser Surgery of Submerged Implants
	9.5.4	 Lasers for Treatment of Peri-implantitis
	9.5.4.1	 Laser-Assisted Nonsurgical Therapy of Peri-implantitis
	9.5.4.2	 Laser-Assisted Surgical Therapy of Peri-implantitis

	9.5.5	 Laser in 3-D Implantology
	9.5.6	 Low-Level Laser Therapy and Biostimulation

	9.6	 Future Developments
	9.7	 Laser Safety
	References


